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New Foreword

On October 1, 2001 Axiom was withdrawn from the market and ended life as a commer-
cial product. On September 3, 2002 Axiom was released under the Modified BSD license,
including this document. On August 27, 2003 Axiom was released as free and open source
software available for download from the Free Software Foundation’s website, Savannah.

Work on Axiom has had the generous support of the Center for Algorithms and Interactive
Scientific Computation (CAISS) at City College of New York. Special thanks go to Dr.
Gilbert Baumslag for his support of the long term goal.

The online version of this documentation is roughly 1000 pages. In order to make printed
versions we’ve broken it up into three volumes. The first volume is tutorial in nature. The
second volume is for programmers. The third volume is reference material. We’ve also added
a fourth volume for developers. All of these changes represent an experiment in print-on-
demand delivery of documentation. Time will tell whether the experiment succeeded.

Axiom has been in existence for over thirty years. It is estimated to contain about three
hundred man-years of research and has, as of September 3, 2003, 143 people listed in the
credits. All of these people have contributed directly or indirectly to making Axiom available.
Axiom is being passed to the next generation. I'm looking forward to future milestones.

With that in mind I've introduced the theme of the “30 year horizon”. We must invent
the tools that support the Computational Mathematician working 30 years from now. How
will research be done when every bit of mathematical knowledge is online and instantly
available? What happens when we scale Axiom by a factor of 100, giving us 1.1 million
domains? How can we integrate theory with code? How will we integrate theorems and
proofs of the mathematics with space-time complexity proofs and running code? What
visualization tools are needed? How do we support the conceptual structures and semantics
of mathematics in effective ways? How do we support results from the sciences? How do we
teach the next generation to be effective Computational Mathematicians?

The “30 year horizon” is much nearer than it appears.

Tim Daly
CAISS, City College of New York
November 10, 2003 ((iHy))



Chapter 1

Chapter Overview

This book contains the domains in Axiom, in alphabetical order.

Each domain has an associated 'dotpic’ chunk which only lists the domains, categories, and
packages that are in the layer immediately below in the build order. For the full list see the
algebra Makefile where this information is maintained.

Each domain is preceded by a picture. The picture indicates several things. The colors
indicate whether the name refers to a category, domain, or package. An ellipse means that
the name refers to something in the bootstrap set. Thus,

- T
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Chapter 2

Chapter A

2.1 domain AFFPL AffinePlane

— AffinePlane.input —

)set break resume

)sys rm -f AffinePlane.output
)spool AffinePlane.output
)set message test on

)set message auto off

)clear all

--S 1 of 1
)show AffinePlane

--R AffinePlane(K: Field) is a domain constructor

--R Abbreviation for AffinePlane is AFFPL

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for AFFPL

--R-——————- -—= - Operations -—= -——=
--R 7=7 : (%,%) -> Boolean affinePoint : List(K) -> %

--R coerce : List(K) -> % coerce : % —> List(K)

--R coerce : % -> OutputForm conjugate : % -> %

--R definingField : % -> K degree : Y, —> Positivelnteger

--R 7.7 : (%,Integer) -> K hash : % -> Singlelnteger

--R latex : % -> String list : % -> List(K)

--R orbit : % -> List(%) origin : O -> %

--R pointValue : % -> List(K) rational? : % -> Boolean

--R setelt : (%,Integer,K) -> K ?7=? : (%,%) —-> Boolean

--R conjugate : (%,NonNegativeInteger) -> %
--R orbit : (%,NonNegativeInteger) -> List (%)
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--R rational? : (%,NonNegativeInteger) -> Boolean

--R removeConjugate : List(%) -> List(%)

--R removeConjugate : (List(%),NonNegativeInteger) -> List (%)
--R

--E 1

) spool
)1lisp (bye)

— AffinePlane.help —

AffinePlane examples

See Also:
o )show AffinePlane

2.1.1 AffinePlane (AFFPL)

AFFPL

AFFSP

Exports:

— domain AFFPL AffinePlane —

)abbrev domain AFFPL AffinePlane
++ Author: Gaetan Hache
++ Date Created: 17 nov 1992

CHAPTER A
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++ Date Last Updated: May 2010 by Tim Daly
++ Description:
++ The following is all the categories and domains related to projective
++ space and part of the PAFF package
AffinePlane(K) :Exports == Implementation where
K:Field

Exports ==> AffineSpaceCategory(K)

Implementation ==> AffineSpace(2,K)

— AFFPL.dotabb —

"AFFPL" [color="#88FF44" ,href="bookvol1l0.3.pdf#nameddest=AFFPL"];
"AFFSP" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=AFFSP"];
"AFFPL" -> "AFFSP"

2.2 domain AFFPLPS AffinePlaneOverPseudoAlgebraic-
ClosureOfFiniteField

— AffinePlaneOverPseudoAlgebraicClosureOfFiniteField.input —

)set break resume

)sys rm -f AffinePlaneOverPseudoAlgebraicClosureOfFiniteField.output
)spool AffinePlaneOverPseudoAlgebraicClosure0fFiniteField.output
)set message test on

)set message auto off

)clear all

-—-S1of 1

)show AffinePlaneOverPseudoAlgebraicClosureOfFiniteField

--R

--R AffinePlaneOverPseudoAlgebraicClosureOfFiniteField(K: FiniteFieldCategory) is a domain constructor
--R Abbreviation for AffinePlaneOverPseudoAlgebraicClosureOfFiniteField is AFFPLPS

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for AFFPLPS

--R

--R-——————- -—= - Operations -—= -——=
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--R 7=7 : (%,%) —-> Boolean coerce : % -> OutputForm

--R conjugate : % -> % degree : % -> Positivelnteger
--R hash : % -> SingleInteger latex : % -> String

--R orbit : % -> List(%) origin : () -> %

--R rational? : % -> Boolean ? =7 : (%,%) -> Boolean

--R affinePoint : List(PseudoAlgebraicClosure0fFiniteField(K)) -> %
--R coerce : List(PseudoAlgebraicClosure0fFiniteField(K)) -> 7

--R coerce : % -> List(PseudoAlgebraicClosure0fFiniteField(K))

--R conjugate : (7 ,NonNegativeInteger) ->

--R definingField : % -> PseudoAlgebraicClosureOfFiniteField(K)

--R 7.7 : (%,Integer) -> PseudoAlgebraicClosure0fFiniteField(K)

--R list : % -> List(PseudoAlgebraicClosureOfFiniteField(K))

--R orbit : (%,NonNegativeInteger) -> List (%)

--R pointValue : % -> List(PseudoAlgebraicClosure0fFiniteField (X))
--R rational? : (%,NonNegativeInteger) -> Boolean

--R removeConjugate : List(%) -> List(%)

--R removeConjugate : (List(%),NonNegativeInteger) -> List (%)

--R setelt : (%,Integer,PseudoAlgebraicClosure0fFiniteField(K)) -> PseudoAlgebraicClosure0fFinit

) spool
)1lisp (bye)

— AffinePlaneOverPseudoAlgebraicClosureOfFiniteField.help —

0000

AffinePlaneOverPseudoAlgebraicClosure0OfFiniteField examples

See Also:
o )show AffinePlaneOverPseudoAlgebraicClosureOfFiniteField
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2.2.1 AffinePlaneOverPseudoAlgebraicClosureOfFiniteField (AFF-

PLPS)
AFFPLPS
AFFPL
Exports:
7.7 7=" ?77=" affinePoint  coerce
conjugate definingField degree hash latex
list orbit origin  pointValue rational?

removeConjugate setelt

— domain AFFPLPS AffinePlaneOverPseudoAlgebraicClosureOfFinite-
Field —

)abbrev domain AFFPLPS AffinePlaneOverPseudoAlgebraicClosureOfFiniteField

++ Author: Gaetan Hache

++ Date Created: 17 nov 1992

++ Date Last Updated: May 2010 by Tim Daly

++ Description:

++ The following is all the categories and domains related to projective

++ space and part of the PAFF package

AffinePlaneOverPseudoAlgebraicClosure0fFiniteField (K) :Exports == Impl where
K:FiniteFieldCategory

KK ==> PseudoAlgebraicClosure0fFiniteField(K)
Exports ==> AffineSpaceCategory (KK)

Impl ==> AffinePlane (KK)

— AFFPLPS.dotabb —

"AFFPLPS" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=AFFPLPS"];
"AFFPL" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=AFFPL"];
"AFFPLPS" -> "AFFPL"
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2.3 domain AFFSP AffineSpace

— AffineSpace.input —

)set break resume

)sys rm -f AffineSpace.output
)spool AffineSpace.output
)set message test on

)set message auto off

)clear all

--S

1 of 1

)show AffineSpace

AffineSpace(dim: NonNegativeInteger,K: Field) is a domain constructor

--R Abbreviation for AffineSpace is AFFSP

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for AFFSP
--R

--R---------—-----—--"-—-——————— Operations --------——————-—————————————————-
--R 7=? : (%,%) —-> Boolean affinePoint : List(K) -> %
--R coerce : List(K) -> % coerce : % —> List(K)

--R coerce % —> OutputForm conjugate % => %

--R definingField : % -> K degree : Y, —-> Positivelnteger
--R 7.7 : (%,Integer) -> K hash : % -> Singlelnteger

--R latex : % -> String list : % -> List(X)

--R orbit : % -> List(%) origin : () -> %

--R pointValue : % -> List(K) rational? : % -> Boolean

--R setelt (%,Integer,K) -> K ?7=7 (%,%) -> Boolean

--R conjugate : (%,NonNegativeInteger) -> %

--R orbit : (%,NonNegativeInteger) -> List (%)

--R rational? : (J%,NonNegativeInteger) -> Boolean

--R removeConjugate : List(%) -> List(%)

--R removeConjugate : (List(’),NonNegativeInteger) -> List (%)

--R

--E 1

) spool

)1lisp (bye)

— AffineSpace.help —
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AffineSpace examples

See Also:
o )show AffineSpace

2.3.1 AffineSpace (AFFSP)

AFFSP

/N

PACPERC FPC

Exports:
7.7 7=7 ?77=7 affinePoint  coerce
conjugate definingField degree hash latex
list orbit origin  pointValue rational?

removeConjugate  setelt
— domain AFFSP AffineSpace —

)abbrev domain AFFSP AffineSpace

++ Author: Gaetan Hache

++ Date Created: 17 nov 1992

++ Date Last Updated: May 2010 by Tim Daly

++ Description:

++ The following is all the categories and domains related to projective

++ space and part of the PAFF package

AffineSpace(dim,K) :Exports == Implementation where
dim:NonNegativeInteger
K:Field

LIST ==> List
NNI ==> NonNegativelnteger

Exports ==> AffineSpaceCategory(K)



10

Implementation ==> List(K) add

Rep:= List(K)
origin== new(dim,0$K)$List (K)

coerce(pt:%) :OutputForm ==
dd:OutputForm:= ":" :: OutputForm

CHAPTER 2. CHAPTER A

1llout:List (OutputForm) :=[ hconcat(dd, a::OutputForm) for a in rest pt]

lout:= cons( (first pt)::0utputForm , llout)
out:= hconcat lout

oo:=paren(out)

ee:OutputForm:= degree(pt) :: OutputForm
oo**ee

definingField(pt)==

K has PseudoAlgebraicClosureOfPerfectFieldCategory => _

maxTower (pt pretend Rep)
18K

degree(pt)==

K has PseudoAlgebraicClosureOfPerfectFieldCategory =>

extDegree definingField pt
1

coerce(pt:%) :List(K) == pt pretend Rep

affinePoint (pt:LIST(K))==
pt :: %

list(ptt)==
ptt pretend Rep

pointValue(ptt)==
ptt pretend Rep

conjugate(p,e)==
1p:Rep:=p
pc:List(K) :=[c**e for ¢ in 1p]
affinePoint (pc)

rational?(p,n)== p=conjugate(p,n)

rational?(p)==rational?(p,characteristic()$K)

removeConjugate (1)==removeConjugate(l,characteristic () $K)

removeConjugate (1:LIST(%) ,n:NNI) :LIST (%)==
if K has FiniteFieldCategory then
allconj:LIST (%) :=empty()



2.3. DOMAIN AFFSP AFFINESPACE

conjrem:LIST(%) :=empty ()
for p in 1 repeat
if “member?(p,allconj) then

conjrem:=cons (p,conjrem)
allconj:=concat(allconj,orbit(p,n))

conjrem

else
error "The field is not finite"

conjugate(p)==conjugate(p,characteristic()$K)
orbit(p)==orbit(p,characteristic()$K)

orbit(p,e)==
if K has FiniteFieldCategory then
1:LIST(%) :=[p]
np:’%:=conjugate(p,e)
flag:="(np=p): :Boolean
while flag repeat
1:=concat(np,1)
np:=conjugate(np,e)
flag:=not (np=p)::Boolean
1
else
error "Cannot compute the conjugate"

aa:% = bb:} ==
aa =$Rep bb

coerce(pt:LIST(K))==
~(dim=#pt) => error "Le point n’a pas la bonne dimension"
ptt:%:= pt
ptt

— AFFSP.dotabb —

"AFFSP" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=AFFSP"];
"PACPERC" [color=lightblue,href="bookvol10.2.pdf#nameddest=PACPERC"];
"FPC" [color=lightblue,href="bookvol10.2.pdf#nameddest=FPC"];

"AFFSP" -> "FPC"

"AFFSP" -> "PACPERC"

11
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2.4 domain ALGSC AlgebraGivenByStructuralConstants

— AlgebraGivenByStructuralConstants.input —

)set break resume

)sys rm -f AlgebraGivenByStructuralConstants.output
)spool AlgebraGivenByStructuralConstants.output
)set message test on

)set message auto off

)clear all

-—-S1of 1
)show AlgebraGivenByStructuralConstants
--R

--R AlgebraGivenByStructuralConstants(R: Field,n: Positivelnteger,ls: List(Symbol),gamma:

--R Abbreviation for AlgebraGivenByStructuralConstants is ALGSC

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ALGSC
--R

--R-- —— Operations --- -—-

--R 7*? : (SquareMatrix(un,R),%) -> % 7?7 : (R,%) > %

--R 7x?7 : (%,R) -> % %7 0 (%, %) > %

--R 7*?7 : (Integer,%) -> % ?7x7 : (Positivelnteger,’) -> %
--R 7*x7 : (J,PositiveInteger) -> ¥ 7+7 (%, %) > h

--R 7-7 : (%, %) > % -2 %h=>%

--R 7=?7 : (%,%) —> Boolean 0: 0O —>%

--R alternative? : () -> Boolean antiAssociative? : () -> Boolean
--R antiCommutative? : () -> Boolean antiCommutator : (%,%) -> %

--R apply : (Matrix(R),%) -> % associative? : () -> Boolean

--R associator : (%h,%,h) —> % basis : () -> Vector(%)

--R coerce : Vector(R) -> % coerce : % -> OutputForm

--R commutative? : () -> Boolean commutator : (%,%) —> %

--R convert : Vector(R) -> % convert : % -> Vector(R)

--R coordinates : % -> Vector(R) 7.7 : (%,Integer) -> R

--R flexible? : () -> Boolean hash : ) -> SingleInteger

--R jacobiIdentity? : () -> Boolean jordanAdmissible? : () -> Boolean
--R jordanAlgebra? : () -> Boolean latex : % -> String

--R leftAlternative? : () -> Boolean leftDiscriminant : () -> R

--R leftDiscriminant : Vector(%) -> R leftNorm : % -> R

--R leftTrace : % -> R leftTraceMatrix : () -> Matrix(R)
--R lieAdmissible? : () -> Boolean lieAlgebra? : () -> Boolean

--R powerAssociative? : () -> Boolean rank : () -> Positivelnteger

--R represents : Vector(R) -> % rightAlternative? : () -> Boolean
--R rightDiscriminant : () -> R rightNorm : % -> R

--R rightTrace : % -> R rightTraceMatrix : () -> Matrix(R)
--R sample : () -> % someBasis : () -> Vector(%)

--R zero? : % -> Boolean ?~=? : (%,%) —> Boolean

--R 7*? : (NonNegativelnteger,%) -> ¥

Vector
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--R associatorDependence : () -> List(Vector(R)) if R has INTDOM

--R conditionsForIdempotents : () -> List(Polynomial(R))

--R conditionsForIdempotents : Vector(%) -> List(Polynomial(R))

--R coordinates : Vector(}%) -> Matrix(R)

--R coordinates : (Vector(%),Vector(%)) —-> Matrix(R)

--R coordinates : (%,Vector(%)) -> Vector(R)

--R leftCharacteristicPolynomial : % -> SparseUnivariatePolynomial(R)

--R leftMinimalPolynomial : % -> SparseUnivariatePolynomial(R) if R has INTDOM

--R leftPower : (%,Positivelnteger) -> %

--R leftRankPolynomial : () -> SparseUnivariatePolynomial(Polynomial(R)) if R has FIELD
--R leftRecip : % -> Union(%,"failed") if R has INTDOM

--R leftRegularRepresentation : % -> Matrix(R)

--R leftRegularRepresentation : (%,Vector(%)) -> Matrix(R)

--R leftTraceMatrix : Vector(}) -> Matrix(R)

--R leftUnit : () -> Union(%,"failed") if R has INTDOM

--R leftUnits : () -> Union(Record(particular: %,basis: List(%)),"failed") if R has INTDOM
--R noncommutativeJordanAlgebra? : () -> Boolean

--R plenaryPower : (%,PositiveInteger) -> %

--R recip : % -> Union(%,"failed") if R has INTDOM

--R represents : (Vector(R),Vector(¥)) -> %

--R rightCharacteristicPolynomial : % -> SparseUnivariatePolynomial(R)

--R rightDiscriminant : Vector(%) -> R

--R rightMinimalPolynomial : % -> SparseUnivariatePolynomial(R) if R has INTDOM

--R rightPower : (J,Positivelnteger) -> ¥

--R rightRankPolynomial : () -> SparseUnivariatePolynomial(Polynomial(R)) if R has FIELD
--R rightRecip : % -> Union(%,"failed") if R has INTDOM

--R rightRegularRepresentation : % -> Matrix(R)

--R rightRegularRepresentation : (J%,Vector(%)) -> Matrix(R)

--R rightTraceMatrix : Vector(%) -> Matrix(R)

--R rightUnit : () -> Union(%,"failed") if R has INTDOM

--R rightUnits : () -> Union(Record(particular: %,basis: List(%)),"failed") if R has INTDOM
--R structuralConstants : () -> Vector(Matrix(R))

--R structuralConstants : Vector()) -> Vector(Matrix(R))

--R subtractIfCan : (%,%) -> Union(%,"failed")

--R unit : () -> Union(%,"failed") if R has INTDOM

) spool
)1lisp (bye)

— AlgebraGivenByStructuralConstants.help —

AlgebraGivenByStructuralConstants examples




14 CHAPTER 2. CHAPTER A

See Also:
o )show AlgebraGivenByStructuralConstants

2.4.1 AlgebraGivenByStructuralConstants (ALGSC)

ALGSC

Exports:
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0

antiAssociative?
antiCommutator
associative?
associatorDependence
coerce

commutator

convert

flexible?
jacobildentity?
jordanAlgebra?

left Alternative?
leftDiscriminant
leftNorm
leftRankPolynomial
leftRegularRepresentation
leftTraceMatrix
leftUnits

lieAlgebra?
plenaryPower

rank

represents
rightCharacteristicPolynomial
rightMinimalPolynomial
rightPower

rightRecip

rightTrace

rightUnit

sample
structuralConstants
unit

77

747
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— domain ALGSC AlgebraGivenByStructuralConstants —

alternative?
antiCommutative?

apply

associator

basis

commutative?
conditionsForldempotents
coordinates

hash

jordanAdmissible?

latex

left CharacteristicPolynomial
leftMinimalPolynomial
leftPower

leftRecip

leftTrace

leftUnit

lieAdmissible?
noncommutativeJordanAlgebra?
powerAssociative?

recip

right Alternative?
rightDiscriminant
rightNorm
rightRankPolynomial
rightRegularRepresentation
rightTraceMatrix
rightUnits

someDBasis

subtractIfCan

z€ero?

Fae

7-7

7=7

?77="

)abbrev domain ALGSC AlgebraGivenByStructuralConstants
++ Authors: J. Grabmeier, R. Wisbauer

++ Date Created: 01 March 1991

++ Date Last Updated: 22 January 1992

++ Basic Operations:

++ Related Constructors:
++ Also See:

++ AMS Classifications:
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++
++
++
++
++
++
++
++
++
++
++
++
++

CHAPTER 2. CHAPTER A

Keywords: algebra, structural constants

Reference:
R.D. Schafer: An Introduction to Nonassociative Algebras
Academic Press, New York, 1966

Description:

AlgebraGivenByStructuralConstants implements finite rank algebras

over a commutative ring, given by the structural constants \spad{gamma}
with respect to a fixed basis \spad{[al,..,an]}, where

\spad{gamma} is an \spad{n}-vector of n by n matrices

\spad{[(gammaijk) for k in 1..rank()]} defined by

\spad{ai * aj = gammaijl * al + ... + gammaijn * an}.

The symbols for the fixed basis

have to be given as a list of symbols.

AlgebraGivenByStructuralConstants(R:Field, n : PositiveInteger,_

ls : List Symbol, gamma: Vector Matrix R ): public == private where
V ==> Vector

M ==> Matrix

I ==> Integer

NNI ==> NonNegativelnteger

REC ==> Record(particular: Union(V R,"failed"),basis: List V R)
LSMP ==> LinearSystemMatrixPackage(R,V R,V R, M R)

--public ==> FramedNonAssociativeAlgebra(R) with
public ==> Join(FramedNonAssociativeAlgebra(R), _

LeftModule(SquareMatrix(n,R)) ) with

coerce : Vector R -> %
++ coerce(v) converts a vector to a member of the algebra
++ by forming a linear combination with the basis element.
++ Note: the vector is assumed to have length equal to the
++ dimension of the algebra.

private ==> DirectProduct(n,R) add

Rep := DirectProduct(n,R)

X,y h
dp : DirectProduct(n,R)
v:VR

recip(x) == recip(x)$FiniteRankNonAssociativeAlgebra_&(%,R)

(m:SquareMatrix(n,R))*(x:%) == apply((m :: Matrix R),x)
coerce v == directProduct(v) :: ¥%

structuralConstants() == gamma
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coordinates(x) == vector(entries(x :: Rep)$Rep)$Vector(R)

coordinates(x,b) ==
--not (maxIndex b = n) =>

-- error("coordinates: your ’basis’ has not the right length")

m : NonNegativeInteger := (maxIndex b) :: NonNegativeInteger
transitionMatrix : Matrix R := new(n,m,0$R)$Matrix(R)
for i in 1..m repeat
setColumn_! (transitionMatrix,i,coordinates(b.i))
res : REC := solve(transitionMatrix,coordinates(x))$LSMP
if (not every?(zero?$R,first res.basis)) then

error("coordinates: warning your ’basis’ is linearly dependent")

(res.particular case "failed") =>

17

error("coordinates: first argument is not in linear span of second argument")

(res.particular) :: (Vector R)
basis() == [unitVector(i::PositiveInteger)::% for i in 1..n]
someBasis() == basis()$%
rank() == n

elt(x,i) == elt(x:Rep,i)$Rep

coerce(x:%) :OutputForm ==
zero?(x::Rep)$Rep => (O$R) :: OutputForm
le : List OutputForm := nil
for i in 1..n repeat
coef : R := elt(x::Rep,i)
not zero?(coef)$R =>
-= one?(coef)$R =>
((coef) = 1)$R =>

-- sy : OutputForm := elt(ls,i)$(List Symbol) :: OutputForm

le := cons(elt(ls,i)$(List Symbol) :: OutputForm, le)
le := cons(coef :: OutputForm * elt(ls,i)$(List Symbol)_
:: OutputForm, le)
reduce("+",le)

X *x y ==
v : Vector R := new(n,0)
for k in 1..n repeat
h:R:=0

for i in 1..n repeat
for j in 1..n repeat
h :=h +$R elt(x,i) *$R elt(y,j) *$R elt(gamma.k,i,j )
v.k :=h
directProduct v
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alternative?() ==
for i in 1..n repeat
-- expression for check of left alternative is symmetric in i and j:
-- expression for check of right alternative is symmetric in j and k:
for j in 1..i-1 repeat
for k in j..n repeat
-- right check
for r in 1..n repeat

res := O$R
for 1 in 1..n repeat
res := res -

(elt(gamma.l,j,k)+elt(gamma.l,k,j))*elt(gamma.r,i,1)+_
(elt(gamma.l,i,j)*elt(gamma.r,l,k) + elt(gamma.l,i,k)*_
elt(gamma.r,1,j) )
not zero? res =>
messagePrint ("algebra is not right alternative")$OutputForm
return false
for j in i..n repeat
for k in 1..j-1 repeat
-- left check
for r in 1..n repeat
res := O$R
for 1 in 1..n repeat
res := res + _
(elt(gamma.l,i,j)+elt(gamma.l,j,i))*elt(gamma.r,1,k)-_
(elt(gamma.l,j,k)*elt(gamma.r,i,1) + elt(gamma.l,i,k)*_
elt(gamma.r,j,1) )
not (zero? res) =>
messagePrint ("algebra is not left alternative")$OutputForm
return false

for k in j..n repeat
-- left check
for r in 1..n repeat
res := O$R
for 1 in 1..n repeat
res := res + _
(elt(gamma.l,i,j)+elt(gamma.l,j,i))*elt(gamma.r,1,k)-_
(elt(gamma.l,j,k)*elt(gamma.r,i,1l) + elt(gamma.l,i,k)*_
elt(gamma.r,j,1) )
not (zero? res) =>
messagePrint ("algebra is not left alternative")$OutputForm
return false
-- right check
for r in 1..n repeat

res := O3$R
for 1 in 1..n repeat
res := res -

(elt(gamma.l,j,k)+elt(gamma.l,k,j))*elt(gamma.r,i,1)+_
(elt(gamma.l,i,j)*elt(gamma.r,l,k) + elt(gamma.l,i,k)*_
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elt(gamma.r,1,j) )
not (zero? res) =>
messagePrint ("algebra is not right alternative")$0OutputForm
return false

messagePrint ("algebra satisfies 2*associator(a,b,b) = 0 = 2*associator(a,a,b) = 0")$0utputForm
true

-- should be in the category, but is not exported
- conditionsForIdempotents b ==

-- n := rank()
- --gamma : Vector Matrix R := structuralConstants b
-- listOfNumbers : List String := [STRINGIMAGE(q)$Lisp for q in 1..n]

- symbolsForCoef : Vector Symbol :=

- [concat("%", concat("x", i))::Symbol for i in listOfNumbers]
-- conditions : List Polynomial R := []

- for k in 1..n repeat

- xk := symbolsForCoef.k

- p : Polynomial R := monomial( - 1$Polynomial(R), [xk], [1] )
- for i in 1..n repeat

- for j in 1..n repeat

- xi := symbolsForCoef.i

- xj := symbolsForCoef.j

- p := p + monomial(_

- elt((gamma.k),i,j) :: Polynomial(R), [xi,xjl, [1,1])

- conditions := cons(p,conditions)

- conditions

associative?() ==
for i in 1..n repeat
for j in 1..n repeat
for k in 1..n repeat
for r in 1..n repeat

res := O$R
for 1 in 1..n repeat
res := res + elt(gamma.l,i,j)*elt(gamma.r,l,k)-_

elt(gamma.l, j,k)*elt(gamma.r,i,1)
not (zero? res) =>
messagePrint ("algebra is not associative")$0OutputForm
return false
messagePrint ("algebra is associative")$OutputForm
true

antiAssociative?() ==
for i in 1..n repeat
for j in 1..n repeat
for k in 1..n repeat
for r in 1..n repeat
res := O$R
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for 1 in 1..n repeat
res := res + elt(gamma.l,i,j)*elt(gamma.r,1l,k)+_
elt(gamma.l,j,k)*elt(gamma.r,i,1)
not (zero? res) =>
messagePrint ("algebra is not anti-associative")$OutputForm
return false
messagePrint ("algebra is anti-associative")$0utputForm
true

commutative?() ==
for i in 1..n repeat
for j in (i+1)..n repeat
for k in 1..n repeat
not ( elt(gamma.k,i,j)=elt(gamma.k,j,i) ) =>
messagePrint ("algebra is not commutative")$OutputForm
return false
messagePrint ("algebra is commutative")$OutputForm
true

antiCommutative?() ==
for i in 1..n repeat
for j in i..n repeat
for k in 1..n repeat
not zero? (i=j => elt(gamma.k,i,i); elt(gamma.k,i,j)+elt(gamma.k,j,i) ) =>
messagePrint ("algebra is not anti-commutative")$OutputForm
return false
messagePrint ("algebra is anti-commutative")$OutputForm
true

leftAlternative?() ==
for i in 1..n repeat
-- expression is symmetric in i and j:
for j in i..n repeat
for k in 1..n repeat
for r in 1..n repeat
res := O$R
for 1 in 1..n repeat
res := res + (elt(gamma.l,i,j)+elt(gamma.l,j,i))*elt(gamma.r,1l,k)-_
(elt(gamma.l,j,k)*elt(gamma.r,i,1l) + elt(gamma.l,i,k)*elt(gamma.r,j,1l) )
not (zero? res) =>
messagePrint("algebra is not left alternative")$OutputForm
return false
messagePrint ("algebra is left alternative")$OutputForm
true

rightAlternative?() ==
for i in 1..n repeat
for j in 1..n repeat
-- expression is symmetric in j and k:
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for k in j..n repeat
for r in 1..n repeat
res := O$R
for 1 in 1..n repeat
res := res - (elt(gamma.l,j,k)+elt(gamma.l,k,j))*elt(gamma.r,i,1)+_
(elt(gamma.l,i,j)*elt(gamma.r,1l,k) + elt(gamma.l,i,k)*elt(gamma.r,1,j) )
not (zero? res) =>
messagePrint ("algebra is not right alternative")$0OutputForm
return false
messagePrint ("algebra is right alternative")$OutputForm
true

flexible?() ==
for i in 1..n repeat
for j in 1..n repeat
-- expression is symmetric in i and k:
for k in i..n repeat
for r in 1..n repeat

res := O$R
for 1 in 1..n repeat
res := res + elt(gamma.l,i,j)*elt(gamma.r,l,k)-_

elt(gamma.l,j,k)*elt(gamma.r,i,1)+_
elt(gamma.l,k, j)*elt(gamma.r,1,i)-_
elt(gamma.l,j,i)*elt(gamma.r,k,1)
not (zero? res) =>
messagePrint ("algebra is not flexible")$0utputForm
return false
messagePrint ("algebra is flexible")$OutputForm
true

lieAdmissible?() ==
for i in 1..n repeat
for j in 1..n repeat
for k in 1..n repeat
for r in 1..n repeat

res := O$R
for 1 in 1..n repeat
res := res_

+ (elt(gamma.l,i,j)-elt(gamma.l,j,i))*(elt(gamma.r,l,k)-elt(gamma.r,k,1)) _
+ (elt(gamma.l,j,k)-elt(gamma.l,k,j))*(elt(gamma.r,1l,i)-elt(gamma.r,i,1)) _
+ (elt(gamma.l,k,i)-elt(gamma.l,i,k))*(elt(gamma.r,l,j)-elt(gamma.r,j,1))
not (zero? res) =>
messagePrint ("algebra is not Lie admissible")$0utputForm
return false
messagePrint ("algebra is Lie admissible")$0OutputForm
true

jordanAdmissible?() ==
recip(2 * 1$R) case "failed" =>
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messagePrint ("this algebra is not Jordan admissible, as 2 is not invertible in the groun
false
for i in 1..n repeat
for j in 1..n repeat
for k in 1..n repeat
for w in 1..n repeat
for t in 1..n repeat
res := O$R
for 1 in 1..n repeat
for r in 1..n repeat
res := res_
+ (elt(gamma.l,i,j)+elt(gamma.l,j,i))_
* (elt(gamma.r,w,k)+elt(gamma.r ,k,w))_
* (elt(gamma.t,l,r)+elt(gamma.t,r,1))_
- (elt(gamma.r,w,k)+elt(gamma.r,k,w))_
* (elt(gamma.l,j,r)+elt(gamma.l,r,j))_
* (elt(gamma.t,i,l)+elt(gamma.t,l,i))_
(elt(gamma.l,w,j)+elt(gamma.l,j,w)) _
* (elt(gamma.r,k,i)+elt(gamma.r,i,k))_
* (elt(gamma.t,l,r)+elt(gamma.t,r,1))_
(elt(gamma.r,k,i)+elt(gamma.r,k,i)) _
* (elt(gamma.l,j,r)+elt(gamma.l,r,j))_
* (elt(gamma.t,w,l)+elt(gamma.t,l,w))_
(elt(gamma.l,k,j)+elt(gamma.l,j,k))_
* (elt(gamma.r,i,w)+elt(gamma.r,w,i))_
* (elt(gamma.t,l,r)+elt(gamma.t,r,1))_
(elt(gamma.r,i,w)+elt(gamma.r,w,i)) _
* (elt(gamma.l,j,r)+elt(gamma.l,r,j))_
* (elt(gamma.t,k,l)+elt(gamma.t,1,k))
not (zero? res) =>
messagePrint ("algebra is not Jordan admissible")$OutputForm
return false
messagePrint ("algebra is Jordan admissible")$0utputForm
true

+

+

jordanAlgebra?() ==
recip(2 * 1$R) case "failed" =>
messagePrint ("this is not a Jordan algebra, as 2 is not invertible in the ground ring")$
false
not commutative?() =>
messagePrint ("this is not a Jordan algebra")$OutputForm
false
for i in 1..n repeat
for j in 1..n repeat
for k in 1..n repeat
for 1 in 1..n repeat
for t in 1..n repeat
res := O$R
for r in 1..n repeat
for s in 1..n repeat
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res := res + _
elt(gamma.r,i,j)*elt(gamma.s,l,k)*elt(gamma.t,r,s) -
elt(gamma.r,1l,k)*elt(gamma.s,j,r)*elt(gamma.t,i,s) +
elt(gamma.r,l,j)*elt(gamma.s,k,k)*elt(gamma.t,r,s) -
elt(gamma.r,k,i)*elt(gamma.s,j,r)*elt(gamma.t,1l,s) +
elt(gamma.r,k,j)*elt(gamma.s,i,k)*elt(gamma.t,r,s) -
elt(gamma.r,i,1)*elt(gamma.s, j,r)*elt(gamma.t,k,s)
not zero? res =>
messagePrint ("this is not a Jordan algebra")$0OutputForm
return false
messagePrint ("this is a Jordan algebra")$OutputForm
true

jacobildentity?() ==
for i in 1..n repeat
for j in 1..n repeat
for k in 1..n repeat
for r in 1..n repeat

res := O$R
for s in 1..n repeat
res := res + elt(gamma.r,i,j)*elt(gamma.s,j,k) +_

elt(gamma.r,j,k)*elt(gamma.s,k,i) +_
elt(gamma.r,k,i)*elt(gamma.s,i,j)
not zero? res =>
messagePrint ("Jacobi identity does not hold")$0OutputForm
return false
messagePrint ("Jacobi identity holds")$OutputForm
true

— ALGSC.dotabb —
"ALGSC" [Color="#88FF44",href="bookv0110.3.pdf#nameddest=ALGSC"]

"FRNAALG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FRNAALG"]
"ALGSC" -> "FRNAALG"

2.5 domain ALGFF AlgebraicFunctionField

— AlgebraicFunctionField.input —

)set break resume
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)sys rm -f AlgebraicFunctionField.output
)spool AlgebraicFunctionField.output
)set message test on

)set message auto off

)clear all

--S1of 1
)show AlgebraicFunctionField
—-R

--R AlgebraicFunctionField(F: Field,UP: UnivariatePolynomialCategory(F) ,UPUP:

--R Abbreviation for AlgebraicFunctionField is ALGFF

--R This constructor is not exposed in this frame.
--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ALGFF

UnivariatePolynomi

--R

--R-—- —— Operations --- -—-

--R 7x%7? (Fraction(UP) ,%) -> % ?%? : (%,Fraction(UP)) -> %

--R 7*7 Chyh) => % 7*%? : (Integer,%) -> %

--R ?x%7? (PositivelInteger,%) -> % PRk (%,PositiveInteger) -> Y

-=R 7+7 (%% > =7 0 (AR > %

--R -? : % > % ?=? : (%,%) -> Boolean

--R1: 0 —>% 0: O —>1%

--R 777 : (%,PositiveInteger) -> basis : () -> Vector(%)

--R branchPoint? : UP -> Boolean branchPoint? : F -> Boolean

--R coerce : Fraction(UP) -> ¥ coerce : Integer -> 7

--R coerce : % -> OutputForm convert : UPUP -> Y

--R convert : % -> UPUP definingPolynomial : () -> UPUP

--R discriminant () -> Fraction(UP) elt (%,F,F) -> F

--R generator : () -> ¥ genus : () -> NonNegativeInteger

--R hash : % -> SingleInteger integral? : (%,UP) -> Boolean

--R integral? : (%,F) -> Boolean integral? : % -> Boolean

--R integralBasis : () -> Vector(%) latex : % -> String

--R 1lift : % -> UPUP norm : % -> Fraction(UP)

--R one? : J -> Boolean primitivePart : % -> 7%

--R ramified? : UP -> Boolean ramified? : F -> Boolean

--R rank : () -> PositiveInteger rationalPoint? : (F,F) -> Boolean

--R recip : % -> Union(%,"failed") reduce : UPUP -> ¥

--R represents : (Vector(UP),UP) -> Y retract : % -> Fraction(UP)

--R sample : () -> % singular? : UP -> Boolean

--R singular? : F -> Boolean trace : % -> Fraction(UP)

--R zero? : % -> Boolean 7= (h,%) —-> Boolean

--R 7*?7 : (%,Fraction(Integer)) -> % if Fraction(UP) has FIELD

--R 7x7 : (Fraction(Integer),%) -> % if Fraction(UP) has FIELD

--R 7*? : (NonNegativelnteger,%) -> ¥

--R ?7*x7 : (%,Integer) -> % if Fraction(UP) has FIELD

--R 7*x7 : (%,NonNegativeInteger) -> 7%

--R ?/? : (h,%) —-> % if Fraction(UP) has FIELD

--R D : % -> % if Fraction(UP) has DIFRING and Fraction(UP) has FIELD or Fraction(UP) has FFIELD
--R D : (%,NonNegativeInteger) -> % if Fraction(UP) has DIFRING and Fraction(UP) has FIELD or Fr
--R D : (%,Symbol) -> % if Fraction(UP) has FIELD and Fraction(UP) has PDRING(SYMBOL)
--R D : (%,List(Symbol)) -> % if Fraction(UP) has FIELD and Fraction(UP) has PDRING(SYMBOL)
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(%,Symbol,NonNegativeInteger) -> ¥ if Fraction(UP) has FIELD and Fraction(UP) has PDRING(SYMBOL)
(%,List (Symbol) ,List(NonNegativeInteger)) -> % if Fraction(UP) has FIELD and Fraction(UP) has PDRIN
(%, (Fraction(UP) -> Fraction(UP))) -> % if Fraction(UP) has FIELD

(%, (Fraction(UP) -> Fraction(UP)) ,NonNegativeInteger) -> % if Fraction(UP) has FIELD

?°? : (%,Integer) -> % if Fraction(UP) has FIELD

?°? : (%,NonNegativeInteger) -> ¥

absolutelyIrreducible? : () -> Boolean

algSplitSimple : (%,(UP -> UP)) -> Record(num: %,den: UP,derivden: UP,gd: UP)

associates? : (%,%) -> Boolean if Fraction(UP) has FIELD

branchPointAtInfinity? : () -> Boolean

characteristic : () -> NonNegativelnteger

characteristicPolynomial : % -> UPUP

charthRoot : % -> Union(%,"failed") if Fraction(UP) has CHARNZ

charthRoot : % -> % if Fraction(UP) has FFIELDC

coerce : % —> % if Fraction(UP) has FIELD

coerce : Fraction(Integer) -> % if Fraction(UP) has FIELD or Fraction(UP) has RETRACT(FRAC(INT))
complementaryBasis : Vector(}) -> Vector (%)

conditionP : Matrix(%) -> Union(Vector(%),"failed") if Fraction(UP) has FFIELDC

convert : Vector(Fraction(UP)) -> ¥

convert : % -> Vector(Fraction(UP))

coordinates : Vector(%) -> Matrix(Fraction(UP))

coordinates : % —> Vector(Fraction(UP))

coordinates : (Vector(%),Vector(%)) -> Matrix(Fraction(UP))

coordinates : (%,Vector(%)) -> Vector(Fraction(UP))

createPrimitiveElement : () -> J if Fraction(UP) has FFIELDC

derivationCoordinates : (Vector(%), (Fraction(UP) -> Fraction(UP))) -> Matrix(Fraction(UP)) if Fraction(
differentiate : % -> % if Fraction(UP) has DIFRING and Fraction(UP) has FIELD or Fraction(UP) has FFIELI
differentiate : (J,NonNegativeInteger) -> Y, if Fraction(UP) has DIFRING and Fraction(UP) has FIELD or F
differentiate : (%,Symbol) -> % if Fraction(UP) has FIELD and Fraction(UP) has PDRING(SYMBOL)
differentiate : (%,List(Symbol)) -> % if Fraction(UP) has FIELD and Fraction(UP) has PDRING(SYMBOL)
differentiate : (J%,Symbol,NonNegativeInteger) -> % if Fraction(UP) has FIELD and Fraction(UP) has PDRIN
differentiate : (%,List(Symbol),List(NonNegativeInteger)) -> % if Fraction(UP) has FIELD and Fraction (Ul
differentiate : (%,(UP -> UP)) —> %

differentiate : (%, (Fraction(UP) -> Fraction(UP))) -> % if Fraction(UP) has FIELD

differentiate : (%, (Fraction(UP) -> Fraction(UP)),NonNegativeInteger) -> % if Fraction(UP) has FIELD
discretelog : (%,%) -> Union(NonNegativeInteger,"failed") if Fraction(UP) has FFIELDC

discretelog : % —-> NonNegativeInteger if Fraction(UP) has FFIELDC

discriminant : Vector(%) -> Fraction(UP)

divide : (%,%) -> Record(quotient: %,remainder: %) if Fraction(UP) has FIELD

elliptic : () -> Union(UP,"failed")

euclideanSize : % -> NonNegativeInteger if Fraction(UP) has FIELD

expressIdealMember : (List(%),%) -> Union(List(%),"failed") if Fraction(UP) has FIELD

exquo : (%,%) —-> Union(},"failed") if Fraction(UP) has FIELD

extendedEuclidean : (%,%) -> Record(coefl: %,coef2: %,generator: J) if Fraction(UP) has FIELD
extendedEuclidean : (%,%,%) -> Union(Record(coefl: %,coef2: %),"failed") if Fraction(UP) has FIELD
factor : % -> Factored(%) if Fraction(UP) has FIELD

factors0fCyclicGroupSize : () -> List(Record(factor: Integer,exponent: Integer)) if Fraction(UP) has FF
ged : (%,%) -> % if Fraction(UP) has FIELD

ged : List(%) -> % if Fraction(UP) has FIELD

gcdPolynomial : (SparseUnivariatePolynomial(%),SparseUnivariatePolynomial(%)) -> SparseUnivariatePolynor

O o oo



hyperelliptic :

index : Posit
init : () ->

integralAtInf
integralBasis
integralCoord
integralDeriv
integralMatri
integralMatri
integralRepre
inv @ % > %

inverselntegr
inverselntegr
knownInfBasis
lem = (%, %) -
lem : List(%)
lookup : % ->

CHAPTER 2. CHAPTER A

() -> Union(UP,"failed")
iveInteger -> % if Fraction(UP) has FINITE
% if Fraction(UP) has FFIELDC
inity? : % -> Boolean
AtInfinity : () -> Vector(%)
inates : % -> Record(num: Vector (UP),den: UP)
ationMatrix : (UP -> UP) -> Record(num: Matrix(UP),den: UP)
x : () -> Matrix(Fraction(UP))
xAtInfinity : () -> Matrix(Fraction(UP))
sents : (Vector(UP),UP) -> %
if Fraction(UP) has FIELD
alMatrix : () -> Matrix(Fraction(UP))
alMatrixAtInfinity : () -> Matrix(Fraction(UP))
: NonNegativeInteger -> Void
> % if Fraction(UP) has FIELD
-> % if Fraction(UP) has FIELD
PositiveInteger if Fraction(UP) has FINITE

minimalPolynomial : % -> UPUP if Fraction(UP) has FIELD
multiEuclidean : (List(%),%) -> Union(List(%),"failed") if Fraction(UP) has FIELD

nextItem : %
nonSingularMo
normalizeAtIn

-> Union(%,"failed") if Fraction(UP) has FFIELDC
del : Symbol -> List(Polynomial(F)) if F has FIELD
finity : Vector(%) -> Vector(%)

numberOfComponents : () -> NonNegativeInteger

order : % —>

order : % —>

prime? : % ->
primeFrobeniu
primeFrobeniu
primitive? :

primitiveElem
principalldea
?quo? : (%,%)
ramifiedAtInf
random : () -
rationalPoint
reduce : Frac
reduceBasisAt

reducedSystem :
reducedSystem :
reducedSystem :
reducedSystem :

regularRepres
regularRepres
?rem? : (%,%)

OnePointCompletion(PositiveInteger) if Fraction(UP) has FFIELDC
PositiveInteger if Fraction(UP) has FFIELDC

Boolean if Fraction(UP) has FIELD

s : % —> % if Fraction(UP) has FFIELDC

s : (%,NonNegativeInteger) -> % if Fraction(UP) has FFIELDC
% —> Boolean if Fraction(UP) has FFIELDC

ent : () -> % if Fraction(UP) has FFIELDC

1 : List(%) -> Record(coef: List(}%),generator: %) if Fraction(UP) has FIELD
-> % if Fraction(UP) has FIELD

inity? : () -> Boolean

> % if Fraction(UP) has FINITE

s : O -> List(List(F)) if F has FINITE
tion(UPUP) -> Union(%,"failed") if Fraction(UP) has FIELD

Infinity : Vector(%) -> Vector(%)
Matrix (%) -> Matrix(Fraction(UP))

(Matrix (%) ,Vector(%)) -> Record(mat: Matrix(Fraction(UP)),vec: Vector(Fracti
(Matrix (%) ,Vector (%)) -> Record(mat: Matrix(Integer),vec: Vector(Integer)) i
Matrix (%) -> Matrix(Integer) if Fraction(UP) has LINEXP(INT)
entation : % -> Matrix(Fraction(UP))
entation : (%,Vector(%)) -> Matrix(Fraction(UP))

-> % if Fraction(UP) has FIELD

representationType : () -> Union("prime",polynomial,normal,cyclic) if Fraction(UP) has FFIEL

represents :
represents :
retract : % -
retract : % -

retractIfCan :

Vector (Fraction(UP)) -> 9%

(Vector (Fraction(UP)),Vector (%)) -> %

> Fraction(Integer) if Fraction(UP) has RETRACT(FRAC(INT))
> Integer if Fraction(UP) has RETRACT(INT)

% —-> Union(Fraction(UP),"failed")
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--R retractIfCan : % -> Union(Fraction(Integer),"failed") if Fraction(UP) has RETRACT(FRAC(INT))
--R retractIfCan : % -> Union(Integer,"failed") if Fraction(UP) has RETRACT(INT)

--R singularAtInfinity? : () -> Boolean

--R size : () -> NonNegativelInteger if Fraction(UP) has FINITE

--R sizeless? : (%,%) —> Boolean if Fraction(UP) has FIELD

--R squareFree : % -> Factored(),) if Fraction(UP) has FIELD

--R squareFreePart : ¥, -> ¥, if Fraction(UP) has FIELD

--R subtractIfCan : (%,%) -> Union(%,"failed")

--R tableForDiscretelogarithm : Integer -> Table(PositiveInteger,NonNegativeInteger) if Fraction(UP) has FF
--R traceMatrix : () -> Matrix(Fraction(UP))

--R traceMatrix : Vector () -> Matrix(Fraction(UP))

--R unit? : % -> Boolean if Fraction(UP) has FIELD

--R unitCanonical : % -> % if Fraction(UP) has FIELD

--R unitNormal : % -> Record(unit: %,canonical: %,associate: %) if Fraction(UP) has FIELD

--R yCoordinates : % -> Record(num: Vector(UP),den: UP)

) spool
)1lisp (bye)

— AlgebraicFunctionField.help —

AlgebraicFunctionField examples

See Also:
o )show AlgebraicFunctionField

2.5.1 AlgebraicFunctionField (ALGFF)

ALGFF
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See

= “RadicalFunctionField” (RADFF) [T on page

Exports:
1
algSplitSimple
branchPoint?
characteristicPolynomial
complementaryBasis
coordinates
definingPolynomial
discreteLog
elliptic
expressldealMember
factor
gcedPolynomial
hash
init
integralBasis
integralDerivationMatrix
integralRepresents
inverselntegralMatrix AtInfinity
lem
minimalPolynomial
nonSingularModel
numberOfComponents
prime?
primitiveElement
ramified?
rank
recip
reducedSystem
represents
sample
size
squareFreePart
trace
unitCanonical
zero?
747
7=7

?/7

0

associates?
branchPoint AtInfinity?
charthRoot

conditionP
createPrimitiveElement
derivationCoordinates
discriminant

elt

exquo
factorsOfCyclicGroupSize
generator

hyperelliptic

integral?
integralBasisAtInfinity
integralMatrix

inv

knownInfBasis

lift

multiEuclidean

norm

one?

primeFrobenius
primitivePart

ramified AtInfinity?
rationalPoint?

reduce
regularRepresentation
retract

singular?

sizeLess?
subtractIfCan
traceMatrix
unitNormal

%7

?-7

777

?7quo?

CHAPTER 2. CHAPTER A

absolutelylrreducible?
basis

characteristic

coerce

convert

D

differentiate

divide

euclideanSize
extendedEuclidean
ged

genus

index

integral AtInfinity?
integralCoordinates
integralMatrix AtInfinity
inverselntegralMatrix
latex

lookup

nextltem
normalizeAtInfinity
order

primitive?
principalldeal
random
rationalPoints
reduceBasisAtInfinity
representationType
retractIfCan
singularAtInfinity?
squareFree
tableForDiscreteLogarithm
unit?

yCoordinates

7HRKT

-7

?77=7

7rem?

— domain ALGFF AlgebraicFunctionField —

)abbrev domain ALGFF AlgebraicFunctionField
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++
++
++
++
++
++

Author: Manuel Bronstein

Date Created: 3 May 1988

Date Last Updated: 24 Jul 1990

Keywords: algebraic, curve, function, field.
Description:

Function field defined by f(x, y) = 0.

AlgebraicFunctionField(F, UP, UPUP, modulus): Exports == Impl where
F : Field
UP : UnivariatePolynomialCategory F
UPUP : UnivariatePolynomialCategory Fraction UP
modulus: UPUP
N  ==> NonNegativeIlnteger
Z ==> Integer
RF ==> Fraction UP
QF ==> Fraction UPUP
UP2 ==> SparseUnivariatePolynomial UP
SAE ==> SimpleAlgebraicExtension(RF, UPUP, modulus)
INIT ==> if (deref brandNew?) then startUp false

E

xports ==> FunctionFieldCategory(F, UP, UPUP) with
knownInfBasis: N -> Void
++ knownInfBasis(n) is not documented

Impl ==> SAE add

import ChangeOfVariable(F, UP, UPUP)

import InnerCommonDenominator(UP, RF, Vector UP, Vector RF)
import MatrixCommonDenominator (UP, RF)

import UnivariatePolynomialCategoryFunctions2(RF, UPUP, UP, UP2)

startUp : Boolean -> Void
vect : Matrix RF -> Vector $
getInfBasis: () -> Void

brandNew?:Reference (Boolean) := ref true
infBr?7:Reference(Boolean) := ref true
discPoly:Reference(RF) := ref 0

n := degree modulus

nl := (n - 1)::N

ibasis:Matrix (RF) := zero(n, n)
invibasis:Matrix(RF) := copy ibasis
infbasis:Matrix (RF) 1= copy ibasis

invinfbasis:Matrix(RF):= copy ibasis

branchPointAtInfinity?() == (INIT; infBr7())
discriminant () == (INIT; discPoly())
integralBasis() == (INIT; vect ibasis)
integralBasisAtInfinity() == (INIT; vect infbasis)

integralMatrix() == (INIT; ibasis)
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inverseIntegralMatrix() == (INIT; invibasis)
integralMatrixAtInfinity() == (INIT; infbasis)
branchPoint?(a:F) == zero?((retract(discriminant())@UP) a)
definingPolynomial() == modulus
inverseIntegralMatrixAtInfinity() == (INIT; invinfbasis)
vect m ==

[represents row(m, i) for i in minRowIndex m .. maxRowIndex m]

integralCoordinates f ==
splitDenominator(coordinates(f) * inverseIntegralMatrix())

knownInfBasis d ==
if deref brandNew? then
alpha := [monomial(l, d * i)$UP :: RF for i in 0..nl]$Vector(RF)
ib := diagonalMatrix
[inv gelt(alpha, i) for i in minIndex alpha .. maxIndex alpha]

invib := diagonalMatrix alpha
for i in minRowIndex ib .. maxRowIndex ib repeat
for j in minColIndex ib .. maxColIndex ib repeat
infbasis(i, j) 1= gelt(ib, i, j)
invinfbasis(i, j) := invib(i, j)
void
getInfBasis() ==
X := inv(monomial(1, 1)$UP :: RF)
invmod := map(s +-> s(x), modulus)
r := mkIntegral invmod
degree(r.poly) "= n => error "Should not happen"
ninvmod:UP2 := map(s +-> retract(s)QUP, r.poly)
alpha := [(r.coef ** i) x for i in 0..nl1]$Vector (RF)

invalpha := [inv gelt(alpha, i)
for i in minIndex alpha .. maxIndex alpha]$Vector (RF)

invib 1= integralBasis()$FunctionFieldIntegralBasis(UP, UP2,
SimpleAlgebraicExtension(UP, UP2, ninvmod))
for i in minRowIndex ibasis .. maxRowIndex ibasis repeat
for j in minColIndex ibasis .. maxColIndex ibasis repeat
infbasis(i, j) := ((invib.basis) (i,j) / invib.basisDen) x
invinfbasis(i, j) := ((invib.basisInv) (i, j)) x
ib2 := infbasis * diagonalMatrix alpha
invib2 := diagonalMatrix(invalpha) * invinfbasis
for i in minRowIndex ib2 .. maxRowIndex ib2 repeat
for j in minColIndex ibasis .. maxColIndex ibasis repeat
infbasis(i, j) 1= gelt(ib2, i, j)
invinfbasis(i, j) := invib2(i, j)
void
startUp b ==
brandNew?() := b

nmod : UP2 := map(retract, modulus)
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ib := integralBasis()$FunctionFieldIntegralBasis(UP, UP2,
SimpleAlgebraicExtension(UP, UP2, nmod))
for i in minRowIndex ibasis .. maxRowIndex ibasis repeat
for j in minColIndex ibasis .. maxColIndex ibasis repeat

gsetelt_!(ibasis, i, j, (ib.basis)(i, j) / ib.basisDen)
invibasis(i, j) := ((ib.basisInv) (i, j))::RF
if zero?(infbasis(minRowIndex infbasis, minColIndex infbasis))
then getInfBasis()

ib2 := coordinates normalizeAtInfinity vect ibasis
invib2 := inverse(ib2)::Matrix(RF)
for i in minRowIndex ib2 .. maxRowIndex ib2 repeat
for j in minColIndex ib2 .. maxColIndex ib2 repeat
ibasis(i, j) := gelt(ib2, i, j)
invibasis(i, j) := invib2(i, j)
dsc := resultant(modulus, differentiate modulus)
dscO := dsc * determinant(infbasis) ** 2
degree(numer dsc0) > degree(denom dsc0) =>error "Shouldn’t happen"
infBr?() := degree(numer dscO) < degree(denom dscO)
dsc := dsc * determinant(ibasis) ** 2
discPoly() := primitivePart(numer dsc) / denom(dsc)
void

integralDerivationMatrix d ==

w := integralBasis()
splitDenominator(coordinates([differentiate(w.i, d)
for i in minIndex w .. maxIndex w]$Vector($))

* inverseIntegralMatrix())

integralRepresents(v, d) ==
represents(coordinates(represents(v, d)) * integralMatrix())

branchPoint?(p:UP) ==
INIT

(r:=retractIfCan(p)@Union(F,"failed")) case F =>branchPoint?(r:

not ground? gcd(retract(discriminant())@UP, p)

— ALGFF.dotabb —

"ALGFF" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALGFF"]
"FFCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FFCAT"]
"ALGFF" -> "FFCAT"

:F)

31
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2.6 domain AN AlgebraicNumber

— AlgebraicNumber.input —

)set break resume

)sys rm -f AlgebraicNumber.output
)spool AlgebraicNumber.output
)set message test on

)set message auto off

)clear all

-——S1of1

)show AlgebraicNumber

--R

--R AlgebraicNumber is a domain constructor

--R Abbreviation for AlgebraicNumber is AN

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for AN
--R

--R-- ittt Operations --- -—=

--R 7x7 : (PositivelInteger,%) -> % ?7x7 : (Integer,%) —> %

--R ?x? : (h,%h) > % 7*%? : (%,Fraction(Integer)) -> %
--R 7*?7 : (Fraction(Integer),%) -> % ?7x*x7 : (% ,Positivelnteger) -> ¥
--R 7**? : (%,Integer) -> % 47 0 (6,0 >

-—R -? : % >% -7+ (%R > %

-—R /7 : Cb,%) > % ?7<? : (h,%) -> Boolean

--R 7<=? : (%,%) —-> Boolean ?=? : (%,%) -> Boolean

--R 7>? : (%,%) —> Boolean ?>=? : (%,%) -> Boolean

--RD : % > 1% D : (%,NonNegativeIlnteger) -> %
-—-R1: 0 —>1% 0: 0 —>1%

--R 77 : (%,Positivelnteger) -> % 777 : (%,Integer) -> %

--R associates? : (%,%) —-> Boolean belong? : BasicOperator -> Boolean
--R box : List(%) —> Y% box : %h > %

--R coerce : Integer -> Y% coerce : %h > %

--R coerce : Fraction(Integer) -> % coerce : Kernel(%) —> %

--R coerce : % -> OutputForm convert : J -> Complex(Float)
--R convert : % -> DoubleFloat convert : % —> Float

--R differentiate : % > % distribute : (%,%) -> %

--R distribute : % -> % elt : (BasicOperator,%,%) —> %
--R elt : (BasicOperator,%) -> % eval : (h,%,%h) —> %

--R eval : (%,Equation(%)) -> % eval : (%,Kernel(h),%) -> %

--R factor : % -> Factored(%) free0f? : (J%,Symbol) -> Boolean
--R free0f? : (%,%) —> Boolean ged = Ch,h) > %

--R gcd : List(%) > % hash : % -> SinglelInteger

--R height : ) -> NonNegativeInteger inv : % > %

--R is? : (%,Symbol) -> Boolean kernel : (BasicOperator,%) -> %
--R kernels : % -> List(Kernel(%)) latex : % -> String

--R 1lcm : h,%) > % lcem : List(h) —> %



2.6. DOMAIN AN ALGEBRAICNUMBER 33

--R max : (%,%) -> % min : (4,%) > %

--R norm : (%,List(Xernel(%))) > % norm : (%,Kernel(%)) -> %
--R nthRoot : (%,Integer) -> % one? : % -> Boolean

--R paren : List(%) -> % paren : % > %

--R prime? : % -> Boolean ?quo? : (h, %) -> %

--R recip : % -> Union(%,"failed") reduce : % -> Y%

--R ?rem? : (%,%) -> % retract : % -> Fraction(Integer)
--R retract : ) -> Integer retract : % -> Kernel(%)

--R rootOf : Polynomial(%) -> % sample : O -> %

--R sizeLess? : (%,%) -> Boolean sqrt : h > %

--R squareFree : % -> Factored(}) squareFreePart : % -> %

--R subst : (%,Equation(%)) -> % tower : % -> List(Kernel(%))
--R unit? : % -> Boolean unitCanonical : % > %

--R zero? : % —> Boolean zero0f : Polynomial(%) -> %

--R ?7=? : (%,%) -> Boolean

--R 7*7 : (NonNegativeInteger,%) -> %

--R 7*x?7 : (%,NonNegativelnteger) -> %

--R 7*x?7 : (Y%,Fraction(Integer)) -> %

--R 7?77 : (%,NonNegativeInteger) -> 7

--R characteristic : () -> NonNegativeInteger

--R coerce : SparseMultivariatePolynomial (Integer,Kernel(%)) -> %
--R definingPolynomial : % -> % if $ has RING

--R denom : % -> SparseMultivariatePolynomial(Integer,Kernel(%))
--R differentiate : (J,,NonNegativelnteger) -> 7

--R divide : (%,%) -> Record(quotient: % ,remainder: %)

--R elt : (BasicOperator,List(%)) -> %

--R elt : (BasicOperator,%,%,%,%) —> %

--R elt : (BasicOperator,%,%,%) -> %

--R euclideanSize : J -> NonNegativelnteger

--R eval : (%,BasicOperator, (% -> %)) -> %

--R eval : (%,BasicOperator, (List(%) -> %)) -> %

--R eval : (%,List(BasicOperator),List((List(%) -> %))) -> %

--R eval : (%,List(BasicOperator),List((% -> %))) -> %

--R eval : (%,Symbol, (% -> %)) —> %

--R eval : (%,Symbol, (List(%) -> H)) -> %

--R eval : (%,List(Symbol),List((List(%) -> W))) -> %

--R eval : (%,List(Symbol),List((% -> %)) -> %

--R eval : (%,List(%),List(%)) —> %

--R eval : (%,List(Equation(%))) -> %

--R eval : (%,List(Kernel(%)),List(%)) -> %

--R even? : % —> Boolean if $ has RETRACT(INT)

--R expressIdealMember : (List(%),%) -> Union(List(%),"failed")
--R exquo : (%,%) -> Union(%,"failed")

--R extendedEuclidean : (%,%) -> Record(coefl: %,coef2: %,generator: %)
--R extendedEuclidean : (%,%,%) —-> Union(Record(coefl: %,coef2: %),"failed")
--R gcdPolynomial : (SparseUnivariatePolynomial(%),SparseUnivariatePolynomial(%)) -> SparseUnivariatePolynor
--R is? : (%,BasicOperator) -> Boolean

--R kernel : (BasicOperator,List(%)) -> %

--R mainKernel : % -> Union(Kernel(%),"failed")

--R map : ((% -> %),Kernel(%)) -> %



CHAPTER 2. CHAPTER A

minPoly : Kernel(),) -> SparseUnivariatePolynomial(’) if $ has RING

multiEuclidean : (List(%),%) -> Union(List(%),"failed")

norm : (SparseUnivariatePolynomial(%),List(Kernel(’))) -> SparseUnivariatePolynomial (%)
norm : (SparseUnivariatePolynomial(’),Kernel(’)) -> SparseUnivariatePolynomial (%)

numer : % -> SparseMultivariatePolynomial (Integer,Kernel (%))

0dd? : % -> Boolean if $ has RETRACT(INT)

operator : BasicOperator -> BasicOperator

operators : % -> List(BasicOperator)

principalldeal : List(%) -> Record(coef: List(%),generator: %)

reducedSystem : Matrix(}%) -> Matrix(Fraction(Integer))

reducedSystem : (Matrix(%),Vector(%)) -> Record(mat: Matrix(Fraction(Integer)),vec: Vector(F
reducedSystem : Matrix(%) -> Matrix(Integer)

reducedSystem : (Matrix(%),Vector()) -> Record(mat: Matrix(Integer),vec: Vector(Integer))
retractIfCan : % -> Union(Fraction(Integer),"failed")

retractIfCan : % -> Union(Integer,"failed")

retractIfCan : % -> Union(Kernel(%),"failed")

rootOf : SparseUnivariatePolynomial(%) -> %

root0f : (SparseUnivariatePolynomial(%),Symbol) -> %

roots0f : Polynomial(%) -> List(%)

rootsOf : SparseUnivariatePolynomial(%) -> List(%)

roots0f : (SparseUnivariatePolynomial(%),Symbol) -> List(%)

subst : (%,List(XKernel(%)),List(%)) —> %

subst : (%,List(Equation(%))) -> %

subtractIfCan : (%,%) -> Union(%,"failed")

unitNormal : % -> Record(unit: %,canonical: %,associate: %)

zeroOf : SparseUnivariatePolynomial(%) -> %

zero0f : (SparseUnivariatePolynomial(%),Symbol) -> %

zeros0Of : Polynomial(%) -> List(%)

--R zerosOf : SparseUnivariatePolynomial(%) -> List(%)

--R zerosOf : (SparseUnivariatePolynomial(%),Symbol) -> List(%)
--R

--E 1

) spool

)1lisp (bye)

— AlgebraicNumber.help —

AlgebraicNumber examples

See

Also:

o )show AlgebraicNumber
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2.6.1 AlgebraicNumber (AN)

AN

See

= “InnerAlgebraicNumber” (IAN) on page

Exports:
1
box
D
distribute
eval
extendedEuclidean
gcdPolynomial
is?
lem
min
nthRoot
operator
principalldeal
retract
sample
squareFreePart
unit?
zeroOf
747
7<?
7>=7
77=7

0
characteristic
definingPolynomial
divide

even?

factor

hash

kernel
mainKernel
minPoly
numer
operators
recip
retractIfCan
sizeLess?
subst
unitCanonical
zerosOf

-7

7<=7

7°7?

associates?
coerce

denom

elt
expressldealMember
freeOf?

height

kernels

map
multiEuclidean
odd?

paren

reduce

rootOf

sqrt
subtractIfCan
unitNormal
7%

?-7

=7

?quo?

— domain AN AlgebraicNumber —

)abbrev domain AN AlgebraicNumber
++ Author: James Davenport

++ Date Created: 9 October 1995
++ Date Last Updated: 10 October 1995 (JHD)
++ Keywords: algebraic, number.

35

belong?
convert
differentiate
euclideanSize
exquo

ged

inv

latex

max

norm

one?

prime?
reducedSystem
rootsOf
squarekree
tower

zero?

THXD

?/?

7>7

7rem?
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++ Description:
++ Algebraic closure of the rational numbers, with mathematical =

AlgebraicNumber(): Exports == Implementation where
Z  ==> Integer
P  ==> SparseMultivariatePolynomial(Z, Kernel %)
SUP ==> SparseUnivariatePolynomial

Exports ==> Join(ExpressionSpace, AlgebraicallyClosedField,
RetractableTo Z, RetractableTo Fraction Z,
LinearlyExplicitRingOver Z, RealConstant,
LinearlyExplicitRingOver Fraction Z,
CharacteristicZero,

ConvertibleTo Complex Float, DifferentialRing) with

coerce : P -> ¥

++ coerce(p) returns p viewed as an algebraic number.
numer : % -> P

++ numer (f) returns the numerator of f viewed as a

++ polynomial in the kernels over Z.
denom : % -> P

++ denom(f) returns the denominator of f viewed as a

++ polynomial in the kernels over Z.
reduce : % > U

++ reduce(f) simplifies all the unreduced algebraic numbers

++ present in f by applying their defining relationms.
norm : (SUP(%),Kernel %) -> SUP(%)

++ norm(p,k) computes the norm of the polynomial p

++ with respect to the extension generated by kermel k
norm : (SUP(%),List Kernel %) -> SUP(%)

++ norm(p,l) computes the norm of the polynomial p

++ with respect to the extension generated by kernels 1
norm : (%,Kernel %) -> %

++ norm(f,k) computes the norm of the algebraic number f

++ with respect to the extension generated by kermel k
norm : (%,List Kernel %) -> %

++ norm(f,1l) computes the norm of the algebraic number f

++ with respect to the extension generated by kernels 1

Implementation ==> InnerAlgebraicNumber add

Rep:=InnerAlgebraicNumber
a,b:%
zero? a == trueEqual(a::Rep,0::Rep)
one? a == trueEqual(a::Rep,1::Rep)
a=b == trueEqual((a-b)::Rep,0::Rep)

— AN.dotabb —
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"AN" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=AN"]
"ACF" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=ACF"]
IIANII _> IIACFII

2.7 domain ANON AnonymousFunction

— AnonymousFunction.input —

)set break resume

)sys rm -f AnonymousFunction.output
)spool AnonymousFunction.output
)set message test on

)set message auto off

)clear all

--S 1 o0f 1

)show AnonymousFunction

--R AnonymousFunction is a domain constructor

--R Abbreviation for AnonymousFunction is ANON

--R This constructor is not exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for ANON
--R

--R-——————- -—= - Operations -—= -——=
--R 7=7 : (%,%) -> Boolean coerce : % -> OutputForm

--R hash : % -> Singlelnteger latex : % —-> String

--R ?7=? : (%,%) -> Boolean

--R

--E 1

) spool
)1lisp (bye)

— AnonymousFunction.help —

AnonymousFunction examples

See Also:
o )show AnonymousFunction
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2.7.1 AnonymousFunction (ANON)

ANON

Exports:
coerce hash latex 7=7 ?77=7

— domain ANON AnonymousFunction —

)abbrev domain ANON AnonymousFunction

++ Author: Mark Botch

++ Description:

++ This domain implements anonymous functions

AnonymousFunction() :SetCategory == add
coerce(x:%) :OutputForm == x pretend OutputForm

— ANON.dotabb —

"ANON" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ANON"]
"BASTYPE" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=BASTYPE"]
"KOERCE" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=KOERCE"]
"ANON" -> "BASTYPE"

"ANON" -> "KOERCE"

2.8 domain ANTISYM AntiSymm

CHAPTER A
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— AntiSymm.input —

)set break resume

)sys rm -f AntiSymm.output
)spool AntiSymm.output
)set message test on

)set message auto off
Jclear all

--S1of 1
)show AntiSymm

--R AntiSymm(R: Ring,1lVar: List(Symbol)) is a domain constructor

--R Abbreviation for AntiSymm is ANTISYM

--R This constructor is not exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ANTISYM

--B---—-—-——— Operations —--------—-—--—————————om——m o
--R 7%? : (R,%) -> % 77 2 ChL,R >

--R 7%7 : (Integer,%) -> % ?x7 : (Positivelnteger,%) -> %
--R ?#*x? : (%,Positivelnteger) -> ¥ 47 2 bR > %

--R 7-7 : (%, %) > % -7 % > %

--R ?=? : (%,%) —-> Boolean 1: 0 ->9%

R0 : (O —>1% ?°? : (%,Positivelnteger) -> 7
--R coefficient : (%,%) -> R coerce : R -> Y%

--R coerce : Integer -> coerce : % —> OutputForm

--R degree : % -> NonNegativelnteger exp : List(Integer) -> ¥

--R hash : % -> SingleInteger homogeneous? : J -> Boolean
--R latex : % -> String leadingBasisTerm : % -> %

--R leadingCoefficient : % -> R map : ((R -> R),%) -> %

--R one? : J, -> Boolean recip : % —-> Union(%,"failed")
--R reductum : % -> % retract : % -> R

--R retractable? : % -> Boolean sample : () -> %

--R zero? : % -> Boolean ?7=? : (%,%h) —> Boolean

--R 7%7 : (NonNegativeInteger,%) -> %

--R ?*x? : (% ,NonNegativelnteger) -> %

--R 7?77 : (%,NonNegativeInteger) -> %

--R characteristic : () -> NonNegativelnteger
--R generator : NonNegativeIlnteger -> %

--R retractIfCan : % -> Union(R,"failed")

--R subtractIfCan : (%,%) -> Union(%,"failed")

) spool
)1lisp (bye)
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— AntiSymm.help —

AntiSymm examples

See Also:
o )show AntiSymm

2.8.1 AntiSymm (ANTISYM)

ANTISYM

ALIST

See

= “ExtAlgBasis” (EAB) 6X1 on page T3
= “DeRhamComplex” (DERHAM) 661 on page 514

Exports:
1 0 coefficient coerce
coerce degree exp hash
latex  leadingBasisTerm leadingCoefficient map
recip  reductum retract retractable?
zero?  characteristic generator retractIfCan
77 7HED 747 7-7
7=7 777 ?77=7

— domain ANTISYM AntiSymm —

)abbrev domain ANTISYM AntiSymm

++ Author: Larry A. Lambe

++ Date 1 01/26/91.

++ Revised : 30 Nov 94

++ Description:

++ The domain of antisymmetric polynomials.

coerce
homogeneous?
one?

sample

subtractIfCan
-7
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AntiSymm(R:Ring, 1lVar:List Symbol): Export == Implement where

LALG ==> LeftAlgebra

FMR ==> FM(R,EAB)

FM  ==> FreeModule

I ==> Integer

L ==> List

EAB ==> ExtAlgBasis -- these are exponents of basis elements in order
NNI ==> NonNegativeInteger
0 ==> OutputForm

base ==> k

coef ==> ¢

Term ==> Record(k:EAB,c:R)

Export == Join(LALG(R), RetractableTo(R)) with
leadingCoefficient : -> R
++ leadingCoefficient(p) returns the leading
++ coefficient of antisymmetric polynomial p.
-- leadingSupport HA -> EAB
leadingBasisTerm H A -> %
++ leadingBasisTerm(p) returns the leading
++ basis term of antisymmetric polynomial p.
reductum b > %
++ reductum(p), where p is an antisymmetric polynomial,
++ returns p minus the leading
++ term of p if p has at least two terms, and O otherwise.
coefficient O] -> R
++ coefficient(p,u) returns the coefficient of
++ the term in p containing the basis term u if such
++ a term exists, and O otherwise.
++ Error: if the second argument u is not a basis element.
generator : NNI -> %
++ generator(n) returns the nth multiplicative generator,
++ a basis term.

exp : LI > %
++ exp([il,...in]) returns \spad{u_1\"{i_1} ... u_n\"{i_n}}
homogeneous? H A -> Boolean

++ homogeneous?(p) tests if all of the terms of
++ p have the same degree.
retractable? A -> Boolean
++ retractable?(p) tests if p is a O-form,
++ i.e., if degree(p) = 0.

degree H A -> NNI
++ degree(p) returns the homogeneous degree of p.
map : (R->R, %) > %

++ map(f,p) changes each coefficient of p by the
++ application of f.

-- 1 corresponds to the empty monomial Nul = [0,...,0]
-- from EAB. In terms of the exterior algebra om X,



it corresponds to the identity element which lives

in homogeneous degree 0.

Implement == FMR add

Rep := L Term
x,y : EAB
a,b : %

r R

m I

dim := #lVar
== [[ Nul(dim)$EAB, 1$R 1]

coefficient(a,u) ==

CHAPTER 2. CHAPTER A

not null u.rest => error "2nd argument must be a basis element"

x := u.first.base

for t in a repeat
if t.base = x then return t.coef
if t.base < x then return 0

retractable?(a) ==
null a or (a.first.k = Nul(dim))
retractIfCan(a):Union(R,"failed") ==
null a => 0$R
a.first.k = Nul(dim) => leadingCoefficient a
"failed"

retract(a):R ==
null a => O$R
leadingCoefficient a

homogeneous? a ==
null a => true

siz := _+/exponents(a.first.base)
for ta in reductum a repeat
_+/exponents(ta.base) "= siz => return false
true
degree a ==

null a => O$NNI
homogeneous? a => (_+/exponents(a.first.base))
error "not a homogeneous element"

zo : (I,I) >L1I

zo(p,q) ==
p=0=>1[1,q]
q=0= [1,1]

:: NNI
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[o,0]

getsgn : (EAB,EAB) -> I
getsgn(x,y) ==

sgn:I :=0

xx:L I := exponents x

yy:L I := exponents y

for i in 1 .. (dim-1) repeat
XX = rest xx
sgn := sgn + (_+/xx)*yy.1i

sgn rem 2 = 0 => 1
-1

Nalpha: (EAB,EAB) -> L I
Nalpha(x,y) ==
i:I :=1
dum2:L I := [0 for i in 1..dim]
for j in 1..dim repeat
dum:=zo((exponents x).j, (exponents y).j)
(i:= i*dum.1) = 0 => leave
dum2.j := dum.2
i =0 => cons(i, dum2)
cons(getsgn(x,y), dum2)

a *x b ==
null a => 0
null b => 0

((null a.rest) and (a.first.k

((null b.rest) and (b.first.k

z:% := 0

for tb in b repeat

for ta in a repeat

stuff:=Nalpha(ta.base,tb.base)
r:=first(stuff)*ta.coef*tb.coef
if r "= 0 then z := z + [[rest(stuff)::EAB, rl]

Nul(dim))) => a.first.c * b
Nul(dim))) => b.first.c * a

coerce(r):% ==
r=0=>0
[ [Nul(dim), r] ]

coerce(m):% ==
m=0=>0
[ [Nul(dim), m::R] ]

characteristic() == characteristic()$R
generator(j) ==

-- j <1 or j>dim => error "your subscript is out of range"
-- error will be generated by dum.j if out of range
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dum:L I := [0 for i in 1..dim]
dum. j:=1
[[dum: :EAB, 1::R]]

exp(1i: (L I)) == [[1i::EAB, 1]]

leadingBasisTerm a ==
[[a.first.k, 11]

displayList:EAB -> 0
displayList(x):0 ==
le: L I := exponents(x)$EAB
- reduce(_*,[(1Var.i)::0 for i in 1..dim | le.i = 1])$L(0D)
- reduce(_*,[(lVar.i)::0 for i in 1..dim | one?(le.i)])$L(0)
reduce(_*,[(1Var.i)::0 for i in 1..dim | ((le.i) = 1)]1)$L(0)

makeTerm: (R,EAB) -> 0O
makeTerm(r,x) ==
-- we know that r "= 0
x = Nul(dim)$EAB => r::0
- one? r => displayList(x)
(r = 1) => displayList(x)
- r = 1 => displayList(x)
0 => 0%$I::0
Nul(dim)$EAB => r::0
::0 * displayList(x)

r
-- x
r

coerce(a):0 ==
zero? a => 0$I::0
null rest(a @ Rep) =>
t := first(a @ Rep)
makeTerm(t.coef,t.base)
reduce (_+, [makeTerm(t.coef,t.base) for t in (a @ Rep)])$L(0)

— ANTISYM.dotabb —

"ANTISYM" [color="#88FF44" , href="bookvol1l0.3.pdf#nameddest=ANTISYM"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ANTISYM" -> "ALIST"
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2.9 domain ANY Any

— Any.input —

)set break resume
)sys rm -f Any.output
)spool Any.output
)set message test on
)set message auto off
)clear all

--S 1 of 18
a:Any := [1,2]

--R (1) [1,2]

--R Type:

--R  (2) [1,2]

--R Type:

--E 2
--S 3 of 18

(a = b)@Boolean

--R (3) true
--R
--E 3

--S 4 of 18
c := [1,2]

--R (4 [1,2]

--R Type:

--E 4

--S 5 of 18
typeOf a

--R

--R

--R (5) Any

List(PositiveInteger)

List(PositiveInteger)

Type: Boolean

List(PositivelInteger)

45
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--R
--E5

--S 6 of 18
typeOf c
--R

--R

--R  (6) List(PositiveInteger)

--R
--E 6

--S 7 of 18

(a = c)@Boolean
--R (7) true
—-E7

--S 8 of 18

b := [1,3]

--R  (8) [1,3]
--R
--E 8

--S 9 of 18
(a = b)@Boolean

--E 9

--S 10 of 18

a := "A"

--R  (10) "A"
--E 10

--S 11 of 18

(a = b)@Boolean

--R (11) false
--R
--E 11

CHAPTER 2. CHAPTER A

Type: Domain

Type: Domain

Type: Boolean

Type: List(PositiveInteger)

Type: Boolean

Type: String

Type: Boolean
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--S 12 of 18

b := "A"

--R

--R

--R  (12) A"

--R Type: String
--E 12

--S 13 of 18

(a = b)@Boolean

--R

--R

--R  (13) true

--R Type: Boolean
--E 13

--S 14 of 18

Sae := SAE(FRAC INT, UP(x, FRAC INT), x"2-3)

--R

--R

--R (14

--R  SimpleAlgebraicExtension(Fraction(Integer) ,UnivariatePolynomial (x,Fraction(In
--R teger)),x"2+-3)

--R Type: Domain
--E 14

--S 15 of 18

a := generator()$Sae

--R

--R

--R (15) «x

--RType: SimpleAlgebraicExtension(Fraction(Integer),UnivariatePolynomial(x,Fraction(Integer)),x~2+-3)
--E 15

--S 16 of 18

b := generator()$Sae

--R

--R

--R  (16) x

--RType: SimpleAlgebraicExtension(Fraction(Integer),UnivariatePolynomial(x,Fraction(Integer)) ,x"2+-3)
--E 16

--S 17 of 18
(a = b)@Boolean

--R  (17) true
--R Type: Boolean
--E 17
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--S 18 of 18
)show Any
--R

--R Any is a domain constructor

--R Abbreviation for Any is ANY

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for ANY
--R

--R-- ittt ittt Operations --- ittt
--R ?7=? : (%,%) -> Boolean any : (SExpression,None) ->

--R coerce : % -> OutputForm dom : % -> SExpression

--R domain0Of : % -> OutputForm hash : % -> Singlelnteger

--R latex : % -> String obj : % -> None

--R objectOf : % -> OutputForm ?7=? : (h,%) —-> Boolean

--R showTypeInOutput : Boolean -> String

--R

--E 18

) spool

)1lisp (bye)

— Any.help —

Any examples

Any implements a type that packages up objects and their types in
objects of Any. Roughly speaking that means that if s : S then when
converted to Any, the new object will include both the original object
and its type. This is a way of converting arbitrary objects into a
single type without losing any of the original information. Any object
can be converted to one of Any.

So we can convert a list to type Any

a:Any := [1,2]
[1,2]

and another list to type Any

b:Any := [1,2]
[1,2]

Equality works
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(a = b)@Boolean
true

We can compare the Any type with other types:
c := [1,2]

typeOf a

typeOf c

(a = c)@Boolean

If the values are differennt than we see the difference:

b := [1,3]
[1,3]

(a = b)@Boolean
false

The Any type works with many types:

a := "A"
npn

(a = b)@Boolean
false

b = "A"
npn

(a = b)@Boolean
true

This is true for more complex types:

Sae := SAE(FRAC INT, UP(x, FRAC INT), x~2-3)

[
1]

generator () $Sae
x

o
i

generator () $Sae
X

(a = b)@Boolean

true

See Also:
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o )show Any

2.9.1 Any (ANY)

ANY

ALIST

See

= “None” (NONE) 320 on page 704

Exports:

any coerce dom domainOf hash
latex  obj objectOf showTypelnOutput ?7=7
77=7

— domain ANY Any —

)abbrev domain ANY Any

++ Author: Robert S. Sutor

++ Date Created:

++ Change History:

++ Basic Functions: any, domainOf, objectOf, dom, obj, showTypeInOutput
++ Related Constructors: AnyFunctionsl

++ Also See: Nome

++ AMS Classification:

++ Keywords:

++ Description:

++ \spadtype{Any} implements a type that packages up objects and their
++ types in objects of \spadtype{Any}. Roughly speaking that means

++ that if \spad{s : S} then when converted to \spadtype{Any}, the new
++ object will include both the original object and its type. This is
++ a way of converting arbitrary objects into a single type without

++ losing any of the original information. Any object can be converted
++ to one of \spadtype{Any}.

Any(): SetCategory with
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any : (SExpression, None) -> Y
++ any(type,object) is a technical function for creating
++ an object of \spadtype{Any}. Arugment \spad{type} is a
++ \spadgloss{LISP} form for the type of \spad{object}.
domainOf : % —-> OutputForm
++ domainOf (a) returns a printable form of the type of the
++ original object that was converted to \spadtype{Any}.
objectOf : % —> OutputForm
++ object0f (a) returns a printable form of the
++ original object that was converted to \spadtype{Any}.
dom : % —-> SExpression
++ dom(a) returns a \spadgloss{LISP} form of the type of the
++ original object that was converted to \spadtype{Any}.
obj : % —-> None
++ obj(a) essentially returns the original object that was
++ converted to \spadtype{Any} except that the type is forced
++ to be \spadtype{None}.
showTypeInOutput: Boolean -> String
++ showTypeInOutput(bool) affects the way objects of
++ \spadtype{Any} are displayed. If \spad{bool} is true
++ then the type of the original object that was converted
++ to \spadtype{Any} will be printed. If \spad{bool} is
++ false, it will not be printed.

== add
Rep := Record(dm: SExpression, ob: None)

printTypeInQutputP:Reference(Boolean) := ref false
obj x == x.ob

dom x == x.dm

domain0Of x == x.dm pretend OutputForm

X =y == (x.dm = y.dm) and EQ(x.ob, y.ob)$Lisp
x =7y ==

(x.dm = y.dm) and EQUAL(x.ob, y.ob)$Lisp

objectOf(x : %) : OutputForm ==
spad2BootCoerce(x.ob, x.dm,
list("OutputForm": :Symbol)$List (Symbol))$Lisp

showTypeInOutput(b : Boolean) : String ==

printTypeInOutputP := ref b

b=> "Type of object will be displayed in output of a member of Any"
"Type of object will not be displayed in output of a member of Any"

coerce(x) :OutputForm ==
objl : OutputForm := objectOf x
not deref printTypeInOutputP => objl
doml :=
p:Symbol := prefix2String(devaluate(x.dm)$Lisp)$Lisp

51
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atom?(p pretend SExpression) => list(p)$List(Symbol)
list (p) $Symbol

hconcat cons(objl,
cons(":"::0utputForm, [a::OutputForm for a in domil]))

any(domain, object) ==
(isValidType(domain)$Lisp)@Boolean => [domain, object]
domain := devaluate(domain)$Lisp
(isValidType(domain)$Lisp)@Boolean => [domain, object]
error "function any must have a domain as first argument"

— ANY.dotabb —

"ANY" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ANY"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ANY" -> "ALIST"

2.10 domain ASTACK ArrayStack

— ArrayStack.input —

)set break resume

)sys rm -f ArrayStack.output
)spool ArrayStack.output
)set message test on

)set message auto off

)clear all

--S 1 of 44
a:ArrayStack INT:= arrayStack [1,2,3,4,5]

__R (1) [1:253:4:5]

CHAPTER A

--R Type: ArrayStack(Integer)

--E 1

--S 2 of 44
pop! a

--R

--R



2.10. DOMAIN ASTACK ARRAYSTACK

--E 2

--S 3 of 44

--R  (3) [2,3,4,5]
--R
--E 3

--S 4 of 44
extract! a

--E 4

--S 5 of 44

--R  (8) [3,4,5]
--R
--E 5

--S 6 of 44
push!(9,a)

--R (7 [9,3,4,5]

__R (8) [8;9,3:4’5]

Type: Positivelnteger

Type: ArrayStack(Integer)

Type: Positivelnteger

Type: ArrayStack(Integer)

Type: Positivelnteger

Type: ArrayStack(Integer)

Type: ArrayStack(Integer)

53



54 CHAPTER 2. CHAPTER A

__R (9) [8:953:4:5]
--R Type: ArrayStack(Integer)

--R (10) 8
--R Type: Positivelnteger
--E 10

--S 11 of 44

empty? a

--R

--R

--R (11) false

--R Type: Boolean
--E 11

--S 12 of 44

--R Type: Positivelnteger
--E 12

--S 13 of 44
depth a
--R

--R (13) 5
--R Type: Positivelnteger
--E 13

--S 14 of 44

--R  (14) 5
--R Type: Positivelnteger
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--S 15 of 44

less?(a,9)

--R (15) true

--E 15

--S 16 of 44

more?(a,9)

--R (16) false

--E 16

--S 17 of 44
size?(a,#a)

--R (17) true

--E 17

--S 18 of 44

size?(a,9)

--R (18) false

--E 18

--S 19 of 44

parts a

—_R (19) [8;9:3,4’5]
--E 19

--S 20 of 44
bag([1,2,3,4,5])$ArrayStack (INT)
--R

__R (20) [5y473:251]
--E 20

--S 21 of 44
b:=empty () $ (ArrayStack INT)

Type:

Type:

Type:

Type:

Boolean

Boolean

Boolean

Boolean

Type: List(Integer)

Type: ArrayStack(Integer)
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-k (@1 I
--R Type: ArrayStack(Integer)
--E 21

--S 22 of 44
empty? b
--R

--R  (22) true
--R Type: Boolean
--E 22

--S 23 of 44
sample () $ArrayStack (INT)

--R  (23) I
--R Type: ArrayStack(Integer)
--E 23

--S 24 of 44
c:=copy a

--R (24) [8,9,3,4,5]
--R Type: ArrayStack(Integer)
--E 24

--S 25 of 44
eq?(a,c)

--R (25) false
--R Type: Boolean
--E 25

--S 26 of 44
eq?(a,a)

--R (26) true
--R Type: Boolean
--E 26

--S 27 of 44
(a=c)@Boolean
--R
--R
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--R (27) true
--R

--E 27

--S 28 of 44
(a=a)@Boolean
--R (28) true
--E 28

--S 29 of 44

a“=c

--R (29) false
--E 29

--S 30 of 44

any? (x+->(x=4) ,a)
--R

--R (30) true
--E 30

--S 31 of 44

any? (x+->(x=11) ,a)
--R

--R (31) false
--E 31

--S 32 of 44
every? (x+->(x=11) ,a)
--R (32) false
--E 32

—--S 33 of 44

count (4,a)

--R (33) 1

Type: Boolean

Type: Boolean

Type: Boolean

Type: Boolean

Type: Boolean

Type: Boolean

Type: Positivelnteger
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--E 33

--S 34 of 44
count (x+->(x>2) ,a)

--R (34) 5
--R Type: Positivelnteger
--E 34

--S 35 of 44
map (x+->x+10,a)
--R

--R  (35) [18,19,13,14,15]
--R Type: ArrayStack(Integer)
--E 35

--S 36 of 44

--R (36) 1[8,9,3,4,5]
--R Type: ArrayStack(Integer)
--E 36

--S 37 of 44
map! (x+->x+10,a)
--R

--R  (37) [18,19,13,14,15]
--R Type: ArrayStack(Integer)
--E 37

--S 38 of 44

--R  (38) [18,19,13,14,15]
--R Type: ArrayStack(Integer)
--E 38

--S 39 of 44
members a

--R (39) [18,19,13,14,15]
--R Type: List(Integer)
--E 39
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--S 40 of 44
member?(14,a)

--R (40) true
--E 40
--S 41 of 44

coerce a

--R (41) [18,19,13,14,15]
--E 41

--S 42 of 44

hash a

-1 (42) 36310821
--E 42
--S 43 of 44

latex a

--R (43) "\mbox{\bf Unimplemented}"
--E 43

--S 44 of 44
)show ArrayStack

Type: Boolean

Type: OutputForm

Type: Singlelnteger

Type: String

--R ArrayStack(S: SetCategory) is a domain constructor

--R Abbreviation for ArrayStack is ASTACK

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASTACK

--R-——————- -—= - Operations -—=

--R arrayStack : List(S) -> % bag : List(S) -> %

--R copy : h > % depth : % -> NonNegativelnteger
--R empty : O > % empty? : % -> Boolean

--R eq? : (%,%) -> Boolean extract! : J, -> S

--R insert! (S, %) > % inspect : % -> S

-——R map : ((S -> 9),%) —> % pop! : % > S

--R push! (S,%) -> 8 sample : O -> %

--R top : % -> S

--R #?7 : % -> NonNegativelnteger if $ has finiteAggregate

59



60 CHAPTER 2. CHAPTER A

--R 7=7 : (%,%) —> Boolean if S has SETCAT

--R any? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate

--R coerce : % -> OutputForm if S has SETCAT

--R count : (S,%) -> NonNegativeInteger if $ has finiteAggregate and S has SETCAT
--R count : ((S -> Boolean),%) -> NonNegativeIlnteger if $ has finiteAggregate
--R eval : (%,List(8),List(8)) -> % if S has EVALAB(S) and S has SETCAT

--R eval : (%,S,8) -> % if S has EVALAB(S) and S has SETCAT

--R eval : (%,Equation(S)) -> % if S has EVALAB(S) and S has SETCAT

--R eval : (%,List(Equation(S))) -> % if S has EVALAB(S) and S has SETCAT
--R every? : ((S -> Boolean),’%) -> Boolean if $ has finiteAggregate

--R hash : % -> SingleInteger if S has SETCAT

--R latex : % -> String if S has SETCAT

--R less? : (%,NonNegativeInteger) -> Boolean

--R map! : ((S -> 8),%) -> % if $ has shallowlyMutable

--R member? : (S,%) -> Boolean if $ has finiteAggregate and S has SETCAT

--R members : % -> List(S) if $ has finiteAggregate

--R more? : (%,NonNegativeInteger) -> Boolean

--R parts : % -> List(8) if $ has finiteAggregate

--R size? : (J,NonNegativeInteger) -> Boolean

--R ?7=? : (%,%) —> Boolean if S has SETCAT

--E 44

) spool
)1lisp (bye)

— ArrayStack.help —

ArrayStack examples

An ArrayStack object is represented as a list ordered by last-in, first-out.
It operates like a pile of books, where the "next" book is the one
on the top of the pile.

Here we create an array stack of integers from a list. Notice that the
order in the list is the order in the stack.

a:ArrayStack INT:= arrayStack [1,2,3,4,5]
[1,2,3,4,5]

We can remove the top of the stack using pop!:

pop! a
1
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Notice that the use of pop! is destructive (destructive operations
in Axiom usually end with ! to indicate that the underylying data
structure is changed) .

[2,3,4,5]

The extract! operation is another name for the pop! operation and
has the same effect. This operation treats the stack as a BagAggregate:

extract! a
2

and you can see that it also has destructively modified the stack:

[3,4,5]
Next we push a new element on top of the stack:

push! (9,a)
9

Again, the push! operation is destructive so the stack is changed:

a
[9,3,4,5]

Another name for push! is insert!, which treats the stack as a BagAggregate:

insert! (8,a)
[8,9,3,4,5]

and it modifies the stack:

[8,9,3,4,5]

The inspect function returns the top of the stack without modification,
viewed as a BagAggregate:

inspect a
8

The empty? operation returns true only if there are no element on the
stack, otherwise it returns false:

empty? a
false
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The top operation returns the top of stack without modification, viewed
as a Stack:

top a
8

The depth operation returns the number of elements on the stack:

depth a
5

which is the same as the # (length) operation:

#a

The less? predicate will compare the stack length to an integer:

less?(a,9)
true

The more? predicate will compare the stack length to an integer:

more?(a,9)
false

The size? operation will compare the stack length to an integer:

size?(a,#a)
true

and since the last computation must alwasy be true we try:

size?(a,9)
false

The parts function will return the stack as a list of its elements:

parts a
[8,9,3,4,5]

If we have a BagAggregate of elements we can use it to construct a stack.
Notice that the elements are pushed in reverse order:

bag([1,2,3,4,5])$ArrayStack (INT)
[5,4,3,2,1]

The empty function will construct an empty stack of a given type:
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b:=empty () $ (ArrayStack INT)
(]

and the empty? predicate allows us to find out if a stack is empty:

empty? b
true

The sample function returns a sample, empty stack:

sample () $ArrayStack (INT)
(]

We can copy a stack and it does not share storage so subsequent
modifications of the original stack will not affect the copy:

c:=copy a
(8,9,3,4,5]

The eq? function is only true if the lists are the same reference,
so even though c is a copy of a, they are not the same:

eq?(a,c)
false

However, a clearly shares a reference with itself:

eq?(a,a)
true

But we can compare a and c for equality:

(a=c)@Boolean
true

and clearly a is equal to itself:

(a=a)@Boolean
true

and since a and c are equal, they are clearly NOT not-equal:

a“=c
false

We can use the any? function to see if a predicate is true for any element:

any? (x+->(x=4) ,a)
true
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or false for every element:

any? (x+->(x=11) ,a)
false

We can use the every? function to check every element satisfies a predicate:

every? (x+->(x=11) ,a)
false

We can count the elements that are equal to an argument of this type:

count (4,a)
1

or we can count against a boolean function:

count (x+->(x>2) ,a)
5

You can also map a function over every element, returning a new stack:

map (x+->x+10,a)
[18,19,13,14,15]

Notice that the orignal stack is unchanged:

a
[8,9,3,4,5]

You can use map! to map a function over every element and change
the original stack since map! is destructive:

map! (x+->x+10,a)
[18,19,13,14,15]

Notice that the orignal stack has been changed:

a
[18,19,13,14,15]

The member function can also get the element of the stack as a list:

members a
[18,19,13,14,15]

and using member? we can test if the stack holds a given element:

member?(14,a)
true
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See Also:

)show Stack

)show ArrayStack
)show Queue

)show Dequeue
)show Heap

)show BagAggregate

O O 0O 0 0 ©o

2.10.1 ArrayStack (ASTACK)

ASTACK

See

= “Stack” (STACK) on page 2530

= “Queue” (QUEUE) X5 on page

= “Dequeue” (DEQUEUE) 555 on page
= “Heap” (HEAP) B2 on page 04

Exports:
any? arrayStack  bag coerce  copy
count depth empty empty? eq?
eval every? extract! hash insert!
inspect latex less? map map!
member? members more? parts pop!
push! sample size? top #7
77=" 7=7

— domain ASTACK ArrayStack —

)abbrev domain ASTACK ArrayStack

++ Author: Michael Monagan, Stephen Watt, Timothy Daly
++ Date Created:June 86 and July 87

++ Date Last Updated:Feb 92
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++
++
++
++
++
++
++
++
++

Basic Operations:
Related Domains:
Also See:

AMS Classifications:
Keywords:

Examples:
References:
Description:

A stack represented as a flexible array.
--% Dequeue and Heap data types

ArrayStack(S:SetCategory): StackAggregate(S) with

arrayStack: List S -> %

CHAPTER 2. CHAPTER A

++ arrayStack([x,y,...,z]) creates an array stack with first (top)

++ element x, second element y,..
++

++E c:ArrayStack INT:= arrayStack

[1,2,3,4,5]

.,and last element z.

-- Inherited Signatures repeated for examples documentation

pop_! : % -> S
++
++X a:ArrayStack INT:= arrayStack
++X pop! a
++X a
extract_! : % -> 8
++
++X a:ArrayStack INT:
++X extract! a
++X a
push_! : (S,%) -> S
++
++X a:ArrayStack INT:= arrayStack
++X push!(9,a)

arrayStack

++X a
insert_! : (8,%) -> %
++
++X a:ArrayStack INT:= arrayStack
++X insert!(8,a)
++X a
inspect : % -> S
++
++X a:ArrayStack INT:= arrayStack
++X inspect a
top : h —> S
++
++X a:ArrayStack INT:= arrayStack
++X top a

depth : % -> NonNegativeInteger
++

[1,2,3,4,5]

[1,2,3,4,5]

[1,2,3,4,5]

[1,2,3,4,5]

[1,2,3,4,5]

[1,2,3,4,5]
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++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]

++X depth a
less? : (/,NonNegativelnteger) -> Boolean
++

++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X less?(a,9)
more? : (%,NonNegativeInteger) -> Boolean
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X more?(a,9)
size? : (%,NonNegativeInteger) -> Boolean
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X size?(a,5)
bag : List S -> %
++
++X bag([1,2,3,4,5])$ArrayStack (INT)
empty? : % -> Boolean
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X empty? a
empty : O -> %
++
++X b:=empty() $(ArrayStack INT)
sample : () —> %

++

++X sample() $ArrayStack (INT)
copy : h > %

++

++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X copy a

eq? : (%,%) -> Boolean
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X b:=copy a
++X eq?(a,b)

map : ((8 ->8),%) —> %
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X map(x+->x+10,a)

++X a
if $ has shallowlyMutable then
map! : ((8 -> S),%) > %
++

++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X map! (x+->x+10,a)
++X a
if S has SetCategory then
latex : % -> String
++
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++X a:ArrayStack INT:= arrayStack

++X latex a
hash :
++

% —> SingleInteger

++X a:ArrayStack INT:= arrayStack

++X hash a
coerce
++

++X a:ArrayStack INT:
++X coerce a
"=": (%,%) -> Boolean
++
++X a:ArrayStack INT:
++X b:ArrayStack INT:
++X (a=b)@Boolean
nen (%,%) -> Boolean
++
++X a:ArrayStack INT:
++X b:=copy a
++X (a”=b)

: % —-> OutputForm

arrayStack

arrayStack
arrayStack

arrayStack

if % has finiteAggregate then

every?
++
++X
++X

any?
++
++X
++X any? (x+->(x=4) ,a)

count
++
++X

++X count (x+->(x>2) ,a

++
++X a:ArrayStack INT:
++X #a
parts :
++
++X a:ArrayStack INT:
++X parts a
members : % -> List S
++
++X a:ArrayStack INT:
++X members a

% -> List S

if % has finiteAggregate and S has SetCategory then
(8,%) -> Boolean

member? :
++

)

# : % —> NonNegativeInteger

arrayStack

arrayStack

arrayStack

[1,2,3,4,5]

[1,2,3,4,5]

[1,2,3,4,5]

[1,2,3,4,5]

((S -> Boolean),%) —> Boolean
a:ArrayStack INT:= arrayStack [1,2,3,4,5]
every?(x+->(x=4) ,a)

((S -> Boolean),%) -> Boolean
a:ArrayStack INT:= arrayStack [1,2,3,4,5]

((S -> Boolean),%) -> NonNegativeInteger

a:ArrayStack INT:= arrayStack [1,2,3,4,5]

[1,2,3,4,5]

[1,2,3,4,5]

[1,2,3,4,5]

++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]

++X member?(3,a)

CHAPTER 2.

CHAPTER A
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count : (S,%) -> NonNegativeInteger
++
++X a:ArrayStack INT:= arrayStack [1,2,3,4,5]
++X count(4,a)

== add
Rep := IndexedFlexibleArray(S,0)

-- system operations

# s == _#(s)$Rep

s =1t ===s =$Rep t

copy s == copy(s)$Rep

coerce(d) :OutputForm ==
empty? d => empty()$(List S) ::OutputForm
[(d.i::0OutputForm) for i in 0..#d-1] ::OutputForm

-- stack operations
depth s == # s
empty? s == empty?(s)$Rep

extract_! s == pop_! s
insert_!(e,s) == (push_!(e,s);s)
push_!(e,s) == (concat(e,s); e)
pop_! s ==
if empty? s then error "empty stack"
r :=s.0
delete_!(s,0)
r
top s == if empty? s then error "empty stack" else s.0

arrayStack 1 == construct(1l)$Rep
empty() == new(0,0 pretend S)

parts s == [s.i for i in O..#s-1]::List(S)
map(f,s) == construct [f(s.i) for i in 0..#s-1]
map! (f,s) == ( for i in O..#s-1 repeat gsetelt!(s,i,f(s.i)) ; s )

inspect(s) ==
if empty? s then error "empty stack"
qelt(s,0)

— ASTACK.dotabb —

"ASTACK" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASTACK"]
"A1AGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=A1AGG"]
"ASTACK" -> "A1AGG"
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2.11 domain ASP1 Aspl

— Aspl.input —

)set break resume

)sys rm -f Aspl.output
)spool Aspl.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show Aspl

--R

--R Aspl(name: Symbol) is a domain constructor

--R Abbreviation for Aspl is ASP1

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP1
--R

--R-- e Operations --- ittt
--R coerce : FortranCode -> 7% coerce : List(FortranCode) -> %

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R retract : Polynomial(Float) -> ¥% retract : Expression(Float) ->

--R coerce : FortranExpression([construct,QUOTEX], [construct],MachineFloat) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Fraction(Polynomial(Integer)) -> %

--R retract : Fraction(Polynomial(Float)) -> %

--R retract : Polynomial(Integer) -> %

--R retract : Expression(Integer) -> ¥

--R retractIfCan : Fraction(Polynomial (Integer)) -> Union(%,"failed")

--R retractIfCan : Fraction(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Polynomial(Integer) -> Union(%,"failed")

--R retractIfCan : Polynomial(Float) -> Union(%,"failed")

--R retractIfCan : Expression(Integer) -> Union(%,"failed")

--R retractIfCan : Expression(Float) -> Union(%,"failed")

--R

--E 1

) spool
)1lisp (bye)

— Aspl.help —

Aspl examples
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See Also:
o )show Aspl

2.11.1 Aspl (ASP1)

ASP1

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP1 Aspl —

)abbrev domain ASP1 Aspl

++ Author: Mike Dewar, Grant Keady, Godfrey Nolan

++ Date Created: Mar 1993

++ Date Last Updated: 18 March 1994, 6 October 1994

++ Related Constructors: FortranFunctionCategory, FortranProgramCategory.
++ Description:

++ \spadtype{Aspl} produces Fortran for Type 1 ASPs, needed for various
++ NAG routines. Type 1 ASPs take a univariate expression (in the symbol x)
++ and turn it into a Fortran Function like the following:

++

++ \tab{5}DOUBLE PRECISION FUNCTION F(X)\br

++ \tab{5}DOUBLE PRECISION X\br

++ \tab{5}F=DSIN(X)\br

++ \tab{5}RETURN\br

++ \tab{5}END

Aspl(name): Exports == Implementation where
name : Symbol

FEXPR ==> FortranExpression
FST ==> FortranScalarType
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FT ==> FortranType

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

Exports ==> FortranFunctionCategory with
coerce : FEXPR([’X], [],MachineFloat) -> $§
++coerce(f) takes an object from the appropriate instantiation of
++\spadtype{FortranExpression} and turns it into an ASP.

Implementation ==> add

-= Build Symbol Table for Rep

syms : SYMTAB := empty()$SYMTAB

declare! (X,fortranReal () $FT,syms) $SYMTAB
real : FST := "real"::FST

Rep := FortranProgram(name, [real]$Union(fst:FST,void:"void"), [X],syms)

retract (u:FRAC POLY INT):$ == (retract(u)@FEXPR([’X], [],MachineFloat))::$
retractIfCan(u:FRAC POLY INT) :Union($,"failed") ==

foo : Union(FEXPR([’X],[],MachineFloat),"failed")

foo := retractIfCan(u)$FEXPR([’X], [],MachineFloat)

foo case "failed" => "failed"

foo: :FEXPR([’X], [],MachineFloat)::$

retract (u:FRAC POLY FLOAT):$ == (retract(u)@FEXPR([’X], [],MachineFloat))::$
retractIfCan(u:FRAC POLY FLOAT) :Union($,"failed") ==

foo : Union(FEXPR([’X], [],MachineFloat),"failed")

foo := retractIfCan(u)$FEXPR([’X], [],MachineFloat)

foo case "failed" => "failed"

foo::FEXPR([’X], [],MachineFloat)::$

retract (u:EXPR FLOAT) :$ == (retract(u)@FEXPR([’X],[],MachineFloat))::$
retractIfCan(u:EXPR FLOAT) :Union($,"failed") ==

foo : Union(FEXPR([’X], [],MachineFloat),"failed")

foo := retractIfCan(u)$FEXPR([’X], [],MachineFloat)

foo case "failed" => "failed"

foo::FEXPR([’X], [],MachineFloat)::$

retract (u:EXPR INT):$ == (retract(u)@FEXPR([’X], [],MachineFloat))::$
retractIfCan(u:EXPR INT) :Union($,"failed") ==

foo : Union(FEXPR([’X], [],MachineFloat),"failed")

foo := retractIfCan(u)$FEXPR([’X], [],MachineFloat)

foo case "failed" => "failed"

foo: :FEXPR([’X], [],MachineFloat)::$
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retract (u:POLY FLOAT):$ == (retract(u)@FEXPR([’X], [],MachineFloat))::$
retractIfCan(u:POLY FLOAT) :Union($,"failed") ==

foo : Union(FEXPR([’X], [],MachineFloat),"failed")

foo := retractIfCan(u)$FEXPR([’X], [],MachineFloat)

foo case "failed" => "failed"

foo: :FEXPR([’X], [],MachineFloat)::$

retract (u:POLY INT):$ == (retract(u)@FEXPR([’X],[],MachineFloat))::$
retractIfCan(u:POLY INT) :Union($,"failed") ==

foo : Union(FEXPR([’X],[],MachineFloat),"failed")

foo := retractIfCan(u)$FEXPR([’X], [],MachineFloat)

foo case "failed" => "failed"

foo::FEXPR([’X], [],MachineFloat)::$

coerce(u:FEXPR([’X], [],MachineFloat)):$ ==
coerce((u: :Expression(MachineFloat))$FEXPR([’X], [],MachineFloat))$Rep

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(u:$) :QutputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==

p := checkPrecision()$NAGLinkSupportPackage

outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

— ASP1.dotabb —

"ASP1" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP1"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"ASP1" -> "PFECAT"

2.12 domain ASP10 Aspl0

— Aspl10.input —
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)set break resume

)sys rm -f Aspl0.output
)spool Aspl0.output
)set message test on
)set message auto off
)clear all

--S 1 o0f 1
)show Asp10

--R AsplO(name: Symbol) is a domain constructor

--R Abbreviation for Aspl0 is ASP10

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP10

- Operations —-—----——————————-——--——-——--———————
--R coerce : FortranCode -> % coerce : List(FortranCode) -> Y%
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector(FortranExpression([construct,QUOTEJINT,QUOTEX,QUOTEELAM], [construct],Machine
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Vector(Fraction(Polynomial(Integer))) -> %

--R retract : Vector(Fraction(Polynomial(Float))) -> %

--R retract : Vector(Polynomial(Integer)) -> %

--R retract : Vector(Polynomial(Float)) -> %

--R retract : Vector(Expression(Integer)) -> %

--R retract : Vector(Expression(Float)) -> %

--R retractIfCan : Vector(Fraction(Polynomial(Integer))) -> Union(%,"failed")
--R retractIfCan : Vector(Fraction(Polynomial(Float))) -> Union(%,"failed")
--R retractIfCan : Vector(Polynomial (Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Float)) -> Union(%,"failed")

) spool
)1lisp (bye)

— Asp10.help —

Aspl0 examples

See Also:
o )show Aspl0
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2.12.1 Aspl0 (ASP10)

ASP10

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP10 Aspl0 —

)abbrev domain ASP10 Asp10

++ Author: Mike Dewar and Godfrey Nolan

++ Date Created: Mar 1993

++ Date Last Updated: 18 March 1994

++ 6 October 1994

++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:

++ \spadtype{ASP10} produces Fortran for Type 10 ASPs, needed for NAG routine
++ dO2kef. This ASP computes the values of a set of functions, for example:
++

++ \tab{5}SUBROUTINE COEFFN(P,Q,DQDL,X,ELAM,JINT)\br

++ \tab{5}DOUBLE PRECISION ELAM,P,Q,X,DQDL\br

++ \tab{5}INTEGER JINT\br

++ \tab{5}P=1.0D0\br

++ \tab{5}Q=((-1.0D0*X**3)+ELAM*X*X-2.0D0) / (X*X) \br

++ \tab{5}DQDL=1.0D0\br

++ \tab{5}RETURN\br

++ \tab{5}END

Asp10(name): Exports == Implementation where
name : Symbol

FST ==> FortranScalarType
FT  ==> FortranType
SYMTAB ==> SymbolTable
EXF ==> Expression Float
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RSFC ==> Record(localSymbols:SymbolTable,code:List(FortranCode))
FEXPR ==> FortranExpression([’JINT, X, ’ELAM], [1,MFLOAT)

MFLOAT ==> MachineFloat
FRAC ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions?2

Exports ==> FortranVectorFunctionCategory with
coerce : Vector FEXPR -> 7
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : FST := "real"::FST

syms : SYMTAB := empty()$SYMTAB

declare! (P,fortranReal () $FT,syms) $SYMTAB

declare! (Q,fortranReal () $FT,syms) $SYMTAB

declare! (DQDL,fortranReal () $FT, syms) $SYMTAB

declare! (X,fortranReal () $FT, syms) $SYMTAB

declare! (ELAM,fortranReal () $FT, syms) $SYMTAB

declare! (JINT,fortranInteger () $FT, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$Union(fst:FST,void:"void"),
[P,Q,DQDL,X,ELAM, JINT] , syms)

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed"):=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract(u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$
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retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

coerce(c:FortranCode) :% == coerce(c)$Rep
coerce(r:RSFC):% == coerce(r)$Rep
coerce(c:List FortranCode):% == coerce(c)$Rep

-- To help the poor old compiler!
localAssign(s:Symbol,u:Expression MFLOAT) :FortranCode ==
assign(s,u) $FortranCode

coerce(u:Vector FEXPR):}, ==
import Vector FEXPR
not (#u = 3) => error "Incorrect Dimension For Vector"
([localAssign(P,elt(u,1): :Expression MFLOAT),_
localAssign(Q,elt(u,2): :Expression MFLOAT),_
localAssign(DQDL,elt (u,3): :Expression MFLOAT),_
returns () $FortranCode ]$List(FortranCode)): :Rep
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coerce(u:%) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u)$Rep
p => restorePrecision()$NAGLinkSupportPackage

— ASP10.dotabb —

"ASP10" [color="#88FF44" ,href="bookvol1l0.3.pdf#nameddest=ASP10"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"ASP10" -> "PFECAT"

2.13 domain ASP12 Aspl2

— Aspl2.input —

)set break resume

)sys rm -f Aspl2.output
)spool Aspl2.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show Aspl2

--R

--R Aspl2(name: Symbol) is a domain constructor

--R Abbreviation for Aspl2 is ASP12

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP12
--R

--R-—- mm—mm—mm————————— o Operations --- Ittt
--R coerce : % -> OutputForm outputAsFortran : () -> Void
--R outputAsFortran : % -> Void

--R

--E 1

) spool
)1lisp (bye)
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— Aspl2.help —

Aspl2 examples

See Also:
o )show Aspil2

2.13.1 Aspl2 (ASP12)

ASP12

ALIST

Exports:
coerce outputAsFortran

— domain ASP12 Aspl2 —

)abbrev domain ASP12 Aspl2

++
++
++
++
++
++
++
++
++
++
++
++
++

Author: Mike Dewar and Godfrey Nolan
Date Created: Oct 1993
Date Last Updated: 18 March 1994
21 June 1994 Changed print to printStatement
Related Constructors:
Description:
\spadtype{Asp12} produces Fortran for Type 12 ASPs, needed for NAG routine
dO2kef etc., for example:

\tab{5}SUBROUTINE MONIT (MAXIT,IFLAG,ELAM,FINFO)\br
\tab{5}DOUBLE PRECISION ELAM,FINFO(15)\br
\tab{5}INTEGER MAXIT,IFLAG\br

\tab{5}IF (MAXIT.EQ.-1) THEN\br
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++ \tab{7}PRINT*, "Output from Monit"\br

++ \tab{5}ENDIF\br

++ \tab{5}PRINT*,MAXIT,IFLAG,ELAM, (FINFO(I),I=1,4)\br
++ \tab{5}RETURN\br

++ \tab{5}END\

Aspl2(name): Exports == Implementation where
name : Symbol

0 ==> QutputForm

S ==> Symbol

FST ==> FortranScalarType

FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable

EXI ==> Expression Integer

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))

U ==> Union(I: Expression Integer,F: Expression Float,_
CF: Expression Complex Float,switch:Switch)

UFST ==> Union(fst:FST,void:"void")

Exports ==> FortranProgramCategory with
outputAsFortran: () -> Void
++outputAsFortran() generates the default code for \spadtype{ASP12}.

Implementation ==> add

import FC
import Switch

real : FST := "real"::FST

syms : SYMTAB := empty()$SYMTAB

declare! (MAXIT,fortranInteger () $FT, syms) $SYMTAB

declare! (IFLAG, fortranInteger () $FT, syms) $SYMTAB

declare! (ELAM, fortranReal () $FT, syms) $SYMTAB

fType : FT := construct([real] $UFST, ["15"::Symbol] ,false)$FT

declare! (FINFO,fType, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST, [MAXIT, IFLAG,ELAM,FINFO],syms)

-—eqn : 0 := (I::0)=(10@Integer::EXI::0)
code:=([cond (EQ([MAXIT@S: :EXI]$U, [-1: :EXI]$U),
printStatement (["_"Output from Monit_""::0])),
printStatement ([MAXIT::0,IFLAG: :0,ELAM: :0,subscript (" (FINFO"::S,[I::0])::0,"I=1"::S:
returns ()] $List (FortranCode)): :Rep

coerce(u:%) :OutputForm == coerce(u)$Rep

outputAsFortran(u:%) :Void == outputAsFortran(u)$Rep
outputAsFortran() :Void == outputAsFortran(code)$Rep
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— ASP12.dotabb —

"ASP12" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP12"]
"ALIST" [color="#88FF44" ,href="bookvol1l0.3.pdf#nameddest=ALIST"]
"ASP12" -> "ALIST"

2.14 domain ASP19 Aspl9

— Aspl9.input —

)set break resume

)sys rm -f Aspl9.output
)spool Aspl9.output
)set message test on
)set message auto off
)clear all

--S 1 of 1
)show Aspl9

--R Aspl9(name: Symbol) is a domain constructor

--R Abbreviation for Aspl9 is ASP19

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP19

--R—————————— -—= - Operations ------————--—-———————————————————-
--R coerce : FortranCode -> ¥ coerce : List(FortranCode) -> Y%
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector(FortranExpression([construct], [construct,QUOTEXC],MachineFloat)) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Vector(Fraction(Polynomial(Integer))) -> %

--R retract : Vector(Fraction(Polynomial(Float))) -> %

--R retract : Vector(Polynomial (Integer)) -> ¥%

--R retract : Vector(Polynomial(Float)) -> 7%

--R retract : Vector(Expression(Integer)) -> %

--R retract : Vector(Expre531on(Float)) -> %

--R retractIfCan : Vector(Fraction(Polynomial(Integer))) -> Union(%,"failed")
--R retractIfCan : Vector(Fraction(Polynomial(Float))) -> Union(%,"failed")
--R retractIfCan : Vector(Polynomial (Integer)) -> Union(’,"failed")

--R retractIfCan : Vector(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Vector (Expression(Integer)) -> Union(%,"failed")
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--R retractIfCan : Vector(Expression(Float)) -> Union(%,"failed")
--R
--E 1

)spool
)1lisp (bye)

— Asp19.help —

Aspl9 examples

See Also:
o )show Aspil9

2.14.1 Aspl9 (ASP19)

ASP19

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP19 Aspl9 —

)abbrev domain ASP19 Aspl9

++ Author: Mike Dewar, Godfrey Nolan, Grant Keady

++ Date Created: Mar 1993

++ Date Last Updated: 18 March 1994

++ 6 October 1994

++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
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++ Description:

++\spadtype{Asp19} produces Fortran for Type 19 ASPs, evaluating a set of
++functions and their jacobian at a given point, for example:

++

++\tab{5}SUBROUTINE LSFUN2(M,N,XC,FVECC,FJACC,LJC)\br

++\tab{5}DOUBLE PRECISION FVECC(M),FJACC(LJC,N),XC(N)\br

++\tab{5}INTEGER M,N,LJC\br

++\tab{5}INTEGER I,J\br

++\tab{5}D0 25003 I=1,LJC\br

++\tab{7}D0 25004 J=1,N\br

++\tab{9}FJACC(I, J)=0.0D0O\br

++25004  CONTINUE\br

++25003 CONTINUE\br
++\tab{5}FVECC(1)=((XC(1)-0.14D0)*XC(3)+(15.0D0*XC(1)-2.1D0)*XC(2)+1.0D0) / (\br
++\tab{4}&XC(3)+15.0D0*XC(2)) \br
++\tab{5}FVECC(2)=((XC(1)-0.18D0)*XC(3)+(7.0D0*XC(1)-1.26D0)*XC(2)+1.0D0)/ (\br
++\tab{4}&XC(3)+7.0D0*XC(2))\br

++\tab{5}FVECC(3)=((XC(1)-0.22D0) *XC(3)+(4.333333333333333D0*XC(1)-0.953333\br
++\tab{4}&3333333333D0) *XC(2)+1.0D0) / (XC(3)+4.333333333333333D0*XC(2) ) \br
++\tab{5}FVECC (4)=((XC(1)-0.25D0)*XC(3)+(3.0D0*XC(1)-0.75D0)*XC(2)+1.0D0) / (\br
++\tab{4}&XC(3)+3.0D0*XC(2)) \br
++\tab{5}FVECC(5)=((XC(1)-0.29D0)*XC(3)+(2.2D0*XC(1)-0.6379999999999999D0) *\br
++\tab{4}&XC(2)+1.0D0) / (XC(3)+2.2D0*XC(2) ) \br
++\tab{5}FVECC(6)=((XC(1)-0.32D0)*XC(3)+(1.666666666666667D0*XC(1)-0.533333\br
++\tab{4}43333333333D0) *XC(2)+1.0D0) /(XC(3)+1.666666666666667D0*XC(2) ) \br
++\tab{5}FVECC(7)=((XC(1)-0.35D0)*XC(3)+(1.285714285714286D0*XC(1)-0.45D0) *\br
++\tab{4}&XC(2)+1.0D0) / (XC(3)+1.285714285714286D0*XC(2))\br
++\tab{5}FVECC(8)=((XC(1)-0.39D0) *XC(3)+(XC(1)-0.39D0)*XC(2)+1.0D0) / (XC(3)+\br
++\tab{4}&XC(2))\br
++\tab{5}FVECC(9)=((XC(1)-0.37D0)*XC(3)+(XC(1)-0.37D0)*XC(2)+1.285714285714\br
++\tab{4}&286D0) / (XC(3)+XC(2) ) \br

++\tab{5}FVECC(10)=((XC(1)-0.58D0) *XC(3)+(XC(1)-0.58D0) *XC(2)+1.66666666666\br
++\tab{4}&6667D0) / (XC(3)+XC(2))\br

++\tab{5}FVECC(11)=((XC(1)-0.73D0) *XC(3)+(XC(1)-0.73D0)*XC(2)+2.2D0) / (XC(3) \br
++\tab{4}&+XC(2))\br

++\tab{5}FVECC(12)=((XC(1)-0.96D0) *XC(3)+(XC(1)-0.96D0) *XC(2)+3.0D0) / (XC(3) \br
++\tab{4}&+XC(2))\br

++\tab{5}FVECC(13)=((XC(1)-1.34D0) *XC(3)+(XC(1)-1.34D0)*XC(2)+4.33333333333\br
++\tab{4}&3333D0) / (XC(3)+XC(2))\br
++\tab{5}FVECC(14)=((XC(1)-2.1D0)*XC(3)+(XC(1)-2.1D0)*XC(2)+7.0D0) / (XC(3) +X\br
++\tab{4}&C(2))\br

++\tab{5}FVECC(15)=((XC(1)-4.39D0) *XC(3)+(XC(1)-4.39D0) *XC(2)+15.0D0) / (XC(3\br
++\tab{4}&)+XC(2))\br

++\tab{5}FJACC(1,1)=1.0D0\br
++\tab{5}FJACC(1,2)=-15.0D0/ (XC(3) **2+30.0D0*XC (2) *XC(3) +225.0D0*XC (2) **2) \br
++\tab{5}FJACC(1,3)=-1.0D0/ (XC(3) **2+30.0D0*XC (2) *XC(3)+225.0D0*XC(2) **2) \br
++\tab{5}FJACC(2,1)=1.0D0\br
++\tab{5}FJACC(2,2)=-7.0D0/ (XC(3) **2+14.0D0*XC (2) *XC(3)+49.0D0*XC (2) **2) \br
++\tab{5}FJACC(2,3)=-1.0D0/ (XC(3) **2+14.0D0*XC (2) *XC(3) +49.0D0*XC (2) **2) \br
++\tab{5}FJACC(3,1)=1.0D0\br
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++\tab{5}FJACC(3,2)=((-0.1110223024625157D-15%XC(3))-4.333333333333333D0) / (\br
++\tab{4}&XC(3) **2+8.666666666666666D0*XC(2) *XC(3)+18.777777T7777T778D0*XC(2) \br
++\tab{4}&**2) \br
++\tab{5}FJACC(3,3)=(0.1110223024625157D-15%XC(2)-1.0D0) / (XC(3) **2+8.666666\br
++\tab{4}&666666666D0*XC(2) *XC(3)+18.77777TT7TTT7TT78D0*XC(2) **2) \br
++\tab{5}FJACC(4,1)=1.0D0O\br
++\tab{5}FJACC(4,2)=-3.0D0/ (XC(3) **2+6.0D0*XC (2) *XC (3)+9.0D0*XC(2) **2) \br
++\tab{5}FJACC(4,3)=-1.0D0/ (XC(3) **2+6.0D0*XC(2) *XC(3)+9.0D0*XC(2) **2) \br
++\tab{5}FJACC(5,1)=1.0D0O\br
++\tab{5}FJACC(5,2)=((-0.1110223024625157D-15%XC(3))-2.2D0) / (XC(3) **2+4.399\br
++\tab{4}£999999999999D0*XC (2) *XC(3) +4 .839999999999998D0*XC (2) **2) \br
++\tab{5}FJACC(5,3)=(0.1110223024625157D-15%XC(2)-1.0D0) / (XC(3) **2+4 . 399999 \br
++\tab{4}&999999999D0*XC (2) *XC (3) +4.839999999999998D0*XC (2) **2) \br
++\tab{5}FJACC(6,1)=1.0D0O\br
++\tab{5}FJACC(6,2)=((-0.2220446049250313D-15%XC(3))-1.666666666666667D0) / (\br
++\tab{4}&XC(3)**2+3.333333333333333D0*XC(2)*XC(3)+2.777777T7TT7T7T77T7TDO*XC(2) \br
++\tab{4}&**2) \br
++\tab{5}FJACC(6,3)=(0.2220446049250313D-15%XC(2)-1.0D0) / (XC(3) **2+3.333333\br
++\tab{4}&333333333D0*XC(2) *XC(3)+2.77777TTTTTTTTTTDO*XC(2) **2) \br
++\tab{5}FJACC(7,1)=1.0D0O\br
++\tab{5}FJACC(7,2)=((-0.5551115123125783D-16%XC(3))-1.285714285714286D0) / (\br
++\tab{4}&XC(3)**2+2.571428571428571D0*XC(2) *XC(3)+1.653061224489796D0*XC (2) \br
++\tab{4}&**2) \br
++\tab{5}FJACC(7,3)=(0.5551115123125783D-16%XC(2)-1.0D0) / (XC(3) **2+2.571428\br
++\tab{4}&571428571D0*XC(2) *XC(3)+1.653061224489796D0*XC (2) **2) \br
++\tab{5}FJACC(8,1)=1.0D0O\br
++\tab{5}FJACC(8,2)=-1.0D0/ (XC(3) **2+2.0D0*XC(2) *XC(3) +XC(2) **2) \br
++\tab{5}FJACC(8,3)=-1.0D0/ (XC(3) **2+2.0D0*XC(2) *XC(3) +XC(2) **2) \br
++\tab{5}FJACC(9,1)=1.0D0O\br
++\tab{5}FJACC(9,2)=-1.285714285714286D0/ (XC(3) **2+2.0D0*XC (2) *XC(3)+XC(2) *\br
++\tab{4}&*2) \br
++\tab{5}FJACC(9,3)=-1.285714285714286D0/ (XC (3) **2+2.0D0*XC (2) *XC (3) +XC(2) *\br
++\tab{4}&*2) \br

++\tab{5}FJACC(10,1)=1.0D0\br
++\tab{5}FJACC(10,2)=-1.666666666666667D0/ (XC(3)**2+2.0D0*XC (2) *XC(3)+XC(2) \br
++\tab{4}&**2) \br
++\tab{5}FJACC(10,3)=-1.666666666666667D0/ (XC(3)**2+2.0D0*XC (2)*XC(3)+XC(2) \br
++\tab{4}&**2) \br

++\tab{5}FJACC(11,1)=1.0D0\br

++\tab{5}FJACC(11,2)=-2.2D0/ (XC(3)**2+2.0D0*XC (2) *XC(3)+XC(2) **2) \br
++\tab{5}FJACC(11,3)=-2.2D0/ (XC(3)**2+2.0D0*XC (2) *XC(3)+XC(2) **2) \br
++\tab{5}FJACC(12,1)=1.0D0\br

++\tab{5}FJACC(12,2)=-3.0D0/ (XC(3)**2+2.0D0*XC (2) *XC(3)+XC(2) **2) \br
++\tab{5}FJACC(12,3)=-3.0D0/ (XC(3)**2+2.0D0*XC (2) *XC(3)+XC(2) **2) \br
++\tab{5}FJACC(13,1)=1.0D0\br
++\tab{5}FJACC(13,2)=-4.333333333333333D0/ (XC(3) **2+2.0D0*XC (2) *XC(3)+XC(2) \br
++\tab{4}&**2) \br
++\tab{5}FJACC(13,3)=-4.333333333333333D0/ (XC(3) **2+2.0D0*XC (2) *XC(3)+XC(2) \br
++\tab{4}&**2) \br

++\tab{5}FJACC(14,1)=1.0D0\br
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++\tab{5}FJACC(14,2)=-7.0D0/ (XC(3) **2+2.0D0*XC (2) *XC(3)+XC(2) **2) \br
++\tab{5}FJACC(14,3)=-7.0D0/ (XC(3) *#*2+2.0D0*XC (2) *XC(3) +XC(2) **2) \br
++\tab{5}FJACC(15,1)=1.0D0\br
++\tab{5}FJACC(15,2)=-15.0D0/ (XC(3) **2+2.0D0*XC(2) *XC(3) +XC(2) **2) \br
++\tab{5}FJACC(15,3)=-15.0D0/ (XC(3) **2+2.0D0*XC(2) *XC(3) +XC(2) **2) \br
++\tab{5}RETURN\br

++\tab{5}END

Asp19(name): Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FC))
FSTU ==> Union(fst:FST,void:"void")

FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float
MFLOAT ==> MachineFloat

VEC ==> Vector

VF2 ==> VectorFunctions?2

MF2 ==> MatrixCategoryFunctions2(FEXPR,VEC FEXPR,VEC FEXPR,Matrix FEXPR,EXPR MFLOAT,VEC EXPR MFLOAT,VE
FEXPR ==> FortranExpression([], [’XC],MFLOAT)

S ==> Symbol

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR -> §
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : FSTU := ["real"::FST]$FSTU

syms : SYMTAB := empty()$SYMTAB

declare! (M,fortranInteger () $FT, syms) $SYMTAB
declare! (N,fortranInteger () $FT, syms) $SYMTAB
declare! (LJC,fortranInteger () $FT, syms) $SYMTAB
xcType : FT := construct(real, [N],false)$FT
declare! (XC,xcType, syms) $SYMTAB

fveccType : FT := construct(real, [M],false)$FT
declare! (FVECC, fveccType, syms) $SYMTAB

fjaccType : FT := construct(real, [LJC,N],false)$FT
declare! (FJACC,fjaccType, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$FSTU, [M,N,XC,FVECC,FJACC,LJC],syms)

coerce(c:List FC):$ == coerce(c)$Rep
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coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FC):$ == coerce(c)$Rep

-- Take a symbol, pull of the script and turn it into an integer!!
02int (u:S) :Integer ==

o : OutputForm := first elt(scripts(u)$S,sub)

o pretend Integer

-- To help the poor old compiler!
fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

localAssignl(s:S,j:Matrix FEXPR):FC ==
j? : Matrix EXPR MFLOAT := map(fexpr2expr,j)$MF2
assign(s,j’)$FC

localAssign2(s:S,j:VEC FEXPR):FC ==
j’ : VEC EXPR MFLOAT := map(fexpr2expr,j)$VF2(FEXPR,EXPR MFLOAT)
assign(s,j’)$FC

coerce(u:VEC FEXPR) :$ ==
-- First zero the Jacobian matrix in case we miss some derivatives which
-- are zero.
import POLY INT
segl : Segment (POLY INT) segment (1:: (POLY INT),LJC@S::(POLY INT))
seg2 : Segment (POLY INT) := segment(1l::(POLY INT),N@S::(POLY INT))
sl : SegmentBinding POLY INT := equation(I@S,segl)
s2 : SegmentBinding POLY INT := equation(J@S,seg2)
as : FC := assign(FJACC, [I@S:: (POLY INT),J@S::(POLY INT)],0.0::EXPR FLOAT)
clear : FC := forLoop(sl,forLoop(s2,as))
j:Integer
x:8 := XC::8
pu:List(S) := []
—-- Work out which variables appear in the expressions
for e in entries(u) repeat
pu := setUnion(pu,variables(e)$FEXPR)
scriptList : List Integer := map(o2int,pu)$ListFunctions2(S,Integer)
-- This should be the maximum XC_n which occurs (there may be others
-- which don’t):
n:Integer := reduce(max,scriptList)$List(Integer)
p:List(8) := [I
for j in 1..n repeat p:= cons(subscript(x, [j::0utputForm])$S,p)
p:= reverse(p)
jac:Matrix(FEXPR) := _
jacobian(u,p)$MultiVariableCalculusFunctions(S,FEXPR,VEC FEXPR,List(S))
c1:FC := localAssign2(FVECC,u)
c2:FC := localAssignl(FJACC,jac)
[clear,cl,c2,returns()]$List (FC)::$
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coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed"):=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed"):=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
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v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retraCt,u)$VF2(PULY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

— ASP19.dotabb —

"ASP19" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP19"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
llAsPlg n _> n FS n

2.15 domain ASP20 Asp20

— Asp20.input —

)set break resume

)sys rm -f Asp20.output
)spool Asp20.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show Asp20

--R

--R Asp20(name: Symbol) is a domain constructor

--R Abbreviation for Asp20 is ASP20

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP20
--R

--R—- e Operations --- -—-
--R coerce : FortranCode -> % coerce : List(FortranCode) -> %
--R coerce : % -> OutputForm outputAsFortran : % -> Void
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--R coerce : Matrix(FortranExpression([construct], [construct,QUOTEX,QUOTEHESS] ,MachineFloat)) ->
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Matrix(Fraction(Polynomial (Integer))) -> %

--R retract : Matrix(Fraction(Polynomial(Float))) -> ¥

--R retract : Matrix(Polynomial(Integer)) -> %

--R retract : Matrix(Polynomial(Float)) -> 7%

--R retract : Matrix(Expression(Integer)) -> ¥%

--R retract : Matrix(Expression(Float)) -> %

--R retractIfCan : Matrix(Fraction(Polynomial(Integer))) -> Union(%,"failed")
--R retractIfCan : Matrix(Fraction(Polynomial(Float))) -> Union(%,"failed")
--R retractIfCan : Matrix(Polynomial(Integer)) -> Union(%,"failed")

--R retractIfCan : Matrix(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Matrix(Expression(Integer)) -> Union(’,"failed")

--R retractIfCan : Matrix(Expression(Float)) -> Union(%,"failed")

) spool
)1lisp (bye)

— Asp20.help —

Asp20 examples

See Also:
o )show Asp20

2.15.1 Asp20 (ASP20)

ASP20
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Exports:

coerce

outputAsFortran retract retractIfCan

— domain ASP20 Asp20 —

)abbrev domain ASP20 Asp20

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

++ \tab{5}RETURN\br
++ \tab{5}END
Asp20(name) : Exports == Implementation where
name : Symbol
FST ==> FortranScalarType
FT ==> FortranType
SYMTAB ==> SymbolTable
PI ==> Positivelnteger
UFST ==> Union(fst:FST,void:"void")
RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
FRAC  ==> Fraction
POLY ==> Polynomial
EXPR  ==> Expression
INT ==> Integer
FLOAT ==> Float
VEC ==> Vector
MAT ==> Matrix
VF2 ==> VectorFunctions2
MFLOAT ==> MachineFloat
FEXPR ==> FortranExpression([], [’X, HESS],MFLOAT)
0 ==> (QutputForm
M2 ==> MatrixCategoryFunctions2
MF2a  ==> M2(FRAC POLY INT,VEC FRAC POLY INT,VEC FRAC POLY INT,

Author: Mike Dewar and Godfrey Nolan and Grant Keady

Date Created: Dec 1993
Date Last Updated: 21 March 1994

6 October 1994

CHAPTER 2.

CHAPTER A

Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
Description:

\spadtype{Asp20} produces Fortran for Type 20 ASPs, for example:

\tab{5}SUBROUTINE QPHESS(N,NROWH,NCOLH,JTHCOL,HESS,X,HX) \br
\tab{5}DOUBLE PRECISION HX(N),X(N),HESS(NROWH,NCOLH)\br

\tab{5}INTEGER JTHCOL,N,NROWH,NCOLH\br
\tab{5}HX (1)=2.0D0*X (1) \br

\tab{5}HX (2)=2.0D0*X(2) \br

\tab{5}HX (3)=2.0D0*X (4)+2.0D0*X (3) \br
\tab{5}HX (4)=2.0D0*X (4)+2.0D0*X (3) \br
\tab{5}HX (5)=2.0D0*X(5) \br

\tab{5}HX (6)=(-2.0D0*X(7))+(-2.0D0*X(6))\br
\tab{5}HX(7)=(-2.0D0*X(7))+(-2.0D0*X(6) ) \br
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MAT FRAC POLY INT,FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2b  ==> M2(FRAC POLY FLOAT,VEC FRAC POLY FLOAT,VEC FRAC POLY FLOAT,
MAT FRAC POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2c¢  ==> M2(POLY INT,VEC POLY INT,VEC POLY INT,MAT POLY INT,
FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2d  ==> M2(POLY FLOAT,VEC POLY FLOAT,VEC POLY FLOAT,
MAT POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2e  ==> M2(EXPR INT,VEC EXPR INT,VEC EXPR INT,MAT EXPR INT,
FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2f ==> M2(EXPR FLOAT,VEC EXPR FLOAT,VEC EXPR FLOAT,

MAT EXPR FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

Exports ==> FortranMatrixFunctionCategory with
coerce: MAT FEXPR -> $
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()

declare! (N,fortranInteger () ,syms) $SYMTAB

declare! (NROWH, fortranInteger () ,syms) $SYMTAB

declare! (NCOLH, fortranInteger () ,syms) $SYMTAB

declare! (JTHCOL,fortranInteger () ,syms) $SYMTAB

hessType : FT := construct(real, [NROWH,NCOLH],false)$FT

declare! (HESS,hessType, syms) $SYMTAB

xType : FT := construct(real, [N],false)$FT

declare! (X,xType, syms) $SYMTAB

declare! (HX,xType, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST,
[N,NROWH,NCOLH, JTHCOL ,HESS, X ,HX] , syms)

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep

-- To help the poor old compiler!
fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

localAssign(s:Symbol, j:VEC FEXPR) :FortranCode ==
j’ : VEC EXPR MFLOAT := map(fexpr2expr,j)$VF2(FEXPR,EXPR MFLOAT)
assign(s,j’)$FortranCode

coerce(u:MAT FEXPR) :$ ==
j:Integer
x:Symbol := X::Symbol
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n := nrows(u)::PI

p:VEC FEXPR := [retract(subscript(x,[j::0])$Symbol)@FEXPR for j in 1..n]
prod:VEC FEXPR := uxp

([localAssign(HX,prod) ,returns()$FortranCode] $List (FortranCode))::$

retract (u:MAT FRAC POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2a
vi:$

retractIfCan(u:MAT FRAC POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed"):=map(retractIfCan,u)$MF2a
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT FRAC POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2b
v::$

retractIfCan(u:MAT FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2b
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT EXPR INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2e
v::$

retractIfCan(u:MAT EXPR INT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed"):=map(retractIfCan,u)$MF2e
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT EXPR FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2f
v::$

retractIfCan(u:MAT EXPR FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed"):=map(retractIfCan,u)$MF2f
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2c
v::$

retractIfCan(u:MAT POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2c
v case "failed" => "failed"
(v::MAT FEXPR)::$
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retract (u:MAT POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2d
vi:$

retractIfCan(u:MAT POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2d
v case "failed" => "failed"
(v::MAT FEXPR)::$

coerce(u:$):0 == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

— ASP20.dotabb —

"ASP20" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP20"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
"ASP20" -> "FS"

2.16 domain ASP24 Asp24

— Asp24.input —

)set break resume

)sys rm -f Asp24.output
)spool Asp24.output
)set message test on
)set message auto off
)clear all

-—-S1of 1

)show Asp24

--R

--R Asp24(name: Symbol) is a domain constructor

--R Abbreviation for Asp24 is ASP24

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP24
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--R
--R-———————————— Operations --—-----——————-—————————————————-
--R coerce : FortranCode -> Y coerce : List(FortranCode) -> ¥

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R retract : Polynomial(Float) -> % retract : Expression(Float) -> ¥

--R coerce : FortranExpression([construct], [construct,QUOTEXC] ,MachineFloat) -> ¥
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Fraction(Polynomial(Integer)) -> %

--R retract : Fraction(Polynomial(Float)) -> %

--R retract : Polynomial(Integer) -> %

--R retract : Expression(Integer) -> %

--R retractIfCan : Fraction(Polynomial(Integer)) -> Union(%,"failed")

--R retractIfCan : Fraction(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Polynomial(Integer) -> Union(%,"failed")

--R retractIfCan : Polynomial(Float) -> Union(%,"failed")

--R retractIfCan : Expression(Integer) -> Union(%,"failed")

--R retractIfCan : Expression(Float) -> Union(%,"failed")

) spool
)1lisp (bye)

— Asp24.help —

Asp24 examples

See Also:
o )show Asp24
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2.16.1 Asp24 (ASP24)

ASP24

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP24 Asp24 —

)abbrev domain ASP24 Asp24

++ Author: Mike Dewar, Grant Keady and Godfrey Nolan

++ Date Created: Mar 1993

++ Date Last Updated: 21 March 1994

++ 6 October 1994

++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:

++\spadtype{Asp24} produces Fortran for Type 24 ASPs which evaluate a
++multivariate function at a point (needed for NAG routine eO4jaf),

++for example:

++

++\tab{5}SUBROUTINE FUNCT1(N,XC,FC)\br

++\tab{5}DOUBLE PRECISION FC,XC(N)\br

++\tab{5}INTEGER N\br
++\tab{5}FC=10.0D0*XC (4) **4+(-40.0D0*XC (1) *XC(4) **3) +(60.0D0*XC (1) **2+5\br
++\tab{4}&.0D0) *XC (4) **2+((-10.0D0*XC(3))+(-40.0DO*XC (1) **3) ) *XC(4)+16.0D0O*X\br
++\tab{4}&C(3) **4+(-32.0D0*XC(2) *XC(3) **3)+(24.0D0*XC(2) **2+5.0D0) *XC(3) **2+\br
++\tab{4}&(-8.0D0*XC (2) #*3+XC (3) ) +XC (2) **4+100 . 0DO*XC (2) **2+20 . ODO*XC (1) *XC (\br
++\tab{4}&2)+10.0D0*XC (1) #*4+XC (1) **2\br

++\tab{5}RETURN\br

++\tab{5}END\br

Asp24(name): Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FT  ==> FortranType

SYMTAB ==> SymbolTable

RSFC ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
FSTU ==> Union(fst:FST,void:"void")
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FEXPR ==> FortranExpression([], [’XC],MachineFloat)
FRAC ==> Fraction

POLY ==> Polynomial
EXPR  ==> Expression
INT ==> Integer
FLOAT ==> Float

Exports ==> FortranFunctionCategory with
coerce : FEXPR -> $

CHAPTER 2. CHAPTER A

++ coerce(f) takes an object from the appropriate instantiation of
++ \spadtype{FortranExpression} and turns it into an ASP.

Implementation ==> add

real : FSTU := ["real"::FST]$FSTU
syms : SYMTAB := empty()
declare! (N,fortranInteger () ,syms)$SYMTAB

xcType : FT := construct(real, [N::Symboll,false)$FT

declare! (XC,xcType, syms) $SYMTAB
declare! (FC,fortranReal(),syms)$SYMTAB

Rep := FortranProgram(name, ["void"]$FSTU, [N,XC,FC],syms)

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep

coerce(u:FEXPR) :$ ==

coerce(assign(FC,u: :Expression(MachineFloat))$FortranCode) $Rep

retract (u:FRAC POLY INT):$ == (retract(u)@FEXPR)::
retractIfCan(u:FRAC POLY INT):Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:FRAC POLY FLOAT):$ == (retract(u)@FEXPR)::$

retractIfCan(u:FRAC POLY FLOAT) :Union($,"failed"
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:EXPR FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:EXPR FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")

$
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foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:EXPR INT):$ == (retract(u)Q@FEXPR)::$
retractIfCan(u:EXPR INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY INT):Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

coerce(u:$) :OutputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage

outputAsFortran(u)$Rep
p => restorePrecision()$NAGLinkSupportPackage

— ASP24.dotabb —

"ASP24" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP24"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"ASP24" -> "PFECAT"

2.17 domain ASP27 Asp27

— Asp27.input —
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)set break resume

)sys rm -f Asp27.output
)spool Asp27.output
)set message test on
)set message auto off
)clear all

--S 1 o0f 1
)show Asp27

--R Asp27(name: Symbol) is a domain constructor

--R Abbreviation for Asp27 is ASP27

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP27

- Operations —-—----——————————-——--——-——--———————
--R coerce : FortranCode -> % coerce : List(FortranCode) -> Y%
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R coerce : Matrix(MachineFloat) -> Y%

) spool
)1lisp (bye)

— Asp27.help —

Asp27 examples

See Also:
o )show Asp27
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2.17.1 Asp27 (ASP27)

ASP27

ALIST

Exports:
coerce outputAsFortran

— domain ASP27 Asp27 —

)abbrev domain ASP27 Asp27

++ Author: Mike Dewar and Godfrey Nolan

++ Date Created: Nov 1993

++ Date Last Updated: 27 April 1994

++ 6 October 1994

++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:

++\spadtype{Asp27} produces Fortran for Type 27 ASPs, needed for NAG routine
++£02fjf ,for example:

++

++\tab{5}FUNCTION DOT(IFLAG,N,Z,W,RWORK,LRWORK, IWORK,LIWORK) \br

++\tab{65}DOUBLE PRECISION W(N),Z(N),RWORK (LRWORK) \br

++\tab{5}INTEGER N,LIWORK,IFLAG,LRWORK, IWORK(LIWORK) \br
++\tab{5}D0T=(W(16)+(-0.5D0*W(15)))*Z(16)+((-0.5D0*W(16))+W(15)+(-0.5D0*W (1\br
++\tab{4}&4)))*Z(15)+((-0.5D0*W (15) ) +W(14)+(-0.5D0*W (13))) *Z(14)+((-0.5D0*W (\br
++\tab{4}&14))+W(13)+(-0.5D0*W(12)))*Z(13)+((-0.5D0*W (13) ) +W(12)+(-0.5D0*W (1\br
++\tab{4}&1)))*Z(12)+((=0.5D0*W (12))+W(11)+(~0.5D0*W(10)))*Z(11)+((~0.5D0*W (\br
++\tab{4}&11))+W(10)+(-0.5D0*W(9))) *Z(10)+((-0.5D0*W (10) ) +W(9) +(-0.5D0*W(8) ) \br
++\tab{4}&) *Z(9)+((-0.5D0*W(9) ) +W(8) +(~0.5D0*W (7)) ) *Z(8)+((-0.5D0*W (8) ) +W(7) \br
++\tab{4}&+(~0.5D0*W (6)))*Z (7)+((=0.5DOW (7)) +W(6)+(=0.5D0*W (5)))*Z(6)+((-0.\br
++\tab{4}&5D0*W (6) ) +W(5)+(-0.5D0*W (4)) ) *Z(5)+((-0.5D0*W(5) ) +W (4) +(-0.5D0*W (3\br
++\tab{4}&)))*Z(4)+((-0.5D0*W (4) ) +W(3)+(-0.5D0*W (2)) ) *Z(3) +((-0.5D0*W (3) ) +W (\br
++\tab{4}&2)+(-0.5D0*W (1)) ) *Z(2)+((-0.5D0*W(2) ) +W (1)) *Z (1) \br
++\tab{5}RETURN\br

++\tab{5}END

Asp27 (name) : Exports == Implementation where
name : Symbol

0 ==> QutputForm
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FST ==> FortranScalarType
FT ==> FortranType
SYMTAB ==> SymbolTable
UFST ==> Union(fst:FST,void:"void")
FC ==> FortranCode
PI ==> Positivelnteger
RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
EXPR  ==> Expression
MAT ==> Matrix
MFLOAT ==> MachineFloat
Exports == FortranMatrixCategory
Implementation == add

real : UFST := ["real"::FST]$UFST

integer : UFST := ["integer"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! (IFLAG, fortranInteger () ,syms) $SYMTAB

declare! (N,fortranInteger () ,syms) $SYMTAB

declare! (LRWORK,fortranInteger () ,syms) $SYMTAB

declare! (LIWORK,fortranInteger () ,syms) $SYMTAB

zType : FT := construct(real, [N],false)$FT

declare! (Z,zType, syms) $SYMTAB

declare! (W,zType, syms) $SYMTAB

rType : FT := construct(real, [LRWORK],false)$FT

declare! (RWORK,rType, syms) $SYMTAB

iType : FT := construct(integer, [LIWORK],false)$FT

declare! (IWORK, iType, syms) $SYMTAB

Rep := FortranProgram(name,real,
[IFLAG,N,Z,W,RWORK,LRWORK, IWORK, LIWORK] , syms)

-- To help the poor old compiler!
localCoerce (u:Symbol) :EXPR(MFLOAT) == coerce (u)$EXPR(MFLOAT)

coerce (u:MAT MFLOAT):$ ==
Ws: Symbol := W
Zs: Symbol := Z
code : List FC
1:EXPR MFLOAT := "+"/ _
[("+"/[localCoerce(elt (Ws, [j::0])$Symbol) * u(j,i)_

CHAPTER A

for j in 1..nrows(u)::PI])_

*xlocalCoerce(elt(Zs, [i::0])$Symbol) for i in 1..ncols(u)::PI]

¢ := assign(name,l)$FC
code := [c,returns()]$List (FC)
code::$
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coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==

p := checkPrecision()$NAGLinkSupportPackage

outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

— ASP27.dotabb —

"ASP27" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP27"]

WAT,

IST" [color="#88FF44",href="bookV0110.3.pdf#nameddest=ALIST”]

"ASP27" -> "ALIST"

2.18 domain ASP28 Asp28

— Asp28.input —

)set break resume

)sy
)sp

s rm -f Asp28.output
ool Asp28.output

)set message test on
)set message auto off

)cl

--8
) sh

ear all

1 of 1
ow Asp28

Asp28(name: Symbol) is a domain constructor

Abbreviation for Asp28 is ASP28

This constructor is exposed in this frame.

Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP28

------------------------------- Operations —--—-——-——-——————-——-——-——--————-——

coerce : FortranCode -> Y coerce : List(FortranCode) -> Y%
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--R coerce : % -> OutputForm

outputAsFortran :

CHAPTER 2. CHAPTER A

% —> Void

--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %

--R coerce : Matrix(MachineFloat) -> Y%

--R
--E 1

) spool
)1lisp (bye)

— Asp28.help —

Asp28 examples

See Also:
o )show Asp28

2.18.1 Asp28 (ASP28)

ASP28

ALIST

Exports:
coerce outputAsFortran

— domain ASP28 Asp28 —

)abbrev domain ASP28 Asp28
++ Author: Mike Dewar
++ Date Created: 21 March 1994

++ Date Last Updated: 28 April 1994



2.18. DOMAIN ASP28 ASP28 103

++ 6 October 1994

++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:

++\spadtype{Asp28} produces Fortran for Type 28 ASPs, used in NAG routine
++£02fjf, for example:

++

++\tab{5}SUBROUTINE IMAGE(IFLAG,N,Z,W,RWORK,LRWORK, IWORK,LIWORK) \br
++\tab{5}DOUBLE PRECISION Z(N),W(N),IWORK(LRWORK) ,RWORK (LRWORK) \br
++\tab{5}INTEGER N,LIWORK,IFLAG,LRWORK\br
++\tab{5}W(1)=0.01707454969713436D0*Z(16)+0.001747395874954051D0*Z(15)+0.00\br
++\tab{4}42106973900813502D0*Z (14)+0.002957434991769087D0*Z(13)+(-0.00700554\br
++\tab{4}&0882865317D0*Z(12))+(-0.01219194009813166D0*Z(11) )+0.0037230647365\br
++\tab{4}&3087D0*Z(10)+0.04932374658377151D0*Z (9) +(-0.03586220812223305D0*Z (\br
++\tab{4}&8))+(-0.04723268012114625D0*Z (7)) +(-0.02434652144032987D0*Z(6))+0.\br
++\tab{4}&2264766947290192D0*Z (5) +(-0.1385343580686922D0*Z (4) )+ (-0.116530050\br
++\tab{4}48238904D0*Z(3))+(-0.2803531651057233D0*Z(2) ) +1.019463911841327D0*Z\br
++\tab{4}& (1) \br
++\tab{5}W(2)=0.0227345011107737D0*Z(16)+0.008812321197398072D0*Z (15)+0.010\br
++\tab{4}£94012210519586D0*Z (14)+(-0.01764072463999744D0*Z(13) )+(-0.01357136\br
++\tab{4}&72105995D0%Z (12))+0.00157466157362272D0*Z(11)+0.05258889186338282D\br
++\tab{4}&0*Z(10)+(-0.01981532388243379D0*Z(9) ) +(-0.06095390688679697D0*Z(8) \br
++\tab{4}&)+(-0.04153119955569051D0*Z(7))+0.2176561076571465D0*Z(6) +(-0.0532\br
++\tab{4}45555586632358D0*Z(5) ) +(-0.1688977368984641D0*Z(4) )+ (-0.32440166056\br
++\tab{4}&%67343D0*Z(3))+0.9128222941872173D0*Z (2) +(-0.2419652703415429D0*Z (1\br
++\tab{4}&)) \br

++\tab{5}W(3)=0.03371198197190302D0*Z (16)+0.02021603150122265D0*Z (15) +(-0.0\br
++\tab{4}&06607305534689702D0*Z (14))+(-0.03032392238968179D0*Z (13) )+0.002033\br
++\tab{4}%305231024948D0*Z (12)+0.05375944956767728D0*Z(11)+(-0.0163213312502\br
++\tab{4}&9967D0*Z(10) )+(-0.05483186562035512D0*Z (9) ) +(-0.04901428822579872D\br
++\tab{4}&0*Z(8))+0.2091097927887612D0*Z (7)+(-0.05760560341383113D0*Z(6) )+ (-\br
++\tab{4}&0.1236679206156403D0*Z(5) )+(-0.3523683853026259D0*Z (4) ) +0.88929961\br
++\tab{4}&32269974D0*Z(3)+(-0.2995429545781457D0*Z(2) ) +(-0.02986582812574917\br
++\tab{4}&D0*Z (1)) \br
++\tab{5}W(4)=0.05141563713660119D0*Z(16)+0.005239165960779299D0*Z (15)+(-0.\br
++\tab{4}£01623427735779699D0*Z (14))+(-0.01965809746040371D0*Z(13) ) +0.054688\br
++\tab{4}&97337339577D0*Z (12) +(-0.014224695935687D0*Z(11))+(-0.0505181779315\br
++\tab{4}&6355D0*Z(10) ) +(-0.04353074206076491D0*Z(9) )+0.2012230497530726D0*Z\br
++\tab{4}&(8)+(-0.06630874514535952D0*Z (7)) +(-0.1280829963720053D0*Z (6) )+ (-0\br
++\tab{4}&.305169742604165D0*Z(5) )+0.8600427128450191D0%*Z (4)+(-0.32415033802\br
++\tab{4}%68184D0*Z(3))+(-0.09033531980693314D0*Z(2) )+0.09089205517109111D0*\br
++\tab{4}&Z (1) \br
++\tab{5}W(5)=0.04556369767776375D0*Z(16)+(-0.001822737697581869D0*Z(15))+(\br
++\tab{4}&-0.002512226501941856D0*Z (14) ) +0.02947046460707379D0*Z(13)+(-0.014\br
++\tab{4}&45079632086177D0*Z(12))+(-0.05034242196614937D0*Z(11) ) +(-0.0376966\br
++\tab{4}43291725935D0*Z(10) )+0.2171103102175198D0*Z (9) +(-0.0824949256021352\br
++\tab{4}&4D0*Z(8) ) +(-0.1473995209288945D0%*Z (7)) +(-0.315042193418466D0*Z(6) ) \br
++\tab{4}&+0.9591623347824002D0*Z (5) +(-0.3852396953763045D0*Z (4) )+ (-0.141718\br
++\tab{4}&5427288274D0*Z(3) ) +(-0.03423495461011043D0*Z(2))+0.319820917706851\br
++\tab{4}&6D0*Z (1) \br
++\tab{5}W(6)=0.04015147277405744D0*Z(16)+0.01328585741341559D0*Z (15) +0.048\br
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++\tab{4}&26082005465965D0*Z (14)+(-0.04319641116207706D0*Z(13) )+(-0.04931323\br
++\tab{4}%319055762D0*Z (12) )+ (-0.03526886317505474D0*Z (11))+0.22295383396730\br
++\tab{4}&01D0*Z(10)+(-0.07375317649315155D0%Z (9) ) +(-0.1589391311991561D0*Z (\br
++\tab{4}&8))+(-0.328001910890377D0*Z(7))+0.952576555482747D0*Z(6)+(-0.31583\br
++\tab{4}&£09975786731D0*Z(5) ) +(-0.1846882042225383D0+*Z(4) ) +(-0.0703762046700\br
++\tab{4}&4427D0*Z(3))+0.2311852964327382D0*Z (2)+0.04254083491825025D0*Z (1) \br
++\tab{5}W(7)=0.06069778964023718D0*Z(16)+0.06681263884671322D0*Z (15)+(-0.0\br
++\tab{4}42113506688615768D0*Z(14))+(-0.083996867458326D0*Z(13))+(-0.0329843\br
++\tab{4}48523869648D0*Z(12) )+0.2276878326327734D0*Z (11)+(-0.067356038933017\br
++\tab{4}&95D0*Z(10))+(-0.1559813965382218D0*Z (9) ) +(-0.3363262957694705D0*Z (\br
++\tab{4}&8))+0.9442791158560948D0*Z(7)+(-0.3199955249404657D0*Z(6) )+ (-0.136\br
++\tab{4}&2463839920727D0*Z(5))+(-0.1006185171570586D0*Z (4) )+0.2057504515015\br
++\tab{4}&423D0*Z (3)+(-0.02065879269286707D0*Z (2))+0.03160990266745513D0*Z (1\br
++\tab{4}&) \br

++\tab{5}W(8)=0.126386868896738D0*Z(16)+0.002563370039476418D0*Z(15)+(-0.05\br
++\tab{4}&581757739455641D0%Z (14) )+(-0.07777893205900685D0%Z (13) ) +0.23117338\br
++\tab{4}%45834199D0*Z(12)+(-0.06031581134427592D0*Z(11) )+(-0.14805474755869\br
++\tab{4}&52D0*Z(10) )+(-0.3364014128402243D0*Z(9) ) +0.9364014128402244D0*Z(8) \br
++\tab{4}&+(-0.3269452524413048D0*Z (7)) +(-0.1396841886557241D0*Z(6) ) +(-0.056\br
++\tab{4}&1733845834199D0*Z(5) )+0.1777789320590069D0+*Z (4) +(-0.04418242260544\br
++\tab{4}&359D0*Z(3) ) +(-0.02756337003947642D0*Z(2) )+0.07361313110326199D0*Z (\br
++\tab{4}&1)\br

++\tab{5}W(9)=0.07361313110326199D0*Z(16) +(-0.02756337003947642D0*Z (15) ) +(-\br
++\tab{4}&0.04418242260544359D0*Z(14) )+0.1777789320590069D0*Z (13) +(-0.056173\br
++\tab{4}%3845834199D0*Z (12) ) +(-0.1396841886557241D0*Z(11) )+(-0.326945252441\br
++\tab{4}&3048D0*Z(10))+0.9364014128402244D0*Z (9) +(-0.3364014128402243D0*Z (8\br
++\tab{4}&))+(-0.1480547475586952D0*Z (7)) +(-0.06031581134427592D0*Z(6) )+0.23\br
++\tab{4}&11733845834199D0*Z (5) +(-0.07777893205900685D0*Z (4) ) +(-0.0558175773\br
++\tab{4}49455641D0*Z(3))+0.002563370039476418D0*Z(2)+0. 126386868896738D0*Z (\br
++\tab{4}&1)\br

++\tab{5}W(10)=0.03160990266745513D0*Z(16)+(-0.02065879269286707D0*Z(15))+0\br
++\tab{4}&.2057504515015423D0*Z (14)+(-0.1006185171570586D0*Z (13) )+ (-0.136246\br
++\tab{4}&3839920727D0*Z (12) ) +(-0.3199955249404657D0*Z(11))+0.94427911585609\br
++\tab{4}&48D0*Z(10)+(-0.3363262957694705D0Z (9) ) +(-0.1559813965382218D0*Z (8\br
++\tab{4}&))+(-0.06735603893301795D0*Z (7)) +0.2276878326327734D0*Z(6)+(-0.032\br
++\tab{41}498438523869648D0*Z(5) ) +(-0.083996867458326D0*Z (4) )+ (-0.02113506688\br
++\tab{4}4615768D0*Z(3))+0.06681263884671322D0*Z(2)+0.06069778964023718D0*Z (\br
++\tab{4}&1) \br

++\tab{5}W(11)=0.04254083491825025D0*Z(16)+0.2311852964327382D0*Z (15)+(-0.0\br
++\tab{4}&7037620467004427D0*Z(14))+(-0.1846882042225383D0*Z (13))+(-0.315830\br
++\tab{4}&9975786731D0*Z(12) )+0.952576555482747D0*Z (11)+(-0.328001910890377D\br
++\tab{4}&0%Z(10))+(-0.1589391311991561D0%*Z(9) )+(-0.07375317649315155D0*Z (8) \br
++\tab{4}&)+0.2229538339673001D0*Z (7)+(-0.03526886317505474D0*Z(6) ) +(-0.0493\br
++\tab{4}%1323319055762D0*Z(5))+(-0.04319641116207706D0*Z (4) ) +0.048260820054\br
++\tab{4}465965D0*Z(3)+0.01328585741341559D0*Z (2)+0.04015147277405744D0*Z (1) \br
++\tab{5}W(12)=0.3198209177068516D0*Z(16)+(-0.03423495461011043D0*Z(15) )+ (-\br
++\tab{4}&0.1417185427288274D0*Z(14))+(-0.3852396953763045D0*Z(13))+0.959162\br
++\tab{4}&3347824002D0*Z(12)+(-0.315042193418466D0*Z (11) ) +(-0.14739952092889\br
++\tab{4}&45D0*Z(10) )+ (-0.08249492560213524D0*Z(9) ) +0.2171103102175198D0*Z (8\br
++\tab{4}&)+(-0.03769663291725935D0*Z (7)) +(-0.05034242196614937D0*Z(6))+(-0.\br
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++\tab{4}%01445079632086177D0*Z(5))+0.02947046460707379D0*Z (4)+(-0.002512226\br
++\tab{4}4501941856D0*Z(3))+(-0.001822737697581869D0*Z(2) )+0.045563697677763\br
++\tab{4}&75D0*Z (1) \br
++\tab{5}W(13)=0.09089205517109111D0*Z(16)+(-0.09033531980693314D0*Z(15))+(\br
++\tab{4}&-0.3241503380268184D0*Z(14) )+0.8600427128450191D0%*Z (13) +(-0.305169\br
++\tab{4}&742604165D0*Z (12) ) +(-0.1280829963720053D0*Z (11))+(-0.0663087451453\br
++\tab{4}45952D0*Z (10) ) +0.2012230497530726D0*Z (9) +(-0.04353074206076491D0*Z (\br
++\tab{4}&8))+(-0.05051817793156355D0*Z (7)) +(-0.014224695935687D0*Z(6) ) +0.05\br
++\tab{4}%468897337339577D0*Z(5)+(-0.01965809746040371D0*Z(4) ) +(-0.016234277\br
++\tab{4}&35779699D0%Z(3) )+0.005239165960779299D0*Z (2)+0.05141563713660119D0\br
++\tab{4}&*Z (1) \br
++\tab{5}W(14)=(-0.02986582812574917D0*Z (16) )+ (-0.2995429545781457D0*Z(15) ) \br
++\tab{4}&+0.8892996132269974D0*Z (14)+(-0.3523683853026259D0*Z(13) ) +(-0.1236\br
++\tab{4}4679206156403D0*Z (12) )+(-0.05760560341383113D0*Z (11))+0.20910979278\br
++\tab{4}&87612D0*Z(10)+(-0.04901428822579872D0*Z (9) ) +(-0.05483186562035512D\br
++\tab{4}&0*Z(8))+(-0.01632133125029967D0*Z (7)) +0.05375944956767728D0*Z (6) +0\br
++\tab{4}&.002033305231024948D0*Z(5)+(-0.03032392238968179D0*Z(4) ) +(-0.00660\br
++\tab{4}&7305534689702D0*Z(3))+0.02021603150122265D0*Z (2)+0.033711981971903\br
++\tab{4}&02D0*Z (1) \br
++\tab{5}W(15)=(-0.2419652703415429D0*Z(16))+0.9128222941872173D0*Z(15) +(-0\br
++\tab{4}&.3244016605667343D0*Z(14) )+(-0.1688977368984641D0*Z(13))+(-0.05325\br
++\tab{4}&555586632358D0*Z(12))+0.2176561076571465D0*Z(11)+(-0.0415311995556\br
++\tab{4}&9051D0*Z(10) )+(-0.06095390688679697D0*Z(9))+(-0.01981532388243379D\br
++\tab{4}&0%Z(8))+0.05258889186338282D0*Z(7)+0.00157466157362272D0*Z(6)+(-0.\br
++\tab{4}&0135713672105995D0*Z (5) ) +(-0.01764072463999744D0*Z(4) ) +0.010940122\br
++\tab{4}%£10519586D0%Z(3)+0.008812321197398072D0*Z (2)+0.0227345011107737D0*Z\br
++\tab{4}& (1) \br

++\tab{5}W(16)=1.019463911841327D0*Z (16)+(-0.2803531651057233D0*Z (15) ) +(-0.\br
++\tab{4}4£1165300508238904D0*Z (14) )+ (-0.1385343580686922D0*Z (13))+0.22647669\br
++\tab{4}&47290192D0*Z (12)+(-0.02434652144032987D0*Z (11) )+(-0.04723268012114\br
++\tab{4}4625D0*Z (10))+(-0.03586220812223305D0%Z (9) ) +0.04932374658377151D0*Z\br
++\tab{4}&(8)+0.00372306473653087D0*Z(7)+(-0.01219194009813166D0*Z(6))+(-0.0\br
++\tab{4}&%07005540882865317D0*Z(5))+0.002957434991769087D0*Z (4)+0.0021069739\br
++\tab{4}%£00813502D0%Z (3)+0.001747395874954051D0*Z(2)+0.01707454969713436D0*\br
++\tab{4}&Z (1) \br

++\tab{5}RETURN\br

++\tab{5}END\br

Asp28(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FT ==> FortranType

SYMTAB ==> SymbolTable

FC ==> FortranCode

PI ==> Positivelnteger

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
EXPR  ==> Expression

MFLOAT ==> MachineFloat
VEC ==> Vector
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UFST ==> Union(fst:FST,void:"void")
MAT ==> Matrix

Exports == FortranMatrixCategory

Implementation == add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()

declare! (IFLAG,fortranInteger(),syms)$SYMTAB

declare! (N,fortranInteger () ,syms)$SYMTAB

declare! (LRWORK,fortranInteger () ,syms) $SYMTAB

declare! (LIWORK,fortranInteger () ,syms) $SYMTAB

xType : FT := construct(real, [N],false)$FT

declare! (Z,xType, syms) $SYMTAB

declare! (W,xType,syms) $SYMTAB

rType : FT := construct(real, [LRWORK],false)$FT

declare! (RWORK,rType, syms) $SYMTAB

iType : FT := construct(real, [LIWORK],false)$FT

declare! (IWORK,rType, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST,
[IFLAG,N,Z,W,RWORK,LRWORK, IWORK,LIWORK] , syms)

-- To help the poor old compiler!
localCoerce (u:Symbol) :EXPR(MFLOAT) == coerce(u)$EXPR (MFLOAT)

coerce (u:MAT MFLOAT):$ ==
Zs: Symbol := Z
code : List FC
r: List EXPR MFLOAT
r := ["+"/[u(j,i)*1localCoerce(elt(Zs, [i::0utputForm])$Symbol) _
for i in 1..ncols(u)$MAT(MFLOAT)::PI]_
for j in 1..nrows(u)$MAT (MFLOAT) : :PI]

CHAPTER A

code := [assign(W@Symbol,vector (r)$VEC(EXPR MFLOAT)) ,returns()]$List (FC)

code::$
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(r:RSFC) :$ == coerce(r)$Rep
coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==

p := checkPrecision()$NAGLinkSupportPackage

outputAsFortran(u)$Rep
p => restorePrecision()$NAGLinkSupportPackage
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— ASP28.dotabb —

"ASP28" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP28"]
"ALIST" [color="#88FF44" ,href="bookvol1l0.3.pdf#nameddest=ALIST"]

"ASp28" -> "ALIST"

2.19 domain ASP29 Asp29

— Asp29.input —

)set break resume

)sys rm -f Asp29.output
)spool Asp29.output
)set message test on
)set message auto off
)clear all

--S 1 of 1
)show Asp29

--R Asp29(name: Symbol) is a domain constructor

--R Abbreviation for Asp29 is ASP29

--R This constructor is exposed in this frame.
--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP29

- Operations
--R coerce : % -> OutputForm outputAsFortran :

--R outputAsFortran : % -> Void
--E 1

) spool
)1lisp (bye)

— Asp29.help —

Asp29 examples
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See Also:
o )show Asp29

2.19.1 Asp29 (ASP29)

ASP29

Exports:
coerce outputAsFortran

— domain ASP29 Asp29 —

)abbrev domain ASP29 Asp29

++ Author: Mike Dewar and Godfrey Nolan

++ Date Created: Nov 1993

++ Date Last Updated: 18 March 1994

++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:

++\spadtype{Asp29} produces Fortran for Type 29 ASPs, needed for NAG routine
++£02fjf, for example:

++

++\tab{5}SUBROUTINE MONIT(ISTATE,NEXTIT,NEVALS,NEVECS,K,F,D)\br
++\tab{5}DOUBLE PRECISION D(K),F(K)\br

++\tab{5}INTEGER K,NEXTIT,NEVALS,NVECS,ISTATE\br

++\tab{5}CALL FO2FJZ(ISTATE,NEXTIT,NEVALS,NEVECS,K,F,D)\br
++\tab{5}RETURN\br

++\tab{5}END\br

Asp29(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType
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FT  ==> FortranType

FSTU ==> Union(fst:FST,void:"void")
SYMTAB ==> SymbolTable

FC  ==> FortranCode

PI  ==> Positivelnteger

EXF  ==> Expression Float

EXI ==> Expression Integer

VEF ==> Vector Expression Float
VEI ==> Vector Expression Integer
MEI ==> Matrix Expression Integer
MEF ==> Matrix Expression Float

UEXPR ==> Union(I: Expression Integer,F: Expression Float,_
CF: Expression Complex Float)
RSFC ==> Record(localSymbols:SymbolTable,code:List (FortranCode))

Exports == FortranProgramCategory with
outputAsFortran: () -> Void

++outputAsFortran() generates the default code for \spadtype{ASP29}.

Implementation == add

import FST
import FT
import FC
import SYMTAB

real : FSTU := ["real"::FST]$FSTU
integer : FSTU := ["integer"::FST]$FSTU
syms : SYMTAB := empty()

declare! (ISTATE,fortranInteger() ,syms)
declare! (NEXTIT,fortranInteger () ,syms)
declare! (NEVALS,fortranInteger() ,syms)
declare! (NVECS,fortranInteger () ,syms)
declare! (K,fortranInteger(),syms)

kType : FT := construct(real, [K],false)$FT

declare! (F,kType,syms)
declare! (D,kType, syms)

Rep := FortranProgram(name, ["void"]$FSTU,
[ISTATE,NEXTIT,NEVALS,NEVECS,K,F,D],syms)

outputAsFortran() :Void ==

callOne := call("FO2FJZ(ISTATE,NEXTIT,NEVALS,NEVECS,K,F,D)")
code : List FC := [callOne,returns()]$List (FC)

outputAsFortran(coerce(code)@Rep) $Rep
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— ASP29.dotabb —

CHAPTER 2. CHAPTER A

"ASP29" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP29"]
"FORTCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FORTCAT"]
"ASP29" -> "FORTCAT"

2.20 domain ASP30 Asp30

— Asp30.input —

)set break resume

)sys rm -f Asp30.output
)spool Asp30.output
)set message test on
)set message auto off

)clear all

--S 1 of 1

)show Asp30

--R

--R Asp30(name: Symbol) is a domain constructor

--R Abbreviation for Asp30 is ASP30

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for ASP30
--R

--R--------——-------""-"-——————— Operations --------————--—————————————————-
--R coerce : FortranCode -> Y coerce : List(FortranCode) -> ¥
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R coerce : Matrix(MachineFloat) -> ¥%

--R

--E 1

) spool

)1lisp (bye)

— Asp30.help —

Asp30 examples
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See Also:
o )show Asp30

2.20.1 Asp30 (ASP30)

ASP30

ALIST

Exports:
coerce outputAsFortran

— domain ASP30 Asp30 —

)abbrev domain ASP30 Asp30

++ Author: Mike Dewar and Godfrey Nolan

++ Date Created: Nov 1993

++ Date Last Updated: 28 March 1994

++ 6 October 1994

++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:

++\spadtype{Asp30} produces Fortran for Type 30 ASPs, needed for NAG routine
++f04qaf, for example:

++

++\tab{5}SUBROUTINE APROD(MODE,M,N,X,Y,RWORK,LRWORK, IWORK, LIWORK) \br
++\tab{5}DOUBLE PRECISION X(N),Y(M),RWORK(LRWORK) \br

++\tab{5}INTEGER M,N,LIWORK,IFAIL,LRWORK,IWORK(LIWORK) ,MODE\br
++\tab{5}DOUBLE PRECISION A(5,5)\br

++\tab{5}EXTERNAL FO6PAF\br

++\tab{5}A(1,1)=1.0D0\br

++\tab{5}4(1,2)=0.0D0\br

++\tab{5}A(1,3)=0.0D0\br

++\tab{5}A(1,4)=-1.0D0\br

++\tab{5}A(1,5)=0.0D0\br
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++\tab{5}A(2,1)=0.0D0\br
++\tab{5}A(2,2)=1.0D0\br
++\tab{5}A(2,3)=0.0D0\br
++\tab{5}A(2,4)=0.0D0\br
++\tab{5}A(2,5)=-1.0D0\br
++\tab{5}A(3,1)=0.0D0\br
++\tab{5}A(3,2)=0.0D0\br
++\tab{5}A(3,3)=1.0D0\br
++\tab{5}A(3,4)=-1.0D0\br
++\tab{5}A(3,5)=0.0D0\br
++\tab{5}A(4,1)=-1.0D0\br
++\tab{5}A(4,2)=0.0D0\br
++\tab{5}A(4,3)=-1.0D0\br
++\tab{5}A(4,4)=4.0D0\br
++\tab{5}A(4,5)=-1.0D0\br
++\tab{5}A(5,1)=0.0D0\br
++\tab{5}A(5,2)=-1.0D0\br
++\tab{5}A(5,3)=0.0D0\br
++\tab{5}A(5,4)=-1.0D0\br
++\tab{5}A(5,5)=4.0D0\br
++\tab{5}IF (MODE.EQ. 1) THEN\br
++\tab{7}CALL FO6PAF(’N’,M,N,1.0D0O,A,M,X,1,1.0D0,Y,1)\br
++\tab{5}ELSEIF (MODE.EQ.2) THEN\br
++\tab{7}CALL FO6PAF(’T’,M,N,1.0D0O,A,M,Y,1,1.0D0,X,1)\br
++\tab{5}ENDIF\br
++\tab{5}RETURN\br

++\tab{5}END

Asp30(name) : Exports == Implementation where
name : Symbol

CHAPTER 2. CHAPTER A

FST ==> FortranScalarType

FT ==> FortranType

SYMTAB ==> SymbolTable

FC ==> FortranCode

PI ==> Positivelnteger

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
UFST ==> Union(fst:FST,void:"void")

MAT ==> Matrix

MFLOAT ==> MachineFloat

EXI ==> Expression Integer

UEXPR ==> Union(I:Expression Integer,F:Expression Float,_
CF:Expression Complex Float,switch:Switch)

S ==> Symbol
Exports == FortranMatrixCategory
Implementation == add

import FC
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import FT
import Switch

real : UFST := ["real"::FST]$UFST

integer : UFST := ["integer"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! (MODE, fortranInteger () $FT, syms) $SYMTAB

declare! (M,fortranInteger () $FT, syms) $SYMTAB

declare! (N,fortranInteger () $FT, syms) $SYMTAB

declare! (LRWORK,fortranInteger () $FT, syms) $SYMTAB

declare! (LIWORK,fortranInteger () $FT, syms) $SYMTAB

xType : FT := construct(real, [N],false)$FT

declare! (X,xType, syms) $SYMTAB

yType : FT := construct(real, [M],false)$FT

declare! (Y,yType, syms) $SYMTAB

rType : FT := construct(real, [LRWORK],false)$FT

declare! (RWORK, rType, syms) $SYMTAB

iType : FT := construct(integer, [LIWORK],false)$FT

declare! (IWORK,iType, syms) $SYMTAB

declare! (IFAIL,fortranInteger () $FT,syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST,
[MODE,M,N,X,Y,RWORK, LRWORK, IWORK ,LIWORK] , syms)

coerce(a:MAT MFLOAT):$ ==
locals : SYMTAB := empty()
numRows := nrows(a) :: Polynomial Integer
numCols := ncols(a) :: Polynomial Integer
declare! (A, [real, [numRows ,numCols] ,false]$FT,locals)
declare! (FOBPAF@S, construct (["void"]$UFST, [1@List (S),true)$FT,locals)

ptA:UEXPR := [("MODE"::S)::EXI]
ptB:UEXPR := [1::EXI]
ptC:UEXPR :=

[2::EXI]

swl : Switch := EQ(ptA,ptB)$Switch

sw2 : Switch := EQ(ptA,ptC)$Switch

callOne := call("FO6PAF(’°N’,M,N,1.0D0,A,M,X,1,1.0D0,Y,1)")
callTwo := call("FO6PAF(’T’,M,N,1.0D0,A,M,Y,1,1.0D0,X,1)")
¢ : FC := cond(swl,callOne,cond(sw2,callTwo))

code : List FC := [assign(A,a),c,returns()]
([locals,code]$RSFC)::$

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
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outputAsFortran(u)$Rep
p => restorePrecision() $NAGLinkSupportPackage

— ASP30.dotabb —

"ASP30" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP30"]
"ALIST" [color="#88FF44" ,href="bookvol1l0.3.pdf#nameddest=ALIST"]
"ASP30" -> "ALIST"

2.21 domain ASP31 Asp31

— Asp3l.input —

)set break resume

)sys rm -f Asp31l.output
)spool Asp31l.output
)set message test on
)set message auto off
)clear all

-——S1of 1

)show Asp31

--R

--R Asp31(name: Symbol) is a domain constructor

--R Abbreviation for Asp31 is ASP31

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP31
--R

--R-- ittt bttt b Operations --- -—=
--R coerce : FortranCode -> % coerce : List(FortranCode) -> Y%
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector(FortranExpression([construct,QUOTEX], [construct,QUOTEY] ,MachineFloat)) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %

--R retract : Vector(Fraction(Polynomial(Integer))) -> %

--R retract : Vector(Fraction(Polynomial(Float))) -> %

--R retract : Vector(Polynomial(Integer)) -> %

--R retract : Vector(Polynomial(Float)) -> %

--R retract : Vector(Expression(Integer)) -> %

--R retract : Vector(Expression(Float)) ->

--R retractIfCan : Vector(Fraction(Polynomial(Integer))) -> Union(%,"failed")
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--R retractIfCan

) spool
)1lisp (bye)

: Vector(Fraction(Polynomial(Float))) -> Union(%,"failed")
--R retractIfCan :
--R retractIfCan :
--R retractIfCan :
--R retractIfCan :

Vector(Polynomial (Integer)) -> Union(}%,"failed")
Vector (Polynomial (Float)) -> Union(%,"failed")
Vector (Expression(Integer)) -> Union(%,"failed")
Vector (Expression(Float)) -> Union(%,"failed")

— Asp31l.help —

Asp31 examples

See Also:
o )show Asp31

2.21.1 Asp31 (ASP31)

ASP31

Exports:

coerce outputAsFortran retract retractIfCan

— domain ASP31 Asp31 —

)abbrev domain ASP31 Asp31
++ Author: Mike Dewar, Grant Keady and Godfrey Nolan
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++ Date Created: Mar 1993

++ Date Last Updated: 22 March 1994

++ 6 October 1994

++ Related Constructors: FortranMatrixFunctionCategory, FortranProgramCategory
++ Description:

++\spadtype{Asp31} produces Fortran for Type 31 ASPs, needed for NAG routine
++d02ejf, for example:

++

++\tab{5}SUBROUTINE PEDERV(X,Y,PW)\br

++\tab{5}DOUBLE PRECISION X,Y(*)\br

++\tab{5}DOUBLE PRECISION PW(3,3)\br
++\tab{5}PW(1,1)=-0.03999999999999999D0\br
++\tab{5}PW(1,2)=10000.0D0*Y (3) \br
++\tab{5}PW(1,3)=10000.0D0*Y (2) \br
++\tab{5}PW(2,1)=0.03999999999999999D0\br
++\tab{5}PW(2,2)=(-10000.0D0*Y (3))+(-60000000.0D0*Y (2) ) \br
++\tab{5}PW(2,3)=-10000.0D0*Y (2) \br
++\tab{5}PW(3,1)=0.0D0\br
++\tab{5}PW(3,2)=60000000.0D0*Y (2) \br
++\tab{5}PW(3,3)=0.0D0\br

++\tab{5}RETURN\br

++\tab{5}END

Asp31(name): Exports == Implementation where
name : Symbol

0 ==> (OutputForm
FST ==> FortranScalarType
UFST ==> Union(fst:FST,void:"void")

MFLOAT ==> MachineFloat
FEXPR ==> FortranExpression([’X],[’Y],MFLOAT)

FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

MAT ==> Matrix

VF2 ==> VectorFunctions2

MF2 ==> MatrixCategoryFunctions2(FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR,

EXPR MFLOAT,VEC EXPR MFLOAT,VEC EXPR MFLOAT,MAT EXPR MFLOAT)

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR —> $
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++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()

declare! (X,fortranReal () ,syms)$SYMTAB

yType : FT := construct(real, ["*"::Symbol],false)$FT
declare! (Y,yType, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST, [X,Y,PW],syms)

-- To help the poor old compiler!
fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

localAssign(s:Symbol, j:MAT FEXPR):FC ==
j’ : MAT EXPR MFLOAT := map(fexpr2expr,j)$MF2
assign(s,j’)$FC

makeXList(n:Integer) :List(Symbol) ==
j:Integer
y:Symbol := Y::Symbol
p:List(Symbol) := []
for j in 1 .. n repeat p:= cons(subscript(y, [j::0utputForm])$Symbol,p)
p:= reverse(p)

coerce(u:VEC FEXPR):$ ==
dimension := #u::Polynomial Integer
locals : SYMTAB := empty()
declare! (PW, [real, [dimension,dimension] ,false] $FT,locals) $SYMTAB
n:Integer := maxIndex(u)$VEC(FEXPR)
p:List(Symbol) := makeXList(n)
jac: MAT FEXPR := jacobian(u,p)$MultiVariableCalculusFunctions(_

Symbol,FEXPR ,VEC FEXPR,List(Symbol))

code : List FC := [localAssign(PW,jac),returns()$FC]$List (FC)
([locals,code]$RSFC)::$

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract(u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$
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retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v:i:$

retractIfCan(u:VEC POLY INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v:i:$
retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$
coerce(c:List FC):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep

coerce(c:FC):$ == coerce(c)$Rep

coerce(u:$):0 == coerce(u)$Rep
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outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u)$Rep
p => restorePrecision()$NAGLinkSupportPackage

— ASP31.dotabb —

"ASP31" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP31"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
"ASP31" -> "FS"

2.22 domain ASP33 Asp33

— Asp33.input —

)set break resume

)sys rm -f Asp33.output
)spool Asp33.output
)set message test on
)set message auto off
)clear all

--S 1 o0f 1
)show Asp33

--R Asp33(name: Symbol) is a domain constructor

--R Abbreviation for Asp33 is ASP33

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.3.pamphlet to see algebra source code for ASP33

- Operations ittt
--R coerce : % -> OutputForm outputAsFortran : () -> Void
--R outputAsFortran : % -> Void

--E 1

) spool
)1lisp (bye)
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— Asp33.help —

Asp33 examples

See Also:
o )show Asp33

2.22.1 Asp33 (ASP33)

ASP33

ALIST

Exports:
coerce outputAsFortran

— domain ASP33 Asp33 —

)abbrev domain ASP33 Asp33

++ Author: Mike Dewar and Godfrey Nolan

++ Date Created: Nov 1993

++ Date Last Updated: 30 March 1994

++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory.
++ Description:

++\spadtype{Asp33} produces Fortran for Type 33 ASPs, needed for NAG routine
++d02kef. The code is a dummy ASP:

++

++\tab{5}SUBROUTINE REPORT(X,V,JINT)\br

++\tab{5}DOUBLE PRECISION V(3),X\br

++\tab{5}INTEGER JINT\br

++\tab{5}RETURN\br

++\tab{5}END
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Asp33(name): Exports == Implementation where
name : Symbol
FST ==> FortranScalarType
UFST ==> Union(fst:FST,void:"void")
FT ==> FortranType
SYMTAB ==> SymbolTable
FC ==> FortranCode
RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
Exports ==> FortranProgramCategory with
outputAsFortran: () -> Void

++outputAsFortran() generates the default code for \spadtype{ASP33}.

Implem

real :

syms
decl
decl

vTyp
decl

Rep

outp
ou

outp

coer

"ASP33"
"ALIST"
"ASP33"

2.23

entation ==> add

UFST := ["real"::FST]$UFST
: SYMTAB := empty()
are! (JINT,fortranInteger(),syms)$SYMTAB
are! (X,fortranReal(),syms)$SYMTAB
e : FT := construct(real,["3"::Symbol],false)$FT
are! (V,vType, syms) $SYMTAB
:= FortranProgram(name, ["void"]$UFST, [X,V,JINT],syms)

utAsFortran() :Void ==
tputAsFortran( (returns()$FortranCode)::Rep )$Rep

utAsFortran(u) :Void == outputAsFortran(u)$Rep

ce(u:$) :OutputForm == coerce(u)$Rep

— ASP33.dotabb —

[color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP33"]
[color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
-> "ALIST"

domain ASP34 Asp34

— Asp34.input —

121
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)set break resume

)sys rm -f Asp34.output
)spool Asp34.output
)set message test on
)set message auto off
)clear all

--S 1 o0f 1
)show Asp34

--R Asp34(name: Symbol) is a domain constructor

--R Abbreviation for Asp34 is ASP34

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for ASP34

- Operations —-—----——————————-——--——-——--———————
--R coerce : FortranCode -> % coerce : List(FortranCode) -> Y%
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R coerce : Matrix(MachineFloat) -> Y%

) spool
)1lisp (bye)

— Asp34.help —

Asp34 examples

See Also:
o )show Asp34
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2.23.1 Asp34 (ASP34)

ASP34

Exports:
coerce outputAsFortran

— domain ASP34 Asp34 —

)abbrev domain ASP34 Asp34

++ Author: Mike Dewar and Godfrey Nolan

++ Date Created: Nov 1993

++ Date Last Updated: 14 June 1994 (Themos Tsikas)

++ 6 October 1994

++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:

++\spadtype{Asp34} produces Fortran for Type 34 ASPs, needed for NAG routine
++f04mbf, for example:

++

++\tab{5}SUBROUTINE MSOLVE(IFLAG,N,X,Y,RWORK,LRWORK, IWORK,LIWORK) \br
++\tab{5}DOUBLE PRECISION RWORK(LRWORK) ,X(N),Y(N)\br
++\tab{5}INTEGER I,J,N,LIWORK,IFLAG,LRWORK,IWORK(LIWORK) \br
++\tab{5}DOUBLE PRECISION W1(3),W2(3),MS(3,3)\br
++\tab{5}IFLAG=-1\br

++\tab{5}MS(1,1)=2.0D0\br

++\tab{5}MS(1,2)=1.0D0\br

++\tab{5}MS(1,3)=0.0D0\br

++\tab{5}MsS(2,1)=1.0D0\br

++\tab{5}MS(2,2)=2.0D0\br

++\tab{5}MS(2,3)=1.0D0\br

++\tab{5}MS(3,1)=0.0D0\br

++\tab{5}MS(3,2)=1.0D0\br

++\tab{5}Ms(3,3)=2.0D0\br

++\tab{5}CALL FO4ASF(MS,N,X,N,Y,W1,W2,IFLAG)\br
++\tab{5}IFLAG=-IFLAG\br

++\tab{5}RETURN\br

++\tab{5}END

Asp34(name): Exports == Implementation where
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name : Symbol

FST ==> FortranScalarType

FT ==> FortranType

UFST ==> Union(fst:FST,void:"void")

SYMTAB ==> SymbolTable

FC ==> FortranCode

PI ==> PositiveInteger

EXI ==> Expression Integer

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
Exports == FortranMatrixCategory

Implementation == add

real : UFST := ["real"::FST]$UFST

integer : UFST := ["integer"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! (IFLAG, fortranInteger () ,syms) $SYMTAB

declare! (N,fortranInteger () ,syms) $SYMTAB

xType : FT := construct(real, [N],false)$FT

declare! (X,xType, syms) $SYMTAB

declare! (Y,xType, syms) $SYMTAB

declare! (LRWORK,fortranInteger () ,syms) $SYMTAB

declare! (LIWORK,fortranInteger () ,syms) $SYMTAB

rType : FT := construct(real, [LRWORK],false)$FT

declare! (RWORK,rType, syms) $SYMTAB

iType : FT := construct(integer, [LIWORK],false)$FT

declare! (IWORK, iType, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST,
[IFLAG,N,X,Y,RWORK,LRWORK, IWORK, LIWORK] , syms)

-- To help the poor old compiler
localAssign(s:Symbol,u:EXI):FC == assign(s,u)$FC

coerce(u:Matrix MachineFloat):$ ==
dimension := nrows(u) ::Polynomial Integer
locals : SYMTAB := empty()$SYMTAB
declare! (I,fortranInteger(),syms)$SYMTAB
declare! (J,fortranInteger () ,syms)$SYMTAB
declare! (W1, [real, [dimension] ,false] $FT,locals) $SYMTAB
declare! (W2, [real, [dimension],false] $FT,locals) $SYMTAB
declare! (MS, [real, [dimension,dimension] ,false] $FT,locals)$SYMTAB
assignl : FC := localAssign(IFLAG@Symbol, (-1)@EXI)
call : FC := call("FO4ASF(MS,N,X,N,Y,W1,W2,IFLAG)")$FC
assign2 : FC := localAssign(IFLAG: :Symbol,-(IFLAG@Symbol: :EXI))
assign3 : FC := assign(MS,u)$FC

CHAPTER A

code : List FC := [assignl,assign3,call,assign2,returns()]$List (FC)

([locals,code]$RSFC)::$
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coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

— ASP34.dotabb —

"ASP34" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP34"]
"FIELD" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FIELD"]
"RADCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=RADCAT"]
"ASP34" -> "FIELD"

"ASP34" -> "RADCAT"

2.24 domain ASP35 Asp35

— Asp35.input —

)set break resume

)sys rm -f Asp35.output
)spool Asp35.output
)set message test on
)set message auto off
Jclear all

--S 1 of 1

)show Asp35

--R

--R Asp35(name: Symbol) is a domain constructor

--R Abbreviation for Asp35 is ASP35

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP35
--R
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--R-- ettt Operations --- ittt
--R coerce : FortranCode -> % coerce : List(FortranCode) -> %
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector(FortranExpression([construct], [construct,QUOTEX],MachineFloat)) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Vector(Fraction(Polynomial(Integer))) -> %

--R retract : Vector(Fraction(Polynomial(Float))) -> %

--R retract : Vector(Polynomial(Integer)) -> %

--R retract : Vector(Polynomial(Float)) -> %

--R retract : Vector(Expression(Integer)) -> %

--R retract : Vector(Expre551on(Float)) -> %

--R retractIfCan : Vector(Fraction(Polynomial(Integer))) -> Union(%,"failed")
--R retractIfCan : Vector(Fraction(Polynomial(Float))) -> Union(%,"failed")
--R retractIfCan : Vector(Polynomial (Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Float)) -> Union(%,"failed")

) spool
)1lisp (bye)

— Asp35.help —

Asp35 examples

See Also:
o )show Asp35
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2.24.1 Asp35 (ASP35)

ASP35

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP35 Asp35 —

)abbrev domain ASP35 Asp35

++ Author: Mike Dewar, Godfrey Nolan, Grant Keady

++ Date Created: Mar 1993

++ Date Last Updated: 22 March 1994

++ 6 October 1994

++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:

++\spadtype{Asp35} produces Fortran for Type 35 ASPs, needed for NAG routines
++c05pbf, cO5pcf, for example:

++

++\tab{5}SUBROUTINE FCN(N,X,FVEC,FJAC,LDFJAC,IFLAG)\br
++\tab{5}DOUBLE PRECISION X(N),FVEC(N),FJAC(LDFJAC,N)\br
++\tab{5}INTEGER LDFJAC,N,IFLAG\br
++\tab{5}IF(IFLAG.EQ. 1) THEN\br
++\tab{7}FVEC(1)=(-1.0D0*X(2))+X (1) \br
++\tab{7}FVEC(2)=(-1.0D0*X(3))+2.0D0*X (2) \br
++\tab{7}FVEC(3)=3.0D0*X(3) \br

++\tab{5}ELSEIF (IFLAG.EQ.2) THEN\br
++\tab{7}FJAC(1,1)=1.0DO0\br

++\tab{7}FJAC(1,2)=-1.0D0\br

++\tab{7}FJAC(1,3)=0.0D0O\br

++\tab{7}FJAC(2,1)=0.0DO0\br

++\tab{7}FJAC(2,2)=2.0D0\br

++\tab{7}FJAC(2,3)=-1.0D0\br

++\tab{7}FJAC(3,1)=0.0D0\br

++\tab{7}FJAC(3,2)=0.0D0\br

++\tab{7}FJAC(3,3)=3.0D0\br

++\tab{5}ENDIF\br

++\tab{5}END
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Asp35(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FT ==> FortranType

UFST ==> Union(fst:FST,void:"void")

SYMTAB ==> SymbolTable

FC ==> FortranCode

PI ==> Positivelnteger

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))

FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

MAT ==> Matrix

VF2 ==> VectorFunctions2

MFLOAT ==> MachineFloat

FEXPR ==> FortranExpression([], [’X],MFLOAT)

MF2 ==> MatrixCategoryFunctions2(FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR,
EXPR MFLOAT,VEC EXPR MFLOAT,VEC EXPR MFLOAT,MAT EXPR MFLOAT)

SWU ==> Union(I:Expression Integer,F:Expression Float,

CF:Expression Complex Float,switch:Switch)

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR -> $
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! (N,fortranInteger () ,syms) $SYMTAB

xType : FT := construct(real, [N],false)$FT
declare! (X,xType, syms) $SYMTAB

declare! (FVEC,xType, syms) $SYMTAB

declare! (LDFJAC,fortranInteger () ,syms) $SYMTAB
jType : FT := construct(real, [LDFJAC,N],false)$FT
declare! (FJAC, jType, syms) $SYMTAB

declare! (IFLAG,fortranInteger () ,syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST, [N,X,FVEC,FJAC,LDFJAC,IFLAG],syms)

coerce(u:$) :OutputForm == coerce(u)$Rep
makeXList (n:Integer) :List (Symbol) ==

x:Symbol := X::Symbol
[subscript(x, [j: :OutputForm])$Symbol for j in 1..n]
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fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

localAssignl(s:Symbol, j:MAT FEXPR):FC ==
j? : MAT EXPR MFLOAT := map(fexpr2expr,j)$MF2
assign(s,j’)$FC

localAssign2(s:Symbol, j:VEC FEXPR):FC ==
j’ : VEC EXPR MFLOAT := map(fexpr2expr,j)$VF2(FEXPR,EXPR MFLOAT)
assign(s,j’)$FC

coerce(u:VEC FEXPR):$ ==
n:Integer := maxIndex(u)
p:List(Symbol) := makeXList(n)
jac: MAT FEXPR := jacobian(u,p)$MultiVariableCalculusFunctions(_
Symbol,FEXPR,VEC FEXPR,List(Symbol))
assf:FC := localAssign2(FVEC,u)
assj:FC := localAssignl(FJAC,jac)
iflag:SWU := [IFLAG@Symbol::EXPR(INT)]$SWU
swl:Switch := EQ(iflag, [1::EXPR(INT)]$SWU)
sw2:Switch := EQ(iflag, [2::EXPR(INT)]$SWU)
cond(swl,assf,cond(sw2,assj)$FC)$FC: :$

coerce(c:List FC):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FC):$ == coerce(c)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u)$Rep
p => restorePrecision() $NAGLinkSupportPackage

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract(u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v:i:$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$
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retract(u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
vi:$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract(u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

— ASP35.dotabb —

"ASP35" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP35"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
"ASP35" -> "FS"
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2.25 domain ASP4 Asp4

— Asp4.input —

)set break resume

)sys rm -f Asp4.output
)spool Asp4.output
)set message test on
)set message auto off
)clear all

S 1of 1
)show Asp4

--R Asp4(name: Symbol) is a domain constructor

--R Abbreviation for Asp4 is ASP4

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for ASP4

-B----------"-"-"-—""-"-"--"-"-"-"- Operations Ittt
--R coerce : FortranCode -> % coerce : List(FortranCode) -> %

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R retract : Polynomial(Float) -> ¥% retract : Expression(Float) -> 7

--R coerce : FortranExpression([construct], [construct,QUOTEX],MachineFloat) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Fraction(Polynomial(Integer)) -> %

--R retract : Fraction(Polynomial(Float)) -> %

--R retract : Polynomial(Integer) -> %

--R retract : Expression(Integer) -> %

--R retractIfCan : Fraction(Polynomial(Integer)) -> Union(%,"failed")

--R retractIfCan : Fraction(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Polynomial(Integer) -> Union(%,"failed")

--R retractIfCan : Polynomial(Float) -> Union(}%,"failed")

--R retractIfCan : Expression(Integer) -> Union(},"failed")

--R retractIfCan : Expression(Float) -> Union(}%,"failed")

)spool
)1lisp (bye)

— Asp4.help —

Asp4 examples
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See Also:
o )show Asp4d

2.25.1 Asp4 (ASP4)

ASP4

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP4 Asp4 —

)abbrev domain ASP4 Asp4

++ Author: Mike Dewar, Grant Keady and Godfrey Nolan

++ Date Created: Mar 1993

++ Date Last Updated: 18 March 1994

++ 6 October 1994

++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:

++\spadtype{Asp4} produces Fortran for Type 4 ASPs, which take an expression
++in X(1) .. X(NDIM) and produce a real function of the form:

++

++\tab{5}DOUBLE PRECISION FUNCTION FUNCTN(NDIM,X)\br

++\tab{5}DOUBLE PRECISION X(NDIM)\br

++\tab{5}INTEGER NDIM\br

++\tab{5}FUNCTN=(4.0D0*X (1) *X (3) **2*DEXP (2.0D0*X (1) *X(3) ) ) / (X (4) **2+(2.0DO*\br
++\tab{4}&X (2)+2.0D0) *X (4) +X (2) #*2+2.0D0*X (2) +1.0D0) \br

++\tab{5}RETURN\br

++\tab{5}END

Asp4(name) : Exports == Implementation where
name : Symbol
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FEXPR ==> FortranExpression([], [’X],MachineFloat)
FST ==> FortranScalarType

FT ==> FortranType

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
FSTU ==> Union(fst:FST,void:"void")

FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

Exports ==> FortranFunctionCategory with
coerce : FEXPR -> §
++coerce(f) takes an object from the appropriate instantiation of
++\spadtype{FortranExpression} and turns it into an ASP.

Implementation ==> add

real : FSTU := ["real"::FST]$FSTU

syms : SYMTAB := empty()$SYMTAB

declare! (NDIM,fortranInteger() ,syms)$SYMTAB
xType : FT := construct(real, [NDIM],false)$FT
declare! (X,xType, syms) $SYMTAB

Rep := FortranProgram(name,real, [NDIM,X],syms)

retract (u:FRAC POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:FRAC POLY INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
foo::FEXPR::$

retract (u:FRAC POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:FRAC POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
foo::FEXPR::$

retract (u:EXPR FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:EXPR FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
foo::FEXPR::$

retract (u:EXPR INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:EXPR INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
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foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
foo: :FEXPR::$

retract (u:POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
foo: :FEXPR::$

retract (u:POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
foo::FEXPR::$

coerce(u:FEXPR) :$ ==
coerce((u: :Expression(MachineFloat))$FEXPR) $Rep

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==

p := checkPrecision()$NAGLinkSupportPackage

outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

— ASP4.dotabb —

"ASP4" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP4"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"ASP4" -> "PFECAT"

CHAPTER A
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2.26 domain ASP41 Asp4l

— Asp4l.input —

)set break resume

)sys rm -f Asp4l.output
)spool Asp4l.output
)set message test on
)set message auto off
)clear all

S 1of 1
)show Asp4i

--R Asp41(nameOne: Symbol,nameTwo: Symbol,nameThree: Symbol) is a domain constructor
--R Abbreviation for Asp4l is ASP41

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for ASP41

--R

-B----------"-"-"-—""-"-"--"-"-"-"- Operations Ittt
--R coerce : FortranCode -> 7 coerce : List(FortranCode) -> 7

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector(FortranExpression([construct,QUOTEX,QUOTEEPS], [construct,QUOTEY] ,MachineFloat)) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Vector(Fraction(Polynomial(Integer))) -> %

--R retract : Vector(Fraction(Polynomial(Float))) -> ¥%

--R retract : Vector(Polynomial(Integer)) -> %

--R retract : Vector(Polynomial(Float)) -> %

--R retract : Vector(Expression(Integer)) -> ¥%

--R retract : Vector(Expression(Float)) -> %

--R retractIfCan : Vector(Fraction(Polynomial(Integer))) -> Union(%,"failed")
--R retractIfCan : Vector(Fraction(Polynomial(Float))) -> Union(%,"failed")
--R retractIfCan : Vector(Polynomial(Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Integer)) -> Union(},"failed")

--R retractIfCan : Vector(Expression(Float)) -> Union(},"failed")

) spool
)1lisp (bye)

— Asp4l.help —

Asp41 examples



136 CHAPTER 2. CHAPTER A

See Also:
o )show Asp4i

2.26.1 Asp4l (ASP41)

ASPA1

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP41 Asp4l —

)abbrev domain ASP41 Asp41

++ Author: Mike Dewar, Godfrey Nolan

++ Date Created:

++ Date Last Updated: 29 March 1994

++ 6 October 1994

++ Related Constructors: FortranFunctionCategory, FortranProgramCategory.
++ Description:

++\spadtype{Asp41} produces Fortran for Type 41 ASPs, needed for NAG
++routines dO2raf and dO2saf in particular. These ASPs are in fact
++three Fortran routines which return a vector of functions, and their
++derivatives wrt Y(i) and also a continuation parameter EPS, for example:
++

++\tab{5}SUBROUTINE FCN(X,EPS,Y,F,N)\br

++\tab{5}DOUBLE PRECISION EPS,F(N),X,Y(N)\br

++\tab{5}INTEGER N\br

++\tab{5}F (1)=Y(2)\br

++\tab{5}F (2)=Y(3)\br

++\tab{5}F (3)=(-1.0D0*Y (1) *Y(3))+2.0DO*EPS*Y (2) **2+(-2.0DO*EPS) \br
++\tab{5}RETURN\br

++\tab{5}END\br
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++\tab{5}SUBROUTINE JACOBF (X,EPS,Y,F,N)\br
++\tab{5}DOUBLE PRECISION EPS,F(N,N),X,Y(N)\br
++\tab{5}INTEGER N\br
++\tab{5}F(1,1)=0.0D0\br
++\tab{5}F(1,2)=1.0D0\br
++\tab{5}F(1,3)=0.0D0\br
++\tab{5}F(2,1)=0.0D0\br
++\tab{5}F(2,2)=0.0D0\br
++\tab{5}F(2,3)=1.0D0\br
++\tab{5}F(3,1)=-1.0D0*Y (3) \br

++\tab{5}F (3,2)=4.0D0*EPS*Y (2) \br
++\tab{5}F(3,3)=-1.0D0*Y (1) \br
++\tab{5}RETURN\br

++\tab{5}END\br

++\tab{5}SUBROUTINE JACEPS(X,EPS,Y,F,N)\br
++\tab{5}DOUBLE PRECISION EPS,F(N),X,Y(N)\br
++\tab{5}INTEGER N\br

++\tab{5}F (1)=0.0D0\br
++\tab{5}F(2)=0.0D0\br

++\tab{5}F (3)=2.0D0*Y (2) **2-2.0D0\br
++\tab{5}RETURN\br

++\tab{5}END

Asp41(nameOne ,nameTwo,nameThree) : Exports == Implementation where
nameOne : Symbol
nameTwo : Symbol
nameThree : Symbol

D ==> differentiate

FST ==> FortranScalarType

UFST ==> Union(fst:FST,void:"void")
FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions2

MFLOAT ==> MachineFloat

FEXPR ==> FortranExpression([’X,’EPS], [’Y] ,MFLOAT)

S ==> Symbol

MF2 ==> MatrixCategoryFunctions2(FEXPR,VEC FEXPR,VEC FEXPR,Matrix FEXPR,
EXPR MFLOAT,VEC EXPR MFLOAT,VEC EXPR MFLOAT,Matrix EXPR MFLOAT)

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR -> $
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++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add
real : UFST := ["real"::FST]$UFST

symOne : SYMTAB := empty()$SYMTAB

declare! (N,fortranInteger () ,symOne) $SYMTAB
declare! (X,fortranReal () ,symOne) $SYMTAB
declare! (EPS,fortranReal () ,symOne) $SYMTAB
yType : FT := construct(real, [N],false)$FT
declare! (Y,yType, symOne) $SYMTAB

declare! (F,yType, symOne) $SYMTAB

symTwo : SYMTAB := empty()$SYMTAB

declare! (N,fortranInteger () ,symTwo) $SYMTAB
declare! (X,fortranReal () ,symTwo) $SYMTAB
declare! (EPS,fortranReal () ,symTwo) $SYMTAB
declare! (Y,yType, symTwo) $SYMTAB

fType : FT := construct(real, [N,N],false)$FT
declare! (F,fType, symTwo) $SYMTAB

symThree : SYMTAB := empty()$SYMTAB

declare! (N,fortranInteger () ,symThree) $SYMTAB
declare! (X,fortranReal () ,symThree) $SYMTAB
declare! (EPS,fortranReal () ,symThree) $SYMTAB
declare! (Y,yType, symThree) $SYMTAB

declare! (F,yType, symThree) $SYMTAB

R1:=FortranProgram(nameOne, ["void"]$UFST, [X,EPS,Y,F,N],symOne)
R2:=FortranProgram(nameTwo, ["void"] $UFST, [X,EPS,Y,F,N],symTwo)
R3:=FortranProgram(nameThree, ["void"]$UFST, [X,EPS,Y,F,N],symThree)
Rep := Record(f:R1,fJacob:R2,eJacob:R3)

Fsym:Symbol:=coerce "F"

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

localAssignl(s:S,j:Matrix FEXPR):FC ==
j’ : Matrix EXPR MFLOAT := map(fexpr2expr,j)$MF2
assign(s,j’)$FC

localAssign2(s:S,j:VEC FEXPR):FC ==
j’ : VEC EXPR MFLOAT := map(fexpr2expr,j)$VF2(FEXPR,EXPR MFLOAT)
assign(s,j’)$FC

makeCodeOne (u:VEC FEXPR) :FortranCode ==
-- simple assign

localAssign2(Fsym,u)

makeCodeThree (u:VEC FEXPR) :FortranCode ==
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-- compute jacobian wrt to eps
jacEps:VEC FEXPR := [D(v,EPS) for v in entries(u)]$VEC(FEXPR)
makeCodeOne (jacEps)

makeYList (n:Integer) :List (Symbol) ==
j:Integer
y:Symbol := Y::Symbol
p:List(Symbol) := []
[subscript(y, [j: :OutputForm])$Symbol for j in 1..n]

makeCodeTwo (u:VEC FEXPR) :FortranCode ==
-- compute jacobian wrt to f
n:Integer := maxIndex(u)$VEC(FEXPR)
p:List(Symbol) := makeYList(n)
jac:Matrix(FEXPR) := _
jacobian(u,p)$MultiVariableCalculusFunctions(S,FEXPR,VEC FEXPR,List(S))
localAssignl (Fsym, jac)

coerce(u:VEC FEXPR):$ ==
aF:FortranCode := makeCodeOne (u)
bF:FortranCode := makeCodeTwo (u)
cF:FortranCode := makeCodeThree (u)
-- add returns() to complete subroutines
aLF:List(FortranCode) := [aF,returns()$FortranCode]$List (FortranCode)
bLF:List (FortranCode) := [bF,returns()$FortranCode] $List (FortranCode)
cLF:List (FortranCode) := [cF,returns()$FortranCode]$List (FortranCode)
[coerce(aLF)$R1,coerce (bLF)$R2, coerce(cLF)$R3]

coerce(u:$) :OutputForm ==
bracket commaSeparate
[nameOne: : OutputForm,nameTwo: : OutputForm,nameThree: : QutputForm]

outputAsFortran(u:$) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran elt(u,f)$Rep
outputAsFortran elt(u,fJacob)$Rep
outputAsFortran elt(u,eJacob)$Rep
p => restorePrecision() $NAGLinkSupportPackage

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
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retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract(u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$
retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)

v case "failed" => "failed"
(v::VEC FEXPR)::$

— ASP41.dotabb —

"ASP41" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP41"]
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"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
IIASP41 n _> n FS n

2.27 domain ASP42 Asp42

— Asp42.input —

)set break resume

)sys rm -f Asp42.output
)spool Asp42.output
)set message test on
)set message auto off
)clear all

--S1of 1
)show Asp42

--R Asp42(nameOne: Symbol,nameTwo: Symbol,nameThree: Symbol) is a domain constructor
--R Abbreviation for Asp42 is ASP42

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.3.pamphlet to see algebra source code for ASP42

--R
--R--—— Operations —--—--—-=—--=—-=——=————-—-——-——-—--——
--R coerce : FortranCode -> ¥ coerce : List(FortranCode) -> Y%

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector(FortranExpression([construct,QUOTEEPS], [construct,QUOTEYA,QUOTEYB] ,MachineFloat)) -> ¥
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Vector(Fraction(Polynomial(Integer))) -> %

--R retract : Vector(Fraction(Polynomial(Float))) -> %

--R retract : Vector(Polynomial(Integer)) -> %

--R retract : Vector(Polynomial(Float)) -> 7%

--R retract : Vector(Expression(Integer)) -> %

--R retract : Vector(Expression(Float)) -> 7%

--R retractIfCan : Vector(Fraction(Polynomial(Integer))) -> Union(%,"failed")
--R retractIfCan : Vector(Fraction(Polynomial(Float))) -> Union(%,"failed")
--R retractIfCan : Vector(Polynomial(Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Vector (Expression(Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Float)) -> Union(%,"failed")

) spool
)1lisp (bye)
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— Asp42.help —

CHAPTER 2. CHAPTER A

Asp42 examples

See Also:
o )show Asp42

2.27.1 Asp42 (ASP42)

ASP42

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP42 Asp42 —

)abbrev domain ASP42 Asp42

++ Author: Mike Dewar, Godfrey Nolan
++ Date Created:

++ Date Last Updated: 29 March 1994
++ 6 October 1994

++ Related Constructors: FortranFunctionCategory, FortranProgramCategory.

++ Description:

++\spadtype{Asp42} produces Fortran for Type 42 ASPs, needed for NAG

++routines dO2raf and dO2saf
++in particular. These ASPs are in fact

++three Fortran routines which return a vector of functions, and their
++derivatives wrt Y(i) and also a continuation parameter EPS, for example:

++
++\tab{5}SUBROUTINE G(EPS,YA,YB,BC,N)\br
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++\tab{5}DOUBLE PRECISION EPS,YA(N),YB(N),BC(N)\br
++\tab{5}INTEGER N\br

++\tab{5}BC(1)=YA(1)\br

++\tab{5}BC(2)=YA(2) \br
++\tab{5}BC(3)=YB(2)-1.0D0\br

++\tab{5}RETURN\br

++\tab{5}END\br

++\tab{5}SUBROUTINE JACOBG(EPS,YA,YB,AJ,BJ,N)\br
++\tab{5}DOUBLE PRECISION EPS,YA(N),AJ(N,N),BJ(N,N),YB(N)\br
++\tab{5}INTEGER N\br

++\tab{5}AJ(1,1)=1.0D0\br
++\tab{5}AJ(1,2)=0.0D0\br
++\tab{5}AJ(1,3)=0.0D0\br
++\tab{5}AJ(2,1)=0.0D0\br
++\tab{5}AJ(2,2)=1.0D0\br
++\tab{5}AJ(2,3)=0.0D0O\br
++\tab{5}AJ(3,1)=0.0DO0\br
++\tab{5}AJ(3,2)=0.0D0\br
++\tab{5}AJ(3,3)=0.0D0\br
++\tab{5}BJ(1,1)=0.0D0\br
++\tab{5}BJ(1,2)=0.0D0\br
++\tab{5}BJ(1,3)=0.0D0\br
++\tab{5}BJ(2,1)=0.0D0\br
++\tab{5}BJ(2,2)=0.0D0\br
++\tab{5}BJ(2,3)=0.0D0\br
++\tab{5}BJ(3,1)=0.0DO0\br
++\tab{5}BJ(3,2)=1.0D0\br
++\tab{5}BJ(3,3)=0.0D0\br

++\tab{5}RETURN\br

++\tab{5}END\br

++\tab{5}SUBROUTINE JACGEP (EPS,YA,YB,BCEP,N)\br
++\tab{5}DOUBLE PRECISION EPS,YA(N),YB(N),BCEP(N)\br
++\tab{5}INTEGER N\br

++\tab{5}BCEP (1)=0.0D0\br

++\tab{5}BCEP (2)=0.0D0\br

++\tab{5}BCEP (3)=0.0D0\br

++\tab{5}RETURN\br

++\tab{5}END

Asp42(nameOne ,nameTwo ,nameThree) : Exports == Implementation where
nameOne : Symbol
nameTwo : Symbol
nameThree : Symbol

D ==> differentiate
FST ==> FortranScalarType
FT ==> FortranType

FP ==> FortranProgram
FC ==> FortranCode

PI ==> Positivelnteger
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NNI ==> NonNegativelnteger

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
UFST ==> Union(fst:FST,void:"void")

FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions2

MFLOAT ==> MachineFloat

FEXPR ==> FortranExpression([’EPS], [’YA,’YB] ,MFLOAT)

S ==> Symbol

MF2 ==> MatrixCategoryFunctions2(FEXPR,VEC FEXPR,VEC FEXPR,Matrix FEXPR,

EXPR MFLOAT,VEC EXPR MFLOAT,VEC EXPR MFLOAT,Matrix EXPR MFLOAT)

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR -> §
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add
real : UFST := ["real"::FST]$UFST

symOne : SYMTAB := empty()$SYMTAB
declare! (EPS,fortranReal () ,symOne) $SYMTAB
declare! (N,fortranInteger () ,symOne) $SYMTAB
yType : FT := construct(real, [N],false)$FT
declare! (YA,yType,symOne) $SYMTAB

declare! (YB,yType,symOne) $SYMTAB

declare! (BC,yType, symOne) $SYMTAB

symTwo : SYMTAB := empty()$SYMTAB

declare! (EPS,fortranReal (), symTwo) $SYMTAB
declare! (N,fortranInteger () ,symTwo) $SYMTAB
declare! (YA,yType,symTwo) $SYMTAB

declare! (YB,yType, symTwo) $SYMTAB

ajType : FT := construct(real, [N,N],false)$FT
declare! (AJ,ajType, symTwo) $SYMTAB

declare! (BJ,ajType, symTwo) $SYMTAB

symThree : SYMTAB := empty()$SYMTAB

declare! (EPS, fortranReal () ,symThree) $SYMTAB
declare! (N,fortranInteger () ,symThree) $SYMTAB
declare! (YA,yType,symThree) $SYMTAB

declare! (YB,yType,symThree) $SYMTAB

declare! (BCEP,yType,symThree) $SYMTAB

rt := ["void"]$UFST
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R1l:=FortranProgram(nameOne,rt, [EPS,YA,YB,BC,N], symOne)
R2:=FortranProgram(nameTwo,rt, [EPS,YA,YB,AJ,BJ,N],symTwo)
R3:=FortranProgram(nameThree,rt, [EPS,YA,YB,BCEP,N],symThree)
Rep := Record(g:R1,gJacob:R2,geJacob:R3)
BCsym:Symbol:=coerce "BC"

AJsym:Symbol:=coerce "AJ"

BJsym:Symbol:=coerce "BJ"

BCEPsym:Symbol:=coerce "BCEP"

makeList(n:Integer,s:Symbol) :List (Symbol) ==
j:Integer
p:List(Symbol) := []
for j in 1 .. n repeat p:= cons(subscript(s, [j::0utputForm])$Symbol,p)
reverse(p)

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

localAssigni(s:S,j:Matrix FEXPR):FC ==
j’ : Matrix EXPR MFLOAT := map(fexpr2expr,j)$MF2
assign(s,j’)$FC

localAssign2(s:S,j:VEC FEXPR):FC ==
j’ : VEC EXPR MFLOAT := map(fexpr2expr,j)$VF2(FEXPR,EXPR MFLOAT)
assign(s,j’)$FC

makeCodeOne (u:VEC FEXPR) :FortranCode ==
-- simple assign
localAssign2(BCsym,u)

makeCodeTwo (u:VEC FEXPR) :List(FortranCode) ==

-- compute jacobian wrt to ya

n:Integer := maxIndex(u)

p:List(Symbol) := makeList(n,YA::Symbol)

jacYA:Matrix(FEXPR) := _
jacobian(u,p)$MultiVariableCalculusFunctions(S,FEXPR,VEC FEXPR,List(8))

-- compute jacobian wrt to yb

p:List(Symbol) := makeList(n,YB::Symbol)

jacYB: Matrix(FEXPR) := _
jacobian(u,p)$MultiVariableCalculusFunctions(S,FEXPR,VEC FEXPR,List(S))

-- assign jacobians to AJ & BJ

[localAssignl(AJsym, jacYA) ,localAssignl (BJsym, jacYB) ,returns () $FCI$List (FC)

makeCodeThree (u:VEC FEXPR) :FortranCode ==
-- compute jacobian wrt to eps
jacEps:VEC FEXPR := [D(v,EPS) for v in entries u]$VEC(FEXPR)
localAssign2(BCEPsym, jacEps)

coerce(u:VEC FEXPR):$ ==
aF:FortranCode := makeCodeOne (u)
bF:List (FortranCode) := makeCodeTwo (u)
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cF:FortranCode := makeCodeThree(u)

-- add returns() to complete subroutines
aLF:List(FortranCode) := [aF,returns()$FC]$List (FortranCode)
cLF:List (FortranCode) := [cF,returns()$FC]$List (FortranCode)
[coerce(aLF)$R1,coerce(bF)$R2,coerce (cLF)$R3]

coerce(u:$) : OutputForm ==
bracket commaSeparate
[nameOne: : OutputForm,nameTwo: : OutputForm,nameThree: : QutputForm]

outputAsFortran(u:$):Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran elt(u,g)$Rep
outputAsFortran elt(u,gJacob)$Rep
outputAsFortran elt(u,geJacob)$Rep
p => restorePrecision()$NAGLinkSupportPackage

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed"):=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
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v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

— ASP42.dotabb —

"ASP42" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP42"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
l|ASP42|| _> ||FS||

2.28 domain ASP49 Asp49

— Asp49.input —

)set break resume

)sys rm -f Asp49.output
)spool Asp49.output
)set message test on
)set message auto off
)clear all

--S1of1
)show Asp49
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--R

--R Asp49(name: Symbol) is a domain constructor

--R Abbreviation for Asp49 is ASP49

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP49
--R

--R-- ittt Operations --- ittt
--R coerce : FortranCode -> % coerce : List(FortranCode) ->

--R coerce : ¥ -> OutputForm outputAsFortran : % -> Void

--R retract : Polynomial(Float) -> ¥% retract : Expression(Float) -> 7

--R coerce : FortranExpression([construct], [construct,QUOTEX],MachineFloat) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Fraction(Polynomial(Integer)) -> %

--R retract : Fraction(Polynomial(Float)) -> %

--R retract : Polynomial (Integer) -> ¥%

--R retract : Expression(Integer) -> ¥

--R retractIfCan : Fraction(Polynomial (Integer)) -> Union(%,"failed")

--R retractIfCan : Fraction(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Polynomial(Integer) -> Union(%,"failed")

--R retractIfCan : Polynomial(Float) -> Union(%,"failed")

--R retractIfCan : Expression(Integer) -> Union(%,"failed")

--R retractIfCan : Expression(Float) -> Union(%,"failed")

) spool
)1lisp (bye)

— Asp49.help —

Asp49 examples

See Also:
o )show Asp49
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2.28.1 Asp49 (ASP49)

ASP49

ALIST

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP49 Asp49 —

)abbrev domain ASP49 Asp49

++ Author: Mike Dewar, Grant Keady and Godfrey Nolan

++ Date Created: Mar 1993

++ Date Last Updated: 23 March 1994

++ 6 October 1994

++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:

++\spadtype{Asp49} produces Fortran for Type 49 ASPs, needed for NAG routines
++e04dgf, eO4ucf, for example:

++

++\tab{5}SUBROUTINE OBJFUN(MODE,N,X,0BJF,0BJGRD,NSTATE, IUSER,USER) \br
++\tab{5}DOUBLE PRECISION X(N),0BJF,0BJGRD(N) ,USER(*)\br

++\tab{5}INTEGER N, IUSER(*),MODE,NSTATE\br

++\tab{5}0BJF=X(4) *X (9)+((-1.0D0*X(5) ) +X(3) ) *X(8)+((-1.0D0*X(3))+X (1)) *X(7)\br
++\tab{4}&+(-1.0D0*X (2)*X(6)) \br

++\tab{5}0BJGRD (1)=X(7) \br

++\tab{5}0BJGRD (2)=-1.0D0*X (6) \br

++\tab{5}0BJGRD (3)=X(8)+(-1.0D0*X (7)) \br

++\tab{5}0BJGRD (4)=X(9) \br

++\tab{5}0BJGRD (5)=-1.0D0*X (8) \br

++\tab{6}0BJGRD (6)=-1.0D0*X (2) \br

++\tab{5}0BJGRD (7)=(-1.0D0*X (3))+X (1) \br

++\tab{5}0BJGRD (8)=(-1.0D0*X(5))+X(3) \br

++\tab{5}0BJGRD (9) =X (4) \br

++\tab{5}RETURN\br

++\tab{5}END

Asp49(name) : Exports == Implementation where
name : Symbol

149
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150
FST ==> FortranScalarType
UFST ==> Union(fst:FST,void:"void")
FT ==> FortranType
FC ==> FortranCode
SYMTAB ==> SymbolTable
RSFC  ==> Record(localSymbols:SymbolTable,code:List (FC))
MFLOAT ==> MachineFloat
FEXPR ==> FortranExpression([], [’X],MFLOAT)
FRAC  ==> Fraction
POLY ==> Polynomial
EXPR  ==> Expression
INT ==> Integer
FLOAT ==> Float
VEC ==> Vector
VF2 ==> VectorFunctions2
S ==> Symbol
Exports ==> FortranFunctionCategory with

Im

coerce : FEXPR —> §
++coerce(f) takes an object from the appropriate instantiation of
++\spadtype{FortranExpression} and turns it into an ASP.

plementation ==> add

real : UFST := ["real"::FST]$UFST

integer : UFST := ["integer"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! (MODE,fortranInteger () ,syms)$SYMTAB

declare! (N,fortranInteger () ,syms) $SYMTAB

xType : FT := construct(real, [N::S],false)$FT

declare! (X,xType, syms) $SYMTAB

declare! (OBJF,fortranReal () ,syms) $SYMTAB

declare! (OBJGRD,xType, syms) $SYMTAB

declare! (NSTATE,fortranInteger () ,syms) $SYMTAB

iuType : FT := construct(integer, ["*"::5],false)$FT

declare! (IUSER, iuType, syms) $SYMTAB

uType : FT := construct(real, ["*"::S],false)$FT

declare! (USER,uType, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST,
[MODE,N,X,0BJF,0BJGRD,NSTATE, IUSER,USER] , syms)

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

localAssign(s:S,j:VEC FEXPR):FC ==
j’ : VEC EXPR MFLOAT := map(fexpr2expr,j)$VF2(FEXPR,EXPR MFLOAT)
assign(s,j’) $FC

coerce(u:FEXPR) :$ ==
vars:List(S) := variables(u)
grd:VEC FEXPR := gradient(u,vars)$MultiVariableCalculusFunctions(_
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S,FEXPR,VEC FEXPR,List(S))
code : List(FC) := [assign(0BJF@S,fexpr2expr u)$FC,_
localAssign(OBJGRD@S,grd) ,_
returns () $FC]
code::$

coerce(u:$) :QutputForm == coerce(u)$Rep
coerce(c:List FC):$ == coerce(c)$Rep
coerce(r:RSFC) :$ == coerce(r)$Rep
coerce(c:FC):$ == coerce(c)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

retract (u:FRAC POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:FRAC POLY INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:FRAC POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:FRAC POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:EXPR FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:EXPR FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:EXPR INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:EXPR INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
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foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

— ASP49.dotabb —

"ASP49" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP49"]
"ALIST" [color="#88FF44" ,href="bookvol1l0.3.pdf#nameddest=ALIST"]
"ASP49" -> "ALIST"

2.29 domain ASP50 Asp50

— Asp50.input —

)set break resume

)sys rm -f Asp50.output
)spool Asp50.output
)set message test on
)set message auto off
)clear all

--S1o0f1
)show Asp50

--R Asp50(name: Symbol) is a domain constructor

--R Abbreviation for Asp50 is ASP50

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP50

- Operations --------—————-—————————————————-
--R coerce : FortranCode -> % coerce : List(FortranCode) -> Y%
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector(FortranExpression([construct], [construct,QUOTEXC] ,MachineFloat)) -> %
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--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Vector(Fraction(Polynomial(Integer))) -> %

--R retract : Vector(Fraction(Polynomial(Float))) -> ¥%

--R retract : Vector(Polynomial(Integer)) -> ¥%

--R retract : Vector(Polynomial(Float)) -> %

--R retract : Vector(Expression(Integer)) -> %

--R retract : Vector(Expre531on(Float)) -> %

--R retractIfCan :
: Vector(Fraction(Polynomial(Float))) -> Union(%,"failed")
: Vector(Polynomial (Integer)) -> Union(%,"failed")

: Vector(Polynomial (Float)) -> Union(%,"failed")

--R retractIfCan :
--R retractIfCan :

--R retractIfCan
--R retractIfCan
--R retractIfCan

) spool
)1lisp (bye)

: Vector(Fraction(Polynomial (Integer))) -> Union(%,"failed")

Vector (Expression(Integer)) -> Union(%,"failed")
Vector (Expression(Float)) -> Union(%,"failed")

— Asp50.help —

Asp50 examples

See Also:
o )show Asp50

2.29.1 Asp50 (ASP50)

ASP50

153



154 CHAPTER 2. CHAPTER A

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP50 Asp50 —

)abbrev domain ASP50 Asp50

++ Author: Mike Dewar, Grant Keady and Godfrey Nolan

++ Date Created: Mar 1993

++ Date Last Updated: 23 March 1994

++ 6 October 1994

++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:

++\spadtype{Asp50} produces Fortran for Type 50 ASPs, needed for NAG routine
++e04fdf, for example:

++

++\tab{5}SUBROUTINE LSFUN1(M,N,XC,FVECC)\br

++\tab{5}DOUBLE PRECISION FVECC(M),XC(N)\br

++\tab{5}INTEGER I,M,N\br
++\tab{5}FVECC(1)=((XC(1)-2.4D0)*XC(3)+(15.0D0*XC(1)-36.0D0)*XC(2)+1.0D0) / (\br
++\tab{4}&XC(3)+15.0D0*XC(2)) \br
++\tab{5}FVECC(2)=((XC(1)-2.8D0)*XC(3)+(7.0D0*XC(1)-19.6D0)*XC(2)+1.0D0) / (X\br
++\tab{4}&C(3)+7.0D0*XC(2)) \br
++\tab{5}FVECC(3)=((XC(1)-3.2D0)*XC(3)+(4.333333333333333D0*XC(1)-13.866666\br
++\tab{4}466666667D0) *XC(2)+1.0D0) / (XC(3)+4.333333333333333D0*XC(2) ) \br
++\tab{5}FVECC(4)=((XC(1)-3.5D0)*XC(3)+(3.0D0*XC(1)-10.5D0)*XC(2)+1.0D0) / (X\br
++\tab{4}&C(3)+3.0D0*XC(2)) \br
++\tab{5}FVECC(5)=((XC(1)-3.9D0)*XC(3)+(2.2D0*XC(1)-8.579999999999998D0) *XC\br
++\tab{4}&(2)+1.0D0) / (XC(3)+2.2D0*XC(2)) \br
++\tab{5}FVECC(6)=((XC(1)-4.199999999999999D0) *XC(3)+(1.666666666666667D0*X\br
++\tab{4}&C(1)-7.0D0)*XC(2)+1.0D0) / (XC(3)+1.666666666666667D0*XC(2) ) \br
++\tab{6}FVECC(7)=((XC(1)-4.5D0)*XC(3)+(1.285714285714286D0*XC(1)-5.7857142\br
++\tab{4}&85714286D0) *XC(2)+1.0D0) / (XC(3) +1.285714285714286D0*XC(2) ) \br
++\tab{5}FVECC(8)=((XC(1)-4.899999999999999D0) *XC(3)+(XC(1)-4.8999999999999\br
++\tab{4}&99D0) *XC(2)+1.0D0) / (XC(3)+XC(2) ) \br
++\tab{5}FVECC(9)=((XC(1)-4.699999999999999D0) *XC(3) +(XC(1)-4.6999999999999\br
++\tab{4}&99D0) *XC(2)+1.285714285714286D0) / (XC(3)+XC(2)) \br
++\tab{5}FVECC(10)=((XC(1)-6.8D0)*XC(3)+(XC(1)-6.8D0)*XC(2)+1.6666666666666\br
++\tab{4}&67D0) / (XC(3)+XC(2))\br
++\tab{5}FVECC(11)=((XC(1)-8.299999999999999D0) *XC (3)+(XC(1)-8.299999999999\br
++\tab{4}&999D0) *XC(2)+2.2D0) / (XC(3) +XC(2) ) \br
++\tab{5}FVECC(12)=((XC(1)-10.6D0)*XC(3)+(XC(1)-10.6D0)*XC(2)+3.0D0) / (XC(3) \br
++\tab{4}&+XC(2)) \br

++\tab{5}FVECC(13)=((XC(1)-1.34D0) *XC(3)+(XC(1)-1.34D0) *XC(2)+4.33333333333\br
++\tab{4}&3333D0) / (XC(3)+XC(2)) \br
++\tab{5}FVECC(14)=((XC(1)-2.1D0)*XC(3)+(XC(1)-2.1D0)*XC(2)+7.0D0) / (XC(3) +X\br
++\tab{4}&C(2)) \br
++\tab{5}FVECC(15)=((XC(1)-4.39D0)*XC(3)+(XC(1)-4.39D0)*XC(2)+15.0D0) / (XC(3\br
++\tab{4}&)+XC(2))\br

++\tab{5}END
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Asp50(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FT ==> FortranType

UFST ==> Union(fst:FST,void:"void")

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions2

FEXPR ==> FortranExpression([], [?XC],MFLOAT)
MFLOAT ==> MachineFloat

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR -> §
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : UFST := ["real"::FST]$UFST
syms : SYMTAB := empty()$SYMTAB
declare! (M,fortranInteger () ,syms) $SYMTAB
declare! (N,fortranInteger () ,syms)$SYMTAB
xcType : FT := construct(real, [N],false)$FT
declare! (XC,xcType, syms) $SYMTAB
fveccType : FT := construct(real, [M],false)$FT
declare! (FVECC, fveccType, syms) $SYMTAB
declare! (I,fortranInteger () ,syms)$SYMTAB
tType : FT := construct(real, [M,N],false)$FT
-- declare! (TC,tType,syms) $SYMTAB
- declare! (Y,fveccType, syms) $SYMTAB
Rep := FortranProgram(name, ["void"]$UFST, [M,N,XC,FVECC],syms)

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

coerce(u:VEC FEXPR):$ ==
u’ : VEC EXPR MFLOAT := map(fexpr2expr,u)$VF2(FEXPR,EXPR MFLOAT)
assign(FVECC,u’)$FortranCode: : $

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$
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retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed"):=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed"):=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed"):=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed"):=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed"):=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$
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coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

— ASP50.dotabb —

"ASP50" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP50"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"ASP50" -> "PFECAT"

2.30 domain ASP55 Asp55

— Asp55.input —

)set break resume

)sys rm -f Aspb5.output
)spool Aspb55.output
)set message test on
)set message auto off
)clear all

--S 1 o0f 1
)show Asp55

--R Aspb5(name: Symbol) is a domain constructor

--R Abbreviation for Aspb5 is ASP55

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP55

--R--—-———---—— Operations —--—-——-——-——————-——-——-——--————-——

--R coerce : FortranCode -> ¥ coerce : List(FortranCode) -> Y%

157
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--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector(FortranExpression([construct], [construct,QUOTEX],MachineFloat)) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Vector(Fraction(Polynomial(Integer))) -> %

--R retract : Vector(Fraction(Polynomial(Float))) -> %

--R retract : Vector(Polynomial(Integer)) -> %

--R retract : Vector(Polynomial(Float)) -> %

--R retract : Vector(Expression(Integer)) -> %

--R retract : Vector(Expression(Float)) -> %

--R retractIfCan : Vector(Fraction(Polynomial(Integer))) -> Union(%,"failed")
--R retractIfCan : Vector(Fraction(Polynomial(Float))) -> Union(%,"failed")
--R retractIfCan : Vector(Polynomial(Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Float)) -> Union(%,"failed")

) spool
)1lisp (bye)

— Asp55.help —

Asp55 examples

See Also:
o )show Asp55

2.30.1 Asp55 (ASP55)

ASP35

ALIST
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Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP55 Asp55 —

)abbrev domain ASP55 Asp55

++ Author: Mike Dewar, Grant Keady and Godfrey Nolan

++ Date Created: June 1993

++ Date Last Updated: 23 March 1994

++ 6 October 1994

++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory
++ Description:

++\spadtype{Asp55} produces Fortran for Type 55 ASPs, needed for NAG routines
++e04dgf and eO4ucf, for example:

++

++\tab{5}SUBROUTINE CONFUN(MODE,NCNLN,N,NROWJ,NEEDC,X,C,CJAC,NSTATE, IUSER\br
++\tab{4}&,USER) \br

++\tab{5}DOUBLE PRECISION C(NCNLN),X(N),CJAC(NROWJ,N) ,USER(*)\br
++\tab{5}INTEGER N,IUSER(*),NEEDC(NCNLN) ,NROWJ,MODE,NCNLN,NSTATE\br
++\tab{5}IF(NEEDC(1) .GT.0) THEN\br
++\tab{7}C(1)=X(6) **2+X (1) **2\br
++\tab{7}CJAC(1,1)=2.0D0*X (1) \br

++\tab{7}CJAC(1,2)=0.0D0\br

++\tab{7}CJAC(1,3)=0.0DO0\br

++\tab{7}CJAC(1,4)=0.0D0\br

++\tab{7}CJAC(1,5)=0.0D0\br

++\tab{7}CJAC(1,6)=2.0D0*X(6) \br

++\tab{5}ENDIF\br

++\tab{5}IF (NEEDC(2) .GT.0) THEN\br
++\tab{7}C(2)=X(2) #*2+(-2.0D0*X (1) *X(2) ) +X (1) **2\br
++\tab{7}CJAC(2,1)=(-2.0D0*X(2))+2.0D0*X (1) \br
++\tab{7}CJAC(2,2)=2.0D0*X (2)+(-2.0D0*X (1)) \br
++\tab{7}CJAC(2,3)=0.0DO0\br

++\tab{7}CJAC(2,4)=0.0DO0\br

++\tab{7}CJAC(2,5)=0.0D0\br

++\tab{7}CJAC(2,6)=0.0DO0\br

++\tab{5}ENDIF\br

++\tab{5}IF (NEEDC(3) .GT.0) THEN\br
++\tab{7}C(3)=X(3) **2+(-2.0D0*X (1) *X (3) ) +X (2) **2+X (1) #*2\br
++\tab{7}CJAC(3,1)=(-2.0D0*X(3))+2.0D0*X (1) \br
++\tab{7}CJAC(3,2)=2.0D0*X(2) \br

++\tab{7}CJAC(3,3)=2.0D0*X (3)+(-2.0D0*X (1)) \br
++\tab{7}CJAC(3,4)=0.0DO0\br

++\tab{7}CJAC(3,5)=0.0D0\br

++\tab{7}CJAC(3,6)=0.0DO0\br

++\tab{5}ENDIF\br

++\tab{5}RETURN\br

++\tab{5}END



160 CHAPTER 2. CHAPTER A

Asp55(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FT ==> FortranType

FSTU ==> Union(fst:FST,void:"void")

SYMTAB ==> SymbolTable

FC ==> FortranCode

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))

FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

S ==> Symbol

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions2

MAT ==> Matrix

MFLOAT ==> MachineFloat

FEXPR ==> FortranExpression([], [’X],MFLOAT)

MF2 ==> MatrixCategoryFunctions2(FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR,
EXPR MFLOAT,VEC EXPR MFLOAT,VEC EXPR MFLOAT,MAT EXPR MFLOAT)

SWU ==> Union(I:Expression Integer,F:Expression Float,

CF:Expression Complex Float,switch:Switch)

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR -> §
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : FSTU := ["real"::FST]$FSTU

integer : FSTU := ["integer"::FST]$FSTU

syms : SYMTAB := empty()$SYMTAB

declare! (MODE,fortranInteger () ,syms)$SYMTAB

declare! (NCNLN, fortranInteger() ,syms)$SYMTAB

declare! (N,fortranInteger () ,syms)$SYMTAB

declare! (NROWJ,fortranInteger () ,syms) $SYMTAB

needcType : FT := construct(integer, [NCNLN::Symboll,false)$FT
declare! (NEEDC,needcType, syms) $SYMTAB

xType : FT := construct(real, [N::Symbol],false)$FT

declare! (X,xType, syms) $SYMTAB

cType : FT := construct(real, [NCNLN: :Symbol] ,false)$FT
declare! (C,cType, syms) $SYMTAB

cjacType : FT := construct(real, [NROWJ::Symbol,N::Symbol],false)$FT
declare! (CJAC,cjacType,syms) $SYMTAB

declare! (NSTATE, fortranInteger () ,syms) $SYMTAB

iuType : FT := construct(integer, ["*"::Symbol],false)$FT
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declare! (IUSER, iuType, syms) $SYMTAB

uType : FT := construct(real, ["*"::Symbol],false)$FT

declare! (USER,uType, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$FSTU,
[MODE,NCNLN,N,NROWJ,NEEDC,X,C,CJAC,NSTATE, IUSER,,USER] , syms)

-- Take a symbol, pull of the script and turn it into an integer!!
02int (u:S) :Integer ==

o : OutputForm := first elt(scripts(u)$S,sub)

o pretend Integer

localAssign(s:Symbol,dim:List POLY INT,u:FEXPR):FC ==
assign(s,dim, (u: :EXPR MFLOAT) $FEXPR) $FC

makeCond (index:INT,fun:FEXPR, jac:VEC FEXPR):FC ==
needc : EXPR INT := (subscript(NEEDC, [index: :0OutputForm])$S) : :EXPR(INT)
sw : Switch := GT([needc]$SWU, [0::EXPR(INT)]$SWU)$Switch
ass : List FC := [localAssign(CJAC, [index::POLY INT,i::POLY INT],jac.i)_
for i in 1..maxIndex(jac)]
cond(sw,block([localAssign(C, [index: :POLY INT],fun),:ass])$FC)$FC

coerce(u:VEC FEXPR) :$ ==
ncnln:Integer := maxIndex(u)
x:8 := X::8
pu:List(8) := []
-- Work out which variables appear in the expressions
for e in entries(u) repeat
pu := setUnion(pu,variables(e)$FEXPR)
scriptList : List Integer := map(o2int,pu)$ListFunctions2(S,Integer)
-— This should be the maximum X_n which occurs (there may be others
-- which don’t):
n:Integer := reduce(max,scriptList)$List(Integer)
p:List(8) := [
for j in 1..n repeat p:= cons(subscript(x, [j::0utputForm])$S,p)
p:= reverse(p)
jac:MAT FEXPR := _
jacobian(u,p)$MultiVariableCalculusFunctions(S,FEXPR,VEC FEXPR,List(S))
code : List FC := [makeCond(j,u.j,row(jac,j)) for j in 1..ncnln]
[:code,returns()$FC]::$

coerce(c:List FC):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FC):$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
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outputAsFortran(u)$Rep
p => restorePrecision() $NAGLinkSupportPackage

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retraCt,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v:i:$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v:i:$

retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v:i:$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract(u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v:i:$

retractIfCan(u:VEC POLY INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
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retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

— ASP55.dotabb —

"ASP55" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP55"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ASP55" -> "ALIST"

2.31 domain ASP6 Asp6

— Asp6.input —

)set break resume

)sys rm -f Asp6.output
)spool Asp6.output
)set message test on
)set message auto off
)clear all

--S 1 o0f 1
)show Asp6

--R Asp6(name: Symbol) is a domain constructor

--R Abbreviation for Asp6 is ASP6

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.3.pamphlet to see algebra source code for ASP6

- Operations ittt
--R coerce : FortranCode -> ¥ coerce : List(FortranCode) -> Y%
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector(FortranExpression([construct], [construct,QUOTEX],MachineFloat)) ->
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %

--R retract : Vector(Fraction(Polynomial(Integer))) -> %

--R retract : Vector(Fraction(Polynomial(Float))) -> ¥%

--R retract : Vector(Polynomial(Integer)) -> %
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--R retract : Vector(Polynomial(Float)) -> %

--R retract : Vector(Expression(Integer)) -> %

--R retract : Vector(Expression(Float)) -> ¥

--R retractIfCan : Vector(Fraction(Polynomial(Integer))) -> Union(%,"failed")
--R retractIfCan : Vector(Fraction(Polynomial(Float))) -> Union(%,"failed")
--R retractIfCan : Vector(Polynomial(Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Float)) -> Union(%,"failed")

) spool
)1lisp (bye)

— Asp6.help —

Asp6 examples

See Also:
o )show Asp6

2.31.1 Asp6 (ASP6)

ASP6

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP6 Asp6 —
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)abbrev domain ASP6 Asp6

++ Author: Mike Dewar and Godfrey Nolan and Grant Keady

++ Date Created: Mar 1993

++ Date Last Updated: 18 March 1994

++ 6 October 1994

++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:

++ \spadtype{Asp6} produces Fortran for Type 6 ASPs, needed for NAG routines
++ cO5nbf, cO5ncf. These represent vectors of functions of X(i) and look like:
++

++ \tab{5}SUBROUTINE FCN(N,X,FVEC,IFLAG)

++ \tab{5}DOUBLE PRECISION X(N),FVEC(N)

++ \tab{5}INTEGER N,IFLAG

++ \tab{5}FVEC(1)=(-2.0D0*X(2))+(-2.0D0*X (1) *%2)+3.0D0*X(1)+1.0D0

++ \tab{5}FVEC(2)=(-2.0D0*X(3))+(-2.0D0*X (2) **2)+3.0D0*X(2) +(~1.0D0*X (1)) +1.
++ \tab{4}&0DO0

++ \tab{5}FVEC(3)=(-2.0D0*X(4))+(-2.0D0*X(3)**2)+3.0D0*X (3)+(-1.0D0*X(2))+1.
++ \tab{4}&0D0

++ \tab{5}FVEC(4)=(-2.0D0*X(5))+(-2.0D0*X(4)**2)+3.0D0*X(4)+(-1.0D0*X(3))+1.
++ \tab{4}&0DO0

++ \tab{5}FVEC(5)=(-2.0D0*X(6))+(-2.0D0*X (5) **2)+3.0D0*X(5)+(-1.0D0*X (4))+1.
++ \tab{4}&0D0

++ \tab{5}FVEC(6)=(-2.0D0*X(7))+(-2.0D0*X(6)**2)+3.0D0*X(6)+(-1.0D0*X(5))+1.
++ \tab{4}&0D0

++ \tab{5}FVEC(7)=(-2.0D0*X(8))+(-2.0D0*X(7)**2)+3.0D0*X(7)+(-1.0D0*X(6))+1.
++ \tab{4}&0DO0

++ \tab{5}FVEC(8)=(-2.0D0*X(9))+(-2.0D0*X (8)**2)+3.0D0*X(8) +(-1.0D0*X (7)) +1.
++ \tab{4}&0DO0

++ \tab{5}FVEC(9)=(-2.0D0*X (9) **2)+3.0D0*X(9)+(-1.0D0*X(8))+1.0D0

++ \tab{5}RETURN

++ \tab{5}END

Asp6(name) : Exports == Implementation where
name : Symbol

FEXPR ==> FortranExpression([], [’X],MFLOAT)
MFLOAT ==> MachineFloat

FST ==> FortranScalarType

FT ==> FortranType

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
UFST ==> Union(fst:FST,void:"void")
FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions?2
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Exports == FortranVectorFunctionCategory with
coerce: Vector FEXPR -> ¥
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation == add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! (N,fortranInteger () $FT, syms) $SYMTAB

xType : FT := construct(real, [N],false)$FT

declare! (X,xType, syms) $SYMTAB

declare! (FVEC,xType, syms) $SYMTAB

declare! (IFLAG,fortranInteger () $FT, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$Union(fst:FST,void:"void"),
[N,X,FVEC,IFLAG],syms)

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT) :Union($,"failed") ==

CHAPTER A

v:Union(VEC FEXPR,"failed"):=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)

v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==

v : VEC FEXPR := map(retract,u)$VectorFunctions2(FRAC POLY FLOAT,FEXPR)

v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed"):=_
map (retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VectorFunctions2(EXPR INT,FEXPR)
v:i:$

retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==

v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)

v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==

v : VEC FEXPR := map(retract,u)$VectorFunctions2(EXPR FLOAT,FEXPR)

v:i:$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
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v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VectorFunctions2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VectorFunctions2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

fexpr2expr (u:FEXPR) :EXPR MFLOAT ==
(u: :EXPR MFLOAT)$FEXPR

coerce(u:VEC FEXPR): ==
v : VEC EXPR MFLOAT
v := map(fexpr2expr,u)$VF2(FEXPR,EXPR MFLOAT)

([assign(FVEC,v)$FortranCode,returns () $FortranCode] $List (FortranCode)) : :

coerce(c:List FortranCode):% == coerce(c)$Rep
coerce(r:RSFC):% == coerce(r)$Rep
coerce(c:FortranCode) :% == coerce(c)$Rep
coerce(u:%) :OutputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==

p := checkPrecision()$NAGLinkSupportPackage

outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

— ASP6.dotabb —

"ASP6" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP6"]
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"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"ASP6" -> "PFECAT"

2.32 domain ASP7 Asp7

— AspT7.input —

)set break resume

)sys rm -f Asp7.output
)spool Asp7.output
)set message test on
)set message auto off
)clear all

--S1o0f1
)show Asp7

--R Asp7(name: Symbol) is a domain constructor

--R Abbreviation for Asp7 is ASP7

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for ASP7

--R———— Operations —--——-=—-=—=—=-——-—-——-—-——-——-—-——
--R coerce : FortranCode -> % coerce : List(FortranCode) -> Y%
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector(FortranExpression([construct,QUOTEX], [construct,QUOTEY] ,MachineFloat)) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Vector(Fraction(Polynomial(Integer))) -> %

--R retract : Vector(Fraction(Polynomial(Float))) -> %

--R retract : Vector(Polynomial(Integer)) -> %

--R retract : Vector(Polynomial(Float)) -> %

--R retract : Vector(Expression(Integer)) -> %

--R retract : Vector(Expression(Float)) -> %

--R retractIfCan : Vector(Fraction(Polynomial(Integer))) -> Union(%,"failed")
--R retractIfCan : Vector(Fraction(Polynomial(Float))) -> Union(%,"failed")
--R retractIfCan : Vector(Polynomial (Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Float)) -> Union(%,"failed")

) spool
)1lisp (bye)
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— AspT7.help —

Asp7 examples

See Also:
o )show Asp7

2.32.1 Asp7 (ASP7)

ASP7

ALIST

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP7 Asp7 —

)abbrev domain ASP7 Asp7

++ Author: Mike Dewar and Godfrey Nolan and Grant Keady

++ Date Created: Mar 1993

++ Date Last Updated: 18 March 1994

++ 6 October 1994

++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:

++ \spadtype{Asp7} produces Fortran for Type 7 ASPs, needed for NAG routines
++ dO2bbf, dO02gaf. These represent a vector of functions of the scalar X and
++ the array Z, and look like:

++

++ \tab{5}SUBROUTINE FCN(X,Z,F)\br

++ \tab{5}DOUBLE PRECISION F(x),X,Z(*)\br

++ \tab{5}F (1)=DTAN(Z(3))\br
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++ \tab{5}F(2)=((-0.03199999999999999D0*DCOS (Z (3) ) *DTAN(Z(3)))+(-0.02D0*Z(2) \br
++ \tab{4}&**2))/(Z(2)*DCOS(Z(3)))\br

++ \tab{5}F(3)=-0.03199999999999999D0/ (X*Z (2) **2) \br

++ \tab{5}RETURN\br

++ \tab{5}END

Asp7(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FT ==> FortranType

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))

MFLOAT ==> MachineFloat
FEXPR ==> FortranExpression([’X],[’Y],MFLOAT)

UFST ==> Union(fst:FST,void:"void")
FRAC ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions?2

Exports ==> FortranVectorFunctionCategory with
coerce : Vector FEXPR ->
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! (X,fortranReal () ,syms)$SYMTAB

yType : FT := construct(real, ["*"::Symbol],false)$FT
declare! (Y,yType, syms) $SYMTAB

declare! (F,yType,syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$UFST, [X,Y,F],syms)

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
vi:$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
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retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract(u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v::$

retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract(u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

fexpr2expr (u:FEXPR) :EXPR MFLOAT ==
(u::EXPR MFLOAT)$FEXPR

coerce(u:Vector FEXPR ):% ==
v : Vector EXPR MFLOAT
v:=map (fexpr2expr,u) $VF2 (FEXPR,EXPR MFLOAT)
([assign(F,v)$FortranCode,returns () $FortranCode] $List (FortranCode)) : :%
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coerce(c:List FortranCode):% == coerce(c)$Rep
coerce(r:RSFC):J == coerce(r)$Rep
coerce(c:FortranCode) :% == coerce(c)$Rep
coerce(u:%) :OutputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==

p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u)$Rep

p => restorePrecision()$NAGLinkSupportPackage

— ASP7.dotabb —

CHAPTER 2.

"ASP7" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP7"]
"ALIST" [color="#88FF44" , href="bookvol1l0.3.pdf#nameddest=ALIST"]

"ASP7" -> "ALIST"

2.33 domain ASP73 Asp73

— Asp73.input —

)set break resume

)sys rm -f Asp73.output
)spool Asp73.output
)set message test on
)set message auto off
)clear all

-—-S1of1

)show Asp73

--R

--R Asp73(name: Symbol) is a domain constructor
--R Abbreviation for Asp73 is ASP73

--R This constructor is exposed in this frame.

CHAPTER A

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP73

--R

e Rt Operations --------—————-—————————————————-
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--R coerce : FortranCode -> % coerce : List(FortranCode) -> %
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector(FortranExpression([construct,QUOTEX,QUOTEY], [construct] ,MachineFloat)) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Vector(Fraction(Polynomial(Integer))) -> %

--R retract : Vector(Fraction(Polynomial(Float))) -> ¥%

--R retract : Vector(Polynomial(Integer)) -> ¥%

--R retract : Vector(Polynomial(Float)) -> %

--R retract : Vector(Expression(Integer)) -> %

--R retract : Vector(Expre531on(Float)) -> %

--R retractIfCan : Vector(Fraction(Polynomial (Integer))) -> Union(}%,"failed")
--R retractIfCan : Vector(Fraction(Polynomial(Float))) -> Union(%,"failed")
--R retractIfCan : Vector(Polynomial(Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Integer)) -> Union(’,"failed")

--R retractIfCan : Vector(Expression(Float)) -> Union(%,"failed")

) spool
)1lisp (bye)

— Asp73.help —

Asp73 examples

See Also:
o )show Asp73
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2.33.1 Asp73 (ASP73)

ASP73

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP73 Asp73 —

)abbrev domain ASP73 Asp73

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

As

Author: Mike Dewar, Grant Keady and Godfrey Nolan

Date Created: Mar 1993

Date Last Updated: 30 March 1994, 6 October 1994

Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
Description:

\spadtype{Asp73} produces Fortran for Type 73 ASPs, needed for NAG routine
dO3eef, for example:

\tab{5}SUBROUTINE PDEF(X,Y,ALPHA,BETA,GAMMA,DELTA,EPSOLN,PHI,PSI)\br
\tab{5}DOUBLE PRECISION ALPHA,EPSOLN,PHI,X,Y,BETA,DELTA,GAMMA,PSI\br
\tab{5}ALPHA=DSIN (X) \br

\tab{5}BETA=Y\br

\tab{5}GAMMA=X*Y\br

\tab{5}DELTA=DCOS (X) *DSIN(Y) \br

\tab{5}EPSOLN=Y+X\br

\tab{5}PHI=X\br

\tab{5}PSI=Y\br

\tab{5}RETURN\br

\tab{5}END

p73(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FSTU ==> Union(fst:FST,void:"void")

FEXPR ==> FortranExpression([’X,’Y], [],MachineFloat)
FT ==> FortranType

SYMTAB ==> SymbolTable
RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
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FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

VEC ==> Vector

VF2 ==> VectorFunctions2

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR -> §
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

syms : SYMTAB := empty()$SYMTAB
declare! (X,fortranReal () ,,syms) $SYMTAB
declare! (Y,fortranReal(),syms) $SYMTAB
declare! (ALPHA, fortranReal () ,syms) $SYMTAB
declare! (BETA,fortranReal() ,syms) $SYMTAB
declare! (GAMMA, fortranReal() ,syms) $SYMTAB
declare! (DELTA, fortranReal() ,syms) $SYMTAB
declare! (EPSOLN,fortranReal() ,syms) $SYMTAB
declare! (PHI,fortranReal(),syms) $SYMTAB
declare! (PSI,fortranReal(),syms) $SYMTAB
Rep := FortranProgram(name, ["void"]$FSTU,
[X,Y,ALPHA,BETA,GAMMA,DELTA ,EPSOLN,PHI,PSI],syms)

-- To help the poor compiler!
localAssign(u:Symbol,v:FEXPR) :FortranCode ==
assign(u, (v::EXPR MachineFloat)$FEXPR) $FortranCode

coerce(u:VEC FEXPR):$ ==

maxIndex(u) "= 7 => error "Vector is not of dimension 7"
[localAssign(ALPHA@Symbol,elt(u,1)),_
localAssign(BETA@Symbol,elt(u,2)),_
localAssign(GAMMA@Symbol,elt(u,3)),_
localAssign(DELTA@Symbol,elt(u,4)),_

localAssign (EPSOLN@Symbol,elt(u,5)),_
localAssign(PHI@Symbol,elt(u,6)),_
localAssign(PSI@Symbol,elt(u,7)),_

returns () $FortranCode] $List (FortranCode)::$

coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:List FortranCode):$ == coerce(c)$Rep

coerce(u:$) :OutputForm == coerce(u)$Rep
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outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u)$Rep
p => restorePrecision() $NAGLinkSupportPackage

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retraCt,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)
v:i:$

retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)
v:i:$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract(u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)
v::$

retractIfCan(u:VEC POLY INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$
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retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)
v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

— ASP73.dotabb —

"ASP73" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP73"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"ASP73" -> "PFECAT"

2.34 domain ASP74 Asp74

— AspT74.input —

)set break resume

)sys rm -f Asp74.output
)spool Asp74.output
)set message test on
)set message auto off
)clear all

--S 1 o0f 1
)show Asp74

--R Asp74(name: Symbol) is a domain constructor

--R Abbreviation for Asp74 is ASP74

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP74

- Operations —-—--—-————————————-———-——--————--——
--R coerce : FortranCode -> ¥ coerce : List(FortranCode) -> Y%
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Matrix(FortranExpression([construct,QUOTEX,QUOTEY], [construct] ,MachineFloat)) ->
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> 7
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--R retract : Matrix(Fraction(Polynomial(Integer))) -> %
--R retract : Matrix(Fraction(Polynomial(Float))) -> ¥
--R retract : Matrix(Polynomial(Integer)) -> %

--R retract : Matrix(Polynomial(Float)) -> %

--R retract : Matrix(Expression(Integer)) -> %

—-R retract : Matrlx(ExpreSSlon(Float)) -> %

--R retractIfCan :
--R retractIfCan :
--R retractIfCan :
: Matrix(Polynomial(Float)) -> Union(%,"failed")
--R retractIfCan :
--R retractIfCan :

--R retractIfCan

) spool
)1lisp (bye)

: Matrix(Fraction(Polynomial(Integer))) -> Union(%,"failed")
Matrix(Fraction(Polynomial(Float))) -> Union(%,"failed")
Matrix(Polynomial (Integer)) -> Union(%,"failed")

Matrix(Expression(Integer)) -> Union(%,"failed")
Matrix (Expression(Float)) -> Union(%,"failed")

— AspT74.help —

Asp74 examples

See Also:
o )show Asp74

2.34.1 Asp74 (ASP74)

ASP74

Exports:

coerce outputAsFortran retract retractIfCan
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— domain ASP74 Asp74 —

)abbrev domain ASP74 Asp74

++ Author: Mike Dewar and Godfrey Nolan
++ Date Created: Oct 1993

++ Date Last Updated: 30 March 1994

++ 6 October 1994

++ Related Constructors: FortranScalarFunctionCategory, FortranProgramCategory.
++ Description:

++ \spadtype{Asp74} produces Fortran for Type 74 ASPs, needed for NAG routine
++ dO3eef, for example:

++

++ \tab{5} SUBROUTINE BNDY(X,Y,A,B,C,IBND)\br
++ \tab{5} DOUBLE PRECISION A,B,C,X,Y\br
++ \tab{5} INTEGER IBND\br

++ \tab{5} IF(IBND.EQ.O0)THEN\br

++ \tab{7} A=0.0DO\br

++ \tab{7} B=1.0DO\br

++ \tab{7} C=-1.0DO*DSIN(X)\br

++ \tab{5} ELSEIF(IBND.EQ.1)THEN\br

++ \tab{7} A=1.0DO\br

++ \tab{7} B=0.0DO\br

++ \tab{7} C=DSIN(X)*DSIN(Y)\br

++ \tab{5} ELSEIF(IBND.EQ.2)THEN\br

++ \tab{7} A=1.0DO\br

++ \tab{7} B=0.0DO\br

++ \tab{7} C=DSIN(X)*DSIN(Y)\br

++ \tab{5} ELSEIF(IBND.EQ.3)THEN\br

++ \tab{7} A=0.0DO\br

++ \tab{7} B=1.0DO\br

++ \tab{7} C=-1.0DO*DSIN(Y)\br

++ \tab{5} ENDIF\br

++ \tab{5} END

Asp74(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FSTU ==> Union(fst:FST,void:"void")
FT ==> FortranType

SYMTAB ==> SymbolTable

FC ==> FortranCode

PI ==> Positivelnteger

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float
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MFLOAT ==> MachineFloat
FEXPR ==> FortranExpression([’X,’Y], [],MFLOAT)
U ==> Union(I: Expression Integer,F: Expression Float,_
CF: Expression Complex Float,switch:Switch)
VEC ==> Vector
MAT ==> Matrix
M2 ==> MatrixCategoryFunctions2
MF2a  ==> M2(FRAC POLY INT,VEC FRAC POLY INT,VEC FRAC POLY INT,
MAT FRAC POLY INT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)
MF2b  ==> M2(FRAC POLY FLOAT,VEC FRAC POLY FLOAT,VEC FRAC POLY FLOAT,
MAT FRAC POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)
MF2c  ==> M2(POLY INT,VEC POLY INT,VEC POLY INT,MAT POLY INT,
FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)
MF2d  ==> M2(POLY FLOAT,VEC POLY FLOAT,VEC POLY FLOAT,
MAT POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)
MF2e  ==> M2(EXPR INT,VEC EXPR INT,VEC EXPR INT,MAT EXPR INT,
FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)
MF2f  ==> M2(EXPR FLOAT,VEC EXPR FLOAT,VEC EXPR FLOAT,

MAT EXPR FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

Exports ==> FortranMatrixFunctionCategory with
coerce : MAT FEXPR -> §
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

syms : SYMTAB := empty()$SYMTAB

declare! (X,fortranReal () ,syms) $SYMTAB

declare! (Y,fortranReal () ,syms)$SYMTAB

declare! (A,fortranReal () ,syms)$SYMTAB

declare! (B,fortranReal () ,syms) $SYMTAB

declare! (C,fortranReal () ,syms)$SYMTAB

declare! (IBND,fortranInteger () ,syms)$SYMTAB

Rep := FortranProgram(name, ["void"]$FSTU, [X,Y,A,B,C,IBND],syms)

-- To help the poor compiler!
localAssign(u:Symbol,v:FEXPR) :FC == assign(u, (v::EXPR MFLOAT)$FEXPR)$FC

coerce(u:MAT FEXPR):$ ==
(nrows(u) "= 4 or ncols(u) "= 3) => error "Not a 4X3 matrix"
flag:U := [IBND@Symbol::EXPR INT]$U

pt0:U := [0::EXPR INT]$U
pt1:U := [1::EXPR INTI$U
pt2:U := [2::EXPR INT]$U
pt3:U := [3::EXPR INT]$U

swl: Switch := EQ(flag,ptO)$Switch
sw2: Switch := EQ(flag,ptl)$Switch
sw3: Switch := EQ(flag,pt2)$Switch
swéd: Switch := EQ(flag,pt3)$Switch
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all : FC := localAssign(A,u(1,1))
al2 : FC := localAssign(B,u(1,2))
al3 : FC := localAssign(C,u(1,3))
a21 : FC := localAssign(A,u(2,1))
a22 : FC := localAssign(B,u(2,2))
a23 : FC := localAssign(C,u(2,3))
a31 : FC := localAssign(A,u(3,1))
a32 : FC := localAssign(B,u(3,2))
a33 : FC := localAssign(C,u(3,3))
a4l : FC := localAssign(A,u(4,1))
a42 : FC := localAssign(B,u(4,2))
a43 : FC := localAssign(C,u(4,3))
¢ : FC := cond(swl,block([all,a12,a13])$FC,
cond(sw2,block([a21,a22,a23])$FC,
cond(sw3,block([a31,a32,a33])$FC,
cond (sw4,block([a41,a42,a43])$FC) $FC) $FC) $FC) $FC

c::$
coerce(u:$) :OutputForm == coerce(u)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep

coerce(r:RSFC) :$ == coerce(r)$Rep
coerce(c:List FortranCode):$ == coerce(c)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

retract (u:MAT FRAC POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2a
v::$

retractIfCan(u:MAT FRAC POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2a
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT FRAC POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2b
v::$

retractIfCan(u:MAT FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2b
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT EXPR INT):$ ==
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v : MAT FEXPR := map(retract,u)$MF2e
v::$

retractIfCan(u:MAT EXPR INT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed"):=map(retractIfCan,u)$MF2e
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT EXPR FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2f
v::$

retractIfCan(u:MAT EXPR FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed"):=map(retractIfCan,u)$MF2f
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2c
v::$

retractIfCan(u:MAT POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed"):=map(retractIfCan,u)$MF2c
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2d
v::$

retractIfCan(u:MAT POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2d
v case "failed" => "failed"
(v::MAT FEXPR)::$

— ASP74.dotabb —

"ASP74" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP74"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
"ASP74" -> "F3"
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2.35 domain ASP77 Asp77

— AspT77.input —

)set break resume

)sys rm -f Asp77.output
)spool Asp77.output
)set message test on
)set message auto off
)clear all

S 1of 1
)show Asp77

--R Asp77(name: Symbol) is a domain constructor

--R Abbreviation for Asp77 is ASP77

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for ASP77

-B----------"-"-"-—""-"-"--"-"-"-"- Operations Ittt
--R coerce : FortranCode -> 7 coerce : List(FortranCode) -> 7
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Matrix(FortranExpression([construct,QUOTEX], [construct] ,MachineFloat)) ->
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Matrix(Fraction(Polynomial (Integer))) -> %

--R retract : Matrix(Fraction(Polynomial(Float))) -> ¥%

--R retract : Matrix(Polynomial(Integer)) -> %

--R retract : Matrix(Polynomial(Float)) -> %

--R retract : Matrix(Expression(Integer)) -> ¥%

--R retract : Matrix(Expression(Float)) -> %

--R retractIfCan : Matrix(Fraction(Polynomial(Integer))) -> Union(%,"failed")
--R retractIfCan : Matrix(Fraction(Polynomial(Float))) -> Union(%,"failed")
--R retractIfCan : Matrix(Polynomial(Integer)) -> Union(%,"failed")

--R retractIfCan : Matrix(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Matrix(Expression(Integer)) -> Union(’,"failed")

--R retractIfCan : Matrix(Expression(Float)) -> Union(%,"failed")

) spool
)1lisp (bye)

— AspT77.help —

Asp77 examples
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See Also:
o )show Asp77

2.35.1 Asp77 (ASP77)

ASP77

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP77 Asp77 —

)abbrev domain ASP77 Asp77

++ Author: Mike Dewar, Grant Keady and Godfrey Nolan

++ Date Created: Mar 1993

++ Date Last Updated: 30 March 1994

++ 6 October 1994

++ Related Constructors: FortranMatrixFunctionCategory, FortranProgramCategory
++ Description:

++ \spadtype{Asp77} produces Fortran for Type 77 ASPs, needed for NAG routine
++ d02gbf, for example:

++

++ \tab{5}SUBROUTINE FCNF (X,F)\br

++ \tab{5}DOUBLE PRECISION X\br

++ \tab{5}DOUBLE PRECISION F(2,2)\br

++ \tab{5}F(1,1)=0.0D0\br

++ \tab{5}F(1,2)=1.0D0\br

++ \tab{5}F(2,1)=0.0D0\br

++ \tab{5}F(2,2)=-10.0D0\br

++ \tab{5}RETURN\br

++ \tab{5}END
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Asp77(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FSTU ==> Union(fst:FST,void:"void")

FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FC))

FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

MFLOAT ==> MachineFloat

FEXPR ==> FortranExpression([’X], [],MFLOAT)

VEC ==> Vector

MAT ==> Matrix

M2 ==> MatrixCategoryFunctions2

MF2 ==> M2(FEXPR,VEC FEXPR,VEC FEXPR,Matrix FEXPR,EXPR MFLOAT,
VEC EXPR MFLOAT,VEC EXPR MFLOAT,Matrix EXPR MFLOAT)

MF2a  ==> M2(FRAC POLY INT,VEC FRAC POLY INT,VEC FRAC POLY INT,
MAT FRAC POLY INT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2b  ==> M2(FRAC POLY FLOAT,VEC FRAC POLY FLOAT,VEC FRAC POLY FLOAT,
MAT FRAC POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2c  ==> M2(POLY INT,VEC POLY INT,VEC POLY INT,MAT POLY INT,
FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2d  ==> M2(POLY FLOAT,VEC POLY FLOAT,VEC POLY FLOAT,
MAT POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2e  ==> M2(EXPR INT,VEC EXPR INT,VEC EXPR INT,MAT EXPR INT,
FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2f  ==> M2(EXPR FLOAT,VEC EXPR FLOAT,VEC EXPR FLOAT,

MAT EXPR FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

Exports ==> FortranMatrixFunctionCategory with
coerce : MAT FEXPR -> §
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add
real : FSTU := ["real"::FST]$FSTU
syms : SYMTAB := empty()$SYMTAB
declare! (X,fortranReal(),syms)$SYMTAB
Rep := FortranProgram(name, ["void"]$FSTU, [X,F],syms)

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

localAssign(s:Symbol, j:MAT FEXPR) :FortranCode ==
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j’ : MAT EXPR MFLOAT := map(fexpr2expr,j)$MF2
assign(s, j’)$FortranCode

coerce(u:MAT FEXPR):$ ==
dimension := nrows(u)::POLY(INT)
locals : SYMTAB := empty()
declare! (F, [real, [dimension,dimension] $List (POLY (INT)),false] $FT,locals)
code : List FC := [localAssign(F,u),returns()$FC]
([locals,code]$RSFC)::$

coerce(c:List FC):$ == coerce(c)$Rep
coerce(r:RSFC):$ == coerce(r)$Rep
coerce(c:FC):$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u)$Rep
p => restorePrecision()$NAGLinkSupportPackage

retract (u:MAT FRAC POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2a
v::$

retractIfCan(u:MAT FRAC POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed"):=map(retractIfCan,u)$MF2a
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT FRAC POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2b
v::$

retractIfCan(u:MAT FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2b
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT EXPR INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2e
v::$

retractIfCan(u:MAT EXPR INT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2e
v case "failed" => "failed"
(v::MAT FEXPR)::$
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retract (u:MAT EXPR FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2f
vi:$

retractIfCan(u:MAT EXPR FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2f
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2c
vi:$

retractIfCan(u:MAT POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2c
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2d
vi:$

retractIfCan(u:MAT POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2d
v case "failed" => "failed"
(v::MAT FEXPR)::$

— ASP77.dotabb —
"ASP77" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP77"]

"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
l|ASP77|| _> ||FS||

2.36 domain ASP78 Asp78

— Asp78.input —

)set break resume
)sys rm -f Asp78.output
)spool Asp78.output
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)set message test on
)set message auto off
)clear all

S 1of 1

)show Asp78

--R

--R Asp78(name: Symbol) is a domain constructor

--R Abbreviation for Asp78 is ASP78

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.3.pamphlet to see algebra source code for ASP78
--R

--R-—- ittt Operations —-—----——-————-——-——--——-——-————-——
--R coerce : FortranCode -> % coerce : List(FortranCode) -> Y%
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Vector(FortranExpression([construct,QUOTEX], [construct] ,MachineFloat)) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Vector(Fraction(Polynomial(Integer))) -> %

--R retract : Vector(Fraction(Polynomial(Float))) -> %

--R retract : Vector(Polynomial(Integer)) -> %

--R retract : Vector(Polynomial(Float)) -> %

--R retract : Vector(Expression(Integer)) -> %

--R retract : Vector(Expre531on(Float)) -> %

--R retractIfCan : Vector(Fraction(Polynomial(Integer))) -> Union(%,"failed")
--R retractIfCan : Vector(Fraction(Polynomial(Float))) -> Union(%,"failed")
--R retractIfCan : Vector(Polynomial (Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Integer)) -> Union(%,"failed")

--R retractIfCan : Vector(Expression(Float)) -> Union(%,"failed")

--R

--E 1

) spool
)1lisp (bye)

— Asp78.help —

Asp78 examples

See Also:
o )show Asp78
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2.36.1 Asp78 (ASP78)

ASP/8

ALIST

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP78 Asp78 —

)abbrev domain ASP78 Asp78

++
++
++
++
++
++
++
++
++
++
++
++
++
++

As

Author: Mike Dewar, Grant Keady and Godfrey Nolan
Date Created: Mar 1993
Date Last Updated: 30 March 1994
6 October 1994
Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
Description:
\spadtype{Asp78} produces Fortran for Type 78 ASPs, needed for NAG routine
d02gbf, for example:

\tab{5}SUBROUTINE FCNG(X,G)\br
\tab{5}DOUBLE PRECISION G(*),X\br
\tab{5}G(1)=0.0D0\br
\tab{5}G(2)=0.0D0\br

\tab{5}END

p78(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FSTU ==> Union(fst:FST,void:"void")

FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FC))
FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float
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VEC ==> Vector

VF2 ==> VectorFunctions?2

MFLOAT ==> MachineFloat

FEXPR ==> FortranExpression([’X], [],MFLOAT)

Exports ==> FortranVectorFunctionCategory with
coerce : VEC FEXPR -> §
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add

real : FSTU := ["real"::FST]$FSTU

syms : SYMTAB := empty()$SYMTAB

declare! (X,fortranReal () ,syms)$SYMTAB

gType : FT := construct(real,["*"::Symbol],false)$FT
declare! (G,gType, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$FSTU, [X,G],syms)

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

coerce(u:VEC FEXPR):$ ==
u’ : VEC EXPR MFLOAT := map(fexpr2expr,u)$VF2(FEXPR,EXPR MFLOAT)
(assign(G,u’)$FC)::$

coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u)$Rep
p => restorePrecision()$NAGLinkSupportPackage

coerce(c:List FC):$ == coerce(c)$Rep
coerce(r:RSFC) :$ == coerce(r)$Rep
coerce(c:FC):$ == coerce(c)$Rep

retract (u:VEC FRAC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY INT,FEXPR)
v::$

retractIfCan(u:VEC FRAC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract(u:VEC FRAC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(FRAC POLY FLOAT,FEXPR)
v::$
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retractIfCan(u:VEC FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(FRAC POLY FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR INT,FEXPR)

v::$

retractIfCan(u:VEC EXPR INT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC EXPR FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(EXPR FLOAT,FEXPR)

v::$

retractIfCan(u:VEC EXPR FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(EXPR FLOAT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY INT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY INT,FEXPR)

v::$

retractIfCan(u:VEC POLY INT):Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY INT,FEXPR)
v case "failed" => "failed"
(v::VEC FEXPR)::$

retract (u:VEC POLY FLOAT):$ ==
v : VEC FEXPR := map(retract,u)$VF2(POLY FLOAT,FEXPR)

v::$

retractIfCan(u:VEC POLY FLOAT) :Union($,"failed") ==
v:Union(VEC FEXPR,"failed") :=map(retractIfCan,u)$VF2(POLY FLOAT,FEXPR)

v case "failed" => "failed"
(v::VEC FEXPR)::$

— ASP78.dotabb —

"ASP78" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP78"]
"ALIST" [color="#88FF44" ,href="bookvol1l0.3.pdf#nameddest=ALIST"]
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"ASP78" -> "ALIST"

2.37 domain ASP8 Asp8

— Asp8.input —

)set break resume

)sys rm -f Asp8.output
)spool Asp8.output
)set message test on
)set message auto off
)clear all

--S1o0f1
)show Asp8

--R Asp8(name: Symbol) is a domain constructor

--R Abbreviation for Asp8 is ASP8

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for ASP8

--R——— Operations —--——-=—-=———=—————=—-—-—--——-—————-—-
--R coerce : FortranCode -> % coerce : List(FortranCode) -> Y%
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R coerce : Vector(MachineFloat) -> Y%

) spool
)1lisp (bye)

— Asp8.help —

Asp8 examples

See Also:
o )show Asp8
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2.37.1 Asp8 (ASP8)

ASP8

ALIST

Exports:
coerce outputAsFortran

— domain ASP8 Asp8 —

)abbrev domain ASP8 Asp8

++ Author: Godfrey Nolan and Mike Dewar
++ Date Created: 11 February 1994

++ Date Last Updated: 18 March 1994

++ 31 May 1994 to use alternative interface. MCD
++ 30 June 1994 to handle the end condition correctly. MCD
++ 6 October 1994

++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:

++ \spadtype{Asp8} produces Fortran for Type 8 ASPs, needed for NAG routine
++ d02bbf. This ASP prints intermediate values of the computed solution of
++ an ODE and might look like:

++

++ \tab{5}SUBROUTINE OUTPUT(XSOL,Y,COUNT,M,N,RESULT,FORWRD) \br

++ \tab{5}DOUBLE PRECISION Y(N),RESULT(M,N),XSOL\br

++ \tab{5}INTEGER M,N,COUNT\br

++ \tab{5}LOGICAL FORWRD\br

++ \tab{5}DOUBLE PRECISION XO02ALF,POINTS(8)\br

++ \tab{5}EXTERNAL X02ALF\br

++ \tab{5}INTEGER I\br

++ \tab{5}POINTS(1)=1.0DO\br

++ \tab{5}POINTS(2)=2.0D0\br

++ \tab{5}POINTS(3)=3.0D0\br

++ \tab{5}POINTS(4)=4.0DO\br

++ \tab{5}POINTS(5)=5.0D0\br

++ \tab{5}POINTS(6)=6.0D0\br
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tab{5}POINTS(7)=7.0D0\br
tab{5}POINTS(8)=8.0D0\br
tab{5}COUNT=COUNT+1\br
tab{5}D0 25001 I=1,N\br
tab{7} RESULT(COUNT,I)=Y(I)\br
5001 CONTINUE\br

tab{5}IF (COUNT.EQ.M) THEN\br
tab{7}IF (FORWRD) THEN\br
tab{9}XS0L=X02ALF () \br
tab{7}ELSE\br
tab{9}XS0L=-X02ALF () \br
tab{7}ENDIF\br

tab{5}ELSE\br

tab{7} XSOL=POINTS(COUNT)\br
tab{5}ENDIF\br

tab{5}END

Asp8(name) : Exports == Implementation where
name : Symbol

FS
UF
FT
FC
SY
RS
EX
MF
EX
PI
EX

Ex

Im

==> (OutputForm

==> Symbol
T ==> FortranScalarType
ST ==> Union(fst:FST,void:"void")

==> FortranType
==> FortranCode
MTAB ==> SymbolTable
FC  ==> Record(localSymbols:SymbolTable,code:List(FortranCode))

==> Expression Integer
LOAT ==> MachineFloat
PR ==> Expression
==> Polynomial Integer
U ==> Union(I: EXPR Integer,F: EXPR Float,CF: EXPR Complex Float,
switch: Switch)
ports ==> FortranVectorCategory

plementation ==> add

real : UFST := ["real"::FST]$UFST

syms : SYMTAB := empty()$SYMTAB

declare! ([COUNT,M,N] ,fortranInteger () ,syms)$SYMTAB

declare! (XSOL,fortranReal () ,syms)$SYMTAB

yType : FT := construct(real, [N],false)$FT

declare! (Y,yType, syms) $SYMTAB

declare! (FORWRD,fortranLogical(),syms)$SYMTAB

declare! (RESULT, construct (real, [M,N] ,false) $FT, syms) $SYMTAB

Rep := _
FortranProgram(name, ["void"]$UFST, [XSOL,Y,COUNT,M,N,RESULT,FORWRD] ,

CHAPTER A

syms)
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coerce(c:List FC):% == coerce(c)$Rep
coerce(r:RSFC):% == coerce(r)$Rep
coerce(c:FC):% == coerce(c)$Rep
coerce(u:%):0 == coerce(u)$Rep

outputAsFortran(u:%) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u) $Rep
p => restorePrecision()$NAGLinkSupportPackage

f2ex (u:MFLOAT) :EXPR MFLOAT == (u::EXPR MFLOAT)$EXPR(MFLOAT)

coerce(points:Vector MFLOAT):% ==
import PI
import EXPR Integer
-- Create some extra declarations
locals : SYMTAB := empty()$SYMTAB

nPol : PI := "N"::S::PI
iPol : PI := "I"::S::PI
countPol : PI := "COUNT"::S::PI

pointsDim : PI := max(#points,1)::PI

declare! (POINTS, [real, [pointsDim] ,false] $FT,locals) $SYMTAB
declare! (X02ALF, [real, [],truel $FT,locals)$SYMTAB

-- Now build up the code fragments

index : SegmentBinding PI := equation(I@S,1::PI..nPol)$SegmentBinding(PI)
ySym : EX := (subscript("Y"::S,[I::0])$S)::EX

loop := forLoop(index,assign(RESULT, [countPol,iPol],ySym)$FC)$FC
v:Vector EXPR MFLOAT

v := map(f2ex,points)$VectorFunctions2(MFLOAT,EXPR MFLOAT)
assignl : FC := assign(POINTS,v)$FC

countExp: EX := COUNTG@S::EX

newValue: EX := 1 + countExp

assign2 : FC := assign(COUNT,newValue)$FC

newSymbol : S := subscript(POINTS, [COUNT]@List(0))$S

assign3 : FC := assign(XSOL, newSymbol::EX )$FC

fphuge : EX := kernel(operator X02ALF,empty()$List (EX))

assign4 : FC := assign(XSOL, fphuge)$FC

assignb : FC := assign(XSOL, -fphuge)$FC

innerCond : FC := cond("FORWRD"::Symbol::Switch,assign4,assign5)
mExp : EX := M@S::EX

endCase : FC := cond(EQ([countExp] $EXU, [mExp] $EXU) $Switch, innerCond,assign3)
code := [assignl, assign2, loop, endCase]$List (FC)
([1locals,code]l $RSFC): :%
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— ASP8.dotabb —

"ASP8" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP8"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ASP8" -> "ALIST"

2.38 domain ASP80 Asp80

— Asp80.input —

)set break resume

)sys rm -f Asp80.output
)spool Asp80.output
)set message test on
)set message auto off
)clear all

--S 1 of 1

)show Asp80

--R

--R Asp80(name: Symbol) is a domain constructor

--R Abbreviation for Asp80 is ASP80

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP80
--R

--R-- Rttt bttt b Operations --- -—= -
--R coerce : FortranCode -> % coerce : List(FortranCode) -> Y%
--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R coerce : Matrix(FortranExpression([construct,QUOTEXL,QUOTEXR,QUOTEELAM], [construct] ,MachineF
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Matrix(Fraction(Polynomial(Integer))) -> 7

--R retract : Matrix(Fraction(Polynomial(Float))) -> %

--R retract : Matrix(Polynomial(Integer)) -> %

--R retract : Matrix(Polynomial(Float)) -> %

--R retract : Matrix(Expression(Integer)) -> %

--R retract : Matrix(Expression(Float)) ->

--R retractIfCan : Matrix(Fraction(Polynomial(Integer))) -> Union(%,"failed")
--R retractIfCan : Matrix(Fraction(Polynomial(Float))) -> Union(%,"failed")
--R retractIfCan : Matrix(Polynomial(Integer)) -> Union(%,"failed")

--R retractIfCan : Matrix(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Matrix(Expression(Integer)) -> Union(%,"failed")

--R retractIfCan : Matrix(Expression(Float)) -> Union(%,"failed")
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--E 1

) spool
)1lisp (bye)

— Asp80.help —

Asp80 examples

See Also:
o )show Asp80

2.38.1 Asp80 (ASP80)

ASP80

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP80 Asp80 —

)abbrev domain ASP80 Asp80

++ Author: Mike Dewar and Godfrey Nolan
++ Date Created: Oct 1993

++ Date Last Updated: 30 March 1994

++ 6 October 1994

++ Related Constructors: FortranMatrixFunctionCategory, FortranProgramCategory

++ Description:

++ \spadtype{Asp80} produces Fortran for Type 80 ASPs, needed for NAG routine

197



19

++
++
++
++
++
++
++
++
++
++

As

8 CHAPTER 2. CHAPTER A

dO02kef, for example:

\tab{5}SUBROUTINE BDYVAL(XL,XR,ELAM,YL,YR)\br
\tab{5}DOUBLE PRECISION ELAM,XL,YL(3),XR,YR(3)\br
\tab{5}YL(1)=XL\br

\tab{5}YL(2)=2.0D0\br

\tab{5}YR(1)=1.0D0\br

\tab{5}YR(2)=-1.0DO*DSQRT (XR+(-1.0DO*ELAM) ) \br
\tab{5}RETURN\br

\tab{5}END

p80(name) : Exports == Implementation where
name : Symbol

FST ==> FortranScalarType

FSTU ==> Union(fst:FST,void:"void")

FT ==> FortranType

FC ==> FortranCode

SYMTAB ==> SymbolTable

RSFC  ==> Record(localSymbols:SymbolTable,code:List (FortranCode))

FRAC  ==> Fraction

POLY ==> Polynomial

EXPR  ==> Expression

INT ==> Integer

FLOAT ==> Float

MFLOAT ==> MachineFloat

FEXPR ==> FortranExpression([’XL,’XR,’ELAM], [],MFLOAT)

VEC ==> Vector

MAT ==> Matrix

VF2 ==> VectorFunctions2

M2 ==> MatrixCategoryFunctions2

MF2a  ==> M2(FRAC POLY INT,VEC FRAC POLY INT,VEC FRAC POLY INT,
MAT FRAC POLY INT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2b  ==> M2(FRAC POLY FLOAT,VEC FRAC POLY FLOAT,VEC FRAC POLY FLOAT,
MAT FRAC POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2c  ==> M2(POLY INT,VEC POLY INT,VEC POLY INT,MAT POLY INT,
FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2d  ==> M2(POLY FLOAT,VEC POLY FLOAT,VEC POLY FLOAT,
MAT POLY FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2e  ==> M2(EXPR INT,VEC EXPR INT,VEC EXPR INT,MAT EXPR INT,
FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

MF2f  ==> M2(EXPR FLOAT,VEC EXPR FLOAT,VEC EXPR FLOAT,

MAT EXPR FLOAT, FEXPR,VEC FEXPR,VEC FEXPR,MAT FEXPR)

Exports ==> FortranMatrixFunctionCategory with
coerce : MAT FEXPR -> §
++coerce(f) takes objects from the appropriate instantiation of
++\spadtype{FortranExpression} and turns them into an ASP.

Implementation ==> add
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real : FSTU := ["real"::FST]$FSTU

syms : SYMTAB := empty()$SYMTAB

declare! (XL, fortranReal() ,syms) $SYMTAB

declare! (XR,fortranReal () ,syms)$SYMTAB

declare! (ELAM,fortranReal () ,syms) $SYMTAB

yType : FT := construct(real,["3"::Symbol],false)$FT
declare! (YL, yType, syms) $SYMTAB

declare! (YR,yType, syms) $SYMTAB

Rep := FortranProgram(name, ["void"]$FSTU, [XL,XR,ELAM,YL,YR],syms)

fexpr2expr (u:FEXPR) :EXPR MFLOAT == coerce(u)$FEXPR

vecAssign(s:Symbol,u:VEC FEXPR):FC ==
u’ : VEC EXPR MFLOAT := map(fexpr2expr,u)$VF2(FEXPR,EXPR MFLOAT)
assign(s,u’)$FC

coerce(u:MAT FEXPR):$ ==
[vecAssign(YL,row(u,1)),vecAssign(YR,row(u,2)) ,returns () $FCI$List (FC)::$

coerce(c:List FortranCode):$ == coerce(c)$Rep
coerce(r:RSFC) :$ == coerce(r)$Rep
coerce(c:FortranCode) :$ == coerce(c)$Rep
coerce(u:$) :OutputForm == coerce(u)$Rep

outputAsFortran(u) :Void ==
p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u)$Rep
p => restorePrecision() $NAGLinkSupportPackage

retract (u:MAT FRAC POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2a
vi:$

retractIfCan(u:MAT FRAC POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2a
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract(u:MAT FRAC POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2b
vi:$

retractIfCan(u:MAT FRAC POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2Db
v case "failed" => "failed"
(v::MAT FEXPR)::$
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retract (u:MAT EXPR INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2e
v::$

retractIfCan(u:MAT EXPR INT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2e
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT EXPR FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2f
v::$

retractIfCan(u:MAT EXPR FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2£
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT POLY INT):$ ==
v : MAT FEXPR := map(retract,u)$MF2c
v::$

retractIfCan(u:MAT POLY INT):Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2c
v case "failed" => "failed"
(v::MAT FEXPR)::$

retract (u:MAT POLY FLOAT):$ ==
v : MAT FEXPR := map(retract,u)$MF2d
v::$

retractIfCan(u:MAT POLY FLOAT) :Union($,"failed") ==
v:Union(MAT FEXPR,"failed") :=map(retractIfCan,u)$MF2d
v case "failed" => "failed"
(v::MAT FEXPR)::$

— ASP80.dotabb —

"ASP80" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP80"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
"ASP80" -> "FS"
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2.39 domain ASP9 Asp9

— Asp9.input —

)set break resume

)sys rm -f Asp9.output
)spool Asp9.output
)set message test on
)set message auto off
)clear all

--S1o0f1
) show Asp9

--R Asp9(name: Symbol) is a domain constructor

--R Abbreviation for Asp9 is ASP9

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for ASP9

-B----------"-"-"-—""-"-"--"-"-"-"- Operations Ittt
--R coerce : FortranCode -> % coerce : List(FortranCode) -> %

--R coerce : % -> OutputForm outputAsFortran : % -> Void

--R retract : Polynomial(Float) -> ¥% retract : Expression(Float) -> 7

--R coerce : FortranExpression([construct,QUOTEX], [construct,QUOTEY] ,MachineFloat) -> %
--R coerce : Record(localSymbols: SymbolTable,code: List(FortranCode)) -> %
--R retract : Fraction(Polynomial(Integer)) -> %

--R retract : Fraction(Polynomial(Float)) -> %

--R retract : Polynomial(Integer) -> %

--R retract : Expression(Integer) -> %

--R retractIfCan : Fraction(Polynomial(Integer)) -> Union(%,"failed")

--R retractIfCan : Fraction(Polynomial(Float)) -> Union(%,"failed")

--R retractIfCan : Polynomial(Integer) -> Union(%,"failed")

--R retractIfCan : Polynomial(Float) -> Union(}%,"failed")

--R retractIfCan : Expression(Integer) -> Union(},"failed")

--R retractIfCan : Expression(Float) -> Union(}%,"failed")

)spool
)1lisp (bye)

— Asp9.help —

Asp9 examples
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See Also:
o )show Asp9

2.39.1 Asp9 (ASP9)

ASP9

ALIST

Exports:
coerce outputAsFortran retract retractIfCan

— domain ASP9 Asp9 —

)abbrev domain ASP9 Asp9

++ Author: Mike Dewar, Grant Keady and Godfrey Nolan

++ Date Created: Mar 1993

++ Date Last Updated: 18 March 1994

++ 12 July 1994 added COMMON blocks for d02cjf, dO02ejf

++ 6 October 1994

++ Related Constructors: FortranVectorFunctionCategory, FortranProgramCategory
++ Description:

++ \spadtype{Asp9} produces Fortran for Type 9 ASPs, needed for NAG routines
++ d02bhf, d02cjf, d02ejf.

++ These ASPs represent a function of a scalar X and a vector Y, for example:
++

++ \tab{5}DOUBLE PRECISION FUNCTION G(X,Y)\br

++ \tab{5}DOUBLE PRECISION X,Y(*)\br

++ \tab{5}G=X+Y (1) \br

++ \tab{5}RETURN\br

++ \tab{5}END

++

++ If the user provides a constant value for G, then extra information is added
++ via COMMON blocks used by certain routines. This specifies that the value
++ returned by G in this case is to be ignored.
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Asp9(name) : Exports == Implementation where
name : Symbol

FEXPR  ==> FortranExpression([’X], [’Y],MFLOAT)
MFLOAT ==> MachineFloat

FC ==> FortranCode

FST ==> FortranScalarType

FT ==> FortranType

SYMTAB ==> SymbolTable

RSFC ==> Record(localSymbols:SymbolTable,code:List (FortranCode))
UFST ==> Union(fst:FST,void: "void")

FRAC ==> Fraction

POLY ==> Polynomial

EXPR ==> Expression

INT ==> Integer

FLOAT ==> Float

Exports ==> FortranFunctionCategory with

coerce : FEXPR -> 9,
++coerce(f) takes an object from the appropriate instantiation of
++\spadtype{FortranExpression} and turns it into an ASP.

Implementation ==> add

real : FST := "real"::FST

syms : SYMTAB := empty()$SYMTAB

declare! (X,fortranReal () $FT, syms) $SYMTAB

yType : FT := construct([real] $UFST, ["*": :Symbol]l,false)$FT
declare! (Y,yType, syms) $SYMTAB

Rep := FortranProgram(name, [real] $UFST, [X,Y],syms)

retract (u:FRAC POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:FRAC POLY INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:FRAC POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:FRAC POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:EXPR FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:EXPR FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
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foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:EXPR INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:EXPR INT):Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:POLY FLOAT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY FLOAT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

retract (u:POLY INT):$ == (retract(u)@FEXPR)::$
retractIfCan(u:POLY INT) :Union($,"failed") ==
foo : Union(FEXPR,"failed")
foo := retractIfCan(u)$FEXPR
foo case "failed" => "failed"
(foo::FEXPR)::$

coerce(u:FEXPR) : % ==
expr : Expression MachineFloat := (u::Expression(MachineFloat))$FEXPR
(retractIfCan(u)@Union(MFLOAT,"failed"))$FEXPR case "failed" =>

coerce (expr) $Rep

locals : SYMTAB := empty()
charType : FT := construct(["character"::FST]$UFST, [6::POLY(INT)],false)$FT
declare! ([CHDUM1,CHDUM2,GOPT1,CHDUM,GOPT2] ,charType,locals) $SYMTAB
commonl := common(CDO2EJ, [CHDUM1,CHDUM2,GOPT1] )$FC
common2 := common(ADO2CJ, [CHDUM,GOPT2] )$FC
assignl := assign(GOPT1, "NOGOPT")$FC
assign2 := assign(GOPT2,"NOGOPT")$FC
result := assign(name,expr)$FC
code : List FC := [commonl,common2,assignl,assign2,result]
([1locals,code] $RSFC) : :Rep

coerce(c:List FortranCode):% == coerce(c)$Rep
coerce(r:RSFC):J, == coerce(r)$Rep
coerce(c:FortranCode) :% == coerce(c)$Rep
coerce(u:%) :OutputForm == coerce(u)$Rep
outputAsFortran(u) :Void ==

p := checkPrecision()$NAGLinkSupportPackage
outputAsFortran(u)$Rep
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p => restorePrecision()$NAGLinkSupportPackage

— ASP9.dotabb —

"ASP9" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ASP9"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ASP9" -> "ALIST"

2.40 domain JORDAN AssociatedJordanAlgebra

— AssociatedJordanAlgebra.input —

)set break resume

)sys rm -f AssociatedJordanAlgebra.output
)spool AssociatedJordanAlgebra.output
)set message test on

)set message auto off

Jclear all

--S 1 of 1
)show AssociatedJordanAlgebra

--R AssociatedJordanAlgebra(R: CommutativeRing,A: NonAssociativeAlgebra(R)) is a domain constructor
--R Abbreviation for AssociatedJordanAlgebra is JORDAN

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for JORDAN

--R

- Operations -——----———————-——————————————————
--R 7x? : (R,%) > % 7?7 : (%,R) > %

--R 7*7 : (%h,h) > % ?x7 : (Integer,%) —-> %

--R 7?*? : (Positivelnteger,%) -> % ?xx? : (,,PositiveInteger) -> ¥
-R 747 ¢ (A% > % =7 G >

--R -7 : h > % ?=? : (%,%h) —> Boolean

--R 0 : O ->% antiCommutator : (%,%) -> %

--R associator : (%,%,%) -> % coerce : A > Y%

--R coerce : % -> A coerce : % —> OutputForm

--R commutator : (%,%) -> % hash : % -> Singlelnteger

--R latex : 7% -> String sample : O -> %

--R zero? : % -> Boolean ?7=? : (%,%h) —> Boolean

--R 7*? : (NonNegativeInteger,%) -> %
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alternative? : () -> Boolean if A has FINAALG(R)

antiAssociative? : () -> Boolean if A has FINAALG(R)

antiCommutative? : () -> Boolean if A has FINAALG(R)

apply : (Matrix(R),%) -> % if A has FRNAALG(R)

associative? : () -> Boolean if A has FINAALG(R)

associatorDependence : () -> List(Vector(R)) if A has FINAALG(R) and R has INTDOM or A has F
basis : () -> Vector(%) if A has FRNAALG(R)

commutative? : () -> Boolean if A has FINAALG(R)

conditionsForIdempotents : Vector() -> List(Polynomial(R)) if A has FINAALG(R)
conditionsForIdempotents : () -> List(Polynomial(R)) if A has FRNAALG(R)

convert : % -> Vector(R) if A has FRNAALG(R)

convert : Vector(R) -> % if A has FRNAALG(R)

coordinates : (%,Vector(%)) -> Vector(R) if A has FINAALG(R)

coordinates : (Vector(%),Vector(%)) -> Matrix(R) if A has FINAALG(R)

coordinates : % -> Vector(R) if A has FRNAALG(R)

coordinates : Vector(}%) -> Matrix(R) if A has FRNAALG(R)

?.7 : (%,Integer) -> R if A has FRNAALG(R)

flexible? : () -> Boolean if A has FINAALG(R)

jacobiIdentity? : () -> Boolean if A has FINAALG(R)

jordanAdmissible? : () -> Boolean if A has FINAALG(R)

jordanAlgebra? : () -> Boolean if A has FINAALG(R)

leftAlternative? : () -> Boolean if A has FINAALG(R)

leftCharacteristicPolynomial : % -> SparseUnivariatePolynomial(R) if A has FINAALG(R)
leftDiscriminant : Vector(}) -> R if A has FINAALG(R)

leftDiscriminant : () -> R if A has FRNAALG(R)

leftMinimalPolynomial : % -> SparseUnivariatePolynomial(R) if A has FINAALG(R) and R has INT
leftNorm : % -> R if A has FINAALG(R)

leftPower : (% ,Positivelnteger) -> %

leftRankPolynomial : () -> SparseUnivariatePolynomial(Polynomial(R)) if A has FRNAALG(R) and
leftRecip : % -> Union(’%,"failed") if A has FINAALG(R) and R has INTDOM or A has FRNAALG(R)
leftRegularRepresentation : (%,Vector(%)) -> Matrix(R) if A has FINAALG(R)
leftRegularRepresentation : % -> Matrix(R) if A has FRNAALG(R)

leftTrace : % -> R if A has FINAALG(R)

leftTraceMatrix : Vector(}%) -> Matrix(R) if A has FINAALG(R)

leftTraceMatrix : () -> Matrix(R) if A has FRNAALG(R)

leftUnit : () -> Union(’%,"failed") if A has FINAALG(R) and R has INTDOM or A has FRNAALG(R)
leftUnits : () -> Union(Record(particular: %,basis: List(%)),"failed") if A has FINAALG(R) a
lieAdmissible? : () -> Boolean if A has FINAALG(R)

lieAlgebra? : () -> Boolean if A has FINAALG(R)

noncommutativeJordanAlgebra? : () -> Boolean if A has FINAALG(R)

plenaryPower : (%,Positivelnteger) -> %

powerAssociative? : () -> Boolean if A has FINAALG(R)

rank : () -> PositivelInteger if A has FINAALG(R)

recip : % -> Union(%,"failed") if A has FINAALG(R) and R has INTDOM or A has FRNAALG(R) and
represents : (Vector(R),Vector(%)) -> % if A has FINAALG(R)

represents : Vector(R) -> % if A has FRNAALG(R)

rightAlternative? : () -> Boolean if A has FINAALG(R)

rightCharacteristicPolynomial : J -> SparseUnivariatePolynomial(R) if A has FINAALG(R)
rightDiscriminant : Vector(%) -> R if A has FINAALG(R)

rightDiscriminant : () -> R if A has FRNAALG(R)
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--R rightMinimalPolynomial : % -> SparseUnivariatePolynomial(R) if A has FINAALG(R) and R has INTDOM or A h
--R rightNorm : % -> R if A has FINAALG(R)

--R rightPower : (J,PositiveInteger) ->

--R rightRankPolynomial : () -> SparseUnivariatePolynomial(Polynomial(R)) if A has FRNAALG(R) and R has FIE
--R rightRecip : % -> Union(%,"failed") if A has FINAALG(R) and R has INTDOM or A has FRNAALG(R) and R has
--R rightRegularRepresentation : (%,Vector(%)) -> Matrix(R) if A has FINAALG(R)

--R rightRegularRepresentation : % -> Matrix(R) if A has FRNAALG(R)

--R rightTrace : % -> R if A has FINAALG(R)

--R rightTraceMatrix : Vector(%) -> Matrix(R) if A has FINAALG(R)

--R rightTraceMatrix : () -> Matrix(R) if A has FRNAALG(R)

--R rightUnit : () -> Union(%,"failed") if A has FINAALG(R) and R has INTDOM or A has FRNAALG(R) and R has
--R rightUnits : () -> Union(Record(particular: %,basis: List(%)),"failed") if A has FINAALG(R) and R has II
--R someBasis : () -> Vector(}) if A has FINAALG(R)

--R structuralConstants : Vector(%) -> Vector(Matrix(R)) if A has FINAALG(R)

--R structuralConstants : () -> Vector(Matrix(R)) if A has FRNAALG(R)

--R subtractIfCan : (%,%) -> Union(%,"failed")

--R unit : () -> Union(%,"failed") if A has FINAALG(R) and R has INTDOM or A has FRNAALG(R) and R has INTDOI
--R

--E 1

) spool

)1lisp (bye)

— AssociatedJordanAlgebra.help —

AssociatedJordanAlgebra examples

See

Also:

o )show AssociatedJordanAlgebra
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2.40.1 AssociatedJordanAlgebra (JORDAN)

JORDAN

See

= “AssociatedLieAlgebra” (LIE) EZ4T1 on page 213
= “LieSquareMatrix” (LSQM) 350 on page @23
Exports:
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0

antiAssociative?
antiCommutator
associative?
associatorDependence
coerce

commutator

convert

flexible?
jacobildentity?
jordanAlgebra?

left Alternative?
leftDiscriminant
leftNorm
leftRankPolynomial
leftRegularRepresentation
leftTraceMatrix
leftUnits

lieAlgebra?
plenaryPower

rank

represents
rightCharacteristicPolynomial
rightMinimalPolynomial
rightPower

rightRecip

rightTrace

rightUnit

sample
structuralConstants
unit

77

747

-7

?77="
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alternative?
antiCommutative?

apply

associator

basis

commutative?
conditionsForldempotents
coordinates

hash

jordanAdmissible?

latex

left CharacteristicPolynomial
leftMinimalPolynomial
leftPower

leftRecip

leftTrace

leftUnit

lieAdmissible?
noncommutativeJordanAlgebra?
powerAssociative?

recip

right Alternative?
rightDiscriminant
rightNorm
rightRankPolynomial
rightRegularRepresentation
rightTraceMatrix
rightUnits

someDBasis

subtractIfCan

z€ero?

Fae

7-7

7=7

7.7

— domain JORDAN AssociatedJordanAlgebra —

)abbrev domain JORDAN AssociatedJordanAlgebra

++ Author:
++ Date Created:

J. Grabmeier
14 June 1991

++ Date Last Updated: 14 June 1991

++ Basic Operations: *,**,+,-
++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords: associated Jordan algebra
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++ References:

++ Description:

++ AssociatedJordanAlgebra takes an algebra \spad{A} and uses \spadfun{*$A}
++ to define the new multiplications \spad{axb := (a *$A b + b *$A a)/2}
++ (anticommutator).

++ The usual notation \spad{{a,b}_+} cannot be used due to

++ restrictions in the current language.

++ This domain only gives a Jordan algebra if the

++ Jordan-identity \spad{(a*b)*c + (b*c)*a + (c*a)*b = 0} holds
++ for all \spad{al},\spad{b},\spad{c} in \spad{A}.

++ This relation can be checked by

++ \spadfun{jordanAdmissible? () $A}.

++

++ If the underlying algebra is of type

++ \spadtype{FramedNonAssociativeAlgebra(R)} (i.e. a non

++ associative algebra over R which is a free R-module of finite
++ rank, together with a fixed R-module basis), then the same

++ is true for the associated Jordan algebra.

++ Moreover, if the underlying algebra is of type

++ \spadtype{FiniteRankNonAssociativeAlgebra(R)} (i.e. a non

++ associative algebra over R which is a free R-module of finite
++ rank), then the same true for the associated Jordan algebra.

AssociatedJordanAlgebra(R:CommutativeRing,A:NonAssociativeAlgebra R):
public == private where
public ==> Join (NonAssociativeAlgebra R, CoercibleTo A) with

coerce : A -> %
++ coerce(a) coerces the element \spad{a} of the algebra \spad{A}
++ to an element of the Jordan algebra
++ \spadtype{AssociatedJordanAlgebra}(R,A).

if A has FramedNonAssociativeAlgebra(R) then
FramedNonAssociativeAlgebra(R)

if A has FiniteRankNonAssociativeAlgebra(R) then
FiniteRankNonAssociativeAlgebra(R)

private ==> A add
Rep := A
two : R := (13R + 1$R)

oneHalf : R := (recip two) :: R
(a:%) * (b:h) ==
zero? two => error
"constructor must no be called with Ring of characteristic 2"
((a::Rep) * $Rep (b::Rep) +$Rep (b::Rep) * $Rep (a::Rep)) * oneHalf
-- (a::Rep) * $Rep (b::Rep) +$Rep (b::Rep) * $Rep (a::Rep)
coerce(a:%):A == a :: Rep
coerce(a:A):% ==a :: %
(a:%) ** (n:Positivelnteger) == a
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— JORDAN.dotabb —

"JORDAN" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=JORDAN"]
"FRNAALG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FRNAALG"]
"JORDAN" -> "FRNAALG"

2.41 domain LIE AssociatedLieAlgebra

— AssociatedLieAlgebra.input —

)set break resume

)sys rm -f AssociatedLieAlgebra.output
)spool AssociatedLieAlgebra.output
)set message test on

)set message auto off

)clear all

--S1of1
)show AssociatedLieAlgebra

--R AssociatedLieAlgebra(R: CommutativeRing,A: NonAssociativeAlgebra(R)) is a domain constructor
--R Abbreviation for AssociatedLieAlgebra is LIE

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for LIE

--R

--R-——————- -—= - Operations -—= -——-
--R ?*? : (R,%) > % ?x? : (%,R) > %

--R ?x? : (h,h) > % ?*7 : (Integer,%) -> %

--R 7?*? : (Positivelnteger,%) -> % ?xx?7 : (,,PositiveInteger) -> ¥
-R 747 ¢ Ch%W) > % =7 G h) >

--R -7 : % > % ?=? : (%,%) -> Boolean

RO : O ->9% antiCommutator : (%,%) -> %

--R associator : (%,%,%) -> % coerce : A > Y%

--R coerce : % -> A coerce : % —> OutputForm

--R commutator : (%,%) -> % hash : % -> Singlelnteger

--R latex : % -> String sample : OO -> %

--R zero? : % -> Boolean ?~=? : (%,%) —-> Boolean

--R 7*?7 : (NonNegativeInteger,%) -> %

--R alternative? : () -> Boolean if A has FINAALG(R)

--R antiAssociative? : () -> Boolean if A has FINAALG(R)
--R antiCommutative? : () -> Boolean if A has FINAALG(R)
--R apply : (Matrix(R),%) -> % if A has FRNAALG(R)

--R associative? : () -> Boolean if A has FINAALG(R)
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associatorDependence : () -> List(Vector(R)) if A has FINAALG(R) and R has INTDOM or A has F
basis : () —-> Vector(%) if A has FRNAALG(R)

commutative? : () -> Boolean if A has FINAALG(R)

conditionsForIdempotents : Vector(%) -> List(Polynomial(R)) if A has FINAALG(R)
conditionsForIdempotents : () -> List(Polynomial(R)) if A has FRNAALG(R)

convert : % —-> Vector(R) if A has FRNAALG(R)

convert : Vector(R) -> % if A has FRNAALG(R)

coordinates : (%,Vector(%)) -> Vector(R) if A has FINAALG(R)

coordinates : (Vector(%),Vector(%)) -> Matrix(R) if A has FINAALG(R)

coordinates : J -> Vector(R) if A has FRNAALG(R)

coordinates : Vector(%) -> Matrix(R) if A has FRNAALG(R)

?.7 ¢ (%,Integer) -> R if A has FRNAALG(R)

flexible? : () -> Boolean if A has FINAALG(R)

jacobildentity? : () -> Boolean if A has FINAALG(R)

jordanAdmissible? : () -> Boolean if A has FINAALG(R)

jordanAlgebra? : () -> Boolean if A has FINAALG(R)

leftAlternative? : () -> Boolean if A has FINAALG(R)

leftCharacteristicPolynomial : 7 -> SparseUnivariatePolynomial(R) if A has FINAALG(R)
leftDiscriminant : Vector() -> R if A has FINAALG(R)

leftDiscriminant : () -> R if A has FRNAALG(R)

leftMinimalPolynomial : % -> SparseUnivariatePolynomial(R) if A has FINAALG(R) and R has INT
leftNorm : % -> R if A has FINAALG(R)

leftPower : (%,Positivelnteger) -> %

leftRankPolynomial : () -> SparseUnivariatePolynomial (Polynomial(R)) if A has FRNAALG(R) and
leftRecip : % -> Union(%,"failed") if A has FINAALG(R) and R has INTDOM or A has FRNAALG(R)
leftRegularRepresentation : (%,Vector(%)) -> Matrix(R) if A has FINAALG(R)
leftRegularRepresentation : % -> Matrix(R) if A has FRNAALG(R)

leftTrace : % -> R if A has FINAALG(R)

leftTraceMatrix : Vector(%) -> Matrix(R) if A has FINAALG(R)

leftTraceMatrix : () -> Matrix(R) if A has FRNAALG(R)

leftUnit : () -> Union(%,"failed") if A has FINAALG(R) and R has INTDOM or A has FRNAALG(R)
leftUnits : () -> Union(Record(particular: %,basis: List(}%)),"failed") if A has FINAALG(R) a
lieAdmissible? : () -> Boolean if A has FINAALG(R)

lieAlgebra? : () -> Boolean if A has FINAALG(R)

noncommutativeJordanAlgebra? : () -> Boolean if A has FINAALG(R)

plenaryPower : (%,PositiveInteger) -> %

powerAssociative? : () -> Boolean if A has FINAALG(R)

rank : () -> PositiveInteger if A has FINAALG(R)

recip : % -> Union(%,"failed") if A has FINAALG(R) and R has INTDOM or A has FRNAALG(R) and
represents : (Vector(R),Vector(%)) -> % if A has FINAALG(R)

represents : Vector(R) -> % if A has FRNAALG(R)

rightAlternative? : () -> Boolean if A has FINAALG(R)

rightCharacteristicPolynomial : J -> SparseUnivariatePolynomial(R) if A has FINAALG(R)
rightDiscriminant : Vector(%) -> R if A has FINAALG(R)

rightDiscriminant : () -> R if A has FRNAALG(R)

rightMinimalPolynomial : % -> SparseUnivariatePolynomial(R) if A has FINAALG(R) and R has IN
rightNorm : % -> R if A has FINAALG(R)

rightPower : (Y ,Positivelnteger) -> ¥

rightRankPolynomial : () -> SparseUnivariatePolynomial(Polynomial(R)) if A has FRNAALG(R) an
rightRecip : % -> Union(},"failed") if A has FINAALG(R) and R has INTDOM or A has FRNAALG(R)
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--R rightRegularRepresentation : (%,Vector(%)) -> Matrix(R) if A has FINAALG(R)

--R rightRegularRepresentation : % -> Matrix(R) if A has FRNAALG(R)

--R rightTrace : % -> R if A has FINAALG(R)

--R rightTraceMatrix : Vector(%) -> Matrix(R) if A has FINAALG(R)

--R rightTraceMatrix : () -> Matrix(R) if A has FRNAALG(R)

--R rightUnit : () -> Union(%,"failed") if A has FINAALG(R) and R has INTDOM or A has FRNAALG(R) and R has
--R rightUnits : () -> Union(Record(particular: %,basis: List(%)),"failed") if A has FINAALG(R) and R has II
--R someBasis : () -> Vector(%) if A has FINAALG(R)

--R structuralConstants : Vector(%) -> Vector(Matrix(R)) if A has FINAALG(R)

--R structuralConstants : () -> Vector(Matrix(R)) if A has FRNAALG(R)

--R subtractIfCan : (%,%) -> Union(%,"failed")

--R unit : (O -> Union(%,"failed") if A has FINAALG(R) and R has INTDOM or A has FRNAALG(R) and R has INTDOI

)spool
)1lisp (bye)

— AssociatedLieAlgebra.help —

AssociatedlLieAlgebra examples

See Also:
o )show AssociatedLieAlgebra

2.41.1 AssociatedLieAlgebra (LIE)

LIE

See
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CHAPTER 2.

= “AssociatedJordanAlgebra” (JORDAN) 401 on page
= “LieSquareMatrix” (LSQM) 350 on page (223

Exports:
0
antiAssociative?
antiCommutator
associative?
associatorDependence
coerce
commutator
convert
flexible?
jacobildentity?
jordanAlgebra?
left Alternative?
leftDiscriminant
leftNorm
leftRankPolynomial
leftRegularRepresentation
left TraceMatrix
leftUnits
lieAlgebra?
plenaryPower
rank
represents
right Alternative?
rightDiscriminant
rightNorm
rightRankPolynomial
rightRegularRepresentation
rightTraceMatrix
rightUnits
someBasis
structuralConstants
unit
%7
77
-7
?77="

alternative?
antiCommutative?

apply

associator

basis

commutative?
conditionsForldempotents
coordinates

hash

jordanAdmissible?

latex
leftCharacteristicPolynomial
leftMinimalPolynomial
leftPower

leftRecip

leftTrace

leftUnit

lieAdmissible?
noncommutativeJordanAlgebra?
powerAssociative?

recip

represents
rightCharacteristicPolynomial
rightMinimalPolynomial
rightPower

rightRecip

rightTrace

rightUnit

sample
structuralConstants
subtractIfCan

zero?

PHED

?-7

7=7

7.7

— domain LIE AssociatedLieAlgebra —

)abbrev domain LIE AssociatedLieAlgebra

++ Author: J. Grabmeier

++ Date Created: 07 March 1991
++ Date Last Updated: 14 June 1991

CHAPTER A
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++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

As

Basic Operations: *,%*,+,-

Related Constructors:

Also See:

AMS Classifications:

Keywords: associated Liealgebra

References:

Description:

AssociatedLieAlgebra takes an algebra \spad{A}

and uses \spadfun{*$A} to define the

Lie bracket \spad{ax*b := (a *$A b - b *$A a)} (commutator). Note that
the notation \spad{[a,b]} cannot be used due to

restrictions of the current compiler.

This domain only gives a Lie algebra if the

Jacobi-identity \spad{(a*b)*c + (b*c)*a + (c*a)*b = 0} holds
for all \spad{a},\spad{b},\spad{c} in \spad{A}.

This relation can be checked by

\spad{lieAdmissible? () $A}.

If the underlying algebra is of type
\spadtype{FramedNonAssociativeAlgebra(R)} (i.e. a non

associative algebra over R which is a free \spad{R}-module of finite
rank, together with a fixed \spad{R}-module basis), then the same

is true for the associated Lie algebra.

Also, if the underlying algebra is of type
\spadtype{FiniteRankNonAssociativeAlgebra(R)} (i.e. a non
associative algebra over R which is a free R-module of finite

rank), then the same is true for the associated Lie algebra.

sociatedLieAlgebra(R:CommutativeRing,A:NonAssociativeAlgebra R):
public == private where
public ==> Join (NonAssociativeAlgebra R, CoercibleTo A) with
coerce : A -> Y
++ coerce(a) coerces the element \spad{a} of the algebra \spad{A}
++ to an element of the Lie
++ algebra \spadtype{AssociatedLieAlgebral}(R,A).
if A has FramedNonAssociativeAlgebra(R) then
FramedNonAssociativeAlgebra(R)
if A has FiniteRankNonAssociativeAlgebra(R) then
FiniteRankNonAssociativeAlgebra(R)

private ==> A add

Rep := A

(a:%) * (b:%) == (a::Rep) * $Rep (b::Rep) -$Rep (b::Rep) * $Rep (a::Rep)
coerce(a:%):A == a :: Rep

coerce(a:A):% == a :: Y%

(a:%) ** (n:Positivelnteger) ==

n=1=>a
0
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— LIE.dotabb —

CHAPTER 2. CHAPTER A

"LIE" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=LIE"]
"FRNAALG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FRNAALG"]

"LIE" -> "FRNAALG"

2.42 domain ALIST AssociationList

— AssociationList.input —

)set break resume
)sys rm -f AssociationList.output
)spool AssociationList.output
)set message test on

)set message auto off
)clear all

--S 1 of 10

Data := Record(months0ld :

(&)

2 of 10
al : AssociationList(String,Data)

of 10
table()

[V
=
1]

(3) table()

4 of 10
al."bob" := [407,"male"]$Data
--R

Integer, gender :

Record (months0ld: Integer,gender:

Type: AssociationList(String,Record(months0ld:

String)

String)
Type: Domain

Type: Void

Integer,gender: String))
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--R (4) [months0ld= 407,gender= "male"]

--R Type: Record(months01ld:

--E 4

--S 5 of 10
al."judith" := [366,"female"]$Data

--R  (5) [months0ld= 366,gender= "female"]

--R Type: Record(months0ld:

--E 5

--S 6 of 10
al."katie" := [24,"female"]$Data

--R  (6) [months0ld= 24,gender= "female"]

--R Type: Record(months0ld:

--E 6

--S 7 of 10
al."smokie" := [200,"female"]$Data

--R (7) [months0ld= 200,gender= "female"]

--R Type: Record(months0ld:

--E 7

--S 8 of 10

--R (&)

--R  table

--R "smokie"= [months0ld= 200,gender= "female"]
--R "katie"= [months0ld= 24,gender= "female"]

--R "judith"= [months0ld= 366,gender= "female"]

--R "bob"= [months0ld= 407,gender= "male"]

Integer,gender:

Integer,gender:

Integer,gender:

Integer,gender:

String)

String)

String)

String)

--R Type: AssociationList(String,Record(months0ld: Integer,gender: String))

--E 8

--S 9 of 10
al."katie" := [23,"female"]$Data

--R (9) [months0ld= 23,gender= "female"]

217



218 CHAPTER 2. CHAPTER A

--R Type: Record(months0ld: Integer,gender: String)
--E 9

--S 10 of 10
delete! (al,1)

--R (10)
--R  table
--R "katie"= [months0ld= 23,gender= "female"]

--R "judith"= [months0ld= 366,gender= "female"]

--R "bob"= [months0ld= 407,gender= "male"]

--R Type: AssociationList(String,Record(months0ld: Integer,gender: String))
--E 10

) spool

)1lisp (bye)

— AssociationList.help —

AssociationList examples

The AssociationList constructor provides a general structure for
associative storage. This type provides association lists in which
data objects can be saved according to keys of any type. For a given
association list, specific types must be chosen for the keys and
entries. You can think of the representation of an association list
as a list of records with key and entry fields.

Association lists are a form of table and so most of the operations
available for Table are also available for Associationlist. They can
also be viewed as lists and can be manipulated accordingly.

This is a Record type with age and gender fields.
Data := Record(months0ld : Integer, gender : String)
Record(months0ld: Integer,gender: String)

Type: Domain

In this expression, al is declared to be an association
list whose keys are strings and whose entries are the above records.

al : AssociationList(String,Data)
Type: Void
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The table operation is used to create an empty association list.

al := table()
table()
Type: AssociationList(String,Record(months0ld: Integer,gender: String))

You can use assignment syntax to add things to the association list.

al."bob" := [407,"male"]$Data
[months01d=407, gender= "male"]
Type: Record(months0ld: Integer,gender: String)

al."judith" := [366,"female"]$Data
[months01d=366, gender= "female"]
Type: Record(months0ld: Integer,gender: String)

al."katie" := [24,"female"]$Data
[months01d=24, gender= "female"]
Type: Record(months0ld: Integer,gender: String)

Perhaps we should have included a species field.

al."smokie" := [200,"female"]$Data
[months01d=200, gender= "female"]
Type: Record(months0ld: Integer,gender: String)

Now look at what is in the association list. Note that the last-added
(key, entry) pair is at the beginning of the list.

al
table("smokie" = [months01d=200, gender= "female"],
"katie" = [months01d=24, gender= "female"],
"judith" = [months01d=366, gender= "female"],
"bob" = [months01d=407, gender= "male"])
Type: AssociationList(String,Record(months0ld: Integer,gender: String))

You can reset the entry for an existing key.

al."katie" := [23,"female"]$Data
[months01d=23, gender= "female"]
Type: Record(months0ld: Integer,gender: String)

Use delete! to destructively remove an element of the association
list. Use delete to return a copy of the association list with the
element deleted. The second argument is the index of the element to
delete.

delete!(al,1)
table("katie" = [months01d=23, gender= "female"],
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"judith" = [months01d=366, gender= "female"],
"bob" = [months01d=407, gender= "male"])
Type: AssociationList(String,Record(months0ld: Integer,gender: String))

See Also:
o )help Table

o )help List
o )show AssociationlList

2.42.1 AssociationList (ALIST)

ALIST

See

= “IndexedList” (ILIST) I on page
= “List” (LIST) 3™ on page [Z72

Exports:
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any?
coerce
copy
cycleSplit!
dictionary
entries
explicitlyFinite?
hash
inspect
leaf?

map!
merge
new
possiblyInfinite?
remove!
reverse!
select!
setrest!
sorted?
third

7="
?.value

assoc
concat
copylInto!
cycleTail
distance
entry?
extract!
index?

key?

leaves

max

merge!
node?

qelt
removeDuplicates
sample
setchildren!
setvalue!
split!

value

7>7

?.first

bag
concat!
count
cyclic?
elt

eq?

fill!
indices
keys
less?
maxIndex
min
nodes
gsetelt!
removeDuplicates!
search
setelt
size?
swap!
#?
7>=7
?.last

— domain ALIST AssociationList —

)abbrev domain ALIST AssociationList
Mark Botch

++ Author:
++ Date Created:

++ Change History:

child?
construct
cycleEntry
delete
empty
eval

find
insert
last

list
member?
minIndex
parts
reduce
rest
second
setfirst!
sort

table

7<?
7T="7

7.7

++ Basic Operations: empty, empty?, keys, \#, concat, first, rest,

++ setrest!, search, setelt, remove!

++ Related Constructors:

++ Also See:

List

++ AMS Classification:
++ Keywords: list, association list

++ Description:

++ \spadtype{AssociationlList} implements association lists. These
++ may be viewed as lists of pairs where the first part is a key
++ and the second is the stored value. For example, the key might
++ be a string with a persons employee identification number and
++ the value might be a record with personnel data.

AssociationList(Key:SetCategory, Entry:SetCategory):
AssociationListAggregate(Key, Entry) == add
Pair ==> Record(key:Key, entry:Entry)

Rep

:= Reference List Pair

dictionary() == ref empty()
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children
convert
cycleLength
delete!
empty?
every?
first
insert!
latex
map
members
more?
position
remove
reverse
select
setlast!
sort!

tail
7<="7
?.rest
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empty () == dictionary()

empty? t == empty? deref t
entries(t:%):List(Pair) == deref t
parts(t:%):List(Pair) == deref t

keys t == [k.key for k in deref t]
#t == # deref t

first(t:%) :Pair == first deref t

rest t == ref rest deref t

concat (p:Pair, t:%) == ref concat(p, deref t)
setrest_!(a:%, b:%) == ref setrest_!(deref a, deref b)
setfirst_!(a:%, p:Pair) == setfirst_!(deref a,p)
minIndex(a:%) :Integer == minIndex(deref a)
maxIndex(a:%) :Integer == maxIndex(deref a)

search(k, t) ==
for r in deref t repeat
k = r.key => return(r.entry)
"failed"

latex(a : %) : String ==

1 : List Pair := entries a
s : String := "\left["
while not empty?(l) repeat
r : Pair := first 1
1 := rest 1
s := concat(s, concat(latex r.key, concat(" = ", latex r.entry)$String)$String) $Stri
if not empty?(l) then s := concat(s, ", ")$String

concat(s, " \right]")$String

assoc(k, 1) ==
(r := find(#1.key=k, 1)) case "failed" => "failed"
r

assoc(k, t) ==
for r in deref t repeat
k = r.key => return r
"failed"

setelt(t:%, k:Key, e:Entry) ==

(r := assoc(k, t)) case Pair => (r::Pair).entry := e
setref (t, concat([k, e], deref t))
e

remove_! (k:Key, t:%) ==
empty?(l := deref t) => "failed"
k = first(1l) .key =>
setref(t, rest 1)
first(1l) .entry
prev :=1
curr := rest 1
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while not empty? curr and first(curr).key "= k repeat
prev := curr
curr := rest curr

empty? curr => "failed"
setrest_! (prev, rest curr)
first(curr) .entry

— ALIST.dotabb —

"ALIST" [color="#88FF44" ,href="bookvol1l0.3.pdf#nameddest=ALIST"]
"TBAGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=TBAGG"]
"ALIST" -> "TBAGG"

2.43 domain ATTRBUT AttributeButtons

— AttributeButtons.input —

)set break resume

)sys rm -f AttributeButtons.output
)spool AttributeButtons.output
)set message test on

)set message auto off

)clear all

--S 1 o0f 1

)show AttributeButtons

--R AttributeButtons is a domain constructor

--R Abbreviation for AttributeButtons is ATTRBUT

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for ATTRBUT

--R-—————- - - Operations - -
--R 7=7 : (%,%) -> Boolean coerce : % -> OutputForm

--R decrease : String -> Float hash : % -> Singlelnteger

--R increase : String -> Float latex : % -> String

--R resetAttributeButtons : () -> Void ?7=? : (%,%h) —> Boolean
--R decrease : (String,String) -> Float

--R getButtonValue : (String,String) -> Float

--R increase : (String,String) -> Float

--R setAttributeButtonStep : Float -> Float
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--R setButtonValue : (String,String,Float) -> Float
--R setButtonValue : (String,Float) -> Float

--R

--E 1

) spool
)1lisp (bye)

— AttributeButtons.help —

AttributeButtons examples

See Also:
o )show AttributeButtons

2.43.1 AttributeButtons (ATTRBUT)

ATTRBUT
ALIST
Exports:
coerce decrease  getButtonValue hash
increase latex reset AttributeButtons setAttributeButtonStep
setButtonValue 77=7? 7=7

— domain ATTRBUT AttributeButtons —

)abbrev domain ATTRBUT AttributeButtons
++ Author: Brian Dupee

++ Date Created: April 1996

++ Date Last Updated: December 1997



2.43. DOMAIN ATTRBUT ATTRIBUTEBUTTONS

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

At

Basic Operations: increase, decrease, getButtonValue, setButtonValue
Related Constructors: Table(String,Float)

Description:

\axiomType{AttributeButtons} implements a database and associated

adjustment mechanisms for a set of attributes.
For ODEs these attributes are "stiffness", "stability" (i.e. how much
affect the cosine or sine component of the solution has on the stability of

the result), "accuracy" and "expense" (i.e. how expensive is the evaluation
of the ODE). All these have bearing on the cost of calculating the
solution given that reducing the step-length to achieve greater accuracy
requires considerable number of evaluations and calculatiomns.

The effect of each of these attributes can be altered by increasing or
decreasing the button value.

For Integration there is a button for increasing and decreasing the preset
number of function evaluations for each method. This is automatically used
by ANNA when a method fails due to insufficient workspace or where the
limit of function evaluations has been reached before the required

accuracy is achieved.
tributeButtons(): E == I where
F ==> Float
ST ==> String
LST ==> List String
Rec  ==> Record(key:Symbol,entry:Any)
RList ==> List(Record(key:Symbol,entry:Any))
IFL  ==> List(Record(ifail:Integer,instruction:ST))
Entry ==> Record(chapter:ST, type:ST, domainName: ST,

defaultMin:F, measure:F, failList:IFL, explList:LST)

==> SetCategory with

increase: (ST,ST) -> F
++ \axiom{increase(routineName,attributeName)} increases the value
++ for the effect of the attribute \axiom{attributeName} with routine
++ \axiom{routineName}.
++
++ \axiom{attributeName} should be one of the values
++ "stiffness", "stability", "accuracy", "expense" or
++ "functionEvaluations".
increase: (ST) -> F
++ \axiom{increase(attributeName)} increases the value for the
++ effect of the attribute \axiom{attributeName} with all routines.
++
++ \axiom{attributeName} should be one of the values
++ "stiffness", "stability", "accuracy", "expense" or
++ "functionEvaluations".
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decrease: (ST,ST) -> F
++ \axiom{decrease(routineName,attributeName)} decreases the value
++ for the effect of the attribute \axiom{attributeName} with routine
++ \axiom{routineName}.
++
++ \axiom{attributeName} should be one of the values
++ "stiffness", "stability", "accuracy", "expense" or
++ "functionEvaluations".
decrease: (ST) -> F
++ \axiom{decrease(attributeName)} decreases the value for the
++ effect of the attribute \axiom{attributeName} with all routines.
++
++ \axiom{attributeName} should be one of the values
++ "stiffness", "stability", "accuracy", "expense" or
++ "functionEvaluations".
getButtonValue: (ST,ST) -> F
++ \axiom{getButtonValue(routineName,attributeName)} returns the
++ current value for the effect of the attribute \axiom{attributeName}
++ with routine \axiom{routineName}.
++
++ \axiom{attributeName} should be one of the values
++ "stiffness", "stability", "accuracy", "expense" or
++ "functionEvaluations".
resetAttributeButtons: () -> Void
++ \axiom{resetAttributeButtons()} resets the Attribute buttons to a
++ neutral level.
setAttributeButtonStep: (F) -> F
++ \axiom{setAttributeButtonStep(n)} sets the value of the steps for
++ increasing and decreasing the button values. \axiom{n} must be
++ greater than O and less than 1. The preset value is 0.5.
setButtonValue: (ST,F) -> F
++ \axiom{setButtonValue(attributeName,n)} sets the
++ value of all buttons of attribute \spad{attributeName}
++ to \spad{n}. \spad{n} must be in the range [0..1].
++
++ \axiom{attributeName} should be one of the values
++ "stiffness", "stability", "accuracy", "expense" or
++ "functionEvaluations".
setButtonValue: (ST,ST,F) -> F
++ \axiom{setButtonValue(attributeName,routineName,n)} sets the
++ value of the button of attribute \spad{attributeNamel} to routine
++ \spad{routineName} to \spad{n}. \spad{n} must be in the range [0..1].
++
++ \axiom{attributeName} should be one of the values

++ "stiffness", "stability", "accuracy", "expense" or
++ "functionEvaluations".
finiteAggregate

I ==> add
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Rep := StringTable(F)
import Rep

buttons: () -> $

buttons():$ ==
elist := empty()$List(Record(key:ST,entry:F))

11:List String := ["stability","stiffness","accuracy","expense"]
12:List String := ["functionEvaluations"]
rol := selectODEIVPRoutines(r := routines()$RoutinesTable)$RoutinesTable

ro2 := selectIntegrationRoutines(r)$RoutinesTable
k1:List String := [string(i)$Symbol for i in keys(rol)$RoutinesTable]
k2:List String := [string(i)$Symbol for i in keys(ro2)$RoutinesTable]
for i in ki1 repeat
for j in 11 repeat
e:Record(key:ST,entry:F) := [i j,0.5]
eList := cons(e,elist)$List(Record(key:ST,entry:F))
for i in k2 repeat
for j in 12 repeat
e:Record(key:ST,entry:F) := [i j,0.5]
eList := cons(e,elList)$List(Record(key:ST,entry:F))
construct (eList) $Rep

attributeButtons:$ := buttons()
attributeStep:F := 0.5

setAttributeButtonStep(n:F):F ==
positive?(n)$F and (n<1$F) => attributeStep:F :=n
error ("setAttributeButtonStep","New value must be in (0..1)")$ErrorFunctions

resetAttributeButtons() :Void ==
attributeButtons := buttons()
void () $Void

setButtonValue (routineName:ST,attributeName:ST,n:F):F ==
f := search(routineName attributeName,attributeButtons)$Rep
f case Float =>
n>=0$F and n<=1$F =>
setelt(attributeButtons,routineName attributeName,n)$Rep
error ("setAttributeButtonStep","New value must be in [0..1]")$ErrorFunctions
error ("setButtonValue","attribute name " attributeName
" not found for routine " routineName)$ErrorFunctions

setButtonValue (attributeName:ST,n:F):F ==
rol := selectODEIVPRoutines(r := routines()$RoutinesTable)$RoutinesTable

ro2 := selectIntegrationRoutines(r)$RoutinesTable
11:List String := ["stability","stiffness","accuracy","expense"]
12:List String := ["functionEvaluations"]

if attributeName="functionEvaluations" then
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for i in keys(ro2)$RoutinesTable repeat
setButtonValue(string(i)$Symbol,attributeName,n)
else
for i in keys(rol)$RoutinesTable repeat
setButtonValue(string(i)$Symbol,attributeName,n)

increase(routineName:ST,attributeName:ST) :F ==

f := search(routineName attributeName,attributeButtons)$Rep
f case Float =>
newValue:F := (1$F-attributeStep)*f+attributeStep

setButtonValue (routineName,attributeName,newValue)
error("increase","attribute name " attributeName
" not found for routine " routineName)$ErrorFunctions

increase(attributeName:ST) :F ==
rol := selectODEIVPRoutines(r := routines()$RoutinesTable)$RoutinesTable
ro2 := selectIntegrationRoutines(r)$RoutinesTable
11:List String := ["stability","stiffness","accuracy","expense"]
12:List String := ["functionEvaluations"]
if attributeName="functionEvaluations" then
for i in keys(ro2)$RoutinesTable repeat
increase(string(i)$Symbol,attributeName)
else
for i in keys(rol)$RoutinesTable repeat
increase(string(i)$Symbol,attributeName)
getButtonValue (string (i) $Symbol,attributeName)

decrease(routineName:ST,attributeName:ST) :F ==
f := search(routineName attributeName,attributeButtons)$Rep
f case Float =>
newValue:F := (1$F-attributeStep)*f
setButtonValue (routineName,attributeName,newValue)
error("increase","attribute name " attributeName
" not found for routine " routineName)$ErrorFunctions

decrease(attributeName:ST) :F ==
rol := selectODEIVPRoutines(r := routines()$RoutinesTable)$RoutinesTable

ro2 := selectIntegrationRoutines(r)$RoutinesTable
11:List String := ["stability","stiffness","accuracy","expense"]
12:List String := ["functionEvaluations"]

if attributeName="functionEvaluations" then
for i in keys(ro2)$RoutinesTable repeat
decrease(string(i)$Symbol,attributeName)
else
for i in keys(rol)$RoutinesTable repeat
decrease(string(i)$Symbol,attributeName)
getButtonValue (string (i) $Symbol,attributeName)



2.44. DOMAIN AUTOMOR AUTOMORPHISM 229

getButtonValue (routineName:ST,attributeName:ST) :F ==
f := search(routineName attributeName,attributeButtons)$Rep
f case Float => f
error ("getButtonValue","attribute name " attributeName
" not found for routine " routineName)$ErrorFunctions

— ATTRBUT.dotabb —

"ATTRBUT" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ATTRBUT"]
"ALIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALIST"]
"ATTRBUT" -> "ALIST"

2.44 domain AUTOMOR Automorphism

— Automorphism.input —

)set break resume

)sys rm -f Automorphism.output
)spool Automorphism.output
)set message test on

)set message auto off

)clear all

--S 1 o0f 1
)show Automorphism

--R Automorphism(R: Ring) is a domain constructor

--R Abbreviation for Automorphism is AUTOMOR

--R This constructor is not exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for AUTOMOR

-—R-——————- - - Operations -—- -——-
--R 7*? : (%h,h) > % ?x*x? : (%,Integer) -> %

--R 7*x? : (%,PositiveInteger) -> 2/ (k) > %

--R ?=? : (%,%) -> Boolean 1: 0 ->9%

--R 777 : (%,Integer) -> ¥ ?°7 : (%,PositiveInteger) -> %

--R coerce : % -> OutputForm commutator : (%,%) —> %

--R conjugate : (4h,%) -> % 2.7 : (4,R) >R

--R hash : J, -> SingleInteger inv : % > %

--R latex : % -> String morphism : (R -> R) -> %
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--R one? : Y -> Boolean recip : % —-> Union(%,"failed")
--R sample : (O -> % ?7=7 : (h,%) -> Boolean

--R 7*x?7 : (J,,NonNegativeInteger) ->

--R 777 : (%,NonNegativeInteger) ->

--R morphism : ((R,Integer) -> R) -> ¥

--R morphism : ((R -> R),(R -> R)) —> ¥

--E 1

) spool
)1lisp (bye)

— Automorphism.help —

Automorphism examples

See Also:
o )show Automorphism

2.44.1 Automorphism (AUTOMOR)

AUTOMOR

See

= “SparseUnivariateSkewPolynomial” (ORESUP) on page
= “UnivariateSkewPolynomial” (OREUP) ZZX on page

Exports:
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1 coerce commutator conjugate hash
inv latex morphism one? recip
sample ?77=7 = 7¥*? 777 2.2
7%7? ?/? ?7=7

— domain AUTOMOR Automorphism —

)abbrev domain AUTOMOR Automorphism

++ Author: Manuel Bronstein

++ Date Created: 31 January 1994

++ Date Last Updated: 31 January 1994

++ References:

++ Description:

++ Automorphism R is the multiplicative group of automorphisms of R.

-- In fact, non-invertible endomorphism are allowed as partial functions.
-- This domain is noncanonical in that f*f~{-1} will be the identity

-- function but won’t be equal to 1.

Automorphism(R:Ring): Join(Group, Eltable(R, R)) with
morphism: (R -> R) ->
++ morphism(f) returns the non-invertible morphism given by f.
morphism: (R -> R, R -> R) ->
++ morphism(f, g) returns the invertible morphism given by f, where
++ g is the inverse of f..
morphism: ((R, Integer) -> R) -> %
++ morphism(f) returns the morphism given by \spad{f n(x) = f(x,n)}.
== add
err: R ->R
ident: (R, Integer) -> R
iter: (R -> R, NonNegativeInteger, R) -> R
iterat: (R -> R, R -> R, Integer, R) -> R
apply: (%, R, Integer) -> R

Rep := ((R, Integer) -> R)

1 == ident

err r == error "Morphism is not invertible"
ident(r, n) == r

f=g == EQ(f, g)$Lisp

elt(f, r) == apply(f, r, 1)

inv £ == (r1:R, i2:Integer):R +-> apply(f, ril, - i2)

f *x n == (r1:R, i2:Integer):R +-> apply(f, rl, n * i2)

coerce(f:%) :OutputForm == message("R -> R")

morphism(f: (R, Integer) -> R):%, == £

morphism(f:R -> R):¥% == morphism(f, err)

morphism(f, g) == (r1:R, i2:Integer):R +-> iterat(f, g, i2, ril)
apply(f, r, n) == (g := f pretend ((R, Integer) -> R); g(r, n))

iterat(f, g, n, r) ==
n < 0 => iter(g, (-n)::NonNegativeInteger, r)
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iter(f, n::NonNegativeIlnteger, r)

iter(f, n, r) ==

for i in 1..n repeat r := f r
r
f*g::
f =g => f*x*x2

(r1:R, i2:Integer):R +->
iterat((ul:R):R +-> f g ul,
(v1:R):R +-> (inv g) (inv f) vi,
i2, ri1)

— AUTOMOR.dotabb —

"AUTOMOR" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=AUTOMOR"]
"GROUP" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=GROUP"]
"AUTOMOR" -> "GROUP"



Chapter 3

Chapter B

3.1 domain BBTREE BalancedBinaryTree

— BalancedBinaryTree.input —

)set break resume
)sys rm -f BalancedBinaryTree.output
)spool BalancedBinaryTree.output
)set message test on
)set message auto off
)clear all
--S 1 o0f 7

:= [3,5,7,11]
--E 1

-—-S 2o0f 7
t := balancedBinaryTree(#lm, 0)
--E 2

-—-S 3 o0f 7
setleaves! (t,1m)

--E 3

--S 4 0f 7
mapUp! (t, _*)

233
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mapDown! (t,12, _rem)
--E 6

-—-S 7 of 7
leaves %

--E 7

)spool
)1lisp (bye)

— BalancedBinaryTree.help —

BalancedBinaryTree examples

BalancedBinaryTrees(S) is the domain of balanced binary trees with
elements of type S at the nodes. A binary tree is either empty or
else consists of a node having a value and two branches, each branch a
binary tree. A balanced binary tree is one that is balanced with
respect its leaves. One with 27k leaves is perfectly "balanced": the
tree has minimum depth, and the left and right branch of every
interior node is identical in shape.

Balanced binary trees are useful in algebraic computation for
so-called "divide-and-conquer" algorithms. Conceptually, the data
for a problem is initially placed at the root of the tree. The
original data is then split into two subproblems, one for each
subtree. And so on. Eventually, the problem is solved at the leaves
of the tree. A solution to the original problem is obtained by some
mechanism that can reassemble the pieces. In fact, an implementation
of the Chinese Remainder Algorithm using balanced binary trees was
first proposed by David Y. Y. Yun at the IBM T. J. Watson Research
Center in Yorktown Heights, New York, in 1978. It served as the
prototype for polymorphic algorithms in Axiom.

In what follows, rather than perform a series of computations with a
single expression, the expression is reduced modulo a number of
integer primes, a computation is done with modular arithmetic for each
prime, and the Chinese Remainder Algorithm is used to obtain the
answer to the original problem. We illustrate this principle with the
computation of 1272 = 144.

A list of moduli:

1m := [3,5,7,11]
[3,5,7,11]



3.1. DOMAIN BBTREE BALANCEDBINARYTREE 235

Type: Positivelnteger

The expression modTree(n, 1lm) creates a balanced binary tree with leaf
values n mod m for each modulus m in 1m.

modTree(12,1m)
(o, 2, 5, 1]
Type: List Integer

Operation modTree does this using operations on balanced binary trees.
We trace its steps. Create a balanced binary tree t of zeros with
four leaves.

t := balancedBinaryTree(#lm, 0)
tfo, o, o1, o, [0, 0, 0]]
Type: BalancedBinaryTree NonNegativelInteger

The leaves of the tree are set to the individual moduli.

setleaves! (t,1m)
(s, o, 51, o, [7, o, 11]]
Type: BalancedBinaryTree NonNegativelInteger

mapUp! to do a bottom-up traversal of t, setting each interior node to
the product of the values at the nodes of its children.

mapUp! (t, _*)
1165
Type: Positivelnteger

The value at the node of every subtree is the product of the moduli
of the leaves of the subtree.

t
[[s, 15, 51, 1155, [7, 77, 11]]
Type: BalancedBinaryTree NonNegativelnteger

Operation mapDown!(t,a,fn) replaces the value v at each node of t by
fn(a,v).

mapDown! (t,12, _rem)
tfo, 12, 2], 12, [5, 12, 1]]
Type: BalancedBinaryTree NonNegativelInteger

The operation leaves returns the leaves of the resulting tree. In
this case, it returns the list of 12 mod m for each modulus m.

leaves %
o, 2, 5, 1]
Type: List NonNegativelnteger
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Compute the square of the images of 12 modulo each m.
squares := [x**2 rem m for x in % for m in 1lm]
[0, 4, 4, 11
Type: List NonNegativelnteger
Call the Chinese Remainder Algorithm to get the answer for 1272.
chineseRemainder (%,1m)
144

Type: Positivelnteger

See Also:
o )show BalancedBinaryTree

3.1.1 BalancedBinaryTree (BBTREE)

BBTREE

See

= “Tree” (TREE) PZIII1 on page B0

= “BinaryTree” (BTREE) BT on page

= “BinarySearchTree” (BSTREE) B on page

= “BinaryTournament” (BTOURN) BT on page
= “PendantTree” (PENDTREE) [CCT31 on page [T
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any? balancedBinaryTree child? children coerce
copy count cyclic? distance empty
empty? eq? eval every? hash
latex leaf? leaves left less?
map map! mapDown! mapUp! member?
members  more? node? node nodes
parts right sample setchildren! setelt
setleaves!  setleft! setright! setvalue! size?
value #7 =" ?77=" ?.right
?.left ?.value
— domain BBTREE BalancedBinaryTree —
)abbrev domain BBTREE BalancedBinaryTree

++ Des
++ \sp

cription:
adtype{BalancedBinaryTree(S)} is the domain of balanced

++ binary trees (bbtree). A balanced binary tree of \spad{2**k} leaves,

++ for
++ sub

some \spad{k > 0}, is symmetric, that is, the left and right
tree of each interior node have identical shape.

++ In general, the left and right subtree of a given node can differ
++ by at most leaf node.
BalancedBinaryTree(S: SetCategory): Exports == Implementation where
Exports == BinaryTreeCategory(S) with
finiteAggregate
shallowlyMutable

-- BUG: applies wrong fnct for balancedBinaryTree(0,[1,2,3,4])

ba

se

balancedBinaryTree: (S, List S) -> %
++ balancedBinaryTree(s, ls) creates a balanced binary tree with
++ s at the interior nodes and elements of 1ls at the
++ leaves.

lancedBinaryTree: (NonNegativeInteger, S) -> ¥

++ balancedBinaryTree(n, s) creates a balanced binary tree with

++ n nodes each with value s.

++

++X balancedBinaryTree(4, 0)

tleaves_!: (%, List S) -> %

++ setleaves!(t, 1s) sets the leaves of t in left-to-right order
++ to the elements of 1s.

++

++X tl:=balancedBinaryTree(4, 0)

++X setleaves! (t1,[1,2,3,4])

mapUp_!: (%, (8,8) -> 8) -> S

++ mapUp! (t,f) traverses balanced binary tree t in an "endorder"
++ (left then right then node) fashion returning t with the value
++ at each successive interior node of t replaced by

++ f(1,r) where 1 and r are the values at the immediate

237
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++
++

++X
++X
++X
++X
++X
++X

mapUp

CHAPTER 3.

left and right nodes.

T1:=BalancedBinaryTree Integer
t2:=balancedBinaryTree(4, 0)$T1
setleaves!(t2,[1,2,3,4]::List(Integer))
adder(a:Integer,b:Integer) :Integer == a+b
mapUp! (t2,adder)

t2

e Ghy ok, (8,8,8,8) > 8) > %

CHAPTER B

++ mapUp! (t,t1,f) traverses balanced binary tree t in an "endorder"

++
++
++
++
++
++
++
++X
++X
++X
++X
++X
++X

mapDo
++
++
++
++
++
++
++

(left then right then node) fashion returning t with the value
at each successive interior node of t replaced by

f(1,r,11,r1) where 1 and r are the values at the immediate
left and right nodes. Values 11 and rl are values at the
corresponding nodes of a balanced binary tree tl, of identical
shape at t.

T1:=BalancedBinaryTree Integer
t2:=balancedBinaryTree(4, 0)$T1
setleaves! (t2,[1,2,3,4]::List(Integer))

adder4(i:INT,j:INT,k:INT,1:INT):INT == i+j+k+l
mapUp! (t2,t2,adder4)
t2

wn_!: (%,8,(8,8) > 8) —>

mapDown! (t,p,f) returns t after traversing t in "preorder"
(node then left then right) fashion replacing the successive
interior nodes as follows. The root value x is

replaced by q := £(p,x). The mapDown! (1,q,f) and

mapDown! (r,q,f) are evaluated for the left and right subtrees
1l and r of t.

++X T1:=BalancedBinaryTree Integer

++X t2:=balancedBinaryTree(4, 0)$T1

++X setleaves!(t2,[1,2,3,4]::List(Integer))
++X adder(i:Integer,j:Integer):Integer == i+j
++X mapDown! (t2,4::INT,adder)

++X t2

mapDo
++
++
++
++
++
++
++
++
++

won_': (4,8, (S$,8,8) -> List S) —> %

mapDown! (t,p,f) returns t after traversing t in "preorder"
(node then left then right) fashion replacing the successive
interior nodes as follows. Let 1 and r denote the left and
right subtrees of t. The root value x of t is replaced by p.
Then f(value 1, value r, p), where 1 and r denote the left
and right subtrees of t, is evaluated producing two values

pl and pr. Then \spad{mapDown!(1,pl,f)} and \spad{mapDown! (1,pr,f)}

are evaluated.



3.1. DOMAIN BBTREE BALANCEDBINARYTREE 239

++X T1:=BalancedBinaryTree Integer

++X t2:=balancedBinaryTree(4, 0)$T1

++X setleaves! (t2,[1,2,3,4]::List(Integer))

++X adder3(i:Integer,j:Integer,k:Integer):List Integer == [i+j,j+k]
++X mapDown! (t2,4::INT,adder3)

++X t2

Implementation == BinaryTree(S) add
Rep := BinaryTree(S)
leaf? x ==
empty? x => false
empty? left x and empty? right x
-- balancedBinaryTree(x: S, u: List S) ==
- n := #u
-- n =0 => empty()
- setleaves_! (balancedBinaryTree(n, x), u)
setleaves_!(t, u) ==
n := #u
n=20=>
empty? t => t
error "the tree and list must have the same number of elements"
n=1-=>
setvalue_! (t,first u)
t
m :=n quo 2
acc := empty()$(List S)
for i in 1..m repeat
acc := [first u,:acc]
u := rest u
setleaves_!(left t, reverse_! acc)
setleaves_! (right t, w)
t
balancedBinaryTree(n: NonNegativeInteger, val: S) ==
n =0 => empty()
n = 1 => node(empty(),val,empty())
m :=n quo 2
node (balancedBinaryTree(m, val), val,
balancedBinaryTree((n - m) pretend NonNegativeInteger, val))
mapUp_! (x,fn) ==
empty? x => error "mapUp! called on a null tree"
leaf? x => x.value
x.value := fn(mapUp_!(x.left,fn) ,mapUp_!(x.right,fn))
mapUp_! (x,y,fn) ==
empty? x => error "mapUp! is called on a null tree"
leaf? x =>
leaf? y => x
error "balanced binary trees are incompatible"
leaf? y => error "balanced binary trees are incompatible"
mapUp_! (x.left,y.left,fn)
mapUp_! (x.right,y.right,fn)
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x.value := fn(x.left.value,x.right.value,y.left.value,y.right.value)
X
mapDown_! (x: %, p: S, fn: (S,8) -> S ) ==
empty? x => x
x.value := fn(p, x.value)
mapDown_! (x.left, x.value, fn)
mapDown_! (x.right, x.value, fn)
X
mapDown_! (x: %, p: S, fn: (S,S,S) -> List S§) ==
empty? x => x

x.value :=p
leaf? x => x
u := fn(x.left.value, x.right.value, p)

mapDown_! (x.left, u.1, fn)
mapDown_! (x.right, u.2, fn)
X

— BBTREE.dotabb —

"BBTREE" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BBTREE"]
"FLAGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FLAGG"]
"BBTREE" -> "FLAGG"

3.2 domain BPADIC BalancedPAdicInteger

— BalancedPAdicInteger.input —

)set break resume

)sys rm -f BalancedPAdicInteger.output
)spool BalancedPAdicInteger.output
)set message test on

)set message auto off

)clear all

-—-S1of1

)show BalancedPAdicInteger

--R

--R BalancedPAdicInteger(p: Integer) is a domain constructor
--R Abbreviation for BalancedPAdicInteger is BPADIC

--R This constructor is not exposed in this frame.
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Issue )edit bookvoll0.3.pamphlet to see algebra source code for BPADIC

%7 0 (%, k) > %

7%? : (PositivelInteger,%) -> %
?+7 2 (%, k) > %

=72 % > %

1: 0 —>1%

7?77 : (%,Positivelnteger) -> %
coerce : % => %

coerce : % -> OutputForm
digits : % -> Stream(Integer)
ged @ List(%) -> %

hash : ) -> Singlelnteger

lem : List(%) -> %

moduloP : % -> Integer

one? : % -> Boolean

Chh) => %

recip : % -> Union(%,"failed")
sample : () -> %

sqrt : (%,Integer) -> %
unitCanonical : % -> ¥%

?~=? : (%,%) —> Boolean

?quo?

?7x7 : (NonNegativelnteger,) -> %

?x*x?7 : (%,NonNegativeInteger) ->

?°? : (%,NonNegativeInteger) -> ¥

(%,Integer) -> Integer

() -> NonNegativelnteger

(%,%) -> Record(quotient: %,remainder: %)

: % —-> NonNegativeInteger

(List (%) ,%) -> Union(List(%),"failed")
(h,%) -> Union(%,"failed")

(%,%,%) -> Union(Record(coefl: %,coef2: %),"failed")
(%,%) -> Record(coefl: ¥,coef2: %,generator: %)
(SparseUnivariatePolynomial (%) ,SparseUnivariatePolynomial(%)) -> SparseUnivariatePolynor
(List (%) ,%) -> Union(List(%),"failed")

List (%) -> Record(coef: List(%),generator: %)

approximate :
characteristic :
divide :
euclideanSize
expressIdealMember :
exquo :
extendedEuclidean :
extendedEuclidean :
gcdPolynomial :
multiEuclidean :
principalldeal :

- Operations -—=

?%? : (Integer,%) —> %
?#*x? : (%,Positivelnteger) -> %
7-7 ¢ (bR > %

?=? : (%,%h) —> Boolean

0: 0O —>1%

associates? : (%,%) -> Boolean
coerce : Integer -> 7

complete : % -> %

extend : (%,Integer) -> %

ged 1 (%) —> %
latex : % -> String
lem = GhL,A) > %

modulus : () -> Integer

order : Y -> NonNegativeInteger
quotientByP : % -> %

?rem? : (%,%) —> %

sizeless? (%,%) -> Boolean
unit? : % -> Boolean

zero? : % -> Boolean

root : (SparseUnivariatePolynomial(Integer),Integer) -> %

subtractIfCan :
unitNormal

) spool
)1lisp (bye)

(%,%) => Union(},"failed")
: % -> Record(unit: %,canonical: %,associate: %)

— BalancedPAdicInteger.help —
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BalancedPAdicInteger examples

See Also:
o )show BalancedPAdicInteger

3.2.1 BalancedPAdicInteger (BPADIC)

BPADIC

See

= “InnerPAdicInteger” (IPADIC) on page

= “PAdicInteger” (PADIC) T on page

= “PAdicRationalConstructor” (PADICRC) 230 on page
= “PAdicRational” (PADICRAT) 21 on page (AT

= “BalancedPAdicRational” (BPADICRT) B3 on page

Exports:
0 1 approximate associates?
characteristic  coerce complete digits
divide euclideanSize expressldealMember exquo
extend extendedEuclidean ged gedPolynomial
hash latex lem moduloP
modulus multiEuclidean one? order
principalldeal —quotientByP recip root,
sample sizeLess? sqrt subtractIfCan
unit? unitCanonical unitNormal zero?
?77=7 7%7 PHE? 777
747 ?7-7 -7 7=7
?7quo? Trem?

— domain BPADIC BalancedPAdicInteger —

)abbrev domain BPADIC BalancedPAdicInteger
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++ Author: Clifton J. Williamson

++ Date Created: 15 May 1990

++ Date Last Updated: 15 May 1990

++ Basic Operations:

++ Related Domains:

++ Also See:

++ AMS Classifications:

++ Keywords: p-adic, complementation

++ Examples:

++ References:

++ Description:

++ Stream-based implementation of Zp: p-adic numbers are represented as
++ sum(i = 0.., al[i] * p~i), where the al[i] lie in -(p - 1)/2,...,(p - 1)/2.

BalancedPAdicInteger (p:Integer) == InnerPAdicInteger(p,false$Boolean)

— BPADIC.dotabb —

"BPADIC" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BPADIC"]
"PADICCT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PADICCT"]
"BPADIC" -> "PADICCT"

3.3 domain BPADICRT BalancedPAdicRational

— BalancedPAdicRational.input —

)set break resume

)sys rm -f BalancedPAdicRational.output
)spool BalancedPAdicRational.output
)set message test on

)set message auto off

)clear all

-—-S1of 1

)show BalancedPAdicRational

--R

--R BalancedPAdicRational(p: Integer) is a domain constructor

--R Abbreviation for BalancedPAdicRational is BPADICRT

--R This constructor is not exposed in this frame.

--R Issue )edit bookvol10.3.pamphlet to see algebra source code for BPADICRT

243
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--R

--R--------——-----"-"-—-——————— Operations --—-----——————-——————————————————
--R ?x%7? (Fraction(Integer),%) -> % ?7*%? : (%,Fraction(Integer)) -> %

--R 7%7 Chy ) => % ?7x7 : (Integer,%) —> %

--R 7%? : (Positivelnteger,%) —-> % ?7xx? : (J,Integer) -> ¥

--R 7*x?7 : (,PositiveInteger) -> % 47 (h,h) > %

--R 77 : (%, %) > % =7 % >

-=R ?/7 : Ch,%) => % ?=? : (%,%) —-> Boolean

-—R1: 0O >% 0: O —>1%

--R 777 : (%,Integer) -> ¥ 7?77 : (%,PositivelInteger) -> ¥%

--R associates? : (%,%) -> Boolean coerce : Fraction(Integer) -> %

--R coerce : % —> % coerce : Integer -> 7

--R coerce : % -> OutputForm denominator : % -> %

--R factor : % -> Factored(%) gcd @ List(h) -> %

--R gcd : (%,%h) > % hash : ) -> SingleInteger

--R inv : % -> % latex : % -> String

--R lcm : List(%) -> % lem : h,%) —> %

--R numerator : % -> % one? : % —> Boolean

--R prime? : % -> Boolean ?quo? : (4,%) -> %

--R recip : % -> Union(}%,"failed") ?rem? : (%,%) > %

--R removeZeroes : (Integer,%) -> % removeZeroes : % -> %

--R sample O ->% sizeless? (%,%) -> Boolean

--R squareFree : % -> Factored(%) squareFreePart : % -> %

--R unit? : % -> Boolean unitCanonical : % -> %

--R zero? : % —-> Boolean 7= (%, %) —-> Boolean

--R 7%? (%,BalancedPAdicInteger(p)) -> %

--R 7%? : (BalancedPAdicInteger(p),%) -> %

--R 7%7 : (NonNegativelnteger,%) -> %

--R 7*x7 : (J,NonNegativelnteger) -> %

--R 7/7 : (BalancedPAdicInteger(p),BalancedPAdicInteger(p)) -> %

--R 7<? : (%,%) -> Boolean if BalancedPAdicInteger(p) has ORDSET

--R 7<=7 : (%,%) -> Boolean if BalancedPAdicInteger(p) has ORDSET

--R 7>? : (%,%) -> Boolean if BalancedPAdicInteger(p) has ORDSET

--R 7>=7 : (%,%) —-> Boolean if BalancedPAdicInteger(p) has ORDSET

--R D : (%, (BalancedPAdicInteger(p) -> BalancedPAdicInteger(p))) -> %

--R D : (%, (BalancedPAdicInteger(p) -> BalancedPAdicInteger(p)),NonNegativeInteger) -> %
--R D : (%,List(Symbol),List(NonNegativeInteger)) -> ¥ if BalancedPAdicInteger(p) has PDRING(SYM
--R D : (%,Symbol,NonNegativeInteger) -> % if BalancedPAdicInteger(p) has PDRING(SYMBOL)
--R D : (%,List(Symbol)) -> ¥ if BalancedPAdicInteger(p) has PDRING(SYMBOL)
--R D : (%,Symbol) -> % if BalancedPAdicInteger(p) has PDRING(SYMBOL)

--R D : (%,NonNegativeInteger) -> % if BalancedPAdicInteger(p) has DIFRING

--R D : % -> % if BalancedPAdicInteger(p) has DIFRING

--R 7°7 : (%,NonNegativeInteger) -> ¥

--R abs : J -> % if BalancedPAdicInteger(p) has OINTDOM

--R approximate : (%,Integer) -> Fraction(Integer)

--R ceiling : 7% -> BalancedPAdicInteger(p) if BalancedPAdicInteger(p) has INS
--R characteristic : () -> NonNegativelnteger

--R charthRoot : % -> Union(%,"failed") if $ has CHARNZ and BalancedPAdicInteger(p) has PFECAT o
--R coerce : Symbol -> 7 if BalancedPAdicInteger(p) has RETRACT(SYMBOL)

--R coerce : BalancedPAdicInteger(p) -> %
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conditionP : Matrix(%) -> Union(Vector(%),"failed") if $ has CHARNZ and BalancedPAdicInteger(p) has PFE
continuedFraction : % -> ContinuedFraction(Fraction(Integer))

convert : % -> DoubleFloat if BalancedPAdicInteger(p) has REAL

convert : % -> Float if BalancedPAdicInteger(p) has REAL

convert : % —-> InputForm if BalancedPAdicInteger(p) has KONVERT (INFORM)

convert : % -> Pattern(Float) if BalancedPAdicInteger(p) has KONVERT(PATTERN(FLOAT))

convert : % -> Pattern(Integer) if BalancedPAdicInteger(p) has KONVERT(PATTERN(INT))

denom : % -> BalancedPAdicInteger (p)

differentiate : (%, (BalancedPAdicInteger(p) -> BalancedPAdicInteger(p))) -> %

differentiate : (%, (BalancedPAdicInteger(p) -> BalancedPAdicInteger(p)),NonNegativeInteger) -> %
differentiate : (%,List(Symbol),List(NonNegativeInteger)) -> % if BalancedPAdicInteger(p) has PDRING(SY!
differentiate : (J%,Symbol,NonNegativeInteger) -> ¥ if BalancedPAdicInteger(p) has PDRING(SYMBOL)
differentiate : (%,List(Symbol)) -> % if BalancedPAdicInteger(p) has PDRING(SYMBOL)

differentiate : (%,Symbol) -> % if BalancedPAdicInteger(p) has PDRING(SYMBOL)

differentiate : (%,NonNegativeInteger) -> % if BalancedPAdicInteger(p) has DIFRING

differentiate : % -> % if BalancedPAdicInteger(p) has DIFRING

divide : (%,%) -> Record(quotient: %,remainder: %)

7.7 : (%,BalancedPAdicInteger(p)) -> % if BalancedPAdicInteger(p) has ELTAB(BPADIC(p),BPADIC(p))
euclideanSize : J -> NonNegativeInteger

eval : (%,Symbol,BalancedPAdicInteger(p)) -> % if BalancedPAdicInteger(p) has IEVALAB(SYMBOL,BPADIC(p))
eval : (%,List(Symbol),List(BalancedPAdicInteger(p))) -> % if BalancedPAdicInteger(p) has IEVALAB(SYMBO
eval : (%,List(Equation(BalancedPAdicInteger(p)))) -> % if BalancedPAdicInteger(p) has EVALAB(BPADIC(p)
eval : (%,Equation(BalancedPAdicInteger(p))) -> % if BalancedPAdicInteger(p) has EVALAB(BPADIC(p))

eval : (% ,BalancedPAdicInteger(p),BalancedPAdicInteger(p)) -> % if BalancedPAdicInteger(p) has EVALAB(B
eval : (%,List(BalancedPAdicInteger(p)),List(BalancedPAdicInteger(p))) -> % if BalancedPAdicInteger (p) I
expressIdealMember : (List(%),%) -> Union(List(%),"failed")

exquo : (%,%) —-> Union(%,"failed")

extendedEuclidean : (%,%,%) —-> Union(Record(coefl: %,coef2: %),"failed")

extendedEuclidean : (%,%) -> Record(coefl: %,coef2: %,generator: %)

factorPolynomial : SparseUnivariatePolynomial(%) -> Factored(SparseUnivariatePolynomial(%)) if Balanced!
factorSquareFreePolynomial : SparseUnivariatePolynomial(}%) -> Factored(SparseUnivariatePolynomial(%)) i
floor : % -> BalancedPAdicInteger(p) if BalancedPAdicInteger(p) has INS

fractionPart : % -> % if BalancedPAdicInteger(p) has EUCDOM

gcdPolynomial : (SparseUnivariatePolynomial(%),SparseUnivariatePolynomial(%)) -> SparseUnivariatePolynor
init : () -> % if BalancedPAdicInteger(p) has STEP

map : ((BalancedPAdicInteger(p) -> BalancedPAdicInteger(p)),%) -> %

max : (%,%) -> % if BalancedPAdicInteger(p) has ORDSET

min : (%,%) -> % if BalancedPAdicInteger(p) has ORDSET

multiEuclidean : (List(%),%) -> Union(List(%),"failed")

negative? : J, -> Boolean if BalancedPAdicInteger(p) has OINTDOM

nextItem : % -> Union(%,"failed") if BalancedPAdicInteger(p) has STEP

numer : % —> BalancedPAdicInteger(p)

patternMatch : (%,Pattern(Float),PatternMatchResult(Float,%)) -> PatternMatchResult(Float,%) if Balance
patternMatch : (%,Pattern(Integer) ,PatternMatchResult(Integer,%)) -> PatternMatchResult(Integer,%) if B
positive? : Y, -> Boolean if BalancedPAdicInteger(p) has OINTDOM

principalldeal : List(}) -> Record(coef: List(%),generator: %)

random : () -> % if BalancedPAdicInteger(p) has INS

reducedSystem : Matrix(%) -> Matrix(BalancedPAdicInteger(p))

reducedSystem : (Matrix(%),Vector(%)) -> Record(mat: Matrix(BalancedPAdicInteger(p)),vec: Vector(Balanc
reducedSystem : (Matrix(%),Vector(%)) -> Record(mat: Matrix(Integer),vec: Vector(Integer)) if BalancedP
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--R reducedSystem : Matrix(%) -> Matrix(Integer) if BalancedPAdicInteger(p) has LINEXP(INT)
--R retract : ) -> Integer if BalancedPAdicInteger(p) has RETRACT(INT)

--R retract : % -> Fraction(Integer) if BalancedPAdicInteger(p) has RETRACT(INT)

--R retract : % -> Symbol if BalancedPAdicInteger(p) has RETRACT(SYMBOL)

--R retract : % -> BalancedPAdicInteger(p)

--R retractIfCan : % -> Union(Integer,"failed") if BalancedPAdicInteger(p) has RETRACT(INT)

--R retractIfCan : % -> Union(Fraction(Integer),"failed") if BalancedPAdicInteger(p) has RETRACT

--R retractIfCan : % -> Union(Symbol,"failed") if BalancedPAdicInteger(p) has RETRACT(SYMBOL)
--R retractIfCan : % -> Union(BalancedPAdicInteger(p),"failed")
--R sign : % -> Integer if BalancedPAdicInteger(p) has OINTDOM

--R solvelinearPolynomialEquation : (List(SparseUnivariatePolynomial(%)),SparseUnivariatePolynom
--R squareFreePolynomial : SparseUnivariatePolynomial(%) -> Factored(SparseUnivariatePolynomial(

--R subtractIfCan : (%,%) -> Union(¥%,"failed")
--R unitNormal : % -> Record(unit: %,canonical: %,associate: %)
--R wholePart : J -> BalancedPAdicInteger(p) if BalancedPAdicInteger(p) has EUCDOM

) spool
)1lisp (bye)

— BalancedPAdicRational.help —

BalancedPAdicRational examples

See Also:
o )show BalancedPAdicRational

3.3.1 BalancedPAdicRational (BPADICRT)

BPADICRT
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wn

ee

= “InnerPAdicInteger” (IPADIC) on page

= “PAdicInteger” (PADIC) [CZT1 on page X247

= “BalancedPAdicInteger” (BPADIC) BT on page

= “PAdicRationalConstructor” (PADICRC) 731 on page
= “PAdicRational” (PADICRAT) 21 on page [X31

Exports:
0 1 abs
approximate associates? ceiling
characteristic charthRoot coerce
conditionP continuedFraction convert
D denom denominator
differentiate divide 7.7
euclideanSize eval expressldealMember
exquo extendedEuclidean factor
factorPolynomial factorSquareFreePolynomial  floor
fractionPart ged gcdPolynomial
hash init inv
latex lem map
max min multiEuclidean
negative? nextltem numer
numerator one? patternMatch
positive? prime? principalldeal
random recip reducedSystem
removeZeroes retract retractIfCan
sample sign sizeLess?
solveLinearPolynomialEquation squareFree squareFreePart
squareFreePolynomial subtractIfCan unit?
unitCanonical unitNormal wholePart
zero? %7 7**7
747 ?-7 -7
?/7 7=7 777
?77=7 7<? 7<=7
7>7 ?7>=7 ?quo?
Trem?

— domain BPADICRT BalancedPAdicRational —

)abbrev domain BPADICRT BalancedPAdicRational

++ Author: Clifton J. Williamson

++ Date Created: 15 May 1990

++ Date Last Updated: 15 May 1990

++ Keywords: p-adic, complementation

++ Basic Operatioms:
++ Related Domains:
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++ Also See:

++ AMS Classifications:

++ Keywords: p-adic, completion

++ Examples:

++ References:

++ Description:

++ Stream-based implementation of Qp: numbers are represented as

++ sum(i = k.., a[i]l * p~i), where the a[i] lie in -(p - 1)/2,...,(p - 1)/2.

BalancedPAdicRational(p:Integer) ==
PAdicRationalConstructor(p,BalancedPAdicInteger p)

— BPADICRT.dotabb —

"BPADICRT" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BPADICRT"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"BPADICRT" -> "PFECAT"

3.4 domain BFUNCT BasicFunctions

— BasicFunctions.input —

)set break resume

)sys rm -f BasicFunctions.output
)spool BasicFunctions.output
)set message test on

)set message auto off

)clear all

-——S1of 1

)show BasicFunctions

--R

--R BasicFunctions is a domain constructor

--R Abbreviation for BasicFunctions is BFUNCT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for BFUNCT
--R

--R-- ettt Operations --- -—=

--R 7=7 : (%,%) —-> Boolean bfKeys : () -> List(Symbol)
--R coerce : % -> OutputForm hash : ) -> Singlelnteger
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--R latex : % -> String ?7=?7 : (%,%) —-> Boolean

--R bfEntry : Symbol -> Record(zeros: Stream(DoubleFloat),ones: Stream(DoubleFloat),singularities: Stream(D
--R

--E 1

) spool
)1lisp (bye)

— BasicFunctions.help —

BasicFunctions examples

See Also:
o )show BasicFunctions

3.4.1 BasicFunctions (BFUNCT)

BFUNCT

FIELD-

Exports:

bfEntry bfKeys coerce hash latex
?77=" ?7=7

— domain BFUNCT BasicFunctions —

)abbrev domain BFUNCT BasicFunctions
++ Author: Brian Dupee

++ Date Created: August 1994

++ Date Last Updated: April 1996

++ Basic Operations: bfKeys, bfEntry



250 CHAPTER 3. CHAPTER B

++ Description:
++ A Domain which implements a table containing details of
++ points at which particular functions have evaluation problems.

BasicFunctions(): E == I where
DF ==> DoubleFloat
SDF ==> Stream DoubleFloat
RS ==> Record(zeros: SDF, ones: SDF, singularities: SDF)

E ==> SetCategory with

bfKeys: () -> List Symbol
++ bfKeys() returns the names of each function in the
++ \axiomType{BasicFunctions} table

bfEntry:Symbol -> RS
++ bfEntry(k) returns the entry in the \axiomType{BasicFunctions} table
++ corresponding to \spad{k}

finiteAggregate

I ==> add

Rep := Table(Symbol,RS)
import Rep, SDF

f(x:DF) :DF ==
positive?(x) => -x
-x+1
bf():$ ==
import RS
dpi := pi()$DF
ndpi:SDF := map(x1+->x1*dpi,(z := generate(f,0))) -- [n pi for n in Z]
nldpi:SDF := map(x1+->-(2%(x1)-1)*dpi/2,z) -- [(n+1) pi /2]
n2dpi:SDF := map(x1+->2*x1*dpi,z) -- [2 n pi for n in Z]

n3dpi:SDF := map(xl+->-(4*(x1)-1)*dpi/4,z)
n4dpi:SDF := map(x1+->-(4*(x1)-1)*dpi/2,z)
sinEntry:RS := [ndpi, n4dpi, empty()$SDF]
cosEntry:RS := [nldpi, n2dpi, esdf := empty()$SDF]
tanEntry:RS := [ndpi, n3dpi, nldpil
asinEntry:RS := [construct([0$DF])$SDF,

construct ([float (8414709848078965,-16,10)$DF]), esdf]
[construct ([1$DF]) $SDF,

construct ([£loat (54030230586813977,-17,10)$DF]), esdf]
[construct ([0$DF]) $SDF,

construct ([float (15574077246549023,-16,10)$DF]), esdf]
[esdf, n2dpi, nidpil
[esdf, n4dpi, ndpil
cotEntry:RS := [nldpi, n3dpi, ndpil
logEntry:RS := [construct([1$DF])$SDF,esdf, construct([0$DF])$SDF]
entryList: Llst(Record(key Symbol,entry:RS)) :=

[[sin@Symbol, sinEntryl, [cos@Symbol, cosEntryl],

acosEntry:RS :

atanEntry:RS :

secEntry:RS :
cscEntry:RS :
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[tan@Symbol, tanEntry], [sec@Symbol, secEntry],
[csc@Symbol, cscEntryl, [cot@Symbol, cotEntryl,
[asin@Symbol, asinEntry], [acos@Symbol, acosEntryl],
[atan@Symbol, atanEntry], [log@Symbol, logEntry]]
construct (entryList)$Rep

bfKeys () :List Symbol == keys(bf ())$Rep

bfEntry (k:Symbol) :RS == gelt (bf(),k)$Rep

— BFUNCT.dotabb —

"BFUNCT" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BFUNCT"]
"FIELD-" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=FIELD"]
"BFUNCT" -> "FIELD-"

3.5 domain BOP BasicOperator

— BasicOperator.input —

)set break resume

)sys rm -f BasicOperator.output
)spool BasicOperator.output
)set message test on

)set message auto off

)clear all

--S 1 of 18

y := operator ’y

--R

--R

--R 1) ¥y

--R Type: BasicOperator
--E 1

--S 2 of 18

deq := D(y x, x, 2) +D(y x, x) +yx =0
--R

--R

--R Vs

R (2 y x)+y ) +yx)=0

251



--E 2

--S 3 of 18

solve(deq, y, %)

(3

--IType: Un
--E 3

--S 4 of 18

nary? y

(4)
--R

--E 4

--S 5 of 18
unary? y
(8)
--E 5

--S 6 of 18
opOne := op
(8
--E 6

-=S 7 of 18
nary? opOne
€p]
-—-E 7

--S 8 of 18

[particular= 0,basis= [cos(

ion(Record(particular:

true

false

erator (’opOne, 1)

opOne

false

unary? opOne

CHAPTER 3. CHAPTER B

Type: Equation(Expression(Integer))

Yhe

2

YA

+-+
x\ 3

Expression(Integer) ,basis:

Type: Boolean

Type: Boolean

Type: BasicOperator

Type: Boolean
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--R  (8) true
--E 8

--5 9 of 18
arity opOne
--R (9 1
--E 9

--5 10 of 18

name opOne

--R (10) opOne
--E 10
--S 11 of 18

is?(opOne, ’z2)

--R (11) false

--E 11
--S 12 of 18

is?(opOne, "opOne")

--R (12) true

--E 12
--S 13 of 18

properties y

--R  (13) tableQ

--E 13

--S 14 of 18

setProperty(y, "use", "unknown function"
--R

--R

Type: Boolean

Type: Union(NonNegativeInteger,...)

Type: Symbol

Type: Boolean

Type: Boolean

Type: AssociationList(String,None)

: None )

253
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--R  (14) y
--R Type: BasicOperator
--E 14

--S 15 of 18
properties y

--R (15) table("use"= NONE)
--R Type: AssociationList(String,None)
--E 15

--S 16 of 18
property(y, "use") :: None pretend String

--R (16) "unknown function"
--R Type: String
--E 16

--S 17 of 18
deleteProperty! (y, "use")

--R  17) y
--R Type: BasicOperator
--E 17

--S 18 of 18
properties y

--R  (18) table()

--R Type: AssociationList(String,None)
--E 18

) spool

)1lisp (bye)

— BasicOperator.help —

BasicOperator examples

A basic operator is an object that can be symbolically applied to a
list of arguments from a set, the result being a kernel over that set
or an expression.
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You create an object of type BasicOperator by using the operator
operation. This first form of this operation has one argument and it
must be a symbol. The symbol should be quoted in case the name has
been used as an identifier to which a value has been assigned.

A frequent application of BasicOperator is the creation of an operator
to represent the unknown function when solving a differential equation.

Let y be the unknown function in terms of x.

y := operator ’y

y

Type: BasicOperator

This is how you enter the equation y’’ + y’ +y = 0.

deq := D(y x, x, 2) +D(y x, x) +yx =0
y x) +y x) +y&x =0

Type: Equation Expression Integer

To solve the above equation, enter this.

solve(deq, y, x)

X X
+-+ - - - - +-+
x\ I3 2 2 x\ 13
[particular= 0,basis= [cos(----- Yhe ,he  sin(-——-- )11
2 2
Type: Union(Record(particular: Expression Integer,
basis: List Expression Integer),...)

Use the single argument form of BasicOperator (as above) when you
intend to use the operator to create functional expressions with an
arbitrary number of arguments

Nary means an arbitrary number of arguments can be used in the
functional expressions.

nary? y
true
Type: Boolean

unary? y
false
Type: Boolean

Use the two-argument form when you want to restrict the number of
arguments in the functional expressions created with the operator.
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This operator can only be used to create functional expressions
with one argument.

opOne := operator(’opOne, 1)
opOne
Type: BasicOperator

nary? opOne
false
Type: Boolean

unary? opOne
true
Type: Boolean

Use arity to learn the number of arguments that can be used. It
returns "false" if the operator is nary.

arity opOne
1
Type: Union(NonNegativelnteger,...)

Use name to learn the name of an operator.

name opOne
opOne
Type: Symbol

Use is? to learn if an operator has a particular name.

is?(opOne, ’z2)
false
Type: Boolean

You can also use a string as the name to be tested against.

is?(opOne, "opOne")
true
Type: Boolean

You can attached named properties to an operator. These are rarely
used at the top-level of the Axiom interactive environment but are
used with Axiom library source code.

By default, an operator has no properties.
properties y

table()
Type: AssociationList(String,None)
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The interface for setting and getting properties is somewhat awkward
because the property values are stored as values of type None.

Attach a property by using setProperty.

setProperty(y, "use", "unknown function" :: None )

y
Type: BasicOperator

properties y
table ("use"=NONE)
Type: AssociationList(String,None)

We know the property value has type String.

property(y, "use") :: None pretend String
"unknown function"
Type: String

Use deleteProperty! to destructively remove a property.

deleteProperty! (y, "use")

y
Type: BasicOperator

properties y
table ()
Type: AssociationList(String,None)

See Also

o )help Expression

o )help Kernel

o )show BasicOperator
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3.5.1 BasicOperator (BOP)

BOP

ALIST

Exports:
arity assert coerce comparison copy
deleteProperty! display display display equality
has? hash input input is?
latex max min name nary?
nullary? operator operator properties property
setProperties setProperty unary? weight weight
?77=" 7<? 7<=" =" 7>7
?7>=7

— domain BOP BasicOperator —

)abbrev domain BOP BasicOperator

++
++
++
++
++
++
++
++

Author: Manuel Bronstein

Date Created: 22 March 1988

Date Last Updated: 11 October 1993

Keywords: operator, kernel.

Description:

Basic system operators.

A basic operator is an object that can be applied to a list of
arguments from a set, the result being a kernel over that set.

BasicOperator(): Exports == Implementation where

0 ==> QutputForm
P  ==> AssociationList(String, None)
L  ==> List Record(key:String, entry:None)
SEX ==> InputForm
some internal properties

LESS? ==> "Yless?"
EQUAL? ==> "Yequal?"
WEIGHT ==> "Yweight"
DISPLAY ==> "Ydisplay"
SEXPR  ==> "}input"

Exports ==> OrderedSet with

CHAPTER B
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name : $ -> Symbol
++ name(op) returns the name of op.
properties: $ -> P
++ properties(op) returns the list of all the properties
++ currently attached to op.
copy :$ >3
++ copy(op) returns a copy of op.
operator : Symbol -> $
++ operator(f) makes f into an operator with arbitrary arity.

operator : (Symbol, NonNegativeInteger) -> $
++ operator(f, n) makes f into an n-ary operator.
arity : $ -> Union(NonNegativeInteger, "failed")

++ arity(op) returns n if op is n-ary, and
++ "failed" if op has arbitrary arity.
nullary? : $ -> Boolean
++ nullary?(op) tests if op is nullary.
unary? : $§ -> Boolean
++ unary?(op) tests if op is unary.
nary? : $§ -> Boolean
++ nary?(op) tests if op has arbitrary arity.
weight : $§ —> NonNegativeInteger
++ weight (op) returns the weight attached to op.
weight : ($, NonNegativeInteger) -> §
++ weight (op, n) attaches the weight n to op.
equality : ($, ($§, $ -> Boolean) -> §
++ equality(op, foo?) attaches foo? as the "Jequal?" property
++ to op. If opl and op2 have the same name, and one of them
++ has an "Jequal?" property f, then \spad{f(opl, op2)} is called to
++ decide whether opl and op2 should be considered equal.
comparison : ($, ($, $) -> Boolean) -> $
++ comparison(op, foo?) attaches foo? as the "/less?" property
++ to op. If opl and op2 have the same name, and one of them
++ has a "Y%less?" property f, then \spad{f(opl, op2)} is called to
++ decide whether \spad{opl < op2}.
display : $ -> Union(List 0O -> 0, "failed")
++ display(op) returns the "Ydisplay" property of op if
++ it has one attached, and "failed" otherwise.
display : ($, List 0 -> 0) -> 3
++ display(op, foo) attaches foo as the "Jdisplay" property
++ of op. If op has a "Ydisplay" property f, then \spad{op(al,...,an)}
++ gets converted to OutputForm as \spad{f(al,...,an)}.
display : (5,0 >0 -> 3
++ display(op, foo) attaches foo as the "Jdisplay" property
++ of op. If op has a "Jdisplay" property f, then \spad{op(a)}
++ gets converted to OutputForm as \spad{f(a)l}.
++ Argument op must be unary.
input : ($, List SEX -> SEX) > §$
++ input(op, foo) attaches foo as the "input" property
++ of op. If op has a "Vinput" property f, then \spad{op(al,...,an)}
++ gets converted to InputForm as \spad{f(al,...,an)}.
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input : $§ -> Union(List SEX -> SEX, "failed")
++ input(op) returns the "%input" property of op if
++ it has one attached, "failed" otherwise.

is? : ($, Symbol) -> Boolean

++ is?(op, s) tests if the name of op is s.
has? : ($, String) -> Boolean

++ has?(op, s) tests if property s is attached to op.
assert : ($, String) > $

++ assert(op, s) attaches property s to op.

++ Argument op is modified "in place", i.e. no copy is made.
deleteProperty_!: ($, String) -> §

++ deleteProperty! (op, s) unattaches property s from op.

++ Argument op is modified "in place", i.e. no copy is made.
property : ($, String) -> Union(None, "failed")

++ property(op, s) returns the value of property s if

++ it is attached to op, and "failed" otherwise.
setProperty : ($, String, None) -> $

++ setProperty(op, s, v) attaches property s to op,

++ and sets its value to v.

++ Argument op is modified "in place", i.e. no copy is made.
setProperties : ($, P) > $

++ setProperties(op, 1) sets the property list of op to 1.

++ Argument op is modified "in place", i.e. no copy is made.

Implementation ==> add
-- if narg < O then the operator has variable arity.

Rep := Record(opname:Symbol, narg:SingleInteger, props:P)

oper: (Symbol, SingleInteger, P) -> §

is?(op, s) == name(op) = s
name op == op.opname
properties op == Oop.props
setProperties(op, 1) == (op.props := 1; op)
operator s == oper(s, -1::SingleInteger, table())
operator(s, n) == oper(s, n::Integer::SingleInteger, table())
property(op, name) == search(name, op.props)
assert(op, s) == setProperty(op, s, NIL$Lisp)
has?(op, name) == key?(name, op.props)
oper(se, n, prop) == [se, n, prop]
weight (op, n) == setProperty(op, WEIGHT, n pretend None)
nullary? op == zero?(op.narg)

- unary? op == one?(op.narg)
unary? op == ((op.narg) = 1)
nary? op == negative?(op.narg)
equality(op, func) == setProperty(op, EQUAL?, func pretend None)
comparison(op, func) == setProperty(op, LESS?, func pretend Nomne)
display(op:$, £:0 -> 0) == display(op, (x1:List(0)):0 +-> f first x1)
deleteProperty_! (op, name) == (remove_! (name, properties op); op)

setProperty(op, name, valu) == (op.props.name := valu; op)
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coerce(op:$) :OutputForm == name (op) : : OutputForm

input(op:$, f:List SEX -> SEX) == setProperty(op, SEXPR, f pretend None)
display(op:$, f:List 0 -> 0) == setProperty(op, DISPLAY, f pretend None)
display op ==

(u := property(op, DISPLAY)) case "failed" => "failed"
(u::None) pretend (List 0 -> 0)

input op ==
(u := property(op, SEXPR)) case "failed" => "failed"
(u::None) pretend (List SEX -> SEX)

arity op ==
negative?(n := op.narg) => "failed"
convert(n)@Integer :: NonNegativeInteger
copy op ==

oper (name op, op.narg,
table([[r.key, r.entry] for r in entries(properties op)@L]$L))

-- property EQUAL? contains a function f: (BOP, BOP) -> Boolean
-- such that f(ol, 02) is true iff ol = 02

opl = op2 ==
(EQ$Lisp) (opl, op2) => true
name (opl) ~= name(op2) => false

opl.narg "= op2.narg => false
brace(keys properties opl) “=$Set(String) _
brace(keys properties op2) => false
(func := property(opl, EQUAL?)) case None =>
((func: :None) pretend (($, $) -> Boolean)) (opl, op2)
true

-- property WEIGHT allows one to change the ordering around
-- by default, every operator has weigth 1
weight op ==
(w := property(op, WEIGHT)) case "failed" => 1
(w::None) pretend NonNegativeInteger

-- property LESS? contains a function f: (BOP, BOP) -> Boolean
-- such that f(ol, 02) is true iff ol < o2

opl < op2 ==
(wl := weight opl) "= (w2 := weight op2) => wl < w2
opl.narg "= op2.narg => opl.narg < op2.narg

name (opl) ~= name(op2) => name(opl) < name(op2)
nl := #(kl := brace(keys(properties opl))$Set(String))
n2 := #(k2 := brace(keys(properties op2))$Set(String))
nl "= n2 => nl < n2
not zero?(nl := #(d1 := difference(kl, k2))) =>
nl "= (n2 := #(d2 := difference(k2, k1))) => nl < n2
inspect(dl) < inspect(d2)
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(func := property(opl, LESS?)) case None =>

CHAPTER 3. CHAPTER B

((func: :None) pretend (($, $) -> Boolean)) (opl, op2)

(func := property(opl, EQUAL?)) case None =>

not (((func: :None) pretend (($, $) -> Boolean)) (opl, op2))

false

— BOP.dotabb —

"BOP" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BOP"]
"ALIST" [color="#88FF44" ,href="bookvol1l0.3.pdf#nameddest=ALIST"]

"BOP" -> "ALIST"

3.6 domain BSD BasicStochasticDifferential

— BasicStochasticDifferential.input —

)set break resume

)sys rm -f BasicStochasticDifferential.output
)spool BasicStochasticDifferential.output
)set message test on

)set message auto off

)clear all

--S 1 of 30
print copyBSD()

-R [I
--E 1

--S 2 of 30
print copyIto()

--R  table()
--E 2

--S 3 of 30

Type: Void

Type: Void

dX:=introduce! (X,dX) -- dX is a new stochastic differential

--R
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--S 6

(3) da&X

of 30
copyBSD()

[dX]

of 30
copyIto()

table (X= dX)

of 30

getSmgl (dX)

of 30
dX

dX

of 30
domainOf (dX)

BasicStochasticDifferential()

of 30
d X

dX

--S 10 of 30

print

((d$BSD) X)

Type: Union(BasicStochasticDifferential,...)

Type: Void

Type: Void

Type: Union(Symbol,...)

Type: Void

Type: Void

Type: Void
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--R

--R  dX

--R Type: Void
--E 10

--S 11 of 30

print domainOf ((d$BSD) X)

--R

--R  BasicStochasticDifferential()

--R Type: Void
--E 11

--S 12 of 30

introduce! (t,dt) -- dt is a new stochastic differential

--R

--R

--R (12) dt

--R Type: Union(BasicStochasticDifferential,...)
--E 12

--S 13 of 30

print copyBSD()

--R

--R [dX,dt]

--R Type: Void
--E 13

--S 14 of 30

print copyIto()

--R

--R  table(t= dt,X= dX)

--R Type: Void
--E 14

--S 15 of 30

introduce! (t,dt) -- fails (can’t repeat an introduction!)

--R

--R

--R (15) "failed"

--R Type: Union("failed",...)
--E 15

--S 16 of 30

print copyBSD()

--R

--R  [dX,dt]

--R Type: Void
--E 16

--S 17 of 30
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print copyIto()
--R  table(t= dt,X= dX)
--E 17

--S 18 of 30
’dZ: :BSD -- can fail

--R dZ is not a stochastic differential
--RDaly Bug

--R  >> Error detected within library code:
--R above causes failure in convert$BSD
--R  Continuing to read the file...

--E 18

--S 19 of 30
dz::BSD -- fails

--R dZ is not a stochastic differential
--RDaly Bug

--R >> Error detected within library code:
--R above causes failure in convert$BSD

Type: Void

--R

--R Continuing to read the file...
--R

--E 19

--S 20 of 30

string(dY) : :BSD -- fails

--R

--R

--RDaly Bug

--R  Cannot convert from type String to BasicStochasticDifferential for
--R value

--R  "dy"

--R

--E 20

-=-S 21 of 30

print domainOf (dt)

--R

--R  Variable(dt)

--R

--E 21

Type: Void
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--S8 22 of 30
dt::BSD —- succeeds!

--R  (19) dt
--R Type: BasicStochasticDifferential
--E 22

--S 23 of 30
getSmgl(dt: :BSD)

--R (20) ¢
--R Type: Union(Symbol,...)

--S 24 of 30
dX: :Symbol —-- succeeds

--R  (21) dX
--R Type: Symbol

--S 25 of 30
string(dX) -- fails

--R There are 3 exposed and 1 unexposed library operations named string
--R having 1 argument(s) but none was determined to be applicable.
--R Use HyperDoc Browse, or issue

--R )display op string

--R to learn more about the available operations. Perhaps

--R package-calling the operation or using coercions on the arguments
--R will allow you to apply the operation.

--RDaly Bug

--R Cannot find a definition or applicable library operation named
--R string with argument type(s)

--R BasicStochasticDifferential

--R Perhaps you should use "Q@" to indicate the required return type,
--R or "$" to specify which version of the function you need.
--E 25

--S 26 of 30

string(dX::Symbol) -- succeeds

__R (22) "dX"
--R Type: String
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--E 26

--S 27 of 30
[introduce! (A[i],dA[i]) for i in 1..2]

--R (23) [dA ,dA]

--R 1 2

--R Type: List(Union(BasicStochasticDifferential,"failed"))
--E 27

--S 28 of 30
print copyBSD()

--R [dA ,dA ,dX,dt]

--R 1 2

--R Type: Void
--E 28

--S 29 of 30
print copyIto()

--R  table(A = dA ,A = dA ,t= dt,X= dX)

--R 2 2 1 1

--R Type: Void
--E 29

--S 30 of 30

[d A[i] for i in 1..2]

--R (26) [dA ,dA ]
--R 1 2
--R Type: List(Union(BasicStochasticDifferential,Integer))

) spool
)1lisp (bye)

— BasicStochasticDifferential.help —

BasicStochasticDifferential examples

Based on Symbol: a domain of symbols representing basic stochastic
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differentials, used in StochasticDifferential(R) in the underlying
sparse multivariate polynomial representation.

We create new BSD only by coercion from Symbol using a special
function introduce! first of all to add to a private set SDset. We
allow a separate function convertIfCan which will check whether the
argument has previously been declared as a BSD.

The copyBSD() returns setBSD as a list of BSD.
Initially the BSD table of symbols is empty:
print copyBSD()
[

as is the Ito table. The copyIto() returns the table relating
semimartingales to basic stochastic differentials.
print copyIto()
table()

We introduce a new stochastic differential:
dX:=introduce! (X,dX) -- dX is a new stochastic differential
dXx

and now it is in the BSD table of symbols:
print copyBSD()
[dx]

and the Ito table:
print copyIto()
table(X= dX)

The getSmgl(bsd) returns the semimartingale S related to the basic
stochastic differential bsd by introduce!:
getSmgl (dX)
X

Note that the dX symbol is of type BasicStochasticDifferential:
print domainOf (dX)
BasicStochasticDifferential()

The d function, d(X) returns dX if tableIto(X)=dX otherwise O:
print d X
dX

and we can specify the domain:
print ((d$BSD) X)
dXx

which clearly is of domain BasicStochasticDifferential
print domainOf ((d$BSD) X)

CHAPTER B
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BasicStochasticDifferential()

The introduce! (X,dX) returns dX as BSD if it isn’t already in BSD
introduce! (t,dt) -- dt is a new stochastic differential
dt

Now we can see that dt is in the BSD table:
print copyBSD()
[dX,dt]

and the Ito table:
print copyIto()
table(t= dt,X= dX)

You cannot repeat an introduce! for an existing entry:
introduce! (t,dt)
"failed"

Regular symbols can be added, especially with subscripts:
[introduce! (A[i],dA[i]) for i in 1..2]
[dA ,dA ]
1 2

And we can see them in the BSD table:
print copyBSD()
[dA ,dA ,dX,dt]
1 2

and the Ito table:
print copyIto()
table(A = dA ,A = dA ,t= dt,X= dX)
2 2 1 1

The d function can extract these symbols:
[d A[i] for i in 1..2]
[dA ,dA ]
1 2

See Also:
o )show BasicStochasticDifferential
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3.6.1 BasicStochasticDifferential (BSD)

BSD

See
= “StochasticDifferential” (SD) on page
Exports:
coerce convert convertIfCan copyBSD
copylto d getSmgl hash
introduce! latex max min
?77=7 7<? 7<=7 ?7=7
7>7 7>=7

— domain BSD BasicStochasticDifferential —

)abbrev domain BSD BasicStochasticDifferential

++
++
++
++
++
++
++
++
++
++
++
++
++
++

Ba
I
0
c

Author: Wilfrid S. Kendall

Date Last Updated: July 26, 1999

Related Domains: StochasticDifferential(R)

Keywords: stochastic differential, semimartingale.

References: Ito (1975), Kendall (1991a,b; 1993a,b; 1999a,b).
Description:

Based on Symbol: a domain of symbols representing basic stochastic
differentials, used in StochasticDifferential(R) in the underlying
sparse multivariate polynomial representation.

We create new BSD only by coercion from Symbol using a special
function introduce! first of all to add to a private set SDset.
We allow a separate function convertIfCan which will check whether the

argument has previously been declared as a BSD.
sicStochasticDifferential(): category == implementation where
NT ==> Integer

F ==> OutputForm
ategory ==> OrderedSet with
ConvertibleTo (Symbol)

convertIfCan: Symbol -> Union(%, "failed")
++ convertIfCan(ds) transforms \axiom{dX} into a \axiom{BSD}
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++ if possible (if \axiom{introduce(X,dX)} has
++ been invoked previously).

convert: Symbol -> 7%
++ convert(dX) transforms \axiom{dX} into a \axiom{BSD}
++ if possible and otherwise produces an error.

introduce!: (Symbol,Symbol) -> Union(%, "failed")

++ introduce! (X,dX) returns \axiom{dX} as \axiom{BSD} if it
++ isn’t already in \axiom{BSD}

++

++X introduce! (t,dt) -- dt is a new stochastic differential
++X copyBSD()

d: Symbol -> Union(%,INT)
++ d(X) returns \axiom{dX} if \axiom{tableIto(X)=dX}
++ and otherwise returns \axiom{0O}

copyBSD: () -> List %

++ copyBSD() returns \axiom{setBSD} as a list of \axiom{BSD}.
++

++X introduce! (t,dt) -- dt is a new stochastic differential
++X copyBSD()

copyIto: () -> Table(Symbol,%)

++ copyIto() returns the table relating semimartingales

++ to basic stochastic differentials.

++

++X introduce!(t,dt) -- dt is a new stochastic differential
++X copyIto()

getSmgl: % -> Union(Symbol,"failed")

++ getSmgl (bsd) returns the semimartingale \axiom{S} related
++ to the basic stochastic differential \axiom{bsd} by

++ \axiom{introduce!}

++

++X introduce! (t,dt) -- dt is a new stochastic differential
++X getSmgl(dt::BSD)

implementation ==> Symbol add

Rep := Symbol

setBSD := empty()$Set (Symbol)
tableIto:Table(Symbol,%) := table()
tableBSD:Table(%,Symbol) := table()
convertIfCan(ds:Symbol) :Union(%,"failed") ==

not (member?(ds,setBSD)) => "failed"
ds::%
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convert(ds:Symbol) :% ==
(du:=convertIfCan(ds))
case "failed" =>
print (hconcat (ds: :Symbol: :0F,
message(" is not a stochastic differential")$0F))
error "above causes failure in convert$BSD"
du

introduce! (X,dX) ==

member? (dX,setBSD) => "failed"
insert! (dX,setBSD)
tableBSD(dX::%) := X
tableIto(X) := dX::%

d(X) ==

search(X,tableIto) case "failed" => 0::INT
tableIto(X)

copyBSD() == [ds::% for ds in members(setBSD)]
copyIto() == tablelto
getSmgl(ds:%) :Union(Symbol, "failed") == tableBSD(ds)

— BSD.dotabb —

"BSD" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BSD"]
"FSAGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FSAGG"]
IIBSDII -> IIFSAGGII

3.7 domain BINARY BinaryExpansion

— BinaryExpansion.input —

)set break resume

)sys rm -f BinaryExpansion.output
)spool BinaryExpansion.output
)set message test on

)set message auto off

)clear all

--S1of7
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r := binary(22/7)

--R (1) 11.001
--R Type: BinaryExpansion

=S 2 o0f 7
r + binary(6/7)

--R Type: BinaryExpansion

--R (3)

--R [0.000000101, 0.000000100111110001000101100101111001110010010101001,

--R 0.000000100111011, 0.000000100111,

--R I S

--R 0.00000010011010100100001110011111011001010110111100011]

--R Type: List(BinaryExpansion)
--E 3

--S 4 0f 7

binary(1/1007)

--R

--R

--R 4)

--R 0.

--R OVERBAR

--R 00000000010000010001010010010111100000111111000010111111001011000111110
--R 100010011100100110011000110010010101011110110100110000000011000011001
--R 111011100011010001011110100100011110110000101011101110011101010111001
--R 100101001011100000001110001111001000000100100100110111001010100111010
--R 001101110110101110001001000001100101101100000010110010111110001010000
--R 010101010110101100000110110111010010101111111010111010100110010000101
--R 0011011000100110001000100001000011000111010011110001

--R Type: BinaryExpansion
--E 4

--S 5 0f 7

p := binary(1/4)*x**2 + binary(2/3)*x + binary(4/9)
--R
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--R 2 — ______
--R (5) 0.01x + 0.10x + 0.011100
--R Type: Polynomial (BinaryExpansion)

--S 6 of 7
q :=D(p, x)

--R (6) 0.1x + 0.10
--R Type: Polynomial (BinaryExpansion)

S 7 of 7
g := gecd(p, Q)

--R (7) x + 1.01

--R Type: Polynomial (BinaryExpansion)
--E 7

) spool

)1lisp (bye)

— BinaryExpansion.help —

BinaryExpansion examples

A1l rational numbers have repeating binary expansions. Operations to
access the individual bits of a binary expansion can be obtained by
converting the value to RadixExpansion(2). More examples of
expansions are available with

The expansion (of type BinaryExpansion) of a rational number is
returned by the binary operation.

r := binary(22/7)

11.001
Type: BinaryExpansion

Arithmetic is exact.

r + binary(6/7)
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100
Type: BinaryExpansion

The period of the expansion can be short or long.

[binary(1/i) for i in 102..106]

0.00000010011010100100001110011111011001010110111100011]
Type: List BinaryExpansion

or very long.

binary(1/1007)

0.000000000100000100010100100101111000001111110000101111110010110001111101

000100111001001100110001100100101010111101101001100000000110000110011110

111000110100010111101001000111101100001010111011100111010101110011001010

010111000000011100011110010000001001001001101110010101001110100011011101

101011100010010000011001011011000000101100101111100010100000101010101101

011000001101101110100101011111110101110101001100100001010011011000100110

001000100001000011000111010011110001
Type: BinaryExpansion

These numbers are bona fide algebraic objects.

p := binary(1/4)*x**2 + binary(2/3)*x + binary(4/9)

0.01 x72 +0.10 x + 0.011100
Type: Polynomial BinaryExpansion

D(p, x)

0
i

0.1 x +0.10
Type: Polynomial BinaryExpansion

ged(p, @

x+1.01

o
i
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Type: Polynomial BinaryExpansion
See Also:
o )help DecimalExpansion

o )help HexadecimalExpansion
o )show BinaryExpansion

3.7.1 BinaryExpansion (BINARY)

BINARY

See

= “RadixExpansion” (RADIX) T2 on page ET71
= “DecimalExpansion” (DECIMAL) B3 on page Bh3
= “HexadecimalExpansion” (HEXADEC) B33 on page [T12

Exports:

CHAPTER B
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0 1 abs
associates? binary ceiling
characteristic charthRoot coerce
conditionP convert D
denom denominator differentiate
divide euclideanSize eval
expressldealMember exquo extendedEuclidean
factor factorPolynomial factorSquareFreePolynomial
floor fractionPart ged
gcdPolynomial hash init
inv latex lem
map max min
multiEuclidean negative? nextItem
numer numerator one?
patternMatch positive? prime?
principalldeal random recip
reducedSystem retract retractIfCan
sample sign sizeLess?
solveLinearPolynomialEquation squareFree squareFreePart
squareFreePolynomial subtractIfCan unit?
unitCanonical unitNormal wholePart
zero? %7 7RX?
747 ?-7 -7
?/7 7=7 777
?7=" 7<? 7<=7
7>7 7>=7 7.7
?quo? 7rem?

— domain BINARY BinaryExpansion —

)abbrev domain BINARY BinaryExpansion

++ Author: Clifton J. Williamson
++ Date Created: April 26, 1990

++ Date Last Updated: May 15, 1991

++ Basic Operations:

++ Related Domains: RadixExpansion

++ Also See:
++ AMS Classifications:

++ Keywords: radix, base, binary

++ Examples:
++ References:
++ Description:

++ This domain allows rational numbers to be presented as repeating

++

binary expansions.

BinaryExpansion(): Exports == Implementation where
Exports ==> QuotientFieldCategory(Integer) with

coerce: Y -> Fraction Integer



278

CHAPTER 3. CHAPTER B

++ coerce(b) converts a binary expansion to a rational number.

coerce: % —> RadixExpansion(2)

++ coerce(b) converts a binary expansion to a radix expansion with base 2.

fractionPart: 7 -> Fraction Integer

++ fractionPart(b) returns the fractional part of a binary expansion.

binary: Fraction Integer ->

++ binary(r) converts a rational number to a binary expansion.

++
++X binary(22/7)

Implementation ==> RadixExpansion(2) add

binary r == r :: %
coerce(x:%): RadixExpansion(2) == x pretend RadixExpansion(2)
— BINARY.dotabb —

"BINARY" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BINARY"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]

"BINARY" -> "PFECAT"

3.8 domain BINFILE BinaryFile

— BinaryFile.input —

)set break resume

)sys rm -f BinaryFile.output
)spool BinaryFile.output
)set message test on

)set message auto off

)clear all

-—-S1of1

)show BinaryFile

--R BinaryFile is a domain constructor

--R Abbreviation for BinaryFile is BINFILE
--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for BINFILE

--R

- Operations ---------

--R ?=? : (%,%) —-> Boolean close! : %
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--R coerce : } -> OutputForm flush :
--R hash : % -> Singlelnteger iomode :
--R latex : % -> String name :
--R open : (FileName,String) -> % open :
--R position : % -> SingleInteger read!
--R reopen! : (%,String) -> % ?T=7

--R write! : (%,SingleInteger) -> SingleInteger
--E 1

) spool
)1lisp (bye)

— BinaryFile.help —

% -> String

% —> FileName
FileName -> %

: % —> SinglelInteger
(%,%) -> Boolean
--R position! : (%,SingleInteger) -> SingleInteger

--R readIfCan! : % -> Union(SinglelInteger,"failed")

BinaryFile examples

See Also:
o )show BinaryFile

3.8.1 BinaryFile (BINFILE)

BINFILE

STRING

See

“File” (FILE) 20 on page 72
“TextFile” (TEXTFILE) EI250 on page

el

“Library” (LIB) 321 on page

“KeyedAccessFile” (KAFILE) X2 on page

279
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Exports:
close! coerce hash iomode latex
name open position position! read!
readIfCan! reopen! write! 7="7 77="

— domain BINFILE BinaryFile —

)abbrev domain BINFILE BinaryFile

++
++
++
++
++
++
++
++
++
++
++
++

Author: Barry M. Trager

Date Created: 1993

Date Last Updated:

Basic Operations: writeByte! readByte! readByteIfCan!
Related Constructors:

Also See:

AMS Classifications:

Keywords:

References:

Description:

This domain provides an implementation of binary files. Data is
accessed one byte at a time as a small integer.

BinaryFile: Cat == Def where

Cat == FileCategory(FileName, SingleInteger) with
readIfCan_!: % -> Union(SingleInteger, "failed")
++ readIfCan! (f) returns a value from the file f, if possible.
++ If f is not open for reading, or if f is at the end of file
++ then \spad{"failed"} is the result.

"#": Y -> SinglelInteger
++ #(f) returns the length of the file f in bytes.

position: % -> SingleInteger
++ position(f) returns the current byte-position in the file f.

position_!: (%, SingleInteger) -> SingleInteger
++ position!(f, i) sets the current byte-position to i.

Def == File(SingleInteger) add
FileState ==> SExpression

Rep := Record(fileName: FileName,
fileState: FileState,
fileIOmode: String)

direc : Symbol :
input : Symbol :

INTERN("DIRECTION", "KEYWORD")$Lisp

INTERN ("INPUT", "KEYWORD") $Lisp

output : Symbol := INTERN("OUTPUT","KEYWORD")$Lisp

eltype : Symbol := INTERN("ELEMENT-TYPE","KEYWORD")$Lisp
bytesize : SExpression := LIST(QUOTE(UNSIGNED$Lisp)$Lisp,8)$Lisp



3.8. DOMAIN BINFILE BINARYFILE 281

defstream(fn: FileName, mode: String): FileState ==
mode = "input" =>
not readable? fn => error ["File is not readable", fn]
BINARY__OPEN__INPUT(fn::String)$Lisp
-- OPEN(fn::String, direc, input, eltype, bytesize)$Lisp
mode = "output" =>
not writable? fn => error ["File is not writable", fn]
BINARY__OPEN__OUTPUT (fn: :String)$Lisp
- OPEN(fn::String, direc, output, eltype, bytesize)$Lisp
error ["I0 mode must be input or output", mode]

open(fname, mode) ==
fstream := defstream(fname, mode)

[fname, fstream, mode]

reopen_! (f, mode) ==

fname := f.fileName
f.fileState := defstream(fname, mode)
f.fileIOmode:= mode
£
close_! f ==

f.fileIOmode = "output" =>
BINARY__CLOSE__OUTPUT()$Lisp
f
f.fileIOmode = "input" =>
BINARY__CLOSE__INPUT()$Lisp
f
error "file must be in read or write state"

read! ==
f.fileIOmode “= "input" => error "File not in read state"
BINARY__SELECT__INPUT(f.fileState)$Lisp
BINARY__READBYTE()$Lisp
-= READ_-BYTE(f.fileState)$Lisp
readIfCan_! f ==
f.fileIOmode "= "input" => error "File not in read state"
BINARY__SELECT__INPUT(f.fileState)$Lisp
n:SingleInteger:=BINARY__READBYTE()$Lisp
n = -1 => "failed"
n::Union(SingleInteger,"failed")
-- READ_-BYTE(f.fileState,NIL$Lisp,
-- "failed"::Union(SingleInteger,"failed"))$Lisp
write_!(f, x) ==
f.fileIOmode “= "output" => error "File not in write state"
x < 0 or x>255 => error "integer cannot be represented as a byte"
BINARY__PRINBYTE(x)$Lisp
-= WRITE_-BYTE(x, f.fileState)$Lisp
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- # f == FILE_-LENGTH(f.fileState)$Lisp
position f ==
f.fileIOmode “= "input" => error
FILE_-POSITION(f.fileState)$Lisp
position_!(f,i) ==
f.fileIOmode ~=

"input" => error

CHAPTER 3. CHAPTER B

"file must be in read state"

"file must be in read state"

(FILE_-POSITION(f.fileState,i)$Lisp ; i)

— BINFILE.dotabb —

"BINFILE" [color="#88FF44" , href="bookvol10.3.pdf#nameddest=BINFILE"]
"STRING" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=STRING"]

"BINFILE" -> "STRING"

3.9 domain BSTREE BinarySearchTree

— BinarySearchTree.input —

)set break resume

)sys rm -f BinarySearchTree.output
)spool BinarySearchTree.output
)set message test on

)set message auto off

)clear all

--S 1 of 12

lv := [8,3,5,4,6,2,1,5,7]

--R

--R

--R (1) [8,3,5,4,6,2,1,5,7]

--R

--E 1

--S 2 of 12

t := binarySearchTree lv

--R

--R

--R  (2) [I[1,2,.1,3,[4,5,05,6,7]111,8,.]
--R Type:

Type: List(PositiveInteger)

BinarySearchTree (PositiveInteger)
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--E 2
--S 3 of 12

emptybst := empty()$BSTREE (INT)
--R

--R Type: BinarySearchTree(Integer)

--S 4 of 12
insert! (8,emptybst)

ot
e
]

--R  (4) 8
--R Type: BinarySearchTree(Integer)
--E 4

--S 5 of 12

--R  (5) [3,8,.]
--R Type: BinarySearchTree(Integer)
--E 5

--S 6 of 12
leaves t

--R  (6) [1,4,5,7]
--R Type: List(PositivelInteger)
--E 6

--S 7 of 12
split(3,t)
--R

--R (7) [less= [1,2,.],greater= [[.,3,[4,5,[5,6,711]1,8,.]]
--IType: Record(less: BinarySearchTree(PositiveInteger),greater:
--E7

--S 8 of 12

insertRoot: (INT,BSTREE INT) -> BSTREE INT

--R

--R Type: Void
--E 8

--S 9 of 12
insertRoot(x, t) ==
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a := split(x, t)

node(a.less, x, a.greater)
--R
--R Type: Void
--E 9

--S 10 of 12

buildFromRoot ls == reduce(insertRoot,ls,emptybst)

--R

--R Type: Void
--E 10

--S 11 of 12
rt := buildFromRoot reverse 1lv

--R  Compiling function buildFromRoot with type List(PositiveInteger) ->
--R BinarySearchTree(Integer)

--R  Compiling function insertRoot with type (Integer,BinarySearchTree(
--R Integer)) -> BinarySearchTree(Integer)

-k (11) [II1,2,.1,3,[4,5,[5,6,7]11]1,8,.]
--R Type: BinarySearchTree(Integer)
--E 11

--S 12 of 12
(t = rt)@Boolean

--R  (12) true

--R Type: Boolean
--E 12

) spool

)1lisp (bye)

— BinarySearchTree.help —

BinarySearchTree examples

BinarySearchTree(R) is the domain of binary trees with elements of
type R, ordered across the nodes of the tree. A non-empty binary
search tree has a value of type R, and right and left binary search
subtrees. If a subtree is empty, it is displayed as a period (".").

Define a list of values to be placed across the tree. The resulting
tree has 8 at the root; all other elements are in the left subtree.
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lv := [8,3,5,4,6,2,1,5,7]
(8, 3,5, 4,6, 2,1, 5, 7]
Type: List Positivelnteger

A convenient way to create a binary search tree is to apply the
operation binarySearchTree to a list of elements.

t := binarySearchTree 1lv
tete, 2, .1, 3, [4, 5, [5, 6, 7111, 8, .]
Type: BinarySearchTree Positivelnteger

Another approach is to first create an empty binary search tree of integers.

emptybst := empty()$BSTREE (INT)
0]
Type: BinarySearchTree Integer

Insert the value 8. This establishes 8 as the root of the binary
search tree. Values inserted later that are less than 8 get stored in
the left subtree, others in the right subtree.

tl := insert!(8,emptybst)
8
Type: BinarySearchTree Integer

Insert the value 3. This number becomes the root of the left subtree
of tl. For optimal retrieval, it is thus important to insert the
middle elements first.

insert!(3,t1)
[3, 8, .1
Type: BinarySearchTree Integer

We go back to the original tree t. The leaves of the binary search
tree are those which have empty left and right subtrees.

leaves t
(1, 4, 5, 7]
Type: List Positivelnteger

The operation split(k,t) returns a record containing the two subtrees:
one with all elements "less" than k, another with elements "greater"
than k.

split(3,t)
[less=[1, 2, .1, greater=[[., 3, [4, 5, [5, 6, 7111, 8, .1]
Type: Record(less: BinarySearchTree Positivelnteger,greater:
BinarySearchTree PositiveInteger)

285
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Define insertRoot to insert new elements by creating a new node.

insertRoot: (INT,BSTREE INT) -> BSTREE INT
Type: Void

The new node puts the inserted value between its "less" tree and
"greater" tree.

insertRoot(x, t) ==
a := split(x, t)
node(a.less, x, a.greater)
Type: Void

Function buildFromRoot builds a binary search tree from a list
of elements ls and the empty tree emptybst.

buildFromRoot 1ls == reduce(insertRoot,ls,emptybst)
Type: Void

Apply this to the reverse of the list 1lv.
rt := buildFromRoot reverse 1lv
ter, 2, .1, 3, [4, 5, [5, 6, 7111, 8, .1
Type: BinarySearchTree Integer
Have Axiom check that these are equal.
(t = rt)@Boolean
true

Type: Boolean

See Also:
o )show BinarySearchTree

CHAPTER B
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3.9.1 BinarySearchTree (BSTREE)

BSTREE

See

= “Tree” (TREE) B0 on page 2710

= “BinaryTree” (BTREE) BII1 on page

= “BinaryTournament” (BTOURN) BT on page
= “BalancedBinaryTree” (BBTREE) B on page P38
= “PendantTree” (PENDTREE) T3 on page [9TT

Exports
any? binarySearchTree child? children  coerce
copy count count cyclic? distance
empty empty? eq? eval eval
eval eval every? hash insert!
insertRoot! latex leaf? leaves left
less? map map! member? members
more? node node? nodes parts
right sample setchildren!  setelt setelt
setelt setleft! setright! setvalue!  size?
split value #7 7=" 77=7
?.right 7 left ?.value

— domain BSTREE BinarySearchTree —

)abbrev domain BSTREE BinarySearchTree

++ Author: Mark Botch

++ Description:

++ BinarySearchTree(S) is the domain of

++ a binary trees where elements are ordered across the tree.
++ A binary search tree is either empty or has

++ a value which is an S, and a

++ right and left which are both BinaryTree(S)

++ Elements are ordered across the tree.

BinarySearchTree(S: OrderedSet): Exports == Implementation where
Exports == BinaryTreeCategory(S) with
shallowlyMutable
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finiteAggregate
binarySearchTree: List S -> ¥

++ binarySearchTree(l) is not documented
++

++X binarySearchTree [1,2,3,4]

insert_!: (8,%) -> %
++ insert!(x,b) inserts element x as leaves into binary search tree b.
++

++X tl:=binarySearchTree [1,2,3,4]
++X insert!(5,t1)

insertRoot_!: (S,%) -> %
++ insertRoot!(x,b) inserts element x as a root of binary search tree b.
++

++X tl:=binarySearchTree [1,2,3,4]
++X insertRoot!(5,t1)

split: (8,%) -> Record(less: %, greater: %)

++ split(x,b) splits binary tree b into two trees, one with elements
++ greater than x, the other with elements less than x.

++

++X tl:=binarySearchTree [1,2,3,4]

++X split(3,t1)

Implementation == BinaryTree(S) add
Rep := BinaryTree(S)
binarySearchTree(u:List S) ==

null u => empty()

tree := binaryTree(first u)
for x in rest u repeat insert_!(x,tree)
tree

insert_!(x,t) ==
empty? t => binaryTree(x)
x >= value t =>
setright_! (t,insert_!(x,right t))
t
setleft_! (t,insert_!(x,left t))
t
split(x,t) ==
empty? t => [empty(),empty()]
x > value t =>
a := split(x,right t)
[node(left t, value t, a.less), a.greater]
a := split(x,left t)
[a.less, node(a.greater, value t, right t)]
insertRoot_!(x,t) ==
a := split(x,t)
node(a.less, x, a.greater)
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— BSTREE.dotabb —

"BSTREE" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BSTREE"]
"BTCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=BTCAT"]
"BSTREE" -> "BTCAT"

3.10 domain BTOURN BinaryTournament

A BinaryTournament(S) is the domain of binary trees where elements are ordered down the
tree. A binary search tree is either empty or is a node containing a value of type S, and a
right and a left which are both BinaryTree(S)

— BinaryTournament.input —

)set break resume

)sys rm -f BinaryTournament.output
)spool BinaryTournament.output
)set message test on

)set message auto off

Jclear all

--S 1 of 1
)show BinaryTournament

--R BinaryTournament(S: OrderedSet) is a domain constructor

--R Abbreviation for BinaryTournament is BTOURN

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for BTOURN

--B------"-"-——-——— Operations —------—————————————————————————
--R binaryTournament : List(S) -> % children : % -> List(%)
--R copy : %h > % cyclic? : % -> Boolean
--R distance : (%,%) —-> Integer ?.right : (%,right) -> %
--R ?.1left : (%,left) -> % ?.value : (%,value) -> S
--R empty : O -> % empty? : % -> Boolean
--R eq? : (%,%) -> Boolean insert! : (8,%) -> %

--R leaf? : % —> Boolean leaves : % -> List(S)
--R left : % > % map : ((S -> S),%) -> %
--R node : (%,S,%) -> % nodes : % -> List (%)

--R right : % -> % sample : O -> %

--R value : % -> S
--R #?7 : % -> NonNegativelnteger if $ has finiteAggregate
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?=? : (%,%) —> Boolean if S has SETCAT

any? : ((8 -> Boolean),%) -> Boolean if $ has finiteAggregate

child? : (%,%) -> Boolean if S has SETCAT

coerce : % —> OutputForm if S has SETCAT

count : (S,%) -> NonNegativeInteger if $ has finiteAggregate and S has SETCAT
count : ((S -> Boolean),%) -> NonNegativeIlnteger if $ has finiteAggregate
eval : (%,List(S),List(S)) —-> % if S has EVALAB(S) and S has SETCAT
eval : (%,S,8) -> % if S has EVALAB(S) and S has SETCAT

eval : (%,Equation(S)) -> % if S has EVALAB(S) and S has SETCAT

eval : (%,List(Equation(S))) -> % if S has EVALAB(S) and S has SETCAT
every? : ((8 -> Boolean),%) -> Boolean if $ has finiteAggregate

hash : ), -> SingleInteger if S has SETCAT

latex : % -> String if S has SETCAT

less? : (%,NonNegativeInteger) -> Boolean

map! : ((8 -> 8),%) -> ¥ if $ has shallowlyMutable

member? : (S,%) -> Boolean if $ has finiteAggregate and S has SETCAT
members : % -> List(S) if $ has finiteAggregate

more? : (%,NonNegativeInteger) -> Boolean

node? : (%,%) -> Boolean if S has SETCAT

parts : % -> List(8) if $ has finiteAggregate

setchildren! : (%,List(%)) -> % if $ has shallowlyMutable

setelt : (%,right,%) -> % if $ has shallowlyMutable

setelt : (%,left,%) -> % if $ has shallowlyMutable

setelt : (%,value,S) -> S if $ has shallowlyMutable

setleft! : (%,%) —-> % if $ has shallowlyMutable

setright! : (%,%) -> % if $ has shallowlyMutable

setvalue! : (%,S) -> S if $ has shallowlyMutable

size? : (%,NonNegativeInteger) -> Boolean

?~=? : (%,%) —> Boolean if S has SETCAT

) spool
)1lisp (bye)

— BinaryTournament.help —

BinaryTournament examples

See

Also:

o )show BinaryTournament
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3.10.1 BinaryTournament (BTOURN)

BTOURN

See

= “Tree” (TREE) B0 on page 2710

= “BinaryTree” (BTREE) BII1 on page

= “BinarySearchTree” (BSTREE) BT on page
= “BalancedBinaryTree” (BBTREE) B on page P38
= “PendantTree” (PENDTREE) T3 on page [9TT

Exports
any? binaryTournament child? children  coerce
copy count cyclic? distance  empty
empty?  eq? eval every? hash
insert! latex leaf? leaves left
less? map map! member? members
more? node node? nodes parts
right sample setchildren! setelt setleft!
setright! setvalue! size? value #7
7=7 77=2 ?.right ?.left ?.value

— domain BTOURN BinaryTournament —

)abbrev domain BTOURN BinaryTournament

++ Author: Mark Botch

++ Description:

++ BinaryTournament creates a binary tournament with the
++ elements of 1ls as values at the nodes.

BinaryTournament (S: OrderedSet): Exports == Implementation where
Exports == BinaryTreeCategory(S) with
shallowlyMutable

binaryTournament: List S -> %
++ binaryTournament(ls) creates a binary tournament with the
++ elements of 1ls as values at the nodes.
++
++X binaryTournament [1,2,3,4]
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insert_!: (8,%) -> %
++ insert!(x,b) inserts element x as leaves into binary tournament b.
++

++X tl:=binaryTournament [1,2,3,4]
++X insert!(5,t1)
++X t1

Implementation == BinaryTree(S) add
Rep := BinaryTree(S)
binaryTournament (u:List S) ==

null u => empty()

tree := binaryTree(first u)
for x in rest u repeat insert_!(x,tree)
tree

insert_!(x,t) ==
empty? t => binaryTree(x)
x > value t =>
setleft_!(t,copy t)
setvalue_! (t,x)
setright_! (t,empty())
setright_! (t,insert_!(x,right t))
t

— BTOURN.dotabb —

"BTOURN" [color="#88FF44" href="bookvol10.3.pdf#nameddest=BTOURN"]
"BTCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=BTCAT"]
"BTOURN" -> "BTCAT"

3.11 domain BTREE BinaryTree

— BinaryTree.input —

)set break resume

)sys rm -f BinaryTree.output
)spool BinaryTree.output
)set message test on

)set message auto off

)clear all
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--S 1 o0f 1
)show BinaryTree

--R BinaryTree(S: SetCategory) is a domain constructor

--R Abbreviation for BinaryTree is BTREE

--R This constructor is exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for BTREE

-—R-——————- - - Operations -—- -——-
--R binaryTree : (%,S,%) -> % binaryTree : S -> %

--R children : % -> List (%) copy : h > %

--R cyclic? : J -> Boolean distance : (%,%) -> Integer
--R ?.right : (%,right) -> % ?.left : (%,left) -> 7

--R ?.value : (%,value) -> S empty : O > %

--R empty? : % -> Boolean eq? : (%,%) —> Boolean

--R leaf? : % —> Boolean leaves : % —> List(S)

--R left : % -> % map : ((S8 -> 8),%) > %

--R node : (%,S,%) -> % nodes : % -> List(%)

--R right : % -> % sample : OO -> %

--R value : % -> S

--R #7 : Y, —=> NonNegativeInteger if $ has finiteAggregate

--R ?=7 : (%,%) —-> Boolean if S has SETCAT

--R any? : ((8 -> Boolean),%) -> Boolean if $ has finiteAggregate

--R child? : (%,%) -> Boolean if S has SETCAT

--R coerce : ) -> OutputForm if S has SETCAT

--R count : (S,%) -> NonNegativeInteger if $ has finiteAggregate and S has SETCAT
--R count : ((S -> Boolean),%) -> NonNegativeInteger if $ has finiteAggregate
--R eval : (%,List(8),List(S)) -> % if S has EVALAB(S) and S has SETCAT
--R eval : (%,S,8) -> % if S has EVALAB(S) and S has SETCAT

--R eval : (%,Equation(S)) -> % if S has EVALAB(S) and S has SETCAT

--R eval : (%,List(Equation(S))) -> % if S has EVALAB(S) and S has SETCAT
--R every? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate

--R hash : ), -> SingleInteger if S has SETCAT

--R latex : % -> String if S has SETCAT

--R less? : (%,NonNegativeInteger) -> Boolean

--R map! : ((8 -> S),%) -> % if $ has shallowlyMutable

--R member? : (S,%) -> Boolean if $ has finiteAggregate and S has SETCAT
--R members : % -> List(S) if $ has finiteAggregate

--R more? : (%,NonNegativeInteger) -> Boolean

--R node? : (%,%) -> Boolean if S has SETCAT

--R parts : % -> List(S) if $ has finiteAggregate

--R setchildren! : (%,List(%)) -> % if $ has shallowlyMutable

--R setelt : (%,right,%) -> % if $ has shallowlyMutable

--R setelt : (%,left,%) -> % if $ has shallowlyMutable

--R setelt : (%,value,S) -> S if $ has shallowlyMutable

--R setleft! : (%,%) -> % if $ has shallowlyMutable

--R setright! : (%,%) -> % if $ has shallowlyMutable

--R setvalue! : (%,S) -> S if $ has shallowlyMutable

--R size? : (%,NonNegativeInteger) -> Boolean

--R ?7=? : (%,%) -> Boolean if S has SETCAT
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) spool
)1lisp (bye)

— BinaryTree.help —

BinaryTree examples

See Also:
o )show BinaryTree

3.11.1 BinaryTree (BTREE)

BTREE

See

=
=
=
=
=

“Tree” (TREE) P10 on page P710
“BinarySearchTree” (BSTREE) BT on page
“BinaryTournament” (BTOURN) B on page
“BalancedBinaryTree” (BBTREE) BT on page 238
“PendantTree” (PENDTREE) 7131 on page [ILT
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Exports:
any? binaryTree  child? children  coerce
copy count cyclic? distance  empty
empty? eq? eval every? hash
latex leaf? leaves left less?
map map! member? members more?
node node? nodes parts right
sample setchildren! setelt setleft! setright!
setvalue! size? value #7 7="
?77=7 ?.right ?.left ?.value
— domain BTREE BinaryTree —
)abbrev domain BTREE BinaryTree

++
++
++
++
++
++

Bi

Author: Mark Botch

Description:

\spadtype{BinaryTree(S)} is the domain of all

binary trees. A binary tree over \spad{S} is either empty or has
a \spadfun{value} which is an S and a \spadfun{right}

and \spadfun{left} which are both binary trees.

naryTree(S: SetCategory): Exports == Implementation where
Exports == BinaryTreeCategory(S) with
binaryTree: S -> %

++ binaryTree(v) is an non-empty binary tree

++ with value v, and left and right empty.

++

++X tl:=binaryTree([1,2,3])

binaryTree: (%,S5,%) —> %

++ binaryTree(l,v,r) creates a binary tree with

++ value v with left subtree 1 and right subtree r.
++

++X tl:=binaryTree([1,2,3])

++X t2:=binaryTree([4,5,6])

++X binaryTree(t1,[7,8,9],t2)

Implementation == add
Rep := List Tree S
tl = t2 == (tl::Rep) =$Rep (t2::Rep)
empty()== [] pretend %
empty()== [] pretend %
node(1l,v,r) == cons(tree(v,1l:Rep),r:Rep)
binaryTree(l,v,r) == node(l,v,r)
binaryTree(v:S) == node(empty(),v,empty())
empty? t == empty?(t)$Rep
leaf? t == empty? t or empty? left t and empty? right t
right t ==

empty? t => error "binaryTree:no right"
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rest t

left t ==
empty? t => error "binaryTree:no left"
children first t

value t==
empty? t => error "binaryTree:no value"
value first t

setvalue_! (t,nd)==
empty? t => error "binaryTree:no value to set"
setvalue_! (first (t:Rep) ,nd)
nd

setleft_!(t1,t2) ==
empty? tl => error "binaryTree:no left to set"
setchildren_! (first(t1:Rep),t2:Rep)
t1

setright_!(t1,t2) ==
empty? tl1 => error "binaryTree:no right to set"
setrest_!(t1:List Tree S,t2)

— BTREE.dotabb —

"BTREE" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BTREE"]
"FLAGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FLAGG"]
"BTREE" -> "FLAGG"

3.12 domain BITS Bits

— Bits.input —

)set break resume

)sys rm -f Bits.output
)spool Bits.output
)set message test on
)set message auto off
)clear all

-—-S 1 of 1

)show Bits

--R

--R Bits is a domain constructor

CHAPTER B
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--R Abbreviation for Bits is BITS

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.3.pamphlet to see algebra source code for BITS

--R

- Operations -——----———————-——————————————————

--R ?/\? : (%, %) > % 7<? : (%,%) —-> Boolean

--R 7<=? : (%,%) —-> Boolean ?=? : (%,%) —-> Boolean

--R >?7 : (%,%) -> Boolean ?>=? : (%,%) —> Boolean

--R ?\/7 : (%, %) -> % o h >

--R ?7and? : (4, %) -> % coerce : % —> OutputForm

--R concat : (%,Boolean) -> Y% concat (Boolean,%) -> %

--R concat : (%,%) -> % concat : List(%) -> %

--R construct : List(Boolean) -> copy : h > %

--R delete : (%,Integer) -> % 7.7 : (%,Integer) -> Boolean

--R empty : O -> % empty? : % -> Boolean

--R entries : % -> List(Boolean) eq? : (%,%) -> Boolean

--R hash : % -> Singlelnteger index? : (Integer,%) -> Boolean

--R indices : % -> List(Integer) insert (%,%,Integer) -> ¥

--R latex : % -> String max : (%,%) -> %

--R min : (4,%) > % nand : (%,%) -> %

--R nor : (%,%) -> % not? : % -> %

--R ?or? : (4%, %) -> % qelt : (%,Integer) -> Boolean

--R reverse : % > % sample : () -> %

--R xor : (h,h) > % 2 LY => Y

--R ?7=? : (%,%) -> Boolean

--R #7 : % -> NonNegativelnteger if $ has finiteAggregate

--R any? : ((Boolean -> Boolean),%) -> Boolean if $ has finiteAggregate

--R bits : (NonNegativelInteger,Boolean) -> 7

--R convert : % -> InputForm if Boolean has KONVERT (INFORM)

--R copyInto! (%,%,Integer) -> % if $ has shallowlyMutable

--R count : ((Boolean -> Boolean),%) -> NonNegativeInteger if $ has finiteAggregate

--R count : (Boolean,%) -> NonNegativeInteger if $ has finiteAggregate and Boolean has SETCAT
--R delete : (%,UniversalSegment(Integer)) -> 7%

--R elt (%,Integer,Boolean) -> Boolean

--R 7.7 (%,UniversalSegment (Integer)) -> %

--R entry? : (Boolean,’%) -> Boolean if $ has finiteAggregate and Boolean has SETCAT

--R eval : (%,List(Equation(Boolean))) -> % if Boolean has EVALAB(BOOLEAN) and Boolean has SETCAT
--R eval : (%,Equation(Boolean)) -> % if Boolean has EVALAB(BOOLEAN) and Boolean has SETCAT
--R eval : (%,Boolean,Boolean) -> % if Boolean has EVALAB(BOOLEAN) and Boolean has SETCAT
--R eval : (%,List(Boolean),List(Boolean)) -> % if Boolean has EVALAB(BOOLEAN) and Boolean has SETCAT
--R every? : ((Boolean -> Boolean),’) -> Boolean if $ has finiteAggregate

--R £ill! (%,Boolean) -> ¥, if $ has shallowlyMutable

--R find : ((Boolean -> Boolean),’%) —> Union(Boolean,"failed")

--R first : ), -> Boolean if Integer has ORDSET

--R insert : (Boolean,%,Integer) -> %

--R less? : (%,NonNegativeInteger) -> Boolean

--R map : ((Boolean -> Boolean),%) -> %

--R map : (((Boolean,Boolean) -> Boolean),%,%) —-> %

--R map! ((Boolean -> Boolean),%) -> % if $ has shallowlyMutable

--R maxIndex : % -> Integer if Integer has ORDSET
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--R members :
--R merge : (
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(Boolean,%) -> Boolean if $ has finiteAggregate and Boolean has SETCAT
% —> List(Boolean) if $ has finiteAggregate
((Boolean,Boolean) -> Boolean),%,%) -> %

--R merge : (%,%) -> % if Boolean has ORDSET

--R minIndex :

% —-> Integer if Integer has ORDSET

--R more? : (%,NonNegativeInteger) -> Boolean
--R new : (NonNegativeInteger,Boolean) -> 7%

--R parts : %

--R position :
--R position :
--R position :

--R gsetelt!
--R reduce :
--R reduce
--R reduce
--R remove
--R remove :
--R removeDup
--R reverse!
--R select
--R setelt
--R setelt

-> List(Boolean) if $ has finiteAggregate

((Boolean -> Boolean),%) -> Integer

(Boolean,%) -> Integer if Boolean has SETCAT

(Boolean,%,Integer) -> Integer if Boolean has SETCAT

(%,Integer,Boolean) -> Boolean if $ has shallowlyMutable
(((Boolean,Boolean) -> Boolean),%,Boolean,Boolean) -> Boolean if $ has finiteAggreg
(((Boolean,Boolean) -> Boolean),%,Boolean) -> Boolean if $ has finiteAggregate
(((Boolean,Boolean) -> Boolean),%) -> Boolean if $ has finiteAggregate
(Boolean,%) -> % if $ has finiteAggregate and Boolean has SETCAT
((Boolean -> Boolean),%) -> % if $ has finiteAggregate

licates : % -> % if $ has finiteAggregate and Boolean has SETCAT

% => % if $ has shallowlyMutable
((Boolean -> Boolean),%) -> % if $ has finiteAggregate
(%,Integer,Boolean) -> Boolean if $ has shallowlyMutable
(%,UniversalSegment (Integer) ,Boolean) -> Boolean if $ has shallowlyMutable

--R size? : (J,NonNegativeInteger) -> Boolean

--R sort : ((

(Boolean,Boolean) -> Boolean),%) -> %

--R sort : % -> % if Boolean has ORDSET

--R sort! : (
--R sort! : %
--R sorted? :

--R sorted? :

((Boolean,Boolean) -> Boolean),%) -> % if $ has shallowlyMutable
-> % if $ has shallowlyMutable and Boolean has ORDSET
(((Boolean,Boolean) -> Boolean),%) -> Boolean
% —-> Boolean if Boolean has ORDSET

--R swap! : (%,Integer,Integer) -> Void if $ has shallowlyMutable

) spool
)1lisp (bye)

— Bits.help —

Bits examples

See Also:
o )show Bits
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3.12.1 Bits (BITS)

BITS

See

= “Reference” (REF) Y5 on page 2213
= “Boolean” (BOOLEAN) BI51 on page B0d
= “IndexedBits” (IBITS) I3 on page

Exports:
any?
convert
elt
eq?
first
latex
maxIndex
minIndex
not?
reduce
sample
sorted?
7/\?
7>=7
7.7

bits
copy
empty
eval
hash
less?
member?
more?
parts
remove
setelt
swap!
77

%

coerce
copylInto!
empty?
every?
index?
map
members
nand
position
removeDuplicates
size?

Xxor

7<="
"7

?77="

— domain BITS Bits —

)abbrev domain BITS Bits
++ Author: Stephen M. Watt
++ Date Created:
++ Change History:
++ Basic Operations: And, Not, Or

++ Related Constructors:

++ Keywords: bits
++ Description:

++ \spadtype{Bits} provides logical functions for Indexed Bits.

Bits(): Exports == Implementation where

concat
count
entries
fill!
indices
map!
merge
new
qelt
reverse
sort,
#7?
7="7
7and?

construct
delete
entry?
find
insert
max
min
nor
gsetelt!
reverse!
sort!

7.7

7>7
?or?

299
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Exports == BitAggregate() with
bits: (NonNegativeInteger, Boolean) ->
++ bits(n,b) creates bits with n values of b
Implementation == IndexedBits(1l) add
bits(n,b) == new(n,b)

— BITS.dotabb —

"BITS" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BITS"]
"BTAGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=BTAGG"]
"BITS" -> "BTAGG"

3.13 domain BLHN BlowUpWithHamburgerNoether

— BlowUpWithHamburgerNoether.input —

)set break resume

)sys rm -f BlowUpWithHamburgerNoether.output
)spool BlowUpWithHamburgerNoether.output
)set message test on

)set message auto off

)clear all

-——S1of 1

) show BlowUpWithHamburgerNoether

--R

--R BlowUpWithHamburgerNoether is a domain constructor

--R Abbreviation for BlowUpWithHamburgerNoether is BLHN

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for BLHN

--R

--R-—- e Operations --- -—=

--R 7=7 : (%,%) -> Boolean chartCoord : % -> Integer
--R coerce : List(Integer) -> ¥ coerce : % -> OutputForm
--R excepCoord : % -> Integer hash : ) -> SingleInteger
--R infClsPt? : J, -> Boolean latex : % -> String

--R quotValuation : % -> Integer ramifMult : % -> Integer
--R transCoord : % -> Integer ?7=? : (h,%) —-> Boolean

--R createHN : (Integer,Integer,Integer,Integer,Integer,Boolean,Union(left,center,right,vertical
--R type : % -> Union(left,center,right,vertical,horizontal)
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)spool
)1lisp (bye)

— BlowUpWithHamburgerNoether.help —

BlowUpWithHamburgerNoether examples

See Also:
o )show BlowUpWithHamburgerNoether

3.13.1 BlowUpWithHamburgerNoether (BLHN)

BLQT

Exports:
7=" 77=" chartCoord coerce createHN
excepCoord  hash infClsPt? latex = quotValuation

ramifMult transCoord  type

— domain BLHN BlowUpWithHamburgerNoether —

)abbrev domain BLHN BlowUpWithHamburgerNoether
++ Authors: Gaetan Hache

++ Date Created: june 1996

++ Date Last Updated: May 2010 by Tim Daly

301
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++ Description:
++ This domain is part of the PAFF package
BlowUpWithHamburgerNoether: Exports == Implementation where
MetRec ==> Record(_
ex:Integer, tr:Integer, ch:Integer , quotVal:Integer, _
ramif:Integer, infClsPt:Boolean, _
type:Union("left","center","right","vertical","horizontal") )

Exports ==> BlowUpMethodCategory with HamburgerNoether

Implementation == add
Rep := MetRec

infClsPt_7? a == a.infClsPt

createHN( a,b,c,d,e,f,g)==[a,b,c,d,e,f,g]$Rep

excepCoord a == a.ex
chartCoord a == a.ch
transCoord a == a.tr
ramifMult a == a.ramif
quotValuation a == a.quotVal

type a == a.type

coerce(c:%) :OutputForm== ( (c :: Rep ) :: MetRec) :: OutputForm

— BLHN.dotabb —
"BLHN" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BLHN",
shape=ellipse]

"BLMETCT" [color="#4488FF" ,href="bookvol10.3.pdf#nameddest=BLMETCT"]
"BLHN" -> "BLMETCT"

3.14 domain BLQT BlowUpWithQuadTrans

— BlowUpWithQuadTrans.input —

CHAPTER B
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)set break resume

)sys rm -f BlowUpWithQuadTrans.output
)spool BlowUpWithQuadTrans.output
)set message test on

)set message auto off

)clear all

--S 1 o0f 1
)show BlowUpWithQuadTrans

--R BlowUpWithQuadTrans is a domain constructor

--R Abbreviation for BlowUpWithQuadTrans is BLQT

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for BLQT

--R

--R-———————————— Operations —-——-----————-———————————————————
--R ?=? : (%,%) -> Boolean chartCoord : % -> Integer

--R coerce : List(Integer) -> ¥ coerce : % -> OutputForm

--R excepCoord : % -> Integer hash : % -> SingleInteger

--R infClsPt? : J, -> Boolean latex : % -> String

--R quotValuation : % -> Integer ramifMult : J -> Integer

--R transCoord : % -> Integer ?7=? : (h,%) —-> Boolean

--R createHN : (Integer,Integer,Integer,Integer,Integer,Boolean,Union(left,center,right,vertical,horizontal
--R type : % -> Union(left,center,right,vertical,horizontal)

) spool
)1lisp (bye)

— BlowUpWithQuadTrans.help —

BlowUpWithQuadTrans examples

See Also:
o )show BlowUpWithQuadTrans
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3.14.1 BlowUpWithQuadTrans (BLQT)

BLQT

Exports:
7=7 ?77=7
excepCoord  hash

ramifMult

)abbrev domain BLQT BlowUpWithQuadTrans

++
++
++
++
++

BlowUpWithQuadTrans: Exports == Implementation where

MetRec
outRec

chartCoord
infCIsPt?
transCoord  type

coerce
latex

CHAPTER 3. CHAPTER B

createHN
quotValuation

— domain BLQT BlowUpWithQuadTrans —

Authors: Gaetan Hache
Date Created: june 1996

Date Last Updated: May 2010 by Tim Daly

Description:

This domain is part of the PAFF package

QuadraticTransform

Implementation == add

Rep := MetRec

coerce(la:List(Integer)):% == [la.1l, la.2,la.3,

ramifMult a == One$Integer
excepCoord a == a.ex
chartCoord a == a.ch
transCoord a == a.tr

ramifMult a == a.ramif

==> Record( ex:Integer, tr: Integer, ch: Integer , ramif: Integer )
==> Record( exCoord:Integer, affNeigh: Integer )
Exports ==> BlowUpMethodCategory with

1 13$Rep



3.15. DOMAIN BOOLEAN BOOLEAN 305

quotValuation a == One$Integer

coerce(c:%) :OutputForm==

00: outRec := [ excepCoord(c) , chartCoord(c) ]$outRec
oo :: OutputForm
— BLQT.dotabb —

"BLQT" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BLQT",
shape=ellipse]

"BLMETCT" [color="#4488FF" ,href="bookvol10.3.pdf#nameddest=BLMETCT"]

"BLQT" -> "BLMETCT"

3.15 domain BOOLEAN Boolean

— Boolean.input —

)set break resume

)sys rm -f Boolean.output
)spool Boolean.output
)set message test on

)set message auto off
)clear all

--S1of1

)show Boolean

--R Boolean is a domain constructor

--R Abbreviation for Boolean is BOOLEAN

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for BOOLEAN

--R-————————————— Operations et
--R ?/\? : (%h,h) > % ?<? : (%,%) —-> Boolean

--R 7<=? : (%,%) -> Boolean ?=? : (%,%) -> Boolean

--R 7>?7 : (%,%) —-> Boolean ?7>=? : (%,%h) —> Boolean

--R ?\/? : Ch,h) > % T h >

--R ?and? : (4, %) -> % coerce : % -> OutputForm

--R convert : 7 -> InputForm false : O > %

--R hash : % -> Singlelnteger implies : (%,%) -> %



306 CHAPTER 3. CHAPTER B

--R index : Positivelnteger -> Y, latex : % -> String
--R lookup : % -> Positivelnteger max : (4,%) -> %
--R min : (%,%) -> % nand : (%,%) -> %
--R nor : (%,%) -> % not? : % > %

--R ?or? : (%, %) —> % random : () -> %
--R size : () -> NonNegativelInteger test : ), -> Boolean
--R true : () > % xor : (h,h) => %
--R "? : % > % ? =7 : (%,%) -> Boolean
--R

--E 1

) spool

)1lisp (bye)

— Boolean.help —

Boolean examples

See Also:
o )show Boolean

3.15.1 Boolean (BOOLEAN)

BOOLEAN

ALIST

See

= “Reference” (REF) [IE on page 2211
= “IndexedBits” (IBITS) M3 on page
= “Bits” (BITS) B2 on page
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Exports:
coerce convert false hash implies
index latex lookup max min
nand nor not? random  size
test true XOr ~7 7=
?7/\? 7<? <=7 1= 7>7
>=7  7\/? "7 ?and? ?or?

— domain BOOLEAN Boolean —

)abbrev domain BOOLEAN Boolean

++
++
++
++
++
++
++
++
++

Bo

Author: Stephen M. Watt

Date Created:

Change History:

Basic Operations: true, false, not, and, or, xor, nand, nor, implies,
Related Constructors:

Keywords: boolean

Description:

\spadtype{Boolean} is the elementary logic with 2 values:

true and false

olean(): Join(OrderedSet, Finite, Logic, ConvertibleTo InputForm) with
true : constant -> %
++ true is a logical constant.

false : constant -> %

++ false is a logical constant.
~ 0 0,
- s h >

++ ~ n returns the negation of n.
_not : % > %
++ not n returns the negation of n.
cand (b, B > %
++ a and b returns the logical and of Boolean \spad{a} and b.
_or : Chy W > %
++ a or b returns the logical inclusive or
++ of Boolean \spad{al} and b.
xor b B > %
++ xor(a,b) returns the logical exclusive or
++ of Boolean \spad{al} and b.
nand : (%, %) > %
++ nand(a,b) returns the logical negation of \spad{a} and b.
nor 2y R > %
++ nor(a,b) returns the logical negation of \spad{al} or b.
implies: (h, %) —> %
++ implies(a,b) returns the logical implication
++ of Boolean \spad{a} and b.
test: % -> Boolean
++ test(b) returns b and is provided for compatibility with the
++ new compiler.
== add
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nt: h > %
test a == a pretend Boolean
nt b == (b pretend Boolean => false; true)
true == EQ(2,2)$Lisp --well, 1 is rather special
false == NIL$Lisp
sample () == true
not b == (test b => false; true)
_~b == (test b => false; true)
b == (test b => false; true)
_and(a, b) == (test a => b; false)
_/_\(a, b) == (test a => b; false)
_or(a, b) == (test a => true; b)
_\_/(a, b) == (test a => true; b)
xor(a, b) == (test a => nt b; b)
nor(a, b) == (test a => false; nt b)
nand(a, b) == (test a => nt b; true)
a=>b == BooleanEquality(a, b)$Lisp
implies(a, b) == (test a => b; true)
a<b == (test b => not(test a);false)
size() == 2
index i ==
even?(i::Integer) => false
true
lookup a ==
a pretend Boolean => 1
2
random () ==
even? (random() $Integer) => false
true

convert(x:%) : InputForm ==

x pretend Boolean => convert("true"::Symbol)

convert("false"::Symbol)
coerce(x:%) :OutputForm ==

x pretend Boolean => message "true"
message "false"

— BOOLEAN.dotabb —

"BOOLEAN" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=BOOLEAN",

shape=ellipse]

"ALIST" [color="#88FF44" ,href="bookvoll0.3.pdf#nameddest=ALIST"]
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"BOOLEAN" -> "ALIST"
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Chapter 4

Chapter C

4.1 domain CARD CardinalNumber

— CardinalNumber.input —

)set break resume

)sys rm -f CardinalNumber.output
)spool CardinalNumber.output
)set message test on

)set message auto off

)clear all

--S 1 of 20

cO := 0 :: CardinalNumber

--R

--R

--R (1) ©

--R Type: CardinalNumber
--E 1

--S 2 of 20

cl := 1 :: CardinalNumber

--R

--R

--R (2 1

--R Type: CardinalNumber
--E 2

--S 3 of 20

c2 := 2 :: CardinalNumber

--R

--R

--R  (3) 2
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--R Type: CardinalNumber
--E 3

--S 4 of 20

c3 := 3 :: CardinalNumber

--R

--R

--R  (4) 3

--R Type: CardinalNumber
--E 4

--S 5 of 20

AO := Aleph O

--R

--R

--R  (5) Aleph(0)

--R Type: CardinalNumber
--E 5

--S 6 of 20

Al := Aleph 1

--R

--R

--R  (6) Aleph(1)

--R Type: CardinalNumber
--E 6

--S 7 of 20

finite? c2

--R

--R

--R  (7) true

--R Type: Boolean
-—-E7

--S 8 of 20

finite? AO

--R

--R

--R (8) false

--R Type: Boolean
--E 8

--S 9 of 20

countable? c2

--R

--R

--R  (9) true

--R Type: Boolean
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--S 10 of 20
countable? AO

--R  (10) true
--R Type: Boolean
--E 10

--S 11 of 20
countable? Al

--R  (11) false
--R Type: Boolean
--E 11

--S 12 of 20
[c2 + c2, c2 + Al]

-k (12) [4,Aleph(1)]
--R Type: List(CardinalNumber)
--E 12

--S 13 of 20
[cO*c2, cl*c2, c2%c2, cOxAl, clxAl, c2*A1l, AO*A1]

--R (13) [0,2,4,0,Aleph(1),Aleph(1),Aleph(1)]
--R Type: List(CardinalNumber)
--E 13

--S 14 of 20
[c2%*c0O, c2**cl, c2**c2, Alx*xcO, Alx*xcl, Alxx*xc2]

--R (14) [1,2,4,1,Aleph(1),Aleph(1)]
--R Type: List(CardinalNumber)
--E 14

--S 15 of 20

[c2-c1, c2-c2, c2-c3, Al-c2, A1-AO0, A1-A1]

--R (156) [1,0,"failed",Aleph(1),Aleph(1),"failed"]
--R Type: List(Union(CardinalNumber,"failed"))
--E 15

--S 16 of 20
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generalizedContinuumHypothesisAssumed true

--R (16) true
--R Type: Boolean
--E 16

--S 17 of 20
[cO*x*xAOQ, cl*xAQ, c2**A0, AO**AO, AO*x*xAl, AlxxAQ, AlxxA1]

--R  (17) [0,1,Aleph(1),Aleph(1),Aleph(2),Aleph(1),Aleph(2)]
--R Type: List(CardinalNumber)
--E 17

--5 18 of 20
a := Aleph O

--R (18) Aleph(0)
--R Type: CardinalNumber
--E 18

--5 19 of 20
Cc := 2%*a

--R (19) Aleph(1)
--R Type: CardinalNumber
--E 19

--S 20 of 20
f 1= 2%xc

--R (20) Aleph(2)

--R Type: CardinalNumber
--E 20

) spool

)1lisp (bye)

— CardinalNumber.help —

CardinalNumber examples
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The CardinalNumber domain can be used for values indicating the
cardinality of sets, both finite and infinite. For example, the
dimension operation in the category VectorSpace returns a cardinal
number.

The non-negative integers have a natural construction as cardinals

o0=#{}, 1=40}, 2=40, 1}, ..., n=d{i | 0 <=1i < n}.

The fact that 0 acts as a zero for the multiplication of cardinals is

equivalent to the axiom of choice.

Cardinal numbers can be created by conversion from non-negative integers.

cO := 0 :: CardinalNumber
0

Type: CardinalNumber
cl :=1 :: CardinalNumber

Type: CardinalNumber
c2 := 2 :: CardinalNumber

Type: CardinalNumber
c3 := 3 :: CardinalNumber

Type: CardinalNumber

They can also be obtained as the named cardinal Aleph(n).

A0 := Aleph O
Aleph(0)

Type: CardinalNumber
Al := Aleph 1

Aleph(1)
Type: CardinalNumber

The finite? operation tests whether a value is a finite cardinal, that

is, a non-negative integer.

finite? c2
true
Type: Boolean

finite? AO
false
Type: Boolean
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Similarly, the countable? operation determines whether a value is a
countable cardinal, that is, finite or Aleph(O0).

countable? c2
true
Type: Boolean

countable? AO
true
Type: Boolean

countable? Al
false
Type: Boolean

Arithmetic operations are defined on cardinal numbers as follows:
If x =#X and y = #Y then

x+y = #(X+Y) cardinality of the disjoint union
x-y = #(X-Y) cardinality of the relative complement
xxy = #(X*Y) cardinality of the Cartesian product

xx*xy = #(X**Y) cardinality of the set of maps from Y to X
Here are some arithmetic examples.

[c2 + c2, c2 + Al]
[4, Aleph(1)]
Type: List CardinalNumber

[cO*c2, clxc2, c2*c2, cO*Al, clxAl, c2xAl, AO*A1]
[0, 2, 4, 0, Aleph(1), Aleph(1), Aleph(1)]
Type: List CardinalNumber

[c2%*xcO, c2%*cl, c2**c2, Al*x*cO, Alx*xcl, Alx*xc2]
[1, 2, 4, 1, Aleph(1), Aleph(1)]
Type: List CardinalNumber

Subtraction is a partial operation: it is not defined when subtracting

a larger cardinal from a smaller one, nor when subtracting two equal
infinite cardinals.

[c2-c1l, c2-c2, c2-c3, Al-c2, A1-AO0, A1-A1]
[1, 0, "failed", Aleph(1), Aleph(1), "failed"]
Type: List Union(CardinalNumber,"failed")

The generalized continuum hypothesis asserts that

2*xAleph i = Aleph(i+1)
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and is independent of the axioms of set theory.

(reference: Goedel, The consistency of the continuum hypothesis,
Ann. Math. Studies, Princeton Univ. Press, 1940.)

The CardinalNumber domain provides an operation to assert whether the
hypothesis is to be assumed.

generalizedContinuumHypothesisAssumed true
true
Type: Boolean

When the generalized continuum hypothesis is assumed, exponentiation
to a transfinite power is allowed.

[cO**AQ, cl*xxAQ, c2**A0, AO**AO, AO*x*xAl, AlxxAQ, Al%*A1]
[0, 1, Aleph(1), Aleph(1), Aleph(2), Aleph(1), Aleph(2)]
Type: List CardinalNumber

Three commonly encountered cardinal numbers are

a = #Z countable infinity
c = #R the continuum
f = #{gl g: [0,1] -> R}

In this domain, these values are obtained under the generalized
continuum hypothesis in this way.

a := Aleph O
Aleph(0)
Type: CardinalNumber

C 1= 2%*a
Aleph(1)
Type: CardinalNumber

f 1= 2xxc
Aleph(2)
Type: CardinalNumber

See Also:
o )show CardinalNumber
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4.1.1 CardinalNumber (CARD)

CARD

ALGEBRA-

Exports:
0 1
Aleph coerce
countable? finite?

generalizedContinuumHypothesisAssumed ~ hash
generalizedContinuumHypothesisAssumed? latex

max min

one? recip

retract retractIfCan
sample zero?

777 77="

7*7? TEXD

?-7 747

7<? 7<=7

7=" 7>7?

7>=7

— domain CARD CardinalNumber —

)abbrev domain CARD CardinalNumber

++ Author: S.M. Watt

++ Date Created: June 1986

++ Date Last Updated: May 1990

++ Basic Operations: Aleph, +, -, *, *x

++ Related Domains:

++ Also See:

++ AMS Classifications:

++ Keywords: cardinal number, transfinite arithmetic

++ Examples:

++ References:

++  Goedel, "The consistency of the continuum hypothesis",
++ Ann. Math. Studies, Princeton Univ. Press, 1940

++ Description:

++ Members of the domain CardinalNumber are values indicating the
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DOMAIN CARD CARDINALNUMBER

cardinality of sets, both finite and infinite. Arithmetic operations
are defined on cardinal numbers as follows.

If \spad{x = #X} and \spad{y = #Y} then\br

\tab{5}\spad{x+y = #(X+Y)} \tab{5}disjoint union\br
\tab{5}\spad{x-y = #(X-Y)} \tab{5}relative complement\br
\tab{5}\spad{x*y = #(X*Y)} \tab{5}cartesian product\br
\tab{5}\spad{x**y = #(X**Y)} \tab{4}\spad{X**Y = g| g:Y->X}

The non-negative integers have a natural construction as cardinals\br
\spad{0 = #\{\}}, \spad{1 = \{O\}},
\spad{2 = \{0, 1\}}, ..., \spad{n = \{il| 0 <= i < n\}}.

That \spad{0} acts as a zero for the multiplication of cardinals is
equivalent to the axiom of choice.

The generalized continuum hypothesis asserts \br
\spad{2**Aleph i = Aleph(i+1)}
and is independent of the axioms of set theory [Goedel 1940].

Three commonly encountered cardinal numbers are\br

\tab{5}\spad{a = #Z} \tab{5}countable infinity\br
\tab{5}\spad{c = #R} \tab{5}the continuum\br
\tab{5}\spad{f = # g | g:[0,1]1->R\}

In this domain, these values are obtained using\br
\tab{5}\spad{a := Aleph 0}, \spad{c := 2*xa}, \spad{f := 2%xc}.

CardinalNumber: Join(OrderedSet, AbelianMonoid, Monoid,

RetractableTo NonNegativeInteger) with
commutative "x*"
++ a domain D has \spad{commutative("*")} if it has an operation
++ \spad{"*": (D,D) -> D} which is commutative.

e (%,%) -> Union(%,"failed")
++ \spad{x - y} returns an element z such that
++ \spad{z+y=x} or "failed" if no such element exists.

++
++X c2:=2::CardinalNumber
++X c2-c2

++X Al:=Aleph 1

++X Al-c2

mrxr b, B >
++ \spad{x**y} returns \spad{#(X**Y)} where \spad{X**Y} is defined
++ as \spad{\{gl g:Y->X\}}.
++
++X c2:=2::CardinalNumber
++X c2xxc2
++X Al:=Aleph 1
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++X Alxxc2
++X generalizedContinuumHypothesisAssumed true
++X Alx*Al

Aleph: NonNegativeIlnteger -> %
++ Aleph(n) provides the named (infinite) cardinal number.
++
++X AO:=Aleph O

finite?: J -> Boolean
++ finite?(\spad{a}) determines whether
++ \spad{a} is a finite cardinal, i.e. an integer.
++
++X c2:=2::CardinalNumber
++X finite? c2
++X AO:=Aleph O
++X finite? AO

countable?: % -> Boolean
++ countable?(\spad{a}) determines
++ whether \spad{a} is a countable cardinal,
++ i.e. an integer or \spad{Aleph 0}.
++
++X c2:=2::CardinalNumber
++X countable? c2
++X AO:=Aleph O
++X countable? A0
++X Al:=Aleph 1
++X countable? Al

generalizedContinuumHypothesisAssumed?: () -> Boolean
++ generalizedContinuumHypothesisAssumed? ()
++ tests if the hypothesis is currently assumed.
++
++X generalizedContinuumHypothesisAssumed?

generalizedContinuumHypothesisAssumed: Boolean -> Boolean
++ generalizedContinuumHypothesisAssumed(bool)
++ is used to dictate whether the hypothesis is to be assumed.
++
++X generalizedContinuumHypothesisAssumed true
++X a:=Aleph O
++X c:=2%*a
++X f:=2%*c

== add
NNI ==> NonNegativelnteger
FINord ==> -1

DUMMYval ==> -1

Rep := Record(order: Integer, ival: Integer)
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GCHypothesis: Reference(Boolean) :=

-- Creation

0 == [FINord, 0]

1 == [FINord, 1]
coerce(n:NonNegativeInteger) :% == [FINord, n]
Aleph n == [n, DUMMYval]

—-- Output

ALEPHexpr := "Aleph"::OutputForm

coerce(x: %): OutputForm ==

X =

x.order = FINord => (x.ival)::OutputForm
prefix (ALEPHexpr, [(x.order)::0OutputForm])

-- Manipulation
y ==
x.order "= y.order => false
finite? x => x.ival = y.ival
true -- equal transfinites
y ==

x.order < y.order => true
x.order > y.order => false

finite? x => x.ival < y.ival
false -- equal transfinites
+ y:% ==

finite? x and finite? y => [FINord, x.ival+y.ivall

max(x, y)

y ==

x <y => "failed"

finite? x => [FINord, x.ival-y.ivall
X >y => X

"failed" -- equal transfinites

* yih ==

finite? x and finite? y => [FINord, x.ivalsy.ivall

x=0o0ry=20 => 0
max(x, y)

n:NonNegativeInteger * x:% ==

finite? x => [FINord, n*x.ivall]
n=20 => 0

x"=0=>1

error "O**0 not defined for cardinal numbers."

finite? y =>
not finite? x => x
[FINord,x.ival#**(y.ival) :NNI]
x=0=>0

ref false
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GCHypothesis() => [max(x.order-1, y.order) + 1, DUMMYvall
error "Transfinite exponentiation only implemented under GCH"

finite? x x.order = FINord

countable? x == x.order < 1

retract(x:%) :NonNegativeInteger ==
finite? x => (x.ival)::NNI
error "Not finite"

retractIfCan(x:%) :Union(NonNegativeInteger, "failed") ==

finite? x => (x.ival)::NNI
"failed"

-- State manipulation

generalizedContinuumHypothesisAssumed?() == GCHypothesis()
generalizedContinuumHypothesisAssumed b == (GCHypothesis() := b)

— CARD.dotabb —

"CARD" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=CARD"]
"ALGEBRA-" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=ALGEBRA"]

"CARD"

-> "ALGEBRA-"

4.2 domain CARTEN CartesianTensor

— CartesianTensor.input —

)set break resume

)sys rm -f CartesianTensor.output
)spool CartesianTensor.output
)set message test on

)set message auto off

Jclear all

--S 1 of 48

CT := CARTEN(iO := 1, 2, Integer)

--R

--R

--R (1) CartesianTensor(1,2,Integer)
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--R Type: Domain

--R Type: CartesianTensor(1,2,Integer)

--R Type: NonNegativelnteger
--E 3

--S 4 of 48
v: DirectProduct(2, Integer) := directProduct [3,4]

--R  (4) [3,4]
--R Type: DirectProduct(2,Integer)

--R  (5) [3,4]
--R Type: CartesianTensor(1,2,Integer)

--S 6 of 48
m: SquareMatrix(2, Integer) := matrix [ [1,2],[4,5] ]

--R +1 2+
--R  (6) | |
--R +4 5+
--R Type: SquareMatrix(2,Integer)

--S 7 of 48
Tm: CT :=m

--R +1 2+



--R Type:

--E 7

--S 8 of 48

CHAPTER 4. CHAPTER C

CartesianTensor(1,2,Integer)

n: SquareMatrix(2, Integer) := matrix [ [2,3],[0,1] 1]

--R +2 3+

--R +0 1+

--R Type:

--S 10 of 48
tl: CT := [2, 3]

--R  (10) [2,3]

--R Type:

--E 10
--S 11 of 48
rank tl
--R (11) 1
--E 11
--S 12 of 48

t2: CT := [t1, ti1]

--R +2 3+
-k (12) | I
--R +2 3+

--R Type:

Type: SquareMatrix(2,Integer)

CartesianTensor(1,2,Integer)

CartesianTensor(1,2,Integer)

Type: Positivelnteger

CartesianTensor(1,2,Integer)
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--S 13 of 48
t3: CT

(13)

--E 13

14 of 48
CT

(14)

--E 14

--S 15 of 48

rank tt

(15)

--E 15

16 of 48

(16)

--E 16

17 of 48
Tmv :=

+2
L
+2

:= [t3, t3]; tt :=

++2
I
[+2
[
[+2
I

++2

5

++2
[
[+0
I
[+8
I

++0

= [t2, t2]

3+ +2 3+

I, 1]
3+ 42 3+

3+ +2
(. Il
3+ +2  3+]

3+ +2  3+|
(. Il
3+ +2

:= product(Tm, Tn)

3+ +4 6+ +
| | I
1+ +0 2+ |
|

12+ +10 15+|
(. Il

4+ +0 5 ++

contract(Tm,2,Tv,1)

[tt, tt]

3++ ++2
[+2
[+2

3++ +42

3+

3+

3+

3+

+2

+2

+2

+2

Type:

3++
Il
3+|
1]
3+|
Il

3++

Type:

Type:

CartesianTensor(1,2,Integer)

CartesianTensor(1,2,Integer)

Type: Positivelnteger

CartesianTensor(1,2,Integer)
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--R  (17) [11,32]
--E 17

--S 18 of 48

Tm*Tv

--R  (18) [11,32]
--E 18

--S 19 of 48

Tmv =m * v

--R  (19) [11,32]= [11,32]
--E 19

--S 20 of 48

t0()

--R (20) 8

--E 20

--S 21 of 48
t1(1+1)

--R (21) 3

--E 21

--S 22 of 48
t2(2,1)

--R  (22) 2

--E 22

--S 23 of 48

t3(2,1,2)

--R (23) 3

CHAPTER 4. CHAPTER C

Type: CartesianTensor(1,2,Integer)

Type: CartesianTensor(1,2,Integer)

Type: Equation(CartesianTensor(1,2,Integer))

Type: Positivelnteger

Type: Positivelnteger

Type: Positivelnteger
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--R
--E 23

--S 24 of 48

Tmn(2,1,2,1)

--R (24) 0
--E 24

--S 25 of 48

t0[]

--R (25) 8
--E 25

--S 26 of 48

t1[2]

--R (26) 3
--E 26

--S 27 of 48

t2[2,1]

--R 7 2
--E 27

--S 28 of 48

t3[2,1,2]

--R (28) 3
--E 28

--S 29 of 48

Tmn[2,1,2,1]

--R  (29) O

--E 29

Type: Positivelnteger

Type: NonNegativeIlnteger

Type: Positivelnteger

Type: Positivelnteger

Type: Positivelnteger

Type: Positivelnteger

Type: NonNegativelnteger
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--S 30 of 48
cTmn := contract(Tmn,1,2)

--R +12 18+

--R  (30) | I

--R +0 6 +

--R Type: CartesianTensor(1,2,Integer)
--E 30

--S 31 of 48
trace(m) * n

--R +12 18+

--R (1) | |

--R +0 6 +

--R Type: SquareMatrix(2,Integer)
--E 31

--S 32 of 48
contract(Tmn,1,2) = trace(m) * n

--R +12 18+ +12 18+

R (32) | I= 1 I

--R 0 6+ +0 6+

--R Type: Equation(CartesianTensor(1,2,Integer))
--E 32

--S 33 of 48
contract(Tmn,1,3) = transpose(m) * n

--R +2 7+ +2 7 +

--R (33) | =1 I

--R +4 11+ +4 11+

--R Type: Equation(CartesianTensor(1,2,Integer))
--E 33

--S 34 of 48
contract(Tmn,1,4) = transpose(m) * transpose(n)

--R +14 4+ +14 4+
--R  (34) | =1 |
--R +19 5+ +19 b+
--R Type: Equation(CartesianTensor(1,2,Integer))



4.2. DOMAIN CARTEN CARTESIANTENSOR

--S 35 of 48
contract(Tmn,2,3) =m * n

--R +2 5+ +2 5+
--R (35 | I= 1 I

--R +8 17+ +8 17+

--R Type: Equation(CartesianTensor(1,2,Integer))
--E 35

--S 36 of 48
contract(Tmn,2,4) = m * transpose(n)

--R +8 2+ +8 2+

--R  (36) | =1 I

--R +23 5+ +23 b5+

--R Type: Equation(CartesianTensor(1,2,Integer))
--E 36

--S 37 of 48
contract(Tmn,3,4) = trace(n) * m

--R +3 6+ +3 6+
-k @7) | =1 I

--R +12 16+ +12 15+

--R Type: Equation(CartesianTensor(1,2,Integer))
--E 37

--S 38 of 48
tTmn := transpose(Tmn,1,3)

--R ++2 3+ +4 6 ++

--R I I Il

--R [+8 12+ +10 15+]|

--R (38 | I

--R [+0 1+ +0 2+ |

--R [ | | [

--R ++0 4+ +0 b5+ +

--R Type: CartesianTensor(1,2,Integer)
--E 38

--S 39 of 48
transpose Tmn

--R +42 8+  +4  10++
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--R |l | | Il
[+0 0+ +0 0 +|
(39) | |
|+3 12+ +6 15+
--R I | Il
++1 4 + +2 5 ++

--E 39

--5 40 of 48
transpose Tm = transpose m

+1 4+ +1 4+
(40) | =1 |
+2 B+ +2 b5+

--E 40

--S 41 of 48

rTmn := reindex(Tmn, [1,4,2,3])

++2 0+ +3 1+ +
--R Il | | |

|+4 0+ +6 2+ |
(41) | |

|+8 0+ +12 4+]|
--R Il | Il
++10 O+ +15 b5++

--E 41

42 of 48
tt := transpose(Tm)*Tn - Tn*transpose(Tm)

--E 42
--S 43 of 48

Tv* (tt+Tn)

(43) [- 4,- 11]

--E 43

Type:

Type:

Type:

Type:
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CartesianTensor(1,2,Integer)

Type: Equation(CartesianTensor(1,2,Integer))

CartesianTensor(1,2,Integer)

CartesianTensor(1,2,Integer)

CartesianTensor(1,2,Integer)
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—--S 44 of 48
reindex (product(Tn,Tn), [4,3,2,1])+3*Tn*product (Tm, Tm)

--R ++46 84 + +57 114++

--R I [ I

--R [+174 212+ +228 285+|

--R  (44) | I

--R | +18 24+ +17 30+ |

--R I | | [

--R + +57 63+ +63 76+ +

--R Type: CartesianTensor(1,2,Integer)
--E 44

--S 45 of 48
delta: CT := kroneckerDelta()

--R +1 0+

--R  (45) | I

--R +0 1+

--R Type: CartesianTensor(1,2,Integer)
--E 45

--S 46 of 48
contract(Tmn, 2, delta, 1) = reindex(Tmn, [1,3,4,2])

--R + 42 4+ 40 O++ + +2 4+ +0 O++

--R 1 | | (I | I [

--R | +3 6+ +1 2+ | +3 6+ +1 2+|

--R  (46) | =1 |

--R [+8 10+ +0 O0+| [+8 10+ +0 O0+|

--R [ [ 1l (. [

--R ++12 15+ +4 5++ ++12 15+ +4 54+

--R Type: Equation(CartesianTensor(1,2,Integer))
--E 46

--S 47 of 48
epsilon:CT := leviCivitaSymbol()

--R +0 1+

--R 47 | [

--R -1 0+

--R Type: CartesianTensor(1,2,Integer)
--E 47

--S 48 of 48

331
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contract (epsilon*Tm*epsilon, 1,2) = 2 * determinant m

--R  (48) -6=-6

--R Type: Equation(CartesianTensor(1,2,Integer))
--E 48

) spool

)1lisp (bye)

— CartesianTensor.help —

CartesianTensor examples

CartesianTensor(i0,dim,R) provides Cartesian tensors with components
belonging to a commutative ring R. Tensors can be described as a
generalization of vectors and matrices. This gives a concise tensor
algebra for multilinear objects supported by the CartesianTensor
domain. You can form the inner or outer product of any two tensors
and you can add or subtract tensors with the same number of components.
Additionally, various forms of traces and transpositions are useful.

The CartesianTensor constructor allows you to specify the minimum
index for subscripting. In what follows we discuss in detail how to
manipulate tensors.

Here we construct the domain of Cartesian tensors of dimension 2 over the
integers, with indices starting at 1.

CT := CARTEN(iO := 1, 2, Integer)
CartesianTensor(1,2,Integer)
Type: Domain

Forming tensors

Scalars can be converted to tensors of rank zero.

t0: CT := 8
8
Type: CartesianTensor(1,2,Integer)
rank tO
0

Type: NonNegativelnteger



4.2. DOMAIN CARTEN CARTESIANTENSOR 333

Vectors (mathematical direct products, rather than one dimensional array
structures) can be converted to tensors of rank one.

v: DirectProduct(2, Integer) := directProduct [3,4]
[3, 4]

Type: DirectProduct(2,Integer)

Tv: CT :=v
[3, 4]

Type: CartesianTensor(1,2,Integer)

Matrices can be converted to tensors of rank two.

m: SquareMatrix(2, Integer) := matrix [ [1,2],[4,5] 1]

+1 2+

| |

+4 b+

Type: SquareMatrix(2,Integer)

Tm: CT :=m

+1 2+

| |

+4 5+

Type: CartesianTensor(1,2,Integer)

n: SquareMatrix(2, Integer) := matrix [ [2,3],[0,1] 1]

+2 3+

| |

+0 1+

Type: SquareMatrix(2,Integer)

Tn: CT :=n

+2 3+

| |

+0 1+

Type: CartesianTensor(1,2,Integer)

In general, a tensor of rank k can be formed by making a list of
rank k-1 tensors or, alternatively, a k-deep nested list of lists.

tl: CT := [2, 3]

(2, 3]
Type: CartesianTensor(1,2,Integer)

rank t1

1

Type: Positivelnteger

t2: CT := [t1, ti1]
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+2 3+

+2 3+
Type: CartesianTensor(1,2,Integer)

t3: CT := [t2, t2]

+2 3+ +2 3+

[l [ 1]
+2 3+ +2 3+
Type: CartesianTensor(1,2,Integer)

tt: CT := [t3, t3]; tt := [tt, tt]
++2 3+ +2 3++ ++2 3+ +2  3++
Il I Il (. Il
|+2 3+ +2 3+| |+2 3+ +2 3+|
[l I, 1]
|+2 3+ +2 3+| |+2 3+ +2 3+|

Il I Il (. Il

++2 3+ 42 34+ ++2 3+ 42 3++
Type: CartesianTensor(1,2,Integer)

rank tt

Type: Positivelnteger

Multiplication

Given two temsors of rank kl and k2, the outer product forms a new
tensor of rank kil+k2. Here

Tmn(i,j,k,1) = Tm(i,j)Tn(k,1)

Tmn := product(Tm, Tn)
++2 3+ +4 6+ +
Il I | I
|+0 1+ +0 2+ |
| |
[+8 12+ +10 15+|
Il [ Il

++0 4 + +0 5 ++
Type: CartesianTensor(1,2,Integer)

The inner product (contract) forms a tensor of rank ki1+k2-2. This
product generalizes the vector dot product and matrix-vector product

by summing component products along two indices.

Here we sum along the second index of Tm and the first index of Tv. Here
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Tmv = sum {j=1..dim} Tm(i,j) Tv(j)

Tmv := contract(Tm,2,Tv,1)
[11,32]
Type: CartesianTensor(1,2,Integer)

The multiplication operator * is scalar multiplication or an inner
product depending on the ranks of the arguments.

If either argument is rank zero it is treated as scalar multiplication.
Otherwise, a*b is the inner product summing the last index of a with the
first index of b.

Tm*Tv
[11,32]
Type: CartesianTensor(1,2,Integer)

This definition is consistent with the inner product on matrices
and vectors.

Tmv = m * v
[11,32] = [11,32]
Type: Equation CartesianTensor(1,2,Integer)

Selecting Components

For tensors of low rank (that is, four or less), components can be selected

by applying the tensor to its indices.

t00)
8
Type: Positivelnteger

t1(1+1)
3
Type: Positivelnteger

t2(2,1)
Type: Positivelnteger
t3(2,1,2)
3

Type: Positivelnteger

Tmn(2,1,2,1)
0

335
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Type: NonNegativelnteger
A general indexing mechanism is provided for a list of indices.
to[]
8

Type: Positivelnteger

t1[2]
Type: Positivelnteger

t2[2,1]

Type: Positivelnteger

The general mechanism works for tensors of arbitrary rank, but is

CHAPTER C

somewhat less efficient since the intermediate index list must be created.

t3[2,1,2]
3
Type: Positivelnteger
Tmn[2,1,2,1]
0
Type: NonNegativelnteger
Contraction

A "contraction" between two tensors is an inner product, as we have
seen above. You can also contract a pair of indices of a single
tensor. This corresponds to a "trace" in linear algebra. The
expression contract(t,k1,k2) forms a new tensor by summing the
diagonal given by indices in position k1 and k2.

This is the tensor given by
xTmn = sum{k=1..dim} Tmn(k,k,i,j)

cTmn := contract(Tmn,1,2)
+12 18+
| |
+0 6 +

Type: CartesianTensor(1,2,Integer)

Since Tmn is the outer product of matrix m and matrix n, the above is
equivalent to this.

trace(m) * n
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+12 18+
I |
+0 6 +
Type: SquareMatrix(2,Integer)

In this and the next few examples, we show all possible contractions
of Tmn and their matrix algebra equivalents.

contract(Tmn,1,2) = trace(m) * n
+12 18+ +12 18+
| =1 I
+0 6 + +0 6 +
Type: Equation CartesianTensor(1,2,Integer)

contract(Tmn,1,3) = transpose(m) * n
+2 7+ +2 7 +
| =1 |
+4 11+ +4 11+
Type: Equation CartesianTensor(1,2,Integer)

contract(Tmn,1,4) = transpose(m) * transpose(n)
+14 4+ +14 4+
| =1 |
+19 5+ +19 b5+
Type: Equation CartesianTensor(1,2,Integer)

contract(Tmn,2,3) =m * n
+2 5+ +2 b5 +
| =1 |
+8 17+ +8 17+
Type: Equation CartesianTensor(1,2,Integer)

contract(Tmn,2,4) = m * transpose(n)
+8 2+ +8 2+
| =1 |
+23 b5+ +23 b+
Type: Equation CartesianTensor(1,2,Integer)

contract(Tmn,3,4) = trace(n) * m
+3 6 + +3 6
| =1 |
+12 15+ +12 15+

+

Type: Equation CartesianTensor(1,2,Integer)

Transpositions

You can exchange any desired pair of indices using the transpose
operation.
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Here the indices in positions one and three are exchanged, that is,
tTmn(i, j,k,1) = Tmn(k,j,i,1)

tTmn := transpose(Tmn,1,3)

++2 3+ +4 6 ++

I [ [

[+8 12+ +10 15+]|

| |

[+0 1+ +0 2+ |

[ | | I

++0 4+ +0 5+ +

Type: CartesianTensor(1,2,Integer)

If no indices are specified, the first and last index are exchanged.

transpose Tmn

++2 8+  +4 10++

I | | Il

[+0 0+ +0 O +|

| I

[+3 12+ +6 15+|

[ [ Il

++1 4+ +2 5 ++

Type: CartesianTensor(1,2,Integer)

This is consistent with the matrix transpose.

transpose Tm = transpose m
+1 4+ +1 4+
I I= 1 |
+2 b+ +2 b+
Type: Equation CartesianTensor(1,2,Integer)

If a more complicated reordering of the indices is required, then the
reindex operation can be used. This operation allows the indices to
be arbitrarily permuted.

rTmn(i, j,k,1) = Tmn(i,1,j,k)

rTmn := reindex(Tmn, [1,4,2,3])

++2 0+ +3 1+ +

[ | | I

[+4 0+ +6 2+ |

| |

[+8 0+ +12 4+|

I Il Il

++10 0+ +15 b5++

Type: CartesianTensor(1,2,Integer)
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Arithmetic

Tensors of equal rank can be added or subtracted so arithmetic
expressions can be used to produce new tensors.

tt := transpose(Tm)*Tn - Tnxtranspose(Tm)
+- 6 - 16+
| |
+ 2 6 +

Type: CartesianTensor(1l,2,Integer)

Tv* (tt+Tn)
[- 4,- 11]
Type: CartesianTensor(1,2,Integer)

reindex (product(Tn,Tn), [4,3,2,1])+3*xTn*product (Tm, Tm)
++46 84 + +57 114++
Il [ Il
|+174 212+ +228 285+]
| |
| +18 24+ +17 30+ |
|1 | | |1
+ +57 63+ +63 76+ +
Type: CartesianTensor(1,2,Integer)

Specific Tensors

Two specific tensors have properties which depend only on the dimension.

The Kronecker delta satisfies

+- -+
|1 ifi =3 |
delta(i,j) = | I
| 0 if i "=3 |
+- -+

delta: CT := kroneckerDelta()
+1 O+
| |
+0 1+
Type: CartesianTensor(1,2,Integer)
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This can be used to reindex via contraction.

contract(Tmn, 2, delta, 1) = reindex(Tmn, [1,3,4,2])

+ 42 4+  +0 O0++ + +2 4+  +0 O++

[l | | 1 | | Il

| +3 6+ +1 2+| | +3 6+ +1 2+

| =1 |

[+8 10+ +0 O+| [+8 10+ +0 O+]

Il [ Il (. Il

++12 15+ +4 5++ ++12 156+ +4 5++

Type: Equation CartesianTensor(1,2,Integer)

The Levi Civita symbol determines the sign of a permutation of indices.

epsilon:CT := leviCivitaSymbol()
+ 0 1+
| I
+- 1 0+
Type: CartesianTensor(1,2,Integer)

Here we have:

epsilon(il,...,idim)
= +1 if il,...,idim is an even permutation of i0,...,i0+dim-1
= -1 if i1,...,idim is an odd permutation of iO,...,i0+dim-1
= 0 if il1,...,idim is not a permutation of i0,...,i0+dim-1

This property can be used to form determinants.

contract (epsilon*Tm*epsilon, 1,2) = 2 * determinant m
- 6= -6
Type: Equation CartesianTensor(1,2,Integer)

Properties of the CartesianTensor domain

GradedModule(R,E) denotes "E-graded R-module", that is, a collection
of R-modules indexed by an abelian monoid E. An element g of G[s] for
some specific s in E is said to be an element of G with degree s.

Sums are defined in each module G[s] so two elements of G can be added
if they have the same degree. Morphisms can be defined and composed
by degree to give the mathematical category of graded modules.

GradedAlgebra(R,E) denotes "E-graded R-algebra". A graded algebra is
a graded module together with a degree preserving R-bilinear map,

called the product.

degree (product (a,b)) = degree(a) + degree(b)
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product (a,r*b) = r*product(a,b)
product(al,b) + product(a2,b)
product(a,bl) + product(a,b2)
product (product (a,b),c)

product (r*a,b)

product (al+a2,b)
product (a,bl+b2)
product (a,product(b,c))

The domain CartesianTensor(iO, dim, R) belongs to the category
GradedAlgebra(R, NonNegativeInteger). The non-negative integer degree
is the tensor rank and the graded algebra product is the tensor outer
product. The graded module addition captures the notion that only
tensors of equal rank can be added.

If V is a vector space of dimension dim over R, then the tensor module
T[k] (V) is defined as

T[OI(V) =R
TKI(V) = Tk-11(V) * V

where * denotes the R-module tensor product. CartesianTensor(i0,dim,R)
is the graded algebra in which the degree k module is T[k] (V).

Tensor Calculus

It should be noted here that often tensors are used in the context of
tensor-valued manifold maps. This leads to the notion of covariant
and contravariant bases with tensor component functions transforming
in specific ways under a change of coordinates on the manifold. This
is no more directly supported by the CartesianTensor domain than it is
by the Vector domain. However, it is possible to have the components
implicitly represent component maps by choosing a polynomial or
expression type for the components. In this case, it is up to the
user to satisfy any constraints which arise on the basis of this
interpretation.

See Also
o )show CartesianTensor
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4.2.1 CartesianTensor (CARTEN)

CARTEN

IVECTOR

Exports:
0 1 coerce
elt hash kroneckerDelta
product rank ravel
retractIfCan sample transpose
7.7 %7 747
7="

contract
latex
reindex

unravel
?-7

CHAPTER 4.

degree
leviCivitaSymbol
retract

77=7

-7

— domain CARTEN CartesianTensor —

)abbrev domain CARTEN CartesianTensor

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

Author: Stephen M. Watt

Date Created: December 1986
Date Last Updated: May 15, 1991
Basic Operations:

Related Domains:

Also See:

AMS Classifications:

Keywords: tensor, graded algebra
Examples:

References:

Description:

CartesianTensor (minix,dim,R) provides Cartesian tensors with
components belonging to a commutative ring R.
can have any number of indices. Each index takes values from
\spad{minix} to \spad{minix + dim - 1}.

These tensors

CartesianTensor (minix, dim, R): Exports == Implementation where

NNI ==> NonNegativeInteger
I  ==> Integer

DP ==> DirectProduct

SM ==> SquareMatrix

minix: Integer
dim: NNI

CHAPTER C
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R: CommutativeRing

Exports ==> Join(GradedAlgebra(R, NNI), GradedModule(I, NNI)) with

coerce: DP(dim, R) -> Y%

++ coerce(v) views a vector as a rank 1 tensor.

++

++X v:DirectProduct(2,Integer) :=directProduct [3,4]
++X tv:CartesianTensor(1,2,Integer):=v

coerce: SM(dim, R) > %

++ coerce(m) views a matrix as a rank 2 tensor.
++

++X v:SquareMatrix(2,Integer):=[[1,2], [3,4]]
++X tv:CartesianTensor(1,2,Integer):=v

coerce: List R -> %

++ coerce([r_1,...,r_dim]) allows tensors to be constructed
++ using lists.

++

++X v:=[2,3]

++X tv:CartesianTensor(1,2,Integer) :=v

coerce: List % —> %

++ coerce([t_1,...,t_dim]) allows tensors to be constructed
++ using lists.

++

++X v:=[2,3]

++X tv:CartesianTensor(1,2,Integer):=v

++X tm:CartesianTensor(1,2,Integer):=[tv,tv]

rank: % -> NNI

elt:

elt:

++ rank(t) returns the tensorial rank of t (that is, the

++ number of indices). This is the same as the graded module
++ degree.

++

++X CT:=CARTEN(1,2,Integer)

++X t0:CT:=8

++X rank tO

¢ ->R
++ elt(t) gives the component of a rank O tensor.
++

++X tv:CartesianTensor(1,2,Integer) :=8
++X elt(tv)
++X tv[]

(hy, I) -> R
++ elt(t,i) gives a component of a rank 1 temsor.
++
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++X v:=[2,3]

++X tv:CartesianTensor(1,2,Integer):=v
++X elt(tv,2)

++X tv[2]

elt: (%, I, I) -> R
++ elt(t,i,j) gives a component of a rank 2 tensor.
++
++X v:=[2,3]
++X tv:CartesianTensor(1,2,Integer) :=v
++X tm:CartesianTensor(1,2,Integer):=[tv,tv]
++X elt(tm,2,2)
++X tm[2,2]

elt: (%, I, I, I) -> R
++ elt(t,i,j,k) gives a component of a rank 3 tensor.
++
++X v:=[2,3]
++X tv:CartesianTensor(1,2,Integer) :=v
++X tm:CartesianTensor(1,2,Integer):=[tv,tv]
++X tn:CartesianTensor(1,2,Integer) :=[tm,tm]
++X elt(tn,2,2,2)
++X tn[2,2,2]

elt: (4, I, I, I, I) -> R
++ elt(t,i,j,k,1) gives a component of a rank 4 temnsor.
++
++X v:=[2,3]
++X tv:CartesianTensor(1,2,Integer):=v
++X tm:CartesianTensor(1,2,Integer) :=[tv,tv]
++X tn:CartesianTensor(1,2,Integer) :=[tm,tm]
++X tp:CartesianTensor(1,2,Integer):=[tn,tn]
++X elt(tp,2,2,2,2)
++X tp[2,2,2,2]

elt: (%, List I) -> R

++ elt(t,[i1,...,iN]) gives a component of a rank \spad{N} temnsor.
++
++X v:=[2,3]

++X tv:CartesianTensor(1,2,Integer) :=v

++X tm:CartesianTensor(1,2,Integer):=[tv,tv]
++X tn:CartesianTensor(1,2,Integer) :=[tm,tm]
++X tp:CartesianTensor(1,2,Integer):=[tn,tn]
++X tq:CartesianTensor(1,2,Integer):=[tp,tp]
++X elt(tq,[2,2,2,2,2])

—-- This specializes the documentation from GradedAlgebra.
product: (%,%) —-> %
++ product(s,t) is the outer product of the tensors s and t.
++ For example, if \spad{r = product(s,t)} for rank 2 tensors
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Myt

++ s and t, then \spad{r} is a rank 4 tensor given by
++ \spad{r(i,j,k,1) = s(i,j)*t(k,1)}.

++

++X m:SquareMatrix(2,Integer) :=matrix [[1,2],[4,5]]
++X Tm:CartesianTensor(1,2,Integer):=m

++X n:SquareMatrix(2,Integer) :=matrix [[2,3],[0,1]]
++X Tn:CartesianTensor(1,2,Integer) :=n

++X Tmn:=product (Tm,Tn)

Gy B > %
++ s*t is the inner product of the tensors s and t which contracts
++ the last index of s with the first index of t, that is,
++ \spad{t*s = contract(t,rank t, s, 1)}
++ \spad{t*s = sum(k=1..N, t[il,..,iN,kl*s[k,j1,..,jM]D}
++ This is compatible with the use of \spad{M*v} to denote
++ the matrix-vector inner product.
++
++X m:SquareMatrix(2,Integer) :=matrix [[1,2],[4,5]]
++X Tm:CartesianTensor(1,2,Integer) :=m
++X v:DirectProduct(2,Integer) :=directProduct [3,4]
++X Tv:CartesianTensor(1,2,Integer) :=v
++X Tm*Tv

contract: (%, Integer, %, Integer) -> ¥

++ contract(t,i,s,j) is the inner product of tenors s and t
++ which sums along the \spad{kl}-th index of

++ t and the \spad{k2}-th index of s.

++ For example, if \spad{r = contract(s,2,t,1)} for rank 3 tensors
++ rank 3 tensors \spad{s} and \spad{tl}, then \spad{r} is
++ the rank 4 \spad{(= 3 + 3 - 2)} tensor given by

++ \spad{r(i,j,k,1) = sum(h=1..dim,s(i,h,j)*t(h,k,1))}.
++

++X m:SquareMatrix(2,Integer) :=matrix [[1,2],[4,5]]

++X Tm:CartesianTensor(1,2,Integer) :=m

++X v:DirectProduct(2,Integer) :=directProduct [3,4]

++X Tv:CartesianTensor(1,2,Integer) :=v

++X Tmv:=contract(Tm,2,Tv,1)

contract: (%, Integer, Integer) -> %

++ contract(t,i,j) is the contraction of tensor t which
++ sums along the \spad{i}-th and \spad{j}-th indices.

++ For example, if

++ \spad{r = contract(t,1,3)} for a rank 4 tensor t, then
++ \spad{r} is the rank 2 \spad{(= 4 - 2)} tensor given by
++ \spad{r(i,j) = sum(h=1..dim,t(h,i,h,j))}.

++

++X m:SquareMatrix(2,Integer) :=matrix [[1,2],[4,5]]

++X Tm:CartesianTensor(1,2,Integer) :=m

++X v:DirectProduct(2,Integer):=directProduct [3,4]

++X Tv:CartesianTensor(1,2,Integer):=v
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++X Tmv:=contract(Tm,2,1)

transpose: % -> %
++ transpose(t) exchanges the first and last indices of t.
++ For example, if \spad{r = transpose(t)} for a rank 4
++ tensor t, then \spad{r} is the rank 4 tensor given by
++ \spad{r(i,j,k,1) = t(1,j,k,i)}.
++
++X m:SquareMatrix(2,Integer) :=matrix [[1,2],[4,5]]
++X Tm:CartesianTensor(1,2,Integer) :=m
++X transpose(Tm)

transpose: (Y%, Integer, Integer) -> ¥
++ transpose(t,i,j) exchanges the \spad{i}-th and \spad{j}-th
++ indices of t. For example, if \spad{r = transpose(t,2,3)}
++ for a rank 4 tensor t, then \spad{r} is the rank 4 tensor
++ given by
++ \spad{r(i,j,k,1) = t(i,k,j,1)}.
++
++X m:SquareMatrix(2,Integer) :=matrix [[1,2],[4,5]]
++X tm:CartesianTensor(1,2,Integer) :=m
++X tn:CartesianTensor(1,2,Integer) :=[tm,tm]
++X transpose(tn,1,2)

reindex: (%, List Integer) -> %
++ reindex(t, [i1,...,idim]) permutes the indices of t.
++ For example, if \spad{r = reindex(t, [4,1,2,3])}
++ for a rank 4 tensor t,
++ then \spad{r} is the rank for tensor given by
++ \spad{r(i,j,k,1) = t(1,i,j,k)}.
++
++X n:SquareMatrix(2,Integer) :=matrix [[2,3],[0,1]]
++X tn:CartesianTensor(1,2,Integer) :=n
++X p:=product(tn,tn)
++X reindex(p,[4,3,2,1])

kroneckerDelta: () -> %
++ kroneckerDelta() is the rank 2 tensor defined by
++ \spad{kroneckerDelta() (i,j)}

++ \spad{= 1 if i = j}
++ \spad{= 0 if i \"= j}
++

++X delta:CartesianTensor(1,2,Integer) :=kroneckerDelta()

leviCivitaSymbol: () -> %
++ leviCivitaSymbol() is the rank \spad{dim} tensor defined by
++ \spad{leviCivitaSymbol() (il,...idim) = +1/0/-1}
++ if \spad{il,...,idim} is an even/is nota /is an odd permutation
++ of \spad{minix,...,minix+dim-1}.
++
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++X lcs:CartesianTensor(1,2,Integer) :=leviCivitaSymbol ()

ravel: % -> List R
++ ravel(t) produces a list of components from a tensor such that
++  \spad{unravel(ravel(t)) = tl}.
++
++X n:SquareMatrix(2,Integer) :=matrix [[2,3],[0,1]]
++X tn:CartesianTensor(1,2,Integer):=n
++X ravel tn

unravel: List R -> %
++ unravel(t) produces a tensor from a list of
++ components such that
++ \spad{unravel (ravel(t)) = t}.

sample: O —>%
++ sample() returns an object of type %.

Implementation ==> add

PERM ==> Vector Integer -- l-based entries from 1..n

INDEX ==> Vector Integer -- 1-based entries from minix..minix+dim-1
get  ==> elt$Rep

set_! ==> setelt$Rep

-- Use row-major order:
--=  x[h,i,j] <> x[(h-minix)*dim**2+(i-minix)*dim+(j-minix)]

Rep := IndexedVector(R,0)

n: Integer
r,s: R
x,y,2: h

---- Local stuff

dim2: NNI := dim**2
dim3: NNI dim**3
dim4: NNI dim**x4

sample () ==kroneckerDelta() $/
int2index(n: Integer, indv: INDEX): INDEX ==
n < 0 => error "Index error (too small)"
rnk := #indv
for i in 1..rnk repeat
gr := divide(n, dim)
n := gr.quotient
indv. ((rnk-i+1) pretend NNI) := gr.remainder + minix
n "= 0 => error "Index error (too big)"
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indv

index2int (indv: INDEX): Integer ==

n: I :=0

for i in 1..#indv repeat
ix := indv.i - minix
ix<0 or ix>dim-1 => error "Index error (out of range)"
n := dim*n + ix

n

lengthRankOrElse(v: Integer): NNI ==

v=1 =0
v =dim =>1
v = dim2 => 2
v = dim3 => 3
v = dim4 => 4
rx := 0
while v "= 0 repeat
gr := divide(v, dim)
v := gr.quotient
if v "= 0 then
gr.remainder "= 0 => error "Rank is not a whole number"
rx :=rx + 1
rx

-- 1 must be a list of the numbers 1..#1
mkPerm(n: NNI, 1: List Integer): PERM ==

#1 "= n =>

error "The list is not a permutation."
p: PERM := new(n, 0)
seen: Vector Boolean := new(n, false)

for i in 1..n for e in 1 repeat
e <1 or e >n =>error "The list is not a permutation."
p-i = e
seen.e := true
for e in 1..n repeat
not seen.e => error "The list is not a permutation."

p

-- permute s according to p into result t.
permute_! (t: INDEX, s: INDEX, p: PERM): INDEX ==
for i in 1..#p repeat t.i := s.(p.1i)
t

-- permsign!(v) = 1, 0, or -1 according as
-- v is an even, is not, or is an odd permutation of minix..minix+#v-1.
permsign_!(v: INDEX): Integer ==

-- sum minix..minix+#v-1.

maxix := minix+#v-1

psum := (((maxix+1l)#*maxix - minix*(minix-1)) exquo 2)::Integer
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-- +/v "= psum => 0

n:=0

for i in 1..#v repeat n :=n + v.1i
n "= psum => 0

-- Bubble sort! This is pretty grotesque.
totTrans: Integer := 0

nTrans: Integer :=1
while nTrans "= 0 repeat
nTrans := 0

for i in 1..#v-1 for j in 2..#v repeat
if v.i > v.j then
nTrans := nTrans + 1
e :=v.i; v.i :=v.j; v.j = e
totTrans := totTrans + nTrans
for i in 1..dim repeat
if v.i "= minix+i-1 then return O
odd? totTrans => -1

1

---- Exported functions
ravel x ==
[get(x,i) for i in O..#x-1]

unravel 1 ==
-- lengthRankOrElse #1 gives sytnax error
nz: NNI := # 1
lengthRankOrElse nz

z := new(nz, 0)
for i in 0..nz-1 for r in 1 repeat set_!(z, i, r)
z
kroneckerDelta() ==
z := new(dim2, 0)
for i in 1..dim for zi in 0.. by (dim+1l) repeat set_!(z, zi, 1)
z
leviCivitaSymbol() ==
nz := dim**dim
z := new(nz, 0)

indv: INDEX := new(dim, O0)
for i in 0..nz-1 repeat
set_!(z, i, permsign_! (int2index(i, indv))::R)

—-- from GradedModule
degree x ==
rank x

rank x ==
n := #x
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lengthRankOrElse n

elt(x) ==
#x "= 1 => error "Index error (the rank is not 0)"
get(x,0)

elt(x, i: I) ==
#x "= dim => error "Index error (the rank is not 1)"

get(x, (i-minix))
elt(x, i: I, j: I) ==
#x "= dim2 => error "Index error (the rank is not 2)"
get(x, (dim* (i-minix) + (j-minix)))
elt(x, i: I, j: I, k: I) ==
#x "= dim3 => error "Index error (the rank is not 3)"
get(x, (dim2* (i-minix) + dim*(j-minix) + (k-minix)))
elt(x, i: I, j: I, k: I, 1: I) ==
#x "= dim4 => error "Index error (the rank is not 4)"
get (x, (dim3* (i-minix)+dim2* (j-minix)+dim* (k-minix)+(1-minix)))

elt(x, i: List I) ==

#i "= rank x => error "Index error (wrong rank)"

n: I :=0

for ii in i repeat
ix := ii - minix
ix<0 or ix>dim-1 => error "Index error (out of range)"
n := dim¥n + ix

get(x,n)

coerce(lr: List R): % ==
#lr "= dim => error "Incorrect number of components"

z := new(dim, 0)
for r in 1r for i in 0..dim-1 repeat set_!(z, i, r)
z
coerce(lx: List %): % ==
#1x "= dim => error "Incorrect number of slices"
rx := rank first 1x
for x in 1x repeat
rank x "= rx => error "Inhomogeneous slice ranks"
nx := # first 1x
z := new(dim * nx, 0)

for x in 1x for offz in 0.. by nx repeat
for i in 0..nx-1 repeat set_!(z, offz + i, get(x,i))

retractIfCan(x:%) :Union(R,"failed") ==
zero? rank(x) => x()
"failed"

Outf ==> QOutputForm

mkOutf(x:%, i0:I, rnk:NNI): Outf ==
odd? rnk =>
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rnkl := (rnk-1) pretend NNI

nskip := dim**rnkil

[mkOutf (x, iO+nskip*i, rnkl) for i in 0..dim-1]::0utf
rnk = 0 =>

get(x,10) : :Outf
rnkl := (rnk-2) pretend NNI
nskip := dim**rnkil

matrix [[mkOutf(x, iO+nskip*(dim*i + j), rnkl)
for j in 0..dim-1] for i in O..dim-1]

coerce(x): Outf
mkOutf(x, 0, rank x)

0 == O$R::Rep
1 == 1$R::Rep

--coerce(n: I): % == new(l, n::R)
coerce(r: R): % == new(1,r)

coerce(v: DP(dim,R)): % ==

z := new(dim, 0)
for i in 0..dim-1 for j in minIndex v .. maxIndex v repeat
set_!(z, i, v.j)
z
coerce(m: SM(dim,R)): % ==
z := new(dim**2, 0)
offz := 0

for i in 0..dim-1 repeat
for j in 0..dim-1 repeat
set_!(z, offz + j, m(i+1,j+1))
offz := offz + dim

x =y ==
#x "= #y => false
for i in 0..#x-1 repeat

if get(x,i) "= get(y,i) then return false
true
X +y ==
#x "= #y => error "Rank mismatch"
--— z := [xi + yi for xi in x for yi in y]
z := new(#x, 0)
for i in O..#x-1 repeat set_!(z, i, get(x,i) + get(y,i))
z
X -y ==
#x "= #y => error "Rank mismatch"
-- [xi - yi for xi in x for yi in y]
z := new(#x, 0)
for i in O..#x-1 repeat set_!(z, i, get(x,i) - get(y,i))
z
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-- [-xi for xi im x]

z := new(#x, 0)
for i in O..#x-1 repeat set_!(z, i, -get(x,1i))
z
n * x ==
-— [n * xi for xi in x]
z := new(#x, 0)
for i in O..#x-1 repeat set_!(z, i, n * get(x,1i))
z
X * n ==
-- [n * xi for xi in x]
z := new(#x, 0)
for i in O..#x-1 repeat set_!(z, i, n* get(x,i)) -- Commutative!!
z
r * ==
-- [r * xi for xi in x]
z := new(#x, 0)
for i in O..#x-1 repeat set_!(z, i, r * get(x,1))
z
X * ==
-- [xi*r for xi in x]
z := new(#x, 0)
for i in O..#x-1 repeat set_!(z, i, rx get(x,i)) -- Commutative!!
z

product(x, y) ==
nx := #x; ny := #y
z := new(nx * ny, 0)
for i in 0..nx-1 for ioff in O.. by ny repeat
for j in 0..ny-1 repeat
set_!(z, ioff + j, get(x,i) * get(y,j))

ry := rank y

rx = 0 => get(x,0) * y
ry = 0 => x * get(y,0)
contract(x, rx, y, 1)

contract(x, i, j) ==
rx := rank x
i<lori>rxor j<1lor j>rxori=j=>
error "Improper index for contraction"
if i > j then (i,3) := (j,1)

x0l:= zol
zom*dim

|
-

rl:= (rx- j) pretend NNI; nl:
rm:= (j-i-1) pretend NNI; nm:
rh:= (i - 1) pretend NNI; nh:
xoh:= zoh*dim**2

xok := nl*(1 + nmxdim)

z := new(nl*nm*nh, 0)

dim**rl; zol:=
dim**rm; zom:= nl; xom:
dim**rh; zoh:= nl*nm
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for h in 1..nh _
for xh in 0.. by xoh for zh in 0.. by zoh repeat

for m in 1..nm _
for xm in xh.. by xom for zm in zh.. by zom repeat
for 1 in 1..n1 _
for x1 in xm.. by xol for zl in zm.. by zol repeat
set_!(z, zl, 0)
for k in 1..dim for xk in x1.. by xok repeat

set_!(z, zl, get(z,zl) + get(x,xk))

contract(x, i, y, j) ==
:= rank x
:=rank y

rx
ry

i<lori>rxor j<1lorj>ry=

rly:
rhy:
ohy:
rlx:
olx:

rhx:
ohx:

z

error "Improper index for contraction"

= (ry-j) pretend NNI; nly:= dim**rly; oly:= 1; zoly:= 1
= (j -1) pretend NNI; nhy:= dim¥*rhy

= nly*dim; zohy:= zoly*nly

= (rx-i) pretend NNI; nlx:= dimk*rlx

=1; zolx:= zohy*nhy

= (1 -1) pretend NNI; nhx:= dim**rhx

= nlx*dim; zohx:= zolx*nlx

new(nlx*nhx*nly*nhy, 0)

for dxh in 1..nhx
for xh in 0.. by ohx for zhx in 0.. by zohx repeat

for dx1 in 1..nlx _
for x1 in xh.. by olx for zlx in zhx.. by zolx repeat
for dyh in 1..nhy _
for yh in 0.. by ohy for zhy in zlx.. by zohy repeat
for dyl in 1..nly _
for yl in yh.. by oly for zly in zhy.. by zoly repeat
set_!(z, zly, 0)
for k in 1..dim _

for xk in x1.. by nlx for yk in yl.. by nly repeat
set_!(z, zly, get(z,zly)+get(x,xk)*get(y,yk))

transpose x ==
transpose(x, 1, rank x)
transpose(x, i, j) ==
:= rank x
i<lori>rxor j<1lor j>rxoris=j=>

rx

error "Improper indicies for transposition"

if i > j then (i,3) := (j,i)

353
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rl:= (rx- j) pretend NNI; nl:= dim**rl; zol:= 1; zoi
rm:= (j-i-1) pretend NNI; nm:= dim¥*rm; zom:= nl*dim; zoj
rh:= (i - 1) pretend NNI; nh:= dim**rh; zoh:= nl*nm*dim**2
z := new(#x, 0)
for h in 1..nh for zh in 0.. by zoh repeat
for m in 1..nm for zm in zh.. by zom repeat
for 1 in 1..nl for zl1 in zm.. by zol repeat
for p in 1..dim _
for zp in zl.. by zoi for xp in zl.. by zoj repeat
for q in 1..dim _
for zq in zp.. by zoj for xq in xp.. by zoi repeat
set_!(z, zq, get(x,xq))

z

reindex(x, 1) ==

nx := #x

z: % := new(nx, 0)
rx := rank x

p := mkPerm(rx, 1)

xiv: INDEX := new(rx, 0)
ziv: INDEX := new(rx, 0)

-- Use permutation

for i in O..#x-1 repeat
pi := index2int(permute_!(ziv, int2index(i,xiv),p))
set_!(z, pi, get(x,i))

— CARTEN.dotabb —

"CARTEN" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=CARTEN"]
"IVECTOR" [color="#88FF44" , href="bookvol1l0.3.pdf#nameddest=IVECTOR"]

"CARTEN"

-> "IVECTOR"

4.3 domain CHAR Character

— Character.input —

)set break resume

= zol*nl

zom*xnm
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)sys rm -f Character.output
)spool Character.output
)set message test on

)set message auto off
)clear all

--S 1 of 13

chars := [char "a", char "A", char "X", char "8", char "+"]

--R (1) [a,A,X,8,+]
--E 1

--S 2 of 13

space()

--R (@

--E 2

--S 3 of 13

--E 3

--S 4 of 13
escape ()

--R (1)

--E 4

--S 5 of 13
[ord ¢ for ¢ in chars]

--R (56) [97,65,88,56,43]
--E 5

--S 6 of 13

[upperCase c¢ for c in chars]
--R

--R

--R (6) [A,A,X,8,+]

Type: List(Character)

Type: Character

Type: Character

Type: Character

Type: List(Integer)
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--R Type: List(Character)
--E 6

--S 7 of 13
[lowerCase ¢ for c in chars]

--R (7)) [a,a,x,8,+]
--R Type: List(Character)
--E 7

--S 8 of 13
[alphabetic? ¢ for c¢ in chars]

--R (8) [true,true,true,false,false]
--R Type: List(Boolean)
--E 8

--S 9 of 13
[upperCase? c for ¢ in chars]
--R

--R (9) [false,true,true,false,false]
--R Type: List(Boolean)
-E 9

--S 10 of 13
[lowerCase? c for c in chars]

--R (10) [true,false,false,false,false]
--R Type: List(Boolean)
--E 10

--S 11 of 13
[digit? c for c in chars]

--R (11) [false,false,false,true,false]
--R Type: List(Boolean)
--E 11

--S 12 of 13
[hexDigit? ¢ for c in chars]

--R (12) [true,true,false,true,false]
--R Type: List(Boolean)
--E 12
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--S 13 of 13
[alphanumeric? ¢ for ¢ in chars]

--R (13) [true,true,true,true,false]

--R Type: List(Boolean)
--E 13

) spool

)1lisp (bye)

— Character.help —

Character examples

The members of the domain Character are values representing letters,
numerals and other text elements.

Characters can be obtained using String notation.
chars := [char "a", char "A", char "X", char "8", char "+"]
[a,A,X,8,+]
Type: List Character
Certain characters are available by name. This is the blank character.
space ()
Type: Character
This is the quote that is used in strings.
quote ()
"

Type: Character

This is the escape character that allows quotes and other characters
within strings.

escape ()

Type: Character

Characters are represented as integers in a machine-dependent way.
The integer value can be obtained using the ord operation. It is
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always true that char(ord c¢) = ¢ and ord(char i) = i, provided that i
is in the range 0..size()$Character-1.

[ord ¢ for ¢ in chars]
[97,65,88,56,43]
Type: List Integer

The lowerCase operation converts an upper case letter to the
corresponding lower case letter. If the argument is not an upper case
letter, then it is returned unchanged.

[upperCase ¢ for c in chars]
[A,A,X,8,+]
Type: List Character

The upperCase operation converts lower case letters to upper case.

[lowerCase ¢ for c in chars]
[a,a,x,8,+]
Type: List Character

A number of tests are available to determine whether characters
belong to certain families.

[alphabetic? ¢ for c¢ in chars]
[true,true,true,false,false]
Type: List Boolean

[upperCase? ¢ for c in chars]
[false,true,true,false,falsel
Type: List Boolean

[lowerCase? ¢ for c in chars]
[true,false,false,false,false]
Type: List Boolean

[digit? c for c in chars]
[false,false,false,true,false]
Type: List Boolean

[hexDigit? c for c in chars]
[true,true,false,true,false]
Type: List Boolean

[alphanumeric? c for ¢ in chars]
[true,true,true,true,falsel
Type: List Boolean

See Also:
o )help CharacterClass
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o )help String
o )show Character

4.3.1 Character (CHAR)

CHAR

See

= “CharacterClass” (CCLASS) B2 on page BG4
= “IndexedString” (ISTRING) T2 on page [2IY
= “String” (STRING) on page Eo7d

Exports:
alphabetic? alphanumeric? char coerce digit?
escape hash hexDigit?  index latex
lookup lowerCase lowerCase? max min
ord quote random size space
upperCase  upperCase? ?77=" 7<? 7<="
7=7 7>7 7>=7

— domain CHAR Character —

)abbrev domain CHAR Character
++ Author: Stephen M. Watt

++ Date Created: July 1986

++ Date Last Updated: June 20, 1991
++ Basic Operations: char

++ Related Domains:

++ Also See:

++ AMS Classifications:

++ Keywords: character, string
++ Examples:

++ References:

++ Description:
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++ This domain provides the basic character data type.

Character: OrderedFinite() with

ord: % -> Integer
++ ord(c) provides an integral code corresponding to the
++ character c. It is always true that \spad{char ord c = c}.
++
++X chars := [char "a", char "A", char "X", char "8", char "+"]
++X [ord c for c in chars]

char: Integer -> 9
++ char(i) provides a character corresponding to the integer
++ code i. It is always true that \spad{ord char i = i}.

++
++X [char ¢ for ¢ in [97,65,88,56,43]]

char: String -> Y
++ char(s) provides a character from a string s of length one.
++

++X [char ¢ for ¢ in ["a","A","X","8","+"]]
space: () -> ¥
++ space() provides the blank character.
++
++X space()
quote: () -> %
++ quote() provides the string quote character, \spad{"}.
++
++X quote()
escape: () -> %
++ escape() provides the escape character, \spad{_}, which
++ is used to allow quotes and other characters within
++ strings.
++
++X escape()
upperCase: % -> %
++ upperCase(c) converts a lower case letter to the corresponding
++ upper case letter. If c is not a lower case letter, then
++ it is returned unchanged.
++
++X chars := [char "a", char "A", char "X", char "8", char "+"]
++X [upperCase c for c in chars]
lowerCase: % -> Y%
++ lowerCase(c) converts an upper case letter to the corresponding
++ lower case letter. If c is not an upper case letter, then
++ it is returned unchanged.
++
++X chars := [char "a", char "A", char "X", char "8", char "+"]
++X [lowerCase c for c in chars]
digit?: % -> Boolean
++ digit?(c) tests if c is a digit character,
++ i.e. one of 0..9.
++



4.3. DOMAIN CHAR CHARACTER 361

++X chars := [char "a", char "A", char "X", char "8", char "+"]
++X [digit? ¢ for c in chars]
hexDigit?: % -> Boolean
++ hexDigit?(c) tests if c is a hexadecimal numeral,
++ i.e. one of 0..9, a..f or A..F.
++
++X chars := [char "a", char "A", char "X", char "8", char "+"]
++X [hexDigit? c for c in chars]
alphabetic?: % -> Boolean
++ alphabetic?(c) tests if c is a letter,
++ i.e. one of a..z or A..Z.
++
++X chars := [char "a", char "A", char "X", char "8", char "+"]
++X [alphabetic? ¢ for ¢ in chars]
upperCase?: 7, -> Boolean
++ upperCase?(c) tests if ¢ is an upper case letter,
++ i.e. one of A..Z.
++
++X chars := [char "a", char "A", char "X", char "8", char "+"]
++X [upperCase? c for c in chars]
lowerCase?: 7 —-> Boolean
++ lowerCase?(c) tests if c is an lower case letter,
++ i.e. one of a..z.
++
++X chars := [char "a", char "A", char "X", char "8", char "+"]
++X [lowerCase? ¢ for c in chars]
alphanumeric?: % -> Boolean
++ alphanumeric?(c) tests if ¢ is either a letter or number,
++ i.e. one of 0..9, a..z or A..Z.
++
++X chars := [char "a", char "A", char "X", char "8", char "+"]
++X [alphanumeric? c¢ for c in chars]

== add
Rep := SingleInteger -- 0..255

CC ==> CharacterClass()
import CC

OutChars:PrimitiveArray(OutputForm) :=
construct [CODE_-CHAR(i)$Lisp for i in 0..255]

minChar := minIndex OutChars

a=b> == a =$Rep b

a<b == a <$Rep b

size() == 256

index n == char((n - 1)::Integer)

lookup c == (1 + ord c)::PositiveInteger
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char(n:Integer) ==n::%
ord c == convert(c)$Rep
random () == char(random() $Integer rem size())
space == QENUM(" ", O$Lisp)$Lisp
quote == QENUM("_" ", O$Lisp)$Lisp
escape == QENUM("__ ", O$Lisp)$Lisp
coerce(c:%) :OutputForm == OutChars(minChar + ord c)
digit? c == member?(c pretend Character, digit())
hexDigit? c == member? (c pretend Character, hexDigit())
upperCase? c == member?(c pretend Character, upperCase())
lowerCase? ¢ == member?(c pretend Character, lowerCase())
alphabetic? ¢ == member?(c pretend Character, alphabetic())
alphanumeric? c == member?(c pretend Character, alphanumeric())
latex c ==

concat ("\mbox{‘", concat(new(l,c pretend Character)$String, "’}")_

$String) $String

char(s:String) ==
(#s) = 1 => s(minIndex s) pretend %
error "String is not a single character"

upperCase ¢ ==
QENUM (PNAME (UPCASE (CODE_-CHAR (ord c)$Lisp)$Lisp)$Lisp,0$Lisp)$Lisp

lowerCase c ==
QENUM (PNAME (DOWNCASE (CODE_-CHAR (ord c)$Lisp)$Lisp)$Lisp,0$Lisp)$Lisp

— CHAR.dotabb —

"CHAR" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=CHAR",shape=ellipse]
"FSAGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FSAGG"]
"CHAR" -> "FSAGG"

4.4 domain CCLASS CharacterClass

— CharacterClass.input —

)set break resume
)sys rm -f CharacterClass.output
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)spool CharacterClass.output

)set message test on

)set message auto off

)clear all

--S 1 of 16

cli:=charClass[char "a",char "e",char "i",char "o",char "u",char "y”]

--R (1) T"aeiouy"
--R Type: CharacterClass

--S 2 of 16
cl2 := charClass "bcdfghjklmnpgrstvwxyz"

--R (2) "bcdfghjklmnpqrstvwxyz"
--R Type: CharacterClass

--R (3) "0123456789"
--R Type: CharacterClass
--E 3

--S 4 of 16
hexDigit ()

--R  (4) "0123456789ABCDEFabcdef"
--R Type: CharacterClass
--E 4

--S 5 of 16
upperCase ()
--R

--R  (5) "ABCDEFGHIJKLMNOPQRSTUVWXYZ"
--R Type: CharacterClass
--E 5

--S 6 of 16

lowerCase()

--R (6) ‘"abcdefghijklmnopgrstuvwxyz"
--R Type: CharacterClass
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--E 6

--S 7 of 16
alphabetic()
--R

--R (7) "ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopgrstuvwxyz"
--R Type: CharacterClass
--E 7

--S 8 of 16
alphanumeric()
--R

--R (8) "0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopgrstuvwxyz"
--R Type: CharacterClass
--E 8

--S 9 of 16
member?(char "a", clil)

--R  (9) true
--R Type: Boolean
--E 9

--S 10 of 16
member? (char "a", cl2)

--R (10) false
--R Type: Boolean
--E 10

--S 11 of 16
intersect(cll, cl2)

--R (11) uyu
--R Type: CharacterClass
--E 11

--S 12 of 16
union(cll,cl2)

--R (12) T"abcdefghijklmnopgrstuvwxyz"
--R Type: CharacterClass
--E 12
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--S 13 of 16

difference(cll,cl2)

--R  (13) "aeiou"

--E 13

--S 14 of 16

intersect (complement (cl1),cl2)

--R  (14) '"bcdfghjklmnpqrstvwzz"
--E 14

--S 15 of 16

insert! (char "a", cl2)

--R  (15) '"abcdfghjklmnpqrstvwxyz"
--E 15

--S 16 of 16

remove! (char "b", cl2)

--R (16) "acdfghjklmnpqrstvwxyz"
--E 16

) spool
)1lisp (bye)

— CharacterClass.help —

Type: CharacterClass

Type: CharacterClass

Type: CharacterClass

Type: CharacterClass

CharacterClass examples

The CharacterClass domain allows classes of characters to be defined

and manipulated efficiently.

Character classes can be created by giving either a string or a list

of characters.

cll:=charClass[char "a",char "e",char "i",char "o",char "u",char "y"]

365
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"aeiouy"
Type: CharacterClass

cl2 := charClass "bcdfghjklmnpqrstvwxyz"
"bcdfghjklmnpgrstvwxyz"
Type: CharacterClass

A number of character classes are predefined for convenience.

digit()
"0123456789"
Type: CharacterClass

hexDigit ()
"0123456789ABCDEFabcdef"
Type: CharacterClass

upperCase ()
"ABCDEFGHIJKLMNOPQRSTUVWXYZ"
Type: CharacterClass

lowerCase ()
"abcdefghijklmnopgrstuvwxyz"
Type: CharacterClass

alphabetic()
" ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghi jklmnopgrstuvwxyz"
Type: CharacterClass

alphanumeric()
"0123456789ABCDEFGHI JKLMNOPQRSTUVWXYZabcdefghi jklmnopgrstuvwxyz"
Type: CharacterClass

You can quickly test whether a character belongs to a class.

member? (char "a", clil)
true
Type: Boolean

member? (char "a", cl2)
false
Type: Boolean

Classes have the usual set operations because the CharacterClass
domain belongs to the category FiniteSetAggregate(Character).

intersect(cll, cl2)
Il-yll
Type: CharacterClass



4.4. DOMAIN CCLASS CHARACTERCLASS 367

union(clil,cl2)
"abcdefghijklmnopgrstuvwxyz"
Type: CharacterClass

difference(cll,cl2)
"aeiou"
Type: CharacterClass

intersect (complement (cl1),cl2)
"bedfghjklmnpqrstvwxz"
Type: CharacterClass

You can modify character classes by adding or removing characters.

insert! (char "a", cl2)
"abcdfghjklmnpqrstvwxyz"
Type: CharacterClass

remove! (char "b", cl2)
"acdfghjklmnpqgrstvwxyz"
Type: CharacterClass

See Also:

o )help Character

o )help String

o )show CharacterClass

4.4.1 CharacterClass (CCLASS)

CCLASS

See

= “Character” (CHAR) E=3T on page
= “IndexedString” (ISTRING) 21 on page [ZIX
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= “String” (STRING) on page Eh74d

Exports:
any? alphabetic  alphanumeric bag brace
brace cardinality  charClass coerce complement
construct convert copy count count
dictionary  difference  digit empty empty?
eq? eval eval eval eval
every? extract! find hash hexDigit
index insert! inspect intersect latex
less? lookup lowerCase map map!
max member? members min more?
parts random reduce reduce reduce
remove remove removel! remove!  removeDuplicates
sample select select! set, size
size? subset? symmetricDifference union universe
upperCase  #7 7<? 7=" 7=

— domain CCLASS CharacterClass —

)abbrev domain CCLASS CharacterClass

++
++
++
++
++
++
++
++
++
++
++
++
++

Author: Stephen M. Watt

Date Created: July 1986

Date Last Updated: June 20, 1991
Basic Operations: charClass
Related Domains: Character, Bits
Also See:

AMS Classifications:

Keywords:

Examples:

References:

Description:

This domain allows classes of characters to be defined and manipulated
efficiently.

CharacterClass: Join(SetCategory, ConvertibleTo String,

FiniteSetAggregate Character, ConvertibleTo List Character) with

charClass: String -> %
++ charClass(s) creates a character class which contains
++ exactly the characters given in the string s.
charClass: List Character ->
++ charClass(l) creates a character class which contains
++ exactly the characters given in the list 1.
digit: constant -> %
++ digit() returns the class of all characters
++ for which digit? is true.
hexDigit: constant ->
++ hexDigit() returns the class of all characters for which
++ hexDigit? is true.
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upperCase: constant -> %
++ upperCase() returns the class of all characters for which
++ upperCase? is true.

lowerCase: constant -> %
++ lowerCase() returns the class of all characters for which
++ lowerCase? is true.

alphabetic : constant -> %
++ alphabetic() returns the class of all characters for which
++ alphabetic? is true.

alphanumeric: constant -> %
++ alphanumeric() returns the class of all characters for which
++ alphanumeric? is true.

== add
Rep := IndexedBits(0)
N = size()$Character
a, b: %
digit() == charClass "0123456789"
hexDigit () == charClass "0123456789abcdefABCDEF"
upperCase () == charClass "ABCDEFGHIJKLMNOPQRSTUVWXYZ"
lowerCase() == charClass "abcdefghijklmnopgrstuvwxyz"
alphabetic() == union(upperCase(), lowerCase())
alphanumeric() == union(alphabetic(), digit())
a=>b == a =$Rep b
member?(c, a) == a(ord c)
union(a,b) == Or(a, b)
intersect (a,b) == And(a, b)
difference(a,b) == And(a, Not b)
complement a == Not a

convert(cl) :String ==
construct (convert (cl)@List (Character))
convert(cl:%) :List (Character) ==
[char(i) for i in 0..N-1 | cl.i]

charClass(s: String) ==
cl := new(N, false)
for i in minIndex(s)..maxIndex(s) repeat cl(ord s.i) := true
cl

charClass(1l: List Character) ==
cl := new(N, false)
for ¢ in 1 repeat cl(ord c) := true
cl

coerce(cl) :OutputForm == (convert(cl)@String)::0OutputForm
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-- Stuff to make a legal SetAggregate view

# a==(n :=0; for i in 0..N-1 | a.i repeat n := n+l; n)
empty () :% == charClass []

brace():% == charClass []

true; a)
false; a)

insert_!(c, a) == (a(ord c)
remove_!(c, a) == (a(ord c)

inspect(a) ==
for i in 0..N-1 | a.i repeat
return char i
error "Cannot take a character from an empty class."
extract_!(a) ==
for i in 0..N-1 | a.i repeat
a.i := false
return char i
error "Cannot take a character from an empty class."

map(f, a) ==
b := new(N, false)
for i in 0..N-1 | a.i repeat b(ord f char i) := true
b

temp: % := new(N, false)$Rep

map_!(f, a) ==
£ill_!(temp, false)
for i in 0..N-1 | a.i repeat temp(ord f char i) := true

copyInto_!(a, temp, 0)

parts a ==
[char i for i in 0..N-1 | a.i]

— CCLASS.dotabb —

"CCLASS" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=CCLASS"]
"FSAGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FSAGG"]

"CCLASS"

-> "FSAGG"

CHAPTER C
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4.5 domain CLIF CliffordAlgebra[?, 7]

4.5.1 Vector (linear) spaces

This information is originally from Paul Leopardi’s presentation on the Introduction to
Clifford Algebras and is included here as an outline with his permission. Further details are
based on the book by Doran and Lasenby called Geometric Algebra for Physicists.

Consider the various kinds of products that can occur between vectors. There are scalar and
vector products from 3D geometry. There are the complex and quaterion products. There
is also the outer or exterior product.

Vector addition commutes:
at+b=b+a

Vector addtion is associative:
a+(b+c)=(a+b)+c
The identity vector exists:
a+0=a
Every vector has an inverse:
a+(—a)=0
If we consider vectors to be directed line segments, thus establishing a geometric meaning
for a vector, then each of these properties has a geometric meaning.

A multiplication operator exists between scalars and vectors with the properties:
AMa+b)=Xa+ b

A+ p)a = a+ pa
(Aw)a = A(ua)
If 1\ = X for all scalars A then 1la = a for all vectors a
These properties completely define a vector (linear) space. The + operation for scalar arith-
metic is not the same as the + operation for vectors.

Definition: Isomorphic The vector space A is isomorphic to the vector space B if their
exists a one-to-one correspondence between their elements which preserves sums and there
is a one-to-one correspondence between the scalars which preserves sums and products.

Definition: Subspace Vector space B is a subspace of vector space A if all of the elements
of B are contained in A and they share the same scalars.

Definition: Linear Combination Given vectors a1, ..., a, the vector b is a linear combi-
nation of the vectors if we can find scalars \; such that

b:)\1a1+...+)\nan :Z)\zal
k=1
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Definition: Linearly Independent If there exists scalars A\; such that
Aag+ ...+ a, =0

and at least one of the \; is not zero then the vectors ai,...,a, are linearly dependent. If
no such scalars exist then the vectors are linearly independent.

Definition: Span If every vector can be written as a linear combination of a fixed set of
vectors aq, ..., a, then this set of vectors is said to span the vector space.

Definition: Basis If a set of vectors aq,...,a, is linearly independent and spans a vector
space A then the vectors form a basis for A.

Definition: Dimension The dimension of a vector space is the number of basis elements,
which is unique since all bases of a vector space have the same number of elements.

4.5.2 Quadratic Forms|[?]

For vector space V over field F, characteristic # 2:

Map f:V — F, with
fOx) =\ f(x),VAEF,z €V

f(z) = b(z,x), where
b:VxV —F, given by

b y) = 5 (@ +y) — () = F()

is a symmetric bilinear form

4.5.3 Quadratic spaces, Clifford Maps|[?, 7]

A quadratic space is the pair(V,f), where f is a quadratic form on V
A Clifford map is a vector space homomorphism

p: V- A
where A is an associated algebra, and

() = f(v), YweV

4.5.4 Universal Clifford algebras[?]

The universal Clifford algebra CI(f) for the quadratic space (V, f) is the algebra gen-
erated by the image of the Clifford map ¢ such that CI(f) is the universal initial
object such that V suitable algebra A with Clifford map ¢43 a homomorphism

Py Cl(f) — A

pa = Paops
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4.5.5 Real Clifford algebras R, ,[?]

The real quadratic space R4 is RPT¢ with

-1

o(x) = — Z 3 +in
k=1

ki=—q
For each p,q € N, the real universal Clifford algebra for R”? is called R, ,

R, 4 is isomorphic to some matrix algebra over one of: RR ® R,C, HH & H

For example, R; 1 = R(2)

4.5.6 Notation for integer sets

For S C 7Z, define

max S

= >

kesS k=min S,keS

max S

= 11 #

kes k=min S,k€S
P(S) := the power set of S
For m < n € Z, define

C(myn):={m,m+1,...,n—1,n}\{0}

4.5.7 Frames for Clifford algebras|?, 7, 7]

373

A frame is an ordered basis (7_g, . .., ) for RP? which puts a quadratic form into the

canonical form ¢

For p,q € N, embed the frame for R”? into R, , via the maps

v :¢(—q,p) = RP
p:RPIT SRy,
(pvk)* = vk = sgn k

4.5.8 Real frame groups|[?, 7]
For p,q € N, define the real frame group G, 4 via the map

g:¢(—q,p) = Gpq
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with generators and relations

(1, grlbge = grp, 102 =1,

s [ if k<0
<%)_{1 if k>0

IkGm = gmgk Yk # m)
4.5.9 Canonical products|?, ?, 7]
The real frame group G, , has order 2PT¢*1

Each member w can be expressed as the canonically ordered product

w:/ﬂHQk

keT

p

_ Ma H ng

k=—q,k#0
where T' C ((—q,p),a, by € {0,1}
4.5.10 Clifford algebra of frame group|?, 7, ?, 7]
For p,q € N embed G, 4 into R, ;, via the map
aGpq =Ry,

al =1, ap = —1

agy == pyk,  a(gh) = (ag)(ah)
Define basis elements via the map

e:P{=q,p) 2 Rpy,  eri=a]]m

Each a € R, , can be expressed as

a = E arer

TC((—q,p)
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4.5.11 Neutral matrix representations|?, ?, 7]

The representation map P, and representation matrix R,, make the following diagram

coord

Ry —> RY”

| |

| |
P’H’L R’n’L

commute: | |

| |

A% \%
R(2™) ——> R
reshape

— CliffordAlgebra.input —

)set break resume

)sys rm -f CliffordAlgebra.output
)spool CliffordAlgebra.output
)set message test on

)set message auto off

Jclear all

--5 1 of 36

K := Fraction Polynomial Integer

--R

--R

--R (1) Fraction(Polynomial(Integer))

--R Type: Domain
--E 1

--S 2 of 36

m := matrix [ [-1] ]

--R

--R

--R (2 [- 1]

--R Type: Matrix(Integer)
--E 2

--S 3 of 36

C := CliffordAlgebra(l, K, quadraticForm m)

--R

--R

--R  (3) CliffordAlgebra(l,Fraction(Polynomial(Integer)),[[-1]1])

--R Type: Domain
--E 3

--S 4 of 36

i: C = e(D)

--R

--R
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--R Type: CliffordAlgebra(l,Fraction(Polynomial(Integer)),[[-1]1])
--E 4

--S 5 of 36
Xx :=a+bx*xi

--R Type: CliffordAlgebra(l,Fraction(Polynomial(Integer)),[[-1]1])
--E 5

--S 6 of 36
y:=c+d=x*i

--R Type: CliffordAlgebra(l,Fraction(Polynomial(Integer)),[[-1]1])
--E 6

--S 7 of 36
X *xy

--R (7) -bd+ac+ (ad+bcle

--R 1

--R Type: CliffordAlgebra(l,Fraction(Polynomial(Integer)),[[-1]1])
--E 7

)clear all

--S 8 of 36

K := Fraction Polynomial Integer

--R (1) Fraction(Polynomial(Integer))
--R Type: Domain
--E 8

--S 9 of 36
m := matrix [ [-1,0],[0,-1] ]

--R Type: Matrix(Integer)
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--S 10 of 36

H := CliffordAlgebra(2, K, quadraticForm m)

--R

--R

--R (3) CliffordAlgebra(2,Fraction(Polynomial(Integer)),[[-1,0],[0,-11]1)

--R Type: Domain
--E 10

--S 11 of 36

it H :=e(1)

--R

--R

--R  (4) e

--R 1

--R Type: CliffordAlgebra(2,Fraction(Polynomial(Integer)),[[-1,0],[0,-111)
--E 11

--S 12 of 36

j: H :=e(2)

--R

--R

-k (B) e

--R 2

--R Type: CliffordAlgebra(2,Fraction(Polynomial(Integer)),[[-1,0],[0,-111)
--E 12

--S 13 of 36

k: H =1 % j

--R

--R

-k (6) e e

--R 12

--R Type: CliffordAlgebra(2,Fraction(Polynomial(Integer)),[[-1,0],[0,-111)
--E 13

--S 14 of 36

x:=a+bx*xi+cx*x j+dx*xk

--R

--R

--R (7) a+be +ce +dee

--R 1 2 12

--R Type: CliffordAlgebra(2,Fraction(Polynomial(Integer)),[[-1,0],[0,-1]11)
--E 14

--S 15 of 36

y:=e+f *xi+gx*xj+hxk

--R

--R

--R (8) e+fe +ge +hee
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--R 1 2 12
--R Type: CliffordAlgebra(2,Fraction(Polynomial(Integer)),[[-1,0],[0,-111)
--E 15

--S 16 of 36
X+y

R (9) e+a+ (f+be +(g+c)e + (h+dee

--R 1 2 12

--R Type: CliffordAlgebra(2,Fraction(Polynomial(Integer)),[[-1,0],[0,-1]11)
--E 16

--S 17 of 36
X %y

--k  (10)
--R -dh-cg-bf+ae+(ch-dg+af+bele
--R 1

--R (-bh+ag+df+cele +(ah+bg-cf+delee

--R 2 12

--R Type: CliffordAlgebra(2,Fraction(Polynomial(Integer)),[[-1,0],[0,-1]1]1)
--E 17

--S 18 of 36
y*x

--R (1D
--R -dh-cg-bf+ae+(-ch+dg+af+be)e
--R 1

--R bh+ag-df+cele +(ah-bg+cf+delee

--R 2 12

--R Type: CliffordAlgebra(2,Fraction(Polynomial(Integer)),[[-1,0],[0,-111)
--E 18

)clear all

-=S 19 of 36

K := Fraction Polynomial Integer

--R

--R

--R (1) Fraction(Polynomial (Integer))

--R Type: Domain
--E 19

--S 20 of 36

Ext := CliffordAlgebra(3, K, quadraticForm 0)
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--R (2

--R  CliffordAlgebra(3,Fraction(Polynomial(Integer)),[[0,0,0],[0,0,0],[0,0,0]1]1)
--R Type: Domain
--E 20

--S 21 of 36
i: Ext := e(1)

--R  (3) e

--R 1

--RType: CliffordAlgebra(3,Fraction(Polynomial(Integer)),[[0,0,0],[0,0,0],[0,0,0]])
--E 21

--S 22 of 36
j: Ext := e(2)

--R  (4) e

--R 2

--RType: CliffordAlgebra(3,Fraction(Polynomial(Integer)),[[0,0,0],[0,0,0],[0,0,0]])
--E 22

--S 23 of 36
k: Ext := e(3)

--R  (5) e

--R 3

--RType: CliffordAlgebra(3,Fraction(Polynomial(Integer)),[[0,0,0],[0,0,0],[0,0,0]]1)
--E 23

--S 24 of 36
x := x1*i + x2%j + x3*k

--R () x1e +x2e +x3e

--R 1 2 3

--RType: CliffordAlgebra(3,Fraction(Polynomial(Integer)),[[0,0,0],[0,0,0],[0,0,01]1)
--E 24

--S 25 of 36
y = yl*i + y2%j + y3*k

--R (7)) yle +y2e +y3e
--R 1 2 3
--RType: CliffordAlgebra(3,Fraction(Polynomial(Integer)),[[0,0,0],[0,0,0],[0,0,01]1)
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--E 25

--S 26 of 36
Xty

=R (8) (y1 + xlde + (y2 + x2)e + (y3 + x3)e

--R 1 2 3

--RType: CliffordAlgebra(3,Fraction(Polynomial(Integer)),[[0,0,0],[0,0,0],[0,0,0]1])
--E 26

--S 27 of 36
X*ky+y*x

--R (9 0
--RType: CliffordAlgebra(3,Fraction(Polynomial(Integer)),[[0,0,0],[0,0,0],[0,0,0]])
--E 27

--S 28 of 36
dual2 a == coefficient(a,[2,3]) * i + coefficient(a,[3,1]) * j + coefficient(a,[1,2]) * k
--R

--R Type: Void
--E 28

--3 29 of 36

dual2(x*y)

--R

--R  Compiling function dual2 with type CliffordAlgebra(3,Fraction(

--R Polynomial (Integer)), [[0,0,0],[0,0,0],[0,0,0]1]1) ->

--R CliffordAlgebra(3,Fraction(Polynomial (Integer)),[[0,0,0],[0,0,0],
--R [0,0,011)

--R

--R (11) (%2 y3 - x3 y2)e + (- x1 y3 + x3 yl)e + (x1 y2 - x2 yl)e
--R 1 2 3

--RType: CliffordAlgebra(3,Fraction(Polynomial (Integer)),[[0,0,0],[0,0,0],[0,0,0]11)
--E 29
)Jclear all

--5 30 of 36
K := Fraction Integer

--R (1) Fraction(Integer)
--R Type: Domain
--E 30

--S 31 of 36
g := matrix [ [1,0,0,0], [0,-1,0,0], [0,0,-1,0], [0,0,0,-1] ]
~R



4.5. DOMAIN CLIF CLIFFORDALGEBRA[?, ?] 381

--R +1 0 0 0
--R [0 -1 0 0
--R [o 0o -1 o0

--R +0 0 0o - 1+
—-R Type: Matrix(Integer)
--E 31

--S 32 of 36

D := CliffordAlgebra(4,K, quadraticForm g)

--R

--R

--R (3

--R CliffordAlgebra(4,Fraction(Integer),[[1,0,0,0],[0,-1,0,0],[0,0,-1,0],[0,0,0,-
--R 11D

--R Type: Domain
--E 32

--S 33 of 36
gam := [e(i)$D for i in 1..4]

R (4 [e ,e ,e ,e]

--R 1 2 3 4

--RType: List(CliffordAlgebra(4,Fraction(Integer),[[1,0,0,0],[0,-1,0,0],[0,0,-1,0],[0,0,0,-11]1))
--E 33

--S 34 of 36
m :=1; n:= 2; r := 3; s := 4;

--R Type: Positivelnteger
--E 34

--S 35 of 36
lhs := reduce(+, [reduce(+, [ g(1,t)*gam(1l)*gam(m)*gam(n)*gam(r)*gam(s)*gam(t) for 1 in 1..4]) for t in 1. .

--R (6) -4deeece

--R 1234

--RType: CliffordAlgebra(4,Fraction(Integer),[[1,0,0,0],[0,-1,0,0],[0,0,-1,0],[0,0,0,-111)
--E 35

--3 36 of 36
rhs := 2#(gam s * gam m*gam n*gam r + gam r*gam n*gam mkgam S)
--R

--R
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-—-R (7)) -4deecece

--R 1234

--RType: CliffordAlgebra(4,Fraction(Integer),[[1,0,0,0],[0,-1,0,0],[0,0,-1,0],[0,0,0,-111)
--E 36

) spool

)1lisp (bye)

— Clifford Algebra.help —

CliffordAlgebra examples

CliffordAlgebra(n,K,Q) defines a vector space of dimension 2°n over
the field K with a given quadratic form Q. If {el..en} is a basis for
K™n then

{ 1)
e(i) 1 <=1i <=n,
e(il)*e(i2) 1 <= il < i2 <=n,

e(D)*e(2)*...xe(n) }
is a basis for the Clifford algebra. The algebra is defined by the relatiomns

e(i)*e(i) = Qe(i))
e(i)*e(j) = -e(j)*e(i), for i "= j

Examples of Clifford Algebras are gaussians (complex numbers),
quaternions, exterior algebras and spin algebras.

The Complex Numbers as a Clifford Algebra

This is the field over which we will work, rational functions with
integer coefficients.

K := Fraction Polynomial Integer
Fraction Polynomial Integer
Type: Domain

We use this matrix for the quadratic form.

m := matrix [ [-1] ]

[- 1]
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Type: Matrix Integer
We get complex arithmetic by using this domain.
C := CliffordAlgebra(l, K, quadraticForm m)
CliffordAlgebra(l,Fraction Polynomial Integer,MATRIX)
Type: Domain

Here is i, the usual square root of -1.

i: C := e(1)

Type: CliffordAlgebra(l,Fraction Polynomial Integer,MATRIX)

Here are some examples of the arithmetic.

X :=a+b=x*i
a+be
1
Type: CliffordAlgebra(l,Fraction Polynomial Integer ,MATRIX)
y:=c+dx*xi
c+de
1
Type: CliffordAlgebra(l,Fraction Polynomial Integer,MATRIX)
X *xy
-bd+ac+ (ad+Dbce

1
Type: CliffordAlgebra(l,Fraction Polynomial Integer,MATRIX)

The Quaternion Numbers as a Clifford Algebra

This is the field over which we will work, rational functions with
integer coefficients.

K := Fraction Polynomial Integer
Fraction Polynomial Integer
Type: Domain

We use this matrix for the quadratic form.

m := matrix [ [-1,0],[0,-1] ]
+-1 0+
| [
+0 - 1+
Type: Matrix Integer
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The resulting domain is the quaternions.
H := CliffordAlgebra(2, K, quadraticForm m)
CliffordAlgebra(2,Fraction Polynomial Integer,MATRIX)

Type: Domain

We use Hamilton’s notation for i, j, k.

i: H :=e()
e
1
Type: CliffordAlgebra(2,Fraction Polynomial Integer,MATRIX)
j: H :=e(2)
e
2
Type: CliffordAlgebra(2,Fraction Polynomial Integer,MATRIX)
k: H =1 % j
ee
12
Type: CliffordAlgebra(2,Fraction Polynomial Integer,MATRIX)
Xx:=a+bx*xi+cx*xj+dx*xk
a+be +ce +dee
1 2 12
Type: CliffordAlgebra(2,Fraction Polynomial Integer,MATRIX)
y:=e+fxi+g*x3j+hxk

e+fe +ge +hee
1 2 12
Type: CliffordAlgebra(2,Fraction Polynomial Integer,MATRIX)

X +y
e+a+ (f+Dble +(g+cle +(h+dee

1 2 12

Type: CliffordAlgebra(2,Fraction Polynomial Integer,MATRIX)
X *xy
-dh-cg-bf+ae+(ch-dg+af+bele
1

+

(-bh+ag+df+cele +(ah+bg-cf+delee
2 12
Type: CliffordAlgebra(2,Fraction Polynomial Integer,MATRIX)

y*x
-dh-cg-bf+ae+(-ch+dg+af+be)e
1
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(bh+ag-df+cee +(ah-bg+cf+delee
2 12
Type: CliffordAlgebra(2,Fraction Polynomial Integer,MATRIX)

The Exterior Algebra on a Three Space

This is the field over which we will work, rational functions with
integer coefficients.

K := Fraction Polynomial Integer
Fraction Polynomial Integer
Type: Domain

If we chose the three by three zero quadratic form, we obtain
the exterior algebra on e(1),e(2),e(3).

Ext := CliffordAlgebra(3, K, quadraticForm 0)
CliffordAlgebra(3,Fraction Polynomial Integer ,MATRIX)
Type: Domain

This is a three dimensional vector algebra. We define i, j, k as the
unit vectors.

i: Ext := e(1)
e
1
Type: CliffordAlgebra(3,Fraction Polynomial Integer,MATRIX)
j: Ext := e(2)
e
2
Type: CliffordAlgebra(3,Fraction Polynomial Integer,MATRIX)
k: Ext := e(3)
e
3

Type: CliffordAlgebra(3,Fraction Polynomial Integer,MATRIX)
Now it is possible to do arithmetic.

X = x1*xi + x2*%j + x3*k
xle +x2e +x3e
1 2 3
Type: CliffordAlgebra(3,Fraction Polynomial Integer,MATRIX)

y = ylxi + y2%j + y3*k
yle +y2e +y3e
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1 2 3
Type: CliffordAlgebra(3,Fraction Polynomial Integer,MATRIX)

X +y
(y1 + x1)e + (y2 + x2)e + (y3 + x3)e
1 2 3
Type: CliffordAlgebra(3,Fraction Polynomial Integer,MATRIX)

X *xy +y*Xx
0
Type: CliffordAlgebra(3,Fraction Polynomial Integer,MATRIX)

On an n space, a grade p form has a dual n-p form. In particular, in
three space the dual of a grade two element identifies

el*e2 -> e3, e2xe3 -> el, e3*xel -> e2.

dual2 a == coefficient(a,[2,3]) * i + coefficient(a,[3,1]) * j + coefficient(a,[1,2]) * k
Type: Void

The vector cross product is then given by this.

dual2(x*y)
(x2 y3 - x3 y2)e + (- x1 y3 + x3 yl)e + (x1 y2 - x2 yl)e
1 2 3
Type: CliffordAlgebra(3,Fraction Polynomial Integer,MATRIX)

The Dirac Spin Algebra

In this section we will work over the field of rational numbers.

K := Fraction Integer
Fraction Integer
Type: Domain

We define the quadratic form to be the Minkowski space-time metric.
g := matrix [ [1,0,0,0], [0,-1,0,0], [0,0,-1,0], [0,0,0,-1] ]

+1 0 0 0 +
| I

[0 -1 0 0 |
| |
lo 0o -1 0|
| |
+0 0 0 - 1+

Type: Matrix Integer

We obtain the Dirac spin algebra used in Relativistic Quantum Field Theory.
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D := CliffordAlgebra(4,K, quadraticForm g)
CliffordAlgebra(4,Fraction Integer,MATRIX)
Type: Domain

The usual notation for the basis is gamma with a superscript. For
Axiom input we will use gam(i):

gam := [e(i)$D for i in 1..4]
[e ,e ,e ,e ]
1 2 3 4
Type: List CliffordAlgebra(4,Fraction Integer,MATRIX)

There are various contraction identities of the form

g(1,t)*gam(1) *gam (m) *gam(n) *gam (r) *gam(s) *gam(t) =
2% (gam(s)gam(m) gam(n) gam(r) + gam(r)*gam(n)*gam(m)*gam(s))

where a sum over 1 and t is implied.
Verify this identity for particular values of m,n,r,s.

m :=1; n:= 2; r := 3; s := 4;
Type: Positivelnteger

lhs := reduce(+, [reduce(+, [ g(1,t)*gam(1l)*gam(m)*gam(n)*gam(r)*gam(s)*gam(t) for 1 in 1..4]) for t in 1

- 4e ecee
1234
Type: CliffordAlgebra(4,Fraction Integer,MATRIX)
rhs := 2+(gam s * gam m*gam n*gam r + gam r*gam n*gam m*gam s)
- 4eecece
1234
Type: CliffordAlgebra(4,Fraction Integer,MATRIX)
See Also:

o )help Complex

o )help Quaternion

o )show CliffordAlgebra

o $AXIOM/doc/src/algebra/clifford.spad
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4.5.12 CliffordAlgebra (CLIF)

CLIF

IVECTOR

See

= “QuadraticForm” (QFORM) IZT on page 2120

Exports:
0 1 characteristic  coefficient coerce
dimension e hash latex monomial
one? recip sample subtractIfCan zero?
77=7 7% PRX? 777 747
?-7 -7 ?/? 7="7

— domain CLIF CliffordAlgebra —

)abbrev domain CLIF CliffordAlgebra

++ Author: Stephen M. Watt

++ Date Created: August 1988

++ Date Last Updated: May 17, 1991

++ Basic Operations: wholeRadix, fractRadix, wholeRagits, fractRagits
++ Related Domains: QuadraticForm, Quaternion, Complex

++ Also See:

++ AMS Classifications:

++ Keywords: clifford algebra, grassman algebra, spin algebra

++ Examples:

++ References:

++

++ Description:

++ CliffordAlgebra(n, K, Q) defines a vector space of dimension \spad{2+**n}
++ over K, given a quadratic form Q on \spad{Kx*n}.

++

++ If \spad{el[il}, \spad{i<=i<=n} is a basis for \spad{K**n} then

++ 1, \spad{e[i]l} (\spad{1<=i<=n}), \spad{e[ill*e[i2]}

++ (\spad{1<=i1<i2<=n}),...,\spad{e[1]*e[2]*..*e[n]}
++ is a basis for the Clifford Algebra.
++

++ The algebra is defined by the relations\br
++ \tab{5}\spad{e[il*e[j] = -e[jl*e[il} (\spad{i \""= j}),\br
++ \tab{5}\spad{e[il*e[i] = Q(e[il)}
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++
++ Examples of Clifford Algebras are: gaussians, quaternions, exterior
++ algebras and spin algebras.

CliffordAlgebra(n, K, Q): T == Impl where
n: PositiveInteger
K: Field
Q: QuadraticForm(n, K)

PI ==> Positivelnteger
NNI==> NonNegativeInteger

T ==> Join(Ring, Algebra(K), VectorSpace(K)) with

e: PI -> Y,
++ e(n) produces the appropriate unit element.

monomial: (K, List PI) -> %
++ monomial(c,[i1,i2,...,iN]) produces the value given by
++ \spad{c*e(il)*e(i2)*...*e(iN)}.

coefficient: (%, List PI) -> K
++ coefficient(x,[i11,i2,...,iN]) extracts the coefficient of
++ \spad{e(il)*e(i2)*...*e(iN)} in x.

recip: % -> Union(%, "failed")
++ recip(x) computes the multiplicative inverse of x or "failed"
++ if x is not invertible.

Impl ==> add

Qeelist := [Q unitVector(i::PositiveInteger) for i in 1..n]
dim 1= 2%xn

Rep = PrimitiveArray K

New ==> new(dim, O0$K)$Rep

X, ¥, Zi b
c: K
m: Integer

characteristic() == characteristic()$K
dimension() == dim: :CardinalNumber
x = v ==
for i in 0..dim-1 repeat
if x.i "= y.i then return false
true
x +y == (z := New; for i in 0..dim-1 repeat z.i := x.i + y.i; 2z)
x -y == (z := New; for i in 0..dim-1 repeat z.i := x.i - y.i; z)
- x == (z := New; for i in 0..dim-1 repeat z.i := - x.i; 2z)
* x == (z := New; for i in O..dim-1 repeat z.i := m*x.i; z)
c * x == (z := New; for i in 0..dim-1 repeat z.i := c*x.i; z)
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0 == New

1 == (z := New; z.0 := 1; z)
coerce(m): % == (z := New; z.0 := m::K; z)
coerce(c): % == (z := New; z.0 := c; z)

e b ==

b::NNI > n => error "No such basis element"
iz := 2%*x((b-1)::NNI)
z := New; z.iz := 1; z

-- The eix*ej products could instead be precomputed in
-- a (2%*n)*+*2 multiplication table.
addMonomProd(cl: K, bl: NNI, c2: K, b2: NNI, z: %): % ==
c :=cl * c2
bz := b2
for i in 0..n-1 | bit?(bl,i) repeat
-- Apply rule ei*ej = -ej*ei for i"=j

k=0

for j in i+1..n-1 | bit?(bl, j) repeat k := k+1
for j in 0..i-1 | bit?(bz, j) repeat k := k+1
if odd? k then ¢ := -c

—-- Apply rule ei**2 = Q(ei)
if bit?(bz,i) then

c := ¢ * Qeelist.(i+1)
bz:= (bz - 2%*i)::NNI
else

bz:= bz + 2%*i

z.bz := z.bz + c

zZ

X *x y ==
z := New

for ix in 0..dim-1 repeat
if x.ix "= 0 then for iy in 0..dim-1 repeat
if y.iy "= O then addMonomProd(x.ix,ix,y.iy,iy,z)
z

canonMonom(c: K, 1b: List PI): Record(coef: K, basel: NNI) ==
-- 0. Check input
for b in 1b repeat b > n => error "No such basis element"

-- 1. Apply identity ei*ej = -ej*ei, i"=j.
-- The Rep assumes n is small so bubble sort is ok.
—-- Using bubble sort keeps the exchange info obvious.

wasordered := false

exchanges := 0

while not wasordered repeat
wasordered := true

for i in 1..#1b-1 repeat



4.5. DOMAIN CLIF CLIFFORDALGEBRA[?, ?] 391

if 1b.i > 1b.(i+1) then
t :=1b.i; 1b.i := 1lb.(i+1); 1lb.(i+1) :=t

exchanges := exchanges + 1
wasordered := false
if odd? exchanges then c := -c

-- 2. Prepare the basis element
-- Apply identity ei*ei = Q(ei).
bz := 0
for b in 1b repeat

bn := (b-1)::NNI

if bit?(bz, bn) then

c := c * Qeelist bn
bz:= ( bz - 2%*bn )::NNI
else
bz:= bz + 2**bn
[c, bz::NNI]

monomial(c, 1b) ==

r := canonMonom(c, 1b)
z := New
z r.basel := r.coef
z
coefficient(z, 1b) ==
r := canonMonom(1, 1b)

r.coef = 0 => error "Cannot take coef of 0"
z r.basel/r.coef

Ex ==> OutputForm

coerceMonom(c: K, b: NNI): Ex ==
b=0=>c::Ex
ml := [sub("e"::Ex, i::Ex) for i in 1..n | bit?(b,i-1)]
be := reduce("*", ml)
c =1 => be
c::Ex * be

coerce(x): Ex ==
tl := [coerceMonom(x.i,i) for i in 0..dim-1 | x.i"=0]
null t1 => "0"::Ex
reduce("+", tl)

localPowerSets(j:NNI): List(List(PI)) ==
1: List List PI := list []
j=0=>1
Sm := localPowerSets((j-1)::NNI)
Sn: List List PI := []
for x in Sm repeat Sn := cons(cons(j pretend PI, x),Sn)
append(Sn, Sm)
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powerSets(j:NNI):List List PI == map(reverse, localPowerSets j)
Pn:List List PI := powerSets(n)

recip(x: %): Union(%, "failed") ==
one:} :=1
-- tmp:c := xxyC - 13%C
rhsEgs : List K := []
lhsEgs: List List K := []
lhsEqi: List K
for pi in Pn repeat
rhsEqs := cons(coefficient(one, pi), rhsEqgs)

lhsEqi := []
for pj in Pn repeat
1lhsEqi := cons(coefficient (x*monomial(1l,pj),pi),lhsEqi)
lhsEgs := cons(reverse(lhsEqi),lhsEqs)
ans := particularSolution(matrix(lhsEqgs),vector(rhsEqgs)_
)$LinearSystemMatrixPackage (K, Vector K, Vector K, Matrix K)
ans case "failed" => "failed"
ansP := parts(ans)
ansC:% := 0
for pj in Pn repeat
cj:= first ansP

ansP := rest ansP

ansC := ansC + cj*monomial(1,pj)
ansC

— CLIF.dotabb —

"CLIF" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=CLIF"]
"IVECTOR" [color="#88FF44" ,href="bookvol1l0.3.pdf#nameddest=IVECTOR"]
"CLIF" -> "IVECTOR"

4.6 domain COLOR Color

— Color.input —

)set break resume
)sys rm -f Color.output
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)spool Color.output
)set message test on
)set message auto off
)clear all

--S1of1

)show Color

--R Color 1is a domain constructor

--R Abbreviation for Color is COLOR

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for COLOR

--R-———————————— Operations Rttt
--R ?*? : (DoubleFloat,%) -> % ?*? : (Positivelnteger,%) -> %
--R ?+7 : h,h) > % ?=? : (%,%) —> Boolean

--R blue : () > % coerce : % —> OutputForm

--R color : Integer -> ¥ green : () -> 7

--R hash : ), -> SingleInteger hue : % -> Integer

--R latex : % -> String red : O > %

--R yellow : () -> % ?7=? : (%h,%) -> Boolean

--R numberOfHues : () -> Positivelnteger

--R

--E 1

) spool

)1lisp (bye)

— Color.help —

Color examples

See Also:
o )show Color
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4.6.1 Color (COLOR)

COLOR

b e

= “Palette” (PALETTE) 721 on page [XG2

Exports:
blue  coerce color green hash
hue latex ~ numberOfHues red yellow
=7 %7 747 7=7

— domain COLOR Color —

)abbrev domain COLOR Color

++ Author: Jim Wen

++ Date Created: 10 May 1989

++ Date Last Updated: 19 Mar 1991 by Jon Steinbach

++ Basic Operations: red, yellow, green, blue, hue, numberOfHues, color, +, *, =
++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ Color() specifies a domain of 27 colors provided in the
++ \Language{} system (the colors mix additively).

Color(): Exports == Implementation where
I ==> Integer
PI ==> PositiveInteger
SF ==> DoubleFloat

Exports ==> AbelianSemiGroup with

e : (PI, B > %

++ s * ¢, returns the color c, whose weighted shade has been scaled by s.
"x! : (SF, %) > %

++ s * c, returns the color c, whose weighted shade has been scaled by s.
" s (b %) > %

++ cl1 + c2 additively mixes the two colors cl and c2.
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red : 0 > %

++ red() returns the position of the red hue from total hues.
yellow : () > %

++ yellow() returns the position of the yellow hue from total hues.
green : QO -> %

++ green() returns the position of the green hue from total hues.
blue : O > %

++ blue() returns the position of the blue hue from total hues.
hue :h > I

++ hue(c) returns the hue index of the indicated color c.
numberOfHues : () -> PI

++ numberOfHues() returns the number of total hues, set in totalHues.
color : Integer -> ¥

++ color(i) returns a color of the indicated hue i.

Implementation ==> add
totalHues ==> 27 --see (header.h file) for the current number

Rep := Record(hue:I, weight:SF)

f:8F * c:% ==
-- s * c returns the color c, whose weighted shade has been scaled by s
zero? £ => ¢
-- 0 is the identitly function...or maybe an error is better?
[c.hue, f * c.weight]

X +y==

x.hue = y.hue => [x.hue, x.weight + y.weight]

if y.weight > x.weight then -- let x be color with bigger weight
c :=x
X =y
y i=c¢

diff := x.hue - y.hue

if (xHueSmaller:= (diff < 0)) then diff := -diff

if (moreThanHalf:=(diff > totalHues quo 2)) then diff := totalHues-diff

offset : I := wholePart(round (diff::SF/(2::SF)**(x.weight/y.weight)) )

if (xHueSmaller and “moreThanHalf) or (“xHueSmaller and moreThanHalf) then

ans := x.hue + offset
else
ans := x.hue - offset
if (ans < 0) then ans := totalHues + ans
else if (ans > totalHues) then ans := ans - totalHues
[ans, 1]
X =y == (x.hue = y.hue) and (x.weight = y.weight)
red() == [1,1]
yellow() == [11::I,1]
green() == [14::1,1]

blue() == [22::1,1]
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sample() == red()

hue ¢ == c.hue

i:PositiveInteger * c:}% == i::SF * c
numberOfHues() == totalHues

color i ==
if (i<0) or (i>totalHues) then

CHAPTER 4. CHAPTER C

error concat("Color should be in the range 1..",totalHues::String)

[i::I, 1]

coerce(c:%) :OutputForm ==

hconcat ["Hue: "::OutputForm, (c.hue)::OutputForm,
" Weight: "::0OutputForm, (c.weight)::0utputForm]
— COLOR.dotabb —

"COLOR" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=COLOR"]
"BASTYPE" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=BASTYPE"]
"KOERCE" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=KOERCE"]

"COLOR" -> "BASTYPE"
"COLOR" -> "KOERCE"

4.7 domain COMM Commutator

— Commutator.input —

)set break resume

)sys rm -f Commutator.output
)spool Commutator.output
)set message test on

)set message auto off

)clear all

--S 1 of 1

)show Commutator

--R Commutator is a domain constructor

--R Abbreviation for Commutator is COMM

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for COMM

--R
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--R - Operations

--R ?=? : (%,%) -> Boolean coerce : % —> OutputForm
--R hash : % -> SingleInteger latex : % -> String

--R mkcomm : (%,%) -> % mkcomm : Integer -> Y
--R ?7=? : (%,%) —-> Boolean

--R

--E 1

) spool

)1lisp (bye)

— Commutator.help —

Commutator examples

See Also:
o )show Commutator

4.7.1 Commutator (COMM)

COMM

e e

= “OrdSetInts” (OSI) on page [X30
= “FreeNilpotentLie” (FNLA) 2331 on page

Exports:
coerce hash latex mkcomm 7=7 77=7

— domain COMM Commutator —
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)abbrev domain COMM Commutator

++ Author : Larry Lambe

++ Date created: 30 June 1988.

++ Updated : 10 March 1991

++ Description:

++ A type for basic commutators

Commutator: Export == Implement where
I ==> Integer
0SI ==> OrdSetInts
0  ==> OutputForm

Export == SetCategory with
mkcomm : I -> 7%
++ mkcomm(i) is not documented
mkcomm : (%,%) -> %
++ mkcomm(i,j) is not documented

Implement == add
P := Record(left:%,right:%)
Rep := Union(0SI,P)
x,y: h

x=y ==
(x case 0SI) and (y case 0SI) => x::0SI = y::08I
(x case P) and (y case P) =>

xx:P := x::P

yy:P = y::P

(xx.right = yy.right) and (xx.left = yy.left)
false

mkcomm(i) == i::0S8I
mkcomm(x,y) == construct(x,y)$P

coerce(x: %): 0 ==
x case 0SI => x::08I::0
xx := x::P
bracket ([xx.left::0,xx.right::0])$0

— COMM.dotabb —

"COMM" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=COMM"]
"BASTYPE" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=BASTYPE"]
"KOERCE" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=KOERCE"]
"COMM" -> "BASTYPE"
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"COMM" -> "KOERCE"

4.8 domain COMPLEX Complex

— Complex.input —

)set break resume

)sys rm -f Complex.output
)spool Complex.output
)set message test on

)set message auto off
)clear all

--S 1 of 16

a := complex(4/3,5/2)

--R Type:

--E 1

--S 2 of 16
b := complex(4/3,-5/2)

--R Type:

--E 2

--S 3 of 16
a+hb

--R Type:

--E 3

--S 4 of 16
a-b>b

Complex (Fraction(Integer))

Complex(Fraction(Integer))

Complex(Fraction(Integer))

399



--S

(4) 5%i

Type:

5 of 16

289
) -
36

Type:

6 of 16

161 240
- _——— e ———- %1
289 289

(8)

Type:

7 of 16

: Fraction Complex Integer

- 15 + 8%i

Type:

8 of 16
+ 6.7 * 4i

(8) 3.4+ 6.7 %i

9 of 16

conjugate a

4 5
S 1

(9
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Complex(Fraction(Integer))

Complex (Fraction(Integer))

Complex(Fraction(Integer))

Fraction(Complex (Integer))

Type: Complex(Float)
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--R 3 2
--R

--E 9

--S 10 of 16

norm a

--R 289
-R(10) -—-
--R 36
--E 10

--S 11 of 16
real a

--R  (11) -

--E 11

--S 12 of 16
imag a

--R  (12) -

--E 12
--S 13 of 16

ged(13 - 13%%i,31 + 27%i)
--R (13) 5+ %i

--E 13

--S 14 of 16

lem(13 - 13%%i,31 + 27%%i)
--R  (14) 143 - 39/i

--E 14

Type: Complex(Fraction(Integer))

Type: Fraction(Integer)

Type: Fraction(Integer)

Type: Fraction(Integer)

Type: Complex(Integer)

Type: Complex(Integer)

401
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--S 15 of 16
factor (13 - 13%%i)

--R (15) - (1 + %i1)(2 + 3%1)(3 + 2%1)
--R Type: Factored(Complex(Integer))
--E 15

--S 16 of 16
factor complex(2,0)

--R 2

--R (16) - %i (1 + %i)

--R Type: Factored(Complex(Integer))
--E 16

) spool

)1lisp (bye)

— Complex.help —

Complex examples

The Complex constructor implements complex objects over a commutative
ring R. Typically, the ring R is Integer, Fraction Integer, Float or
DoubleFloat. R can also be a symbolic type, like Polynomial Integer.

Complex objects are created by the complex operation.

a := complex(4/3,5/2)

4 5

-+ - %i

3 2

Type: Complex Fraction Integer

b := complex(4/3,-5/2)

4 5

- - -

3 2

Type: Complex Fraction Integer

The standard arithmetic operations are available.
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3
Type: Complex Fraction Integer
a-b
5%i
Type: Complex Fraction Integer
a*xb
289
36

Type: Complex Fraction Integer

If R is a field, you can also divide the complex objects.

a/b
161 240
- e.em— i m———- %1
289 289

Type: Complex Fraction Integer

We can view the last object as a fraction of complex integers.

% :: Fraction Complex Integer
- 15 + 8Ji

Type: Fraction Complex Integer
The predefined macro %i is defined to be complex(0,1).
3.4 + 6.7 * i

3.4 +6.7 %1
Type: Complex Float

You can also compute the conjugate and norm of a complex number.

conjugate a
4 5
- - -
3 2
Type: Complex Fraction Integer

norm a
289

36
Type: Fraction Integer

403
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The real and imag operations are provided to extract the real and

imaginary parts, respectively.
real a

4

Type: Fraction Integer

Type: Fraction Integer

The domain Complex Integer is also called the Gaussian integers. If R
is the integers (or, more generally, a EuclideanDomain), you can compute

greatest common divisors.
ged(13 - 13%%i,31 + 27%Ji)

5 + %i
Type: Complex Integer

You can also compute least common multiples.
lem(13 - 13%%i,31 + 27%%i)
143 - 39%i
Type: Complex Integer

You can factor Gaussian integers.

factor(13 - 13%%i)
- (1 + %12 + 3%i) (3 + 2%i)

Type: Factored Complex Integer

factor complex(2,0)
2
- % A+ %i)

Type: Factored Complex Integer

See Also
o )show Complex
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4.8.1 Complex (COMPLEX)

COMPLEX
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Exports:

0

acos

acoth

argument

asin

atan
characteristic
coerce

conjugate

cos

coth

csch
derivationCoordinates
discriminant

eval

exquo
factorPolynomial
ged

hash

index

latex

log

max
multiEuclidean
nthRoot

order
polarCoordinates
primitive?
random

rational?

recip
regularRepresentation
retract

sec

sinh

solveLinearPolynomialEquation

squareFreePart
tableForDiscreteLogarithm
trace

unitCanonical

%7

7-7

777

7<7?

7>=7

Trem?

1

acosh

acsc

asec

asinh

atanh
characteristicPolynomial
complex

convert

cosh
createPrimitiveElement
D

differentiate

divide

exp

extendedEuclidean

factorSquareFreePolynomial

gcdPolynomial
imag

init

lem

lookup

min

nextltem
OMwrite
patternMatch
prime?
primitiveElement
rank
rationallfCan
reduce
representationType
retractIfCan

sech

size

sqrt
squareFreePolynomial
tan

traceMatrix
unitNormal

PHEY

-7

77="

7<="

7.7
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abs

acot

acsch

asech
associates?
basis
charthRoot
conditionP
coordinates

cot

cse
definingPolynomial
discretel.og
euclideanSize
expressldealMember
factor
factorsOfCyclicGroupSize
generator
imaginary

inv

lift

map
minimalPolynomial
norm

one?

pi
primeFrobenius
principalldeal
rational

real
reducedSystem
represents
sample

sin

sizeLess?
squarekFree
subtractIfCan
tanh

unit?

zero?

747

7=7

?/?

7>7

?7quo?
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— domain COMPLEX Complex —

)abbrev domain COMPLEX Complex

++ Author: Mark Botch

++ Date Created:

++ Date Last Updated:

++ Basic Functions:

++ Related Constructors:

++ Also See:

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

++ \spadtype{Complex(R)} creates the domain of elements of the form
++ \spad{a + b * i} where \spad{a} and b come from the ring R,
++ and i is a new element such that \spad{i**2 = -1}.

Complex (R:CommutativeRing): ComplexCategory(R) with
if R has OpenMath then OpenMath
== add
Rep := Record(real:R, imag:R)

if R has OpenMath then
writeOMComplex(dev: OpenMathDevice, x: %): Void ==
OMputApp (dev)
OMputSymbol (dev, "complexl", "complex__cartesian")
OMwrite(dev, real x)
OMwrite(dev, imag x)
OMputEndApp (dev)

OMwrite(x: %): String ==

s: String := ""

sp := OM_-STRINGTOSTRINGPTR(s)$Lisp

dev: OpenMathDevice := OMopenString(sp pretend String, OMencodingXML)
OMputObject (dev)

writeOMComplex(dev, x)

OMputEndObject (dev)

OMclose(dev)

s := OM_-STRINGPTRTOSTRING(sp)$Lisp pretend String

s

OMwrite(x: %, wholeObj: Boolean): String ==
s: String := ""
sp := OM_-STRINGTOSTRINGPTR(s)$Lisp
dev: OpenMathDevice := OMopenString(sp pretend String, OMencodingXML)
if wholeObj then
OMputObject (dev)
writeOMComplex(dev, x)
if wholeObj then
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OMputEndQObject (dev)
OMclose (dev)
s := OM_-STRINGPTRTOSTRING(sp)$Lisp pretend String
s

OMwrite(dev: OpenMathDevice, x: %): Void ==
OMputObject (dev)

writeOMComplex(dev, x)

OMputEndObject (dev)

OMwrite(dev: OpenMathDevice, x: %, wholeObj: Boolean): Void ==
if wholeObj then
OMputObject (dev)
writeOMComplex(dev, x)
if wholeObj then

OMputEndQObject (dev)
0 == [0, 0]
1 == [1, 0]
zero? x == zero7(x.real) and zero?(x.imag)
- one? x == one?(x.real) and zero?(x.imag)
one? x == ((x.real) = 1) and zero?(x.imag)
coerce(r:R):% == [r, 0]
complex(r, i) == [r, i]
real x == x.real
imag x == x.imag
X +y == [x.real + y.real, x.imag + y.imag]
-- by re-defining this here, we save 5 fn calls
X:ih * yih =
[x.real * y.real - x.imag * y.imag,
x.imag * y.real + y.imag * x.real] -- here we save nine!

if R has IntegralDomain then
_exquo(x:%, y:%) == -- to correct bad defaulting problem
zero? y.imag => x exquo y.real
x * conjugate(y) exquo norm(y)

— COMPLEX.dotabb —

"COMPLEX" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=COMPLEX"]
"COMPCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=COMPCAT"]
"COMPLEX" -> "COMPCAT"
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4.9 domain CDFMAT ComplexDoubleFloatMatrix

)se
)sy
)sp
)se
)se
)cl

--s
) sh

— ComplexDoubleFloatMatrix.input —

t break resume

s rm -f ComplexDoubleFloatMatrix.output
0ol ComplexDoubleFloatMatrix.output

t message test on

t message auto off

ear all

1 of 6
ow ComplexDoubleFloatMatrix

ComplexDoubleFloatMatrix is a domain constructor
Abbreviation for ComplexDoubleFloatMatrix is CDFMAT

This constructor is exposed in this frame.

Issue )edit bookvoll0.3.pamphlet to see algebra source code for CDFMAT
——————— -—= - Operations -—= -
Pk? (Integer,%) -> % %7 (hoh) > %h

4?7+ (%, %) > % -7 h > %

7-7 (%00 > % antisymmetric? : % -> Boolean
copy : h => % diagonal? : % -> Boolean
diagonalMatrix : List(%) -> ¥ empty : O -> %

empty? : % —> Boolean eq? : (%,%) —> Boolean
horizConcat %) => % maxColIndex : % -> Integer
maxRowIndex : % -> Integer minColIndex : % -> Integer
minRowIndex : % -> Integer ncols : % -> NonNegativeInteger
nrows : % —> NonNegativelnteger qnew : (Integer,Integer) -> %
sample : () -> % square? : % -> Boolean

squareTop : % —> % symmetric? : % -> Boolean
transpose : % > % vertConcat Chyh) > %

#7 : ), -> NonNegativeInteger if $ has finiteAggregate

k7 (ComplexDoubleFloatVector,%) -> ComplexDoubleFloatVector

k7 (%,ComplexDoubleFloatVector) -> ComplexDoubleFloatVector

77 (%,Complex(DoubleFloat)) -> %

?x? (Complex(DoubleFloat) ,%) -> %

?x*x? : (%,Integer) -> % if Complex(DoubleFloat) has FIELD

?*x7 : (% ,NonNegativeInteger) -> %

?/?7 : (%,Complex(DoubleFloat)) -> % if Complex(DoubleFloat) has FIELD

?=7 : (%,%) —-> Boolean if Complex(DoubleFloat) has SETCAT

any? : ((Complex(DoubleFloat) -> Boolean),%) -> Boolean if $ has finiteAggregate
coerce : ComplexDoubleFloatVector -> %

coerce : % —> OutputForm if Complex(DoubleFloat) has SETCAT

column : (%,Integer) -> ComplexDoubleFloatVector

columnSpace : % —-> List(ComplexDoubleFloatVector) if Complex(DoubleFloat) has EUCDOM
count : (Complex(DoubleFloat),%) -> NonNegativeInteger if $ has finiteAggregate and Complex(DoubleFloat
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count : ((Complex(DoubleFloat) -> Boolean),%) -> NonNegativeInteger if $ has finiteAggregate
determinant : % -> Complex(DoubleFloat) if Complex(DoubleFloat) has commutative(x)
diagonalMatrix : List(Complex(DoubleFloat)) -> %

elt : (%,List(Integer),List(Integer)) ->

elt : (%,Integer,Integer,Complex(DoubleFloat)) -> Complex(DoubleFloat)

elt : (%,Integer,Integer) -> Complex(DoubleFloat)

eval : (%,List(Complex(DoubleFloat)),List(Complex(DoubleFloat))) -> % if Complex(DoubleFloat
eval : (%,Complex(DoubleFloat),Complex(DoubleFloat)) -> % if Complex(DoubleFloat) has EVALAB
eval : (%,Equation(Complex(DoubleFloat))) -> % if Complex(DoubleFloat) has EVALAB(COMPLEX (DF
eval : (%,List(Equation(Complex(DoubleFloat)))) -> ¥ if Complex(DoubleFloat) has EVALAB(COMP
every7 : ((Complex(DoubleFloat) -> Boolean),%) -> Boolean if $ has finiteAggregate

exquo : (%,Complex(DoubleFloat)) -> Union(%,"failed") if Complex(DoubleFloat) has INTDOM
£il1l! : (%,Complex(DoubleFloat)) -> ¥%

hash : % -> SingleInteger if Complex(DoubleFloat) has SETCAT

inverse : Y -> Union(%,"failed") if Complex(DoubleFloat) has FIELD

latex : % -> String if Complex(DoubleFloat) has SETCAT

less? : (%,NonNegativeInteger) -> Boolean

listOfLists : % -> List(List(Complex(DoubleFloat)))

map : (((Complex(DoubleFloat),Complex(DoubleFloat)) -> Complex(DoubleFloat)),%,%,Complex(Dou
map : (((Complex(DoubleFloat),Complex(DoubleFloat)) -> Complex(DoubleFloat)),%,%) -> %

map : ((Complex(DoubleFloat) -> Complex(DoubleFloat)),%) -> %

map! : ((Complex(DoubleFloat) -> Complex(DoubleFloat)),%) -> %

matrix : List(List(Complex(DoubleFloat))) -> %

member? : (Complex(DoubleFloat),%) -> Boolean if $ has finiteAggregate and Complex(DoubleFlo
members : % -> List(Complex(DoubleFloat)) if $ has finiteAggregate

minordet : % -> Complex(DoubleFloat) if Complex(DoubleFloat) has commutative (k)

more? : (%,NonNegativeInteger) -> Boolean

new : (NonNegativeInteger,NonNegativeInteger,Complex(DoubleFloat)) -> %

nullSpace : % -> List(ComplexDoubleFloatVector) if Complex(DoubleFloat) has INTDOM

nullity : % -> NonNegativeInteger if Complex(DoubleFloat) has INTDOM

parts : % —-> List(Complex(DoubleFloat))

pfaffian : % -> Complex(DoubleFloat) if Complex(DoubleFloat) has COMRING

gelt : (%,Integer,Integer) -> Complex(DoubleFloat)

gsetelt! : (%,Integer,Integer,Complex(DoubleFloat)) -> Complex(DoubleFloat)

rank : % -> NonNegativeInteger if Complex(DoubleFloat) has INTDOM

row : (%,Integer) -> ComplexDoubleFloatVector

rowEchelon : % -> % if Complex(DoubleFloat) has EUCDOM

scalarMatrix : (NonNegativeInteger,Complex(DoubleFloat)) -> %

setColumn! : (%,Integer,ComplexDoubleFloatVector) ->

setRow! : (%,Integer,ComplexDoubleFloatVector) -> ¥

setelt : (%,List(Integer),List(Integer),%) —-> %

setelt : (%,Integer,Integer,Complex(DoubleFloat)) -> Complex(DoubleFloat)

setsubMatrix! : (%,Integer,Integer,%) -> %

size? : (/,NonNegativeInteger) -> Boolean

subMatrix : (%,Integer,Integer,Integer,Integer) -> %

swapColumns! : (%,Integer,Integer) -> %

swapRows! : (J,Integer,Integer) -> ¥

transpose : ComplexDoubleFloatVector -> 7%

zero : (NonNegativeInteger,NonNegativeInteger) ->

?7=? : (%,%) —-> Boolean if Complex(DoubleFloat) has SETCAT
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--S 2 of 6
a:CDFMAT:=qnew(2,3)

1o
[} |
=- =4}
~
=
p—a
+ —
o
o
o
+ — +

--S 3 of 6
gsetelt!(a,1,1,1.0+2%%i)

--R  (2) 1.+ 2. %i

--S 4 of 6

--R +0. 0. 0.+
--R (3 | |
--R +0. 1. + 2. %i 0.+

--S 5 of 6
gsetelt!(a,0,0,2.0+4%%i)

--R  (4) 2. +4. %

--S 6 of 6

--R +2. + 4. i 0.

--R + 0. 1. + 2. %1

) spool
)1lisp (bye)

o
+ — +

Type: ComplexDoubleFloatMatrix

Type: Complex(DoubleFloat)

Type: ComplexDoubleFloatMatrix

Type: Complex(DoubleFloat)

Type: ComplexDoubleFloatMatrix

411
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— ComplexDoubleFloatMatrix.help —

ComplexDoubleFloatMatrix examples

This domain creates a lisp simple array of machine doublefloats.
It provides one new function called gnew which takes an integer
that gives the array length.

NOTE: Unlike normal Axiom arrays the ComplexDoubleFloatMatrix arrays
are O-based so the first element is 0. Axiom arrays normally
start at 1.

a:CDFMAT:=qgnew(2,3)
+0. 0. 0.+
| |
+0. 0. 0.+

gsetelt!(a,1,1,1.0+2%%i)

1. + 2. %

+0. 0. 0.+
| |
+0. 1. + 2. %i 0.+

gsetelt!(a,0,0,2.0+4%%i)

2. + 4. %i
a
+2. + 4. %i 0. 0.+
| |
+ 0. 1. + 2. %i 0.+
See Also:

o )help Float
o )help DoubleFloat
o )show ComplexDoubleFloatMatrix
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4.9.1 ComplexDoubleFloatMatrix (CDFMAT)

CDFMAT

COMPCAT

Exports:
#7?
747
?77="
column
determinant
empty
every?
horizConcat
listOfLists
maxCollndex
minCollndex
ncols
nullity
qnew
rowEchelon
setRow!
square?
swapRows!
Z€ero

— domain CDFMAT ComplexDoubleFloatMatrix —

-?

?-7
antisymmetric?
columnSpace
diagonal?
empty?

exquo

inverse

map
maxRowIndex
minRowIndex
new

parts

gsetelt!

sample

setelt
squareTop
symmetric?

PH*D

?/?

any?

copy
diagonalMatrix
eq?

fl

latex

map!
member?
minordet
Nrows
pfaffian

rank
scalarMatrix
setsubMatrix!
subMatrix
transpose

)abbrev domain CDFMAT ComplexDoubleFloatMatrix
++ Author: Waldek Hebisch

++ Description: This is a low-level domain which implements matrices
++ (two dimensional arrays) of complex double precision floating point
++ numbers. Indexing is O based, there is no bound checking (unless

++ provided by lower level).

ComplexDoubleFloatMatrix :

7%

7="7

coerce
count

elt

eval

hash

less?
matrix
members
more?
nullSpace
qelt

row
setColumn!
size?
swapColumns!
vertConcat

MatrixCategory(Complex DoubleFloat,

ComplexDoubleFloatVector,
ComplexDoubleFloatVector) with
gnew : (Integer, Integer) -> %

413
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++ gnew(n, m) creates a new uninitialized n by m matrix.
++

++X t1:CDFMAT:=qnew(3,4)
== add

NNI ==> Integer

Qelt2 ==> CDAREF2$Lisp

Qsetelt2 ==> CDSETAREF2$Lisp

Qnrows ==> CDANROWS$Lisp

Qncols ==> CDANCOLS$Lisp

Qnew ==> MAKE_-CDOUBLE_-MATRIX$Lisp

minRowIndex x == 0
minColIndex x == 0

nrows x == Qnrows(x)

ncols x == Qncols(x)
maxRowIndex x == Qnrows(x) - 1
maxColIndex x == Qncols(x) - 1

gelt(m, i, j) == Qelt2(m, i, j)
gsetelt_!(m, i, j, r) == Qsetelt2(m, i, j, r)

empty() == Qnew(0$Integer, 0$Integer)

gnew(rows, cols) == Qunew(rows, cols)
new(rows, cols, a) ==
res := Qnew(rows, cols)

for i in O..(rows - 1) repeat
for j in 0..(cols - 1) repeat
Qsetelt2(res, i, j, a)
res

— CDFMAT.dotabb —

"CDFMAT" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=CDFMAT",
shape=ellipse]

"COMPCAT" [color=lightblue,href="bookvol10.2.pdf#nameddest=COMPCAT"];

"CDFMAT" -> "COMPCAT"



4.10. DOMAIN CDFVEC COMPLEXDOUBLEFLOATVECTOR 415

4.10 domain CDFVEC ComplexDoubleFloatVector

)se
)sy
)sp
)se
)se
)cl

--s
) sh

— ComplexDoubleFloatVector.input —

t break resume

s rm -f ComplexDoubleFloatVector.output
0ol ComplexDoubleFloatVector.output

t message test on

t message auto off

ear all

1 of 6
ow ComplexDoubleFloatVector

ComplexDoubleFloatVector is a domain constructor
Abbreviation for ComplexDoubleFloatVector is CDFVEC

This constructor is exposed in this frame.
Issue )edit bookvoll0.3.pamphlet to see algebra source code for CDFVEC
——————— -—= - Operations -—= -——=
concat : List(%) > % concat : (%,%) —> %
copy : 4% => % delete : (%,Integer) -> %
empty : () -> % empty? : % -> Boolean
eq? : (%,%) -> Boolean index? : (Integer,’) -> Boolean
indices : % -> List(Integer) insert : (%,%,Integer) -> ¥
gnew : Integer -> ¥ reverse : % ~> %

sample : () -> %

#7 : ), -> NonNegativeInteger if $ has finiteAggregate

?x7 : (%,Complex(DoubleFloat)) -> % if Complex(DoubleFloat) has MONOID

?x7 : (Complex(DoubleFloat),%) -> % if Complex(DoubleFloat) has MONOID

?*? : (Integer,%) —-> % if Complex(DoubleFloat) has ABELGRP

?+7 : (%,%) -> % if Complex(DoubleFloat) has ABELSG

?-7 : (4,%) -> % if Complex(DoubleFloat) has ABELGRP

-? ¢ % -> % if Complex(DoubleFloat) has ABELGRP

?<? : (%,%) —-> Boolean if Complex(DoubleFloat) has ORDSET

?<=? : (%,%) —-> Boolean if Complex(DoubleFloat) has ORDSET

?=? : (%,%) —-> Boolean if Complex(DoubleFloat) has SETCAT

?>7 ¢ (%,%) —-> Boolean if Complex(DoubleFloat) has ORDSET

?>=? : (%,%) —-> Boolean if Complex(DoubleFloat) has ORDSET

any? : ((Complex(DoubleFloat) -> Boolean),%) -> Boolean if $ has finiteAggregate
coerce : % —> OutputForm if Complex(DoubleFloat) has SETCAT

concat : (Complex(DoubleFloat),%) -> %

concat : (J%,Complex(DoubleFloat)) -> %

construct : List(Complex(DoubleFloat)) -> %

convert : % -> InputForm if Complex(DoubleFloat) has KONVERT(INFORM)

copyInto! : (%,%,Integer) -> % if $ has shallowlyMutable

count : (Complex(DoubleFloat),%) -> NonNegativeInteger if $ has finiteAggregate and Complex(DoubleFloat
count : ((Complex(DoubleFloat) -> Boolean),%) -> NonNegativeInteger if $ has finiteAggregate



CHAPTER 4. CHAPTER C

cross : (%,%) -> % if Complex(DoubleFloat) has RING

delete : (%,UniversalSegment(Integer)) -> %

dot : (%,%) -> Complex(DoubleFloat) if Complex(DoubleFloat) has RING

7.7 : (%,UniversalSegment (Integer)) -> %

7.7 : (%,Integer) -> Complex(DoubleFloat)

elt : (%,Integer,Complex(DoubleFloat)) -> Complex(DoubleFloat)

entries : % -> List(Complex(DoubleFloat))

entry? : (Complex(DoubleFloat),%) -> Boolean if $ has finiteAggregate and Complex(DoubleFloa
eval : (%,List(Complex(DoubleFloat)),List(Complex(DoubleFloat))) -> % if Complex(DoubleFloat
eval : (%,Complex(DoubleFloat),Complex(DoubleFloat)) -> 7 if Complex(DoubleFloat) has EVALAB
eval : (%,Equation(Complex(DoubleFloat))) -> % if Complex(DoubleFloat) has EVALAB(COMPLEX (DF
eval : (%,List(Equation(Complex(DoubleFloat)))) -> ¥ if Complex(DoubleFloat) has EVALAB(COMP
every? : ((Complex(DoubleFloat) -> Boolean),%) -> Boolean if $ has finiteAggregate

£ill! : (%,Complex(DoubleFloat)) -> % if $ has shallowlyMutable

find : ((Complex(DoubleFloat) -> Boolean),%) -> Union(Complex(DoubleFloat),"failed")

first : % -> Complex(DoubleFloat) if Integer has ORDSET

hash : % -> SingleInteger if Complex(DoubleFloat) has SETCAT

insert : (Complex(DoubleFloat),%,Integer) -> ¥

latex : % -> String if Complex(DoubleFloat) has SETCAT

length : % -> Complex(DoubleFloat) if Complex(DoubleFloat) has RADCAT and Complex(DoubleFloa
less? : (%,NonNegativeInteger) -> Boolean

magnitude : % -> Complex(DoubleFloat) if Complex(DoubleFloat) has RADCAT and Complex(DoubleF
map : (((Complex(DoubleFloat),Complex(DoubleFloat)) -> Complex(DoubleFloat)),%,%) -> %

map : ((Complex(DoubleFloat) -> Complex(DoubleFloat)),%) -> %

map! : ((Complex(DoubleFloat) -> Complex(DoubleFloat)),%) -> % if $ has shallowlyMutable

max : (%,%) -> % if Complex(DoubleFloat) has ORDSET

maxIndex : % -> Integer if Integer has ORDSET

member? : (Complex(DoubleFloat),%) -> Boolean if $ has finiteAggregate and Complex(DoubleFlo
members : % -> List(Complex(DoubleFloat)) if $ has finiteAggregate

merge : (%,%) —-> % if Complex(DoubleFloat) has ORDSET

merge : (((Complex(DoubleFloat),Complex(DoubleFloat)) -> Boolean),%,%) -> %

min : (%,%) -> % if Complex(DoubleFloat) has ORDSET

minIndex : % -> Integer if Integer has ORDSET

more? : (%,NonNegativeInteger) -> Boolean

new : (NonNegativeInteger,Complex(DoubleFloat)) -> ¥

outerProduct : (%,%) -> Matrix(Complex(DoubleFloat)) if Complex(DoubleFloat) has RING

parts : % -> List(Complex(DoubleFloat)) if $ has finiteAggregate

position : (Complex(DoubleFloat),%,Integer) -> Integer if Complex(DoubleFloat) has SETCAT
position : (Complex(DoubleFloat),%) -> Integer if Complex(DoubleFloat) has SETCAT

position : ((Complex(DoubleFloat) -> Boolean),%) -> Integer

gelt : (%,Integer) -> Complex(DoubleFloat)

gsetelt! : (%,Integer,Complex(DoubleFloat)) -> Complex(DoubleFloat) if $ has shallowlyMutabl
reduce : (((Complex(DoubleFloat) ,Complex(DoubleFloat)) -> Complex(DoubleFloat)),%) -> Comple
reduce : (((Complex(DoubleFloat),Complex(DoubleFloat)) -> Complex(DoubleFloat)),%,Complex (Do
reduce : (((Complex(DoubleFloat) ,Complex(DoubleFloat)) -> Complex(DoubleFloat)),%,Complex (Do
remove : ((Complex(DoubleFloat) -> Boolean),%) -> % if $ has finiteAggregate

remove : (Complex(DoubleFloat),%) -> % if $ has finiteAggregate and Complex(DoubleFloat) has
removeDuplicates : % -> ¥ if $ has finiteAggregate and Complex(DoubleFloat) has SETCAT
reverse! : % -> Y if $ has shallowlyMutable

select : ((Complex(DoubleFloat) -> Boolean),%) -> % if $ has finiteAggregate
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setelt : (%,UniversalSegment (Integer),Complex(DoubleFloat)) -> Complex(DoubleFloat) if $ has shallowlyM
setelt : (%,Integer,Complex(DoubleFloat)) -> Complex(DoubleFloat) if $ has shallowlyMutable

size? : (%,NonNegativeInteger) -> Boolean

sort : % -> % if Complex(DoubleFloat) has ORDSET

sort : (((Complex(DoubleFloat),Complex(DoubleFloat)) -> Boolean),%) -> %

sort! : % -> % if $ has shallowlyMutable and Complex(DoubleFloat) has ORDSET

sort! : (((Complex(DoubleFloat),Complex(DoubleFloat)) -> Boolean),%) -> % if $ has shallowlyMutable
sorted? : % -> Boolean if Complex(DoubleFloat) has ORDSET

sorted? : (((Complex(DoubleFloat),Complex(DoubleFloat)) -> Boolean),%) -> Boolean

swap! : (%,Integer,Integer) -> Void if $ has shallowlyMutable

vector : List(Complex(DoubleFloat)) -> %

zero : NonNegativeInteger -> %, if Complex(DoubleFloat) has ABELMON

?7=? : (%,%) —-> Boolean if Complex(DoubleFloat) has SETCAT

2 of 6

t1:CDFVEC:=qnew(5)

--E

(1) [0.,0.,0.,0.,0.]
Type: ComplexDoubleFloatVector
2

-- NOTE: CDFVEC arrays are O-based, normal Axiom arrays are 1l-based

--S

3 of 6

t1.1:=1.0+2%%1

--S

(2) 1. +2. %
Type: Complex(DoubleFloat)

(3 [0.,1. +2. %i,0.,0.,0.]
Type: ComplexDoubleFloatVector

5 of 6

t1.0:=3.0+4.0%}1i

(4) 3.+ 4. 9
Type: Complex(DoubleFloat)

6 of 6

(5) [38. +4. %i,1. + 2. %1,0.,0.,0.]
Type: ComplexDoubleFloatVector



)spool
)1lisp (bye)

— ComplexDoubleFloatVector.help —

CHAPTER 4. CHAPTER C

ComplexDoubleFloatVector examples

This domain creates a lisp simple array of machine complex doublefloats.
It provides one new function called gnew which takes an integer

that gives the array length.

NOTE: Unlike normal Axiom arrays the ComplexDoubleFloatVector arrays
are O-based so the first element is 0. Axiom arrays normally

start at 1.

t1:CDFVEC:=qgnew(5)
[0.,0.,0.,0.,0.]

t1.1:=1.0+2*%1i
1. + 2. %

t1
[0.,1. + 2. %i,0.,0.,0.]

t£1.0:=3.0+4.0%*}i

3. +4. %i
t1

[3. +4. %i,1. + 2. %i,0.,0.,0.]
See Also:

o )help Float
o )help DoubleFloat
o )show ComplexDoubleFloatVector
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4.10.1 ComplexDoubleFloatVector (CDFVECQC)

CDFVEC

COMPCAT

Exports:

#7?

?-7

7="
any?
convert
Cross
empty
eq?
find
indices
less?
max
merge
new
qelt
remove
sample
sort
vector

-7

7.7

7>=7

coerce

copy

delete
empty?

eval

first

insert
magnitude
maxIndex
min
outerProduct
qnew
removeDuplicates
select

sort!

Z€ro

— domain CDFVEC ComplexDoubleFloatVector —

7%

7<=7
7>7
concat
copylInto!
dot
entries
every?
hash
latex
map
member?
minIndex
parts
gsetelt!
reverse
setelt
sorted?

747

7<?
77="
construct
count

elt
entry?
fil!
index?
length
map!
members
more?
position
reduce
reverse!
size?
swap!

)abbrev domain CDFVEC ComplexDoubleFloatVector
++ Author: Waldek Hebisch

++ Description: This is a low-level domain which implements vectors

++ (one dimensional arrays) of complex double precision floating point
Indexing is O based, there is no bound checking (unless
++ provided by lower level).

++ numbers.

ComplexDoubleFloatVector :

gnew

++

++X t1:CDFVEC:=gnew 7

: Integer -> %
++ gnew(n) creates a new uninitialized vector of length n.

VectorCategory Complex DoubleFloat with

419
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vector: List Complex DoubleFloat -> ¥
++ vector(l) converts the list 1 to a vector.
++
++X t1:List(Complex(DoubleFloat)) :=[1+2x%i, 3+4%%1i,-5-6%%i]
++X t2:CDFVEC:=vector(t1)
== add

Qeltl ==> CDELT$Lisp
Qseteltl ==> CDSETELT$Lisp

gelt(x, i) == Qeltl(x, i)

gsetelt_!(x, i, s) == Qseteltl(x, i, s)
Qsize ==> CDLEN$Lisp

Qnew ==> MAKE_—CDOUBLE_—VECTOR$Lisp

#x == Qsize x
minIndex x ==
empty () == Qnew(0$Lisp)
gnew(n) == Qnew(n)
new(n, x) ==

res := Qnew(n)

£ill_!(res, x)
qelt(x, i) == Qelti(x, i)
elt(x:%, i:Integer) == Qelti(x, i)
gsetelt_!(x, i, s) == (Qsetelt1(x, i, s)

setelt(x : %, i : Integer, s : Complex DoubleFloat) ==
Qsetelti(x, i, s)

£i11_!(x, s) ==
for i in 0..((Qsize(x)) - 1) repeat Qseteltl(x, i, s)
x

— CDFVEC.dotabb —
"CDFVEC" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=CDFVEC",
shape=ellipse]

"COMPCAT" [color=lightblue,href="bookvol10.2.pdf#nameddest=COMPCAT"];
"CDFVEC" -> "COMPCAT"

4.11 domain CONTFRAC ContinuedFraction

— ContinuedFraction.input —
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)set break resume

)sys rm -f ContinuedFraction.output
)spool ContinuedFraction.output

)set message test on

)set message auto off

)clear all

--S 1 of 22

c := continuedFraction(314159/100000)

--R 1] 1 | 1 1 | 1]

1] 1|

--R (1) 3 + +———+ + +————+ + +———+ + +————+ + +———+ + +———+ + +———+

--R | 7 | 15 |1 | 25 I 1

|7 | 4

--R Type: ContinuedFraction(Integer)

--E 1

--S 2 of 22

partialQuotients c

--R  (2) [3,7,15,1,25,1,7,4]

--E 2

--S 3 of 22

convergents ¢

--R 22 333 355 9208 9563 76149 314159

--R 7 106 113 2931 3044 24239 100000

Type: Stream(Integer)

--R Type: Stream(Fraction(Integer))

--S 4 of 22
approximants c
--R

--R 7 106 113 2931 3044 24239 100000

--R Type: Stream(Fraction(Integer))

--S 5 of 22
partialQuotients(1/c)

B
i)
i

--R  (5) [0,8,7,15,1,25,1,7,4]
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--R Type: Stream(Integer)
--E 5

--S 6 of 22
continuedFraction(first pq,repeating [1],rest pq)

--R 1| 1] 1 | 1] 1 | 1] 1 1

--R (B) +-———+ 4+ +———+ + +————+ + +———+ + +————+ + +———+ + +———+ + +———+

--R | 3 | 7 | 15 | 1 | 25 | 1 | 7 | 4

--R Type: ContinuedFraction(Integer)
--E 6

--S 7 of 22
z:=continuedFraction(3,repeating [1],repeating [3,6])

--R (7
--R 1 1] 1] 1] 1] 1| 1| 1| 1|
--R 3+ +———+ + +———+ + +——+ + +———+ + +———+ + +———+ + +———+ + +———+ + +———+

--R | 3 | 6 | 3 | 6 | 3 | 6 | 3 | 6 | 3

--R 1|

--R e

--R | 6

--R Type: ContinuedFraction(Integer)
—E7

--S 8 of 22

dens:Stream Integer := cons(1l,generate((x+->x+4),6))

--R (8 [1,6,10,14,18,22,26,30,34,38,...]
--R Type: Stream(Integer)

--S 9 of 22
continuedFraction(0,repeating [1],dens)

(e}
Hh
1]

--R  (9)
--R 1| 1| 1 | 1 | 1 | 1 1 | 1
--R ==+ + ===+ + +————+ + F————F + +————+ + +————+ + +————F + +————+

--R | 1 | 6 | 10 | 14 | 18 | 22 | 26 | 30

--R 1 | 1 |
--R ===t + ===t + ..

--R | 34 | 38
--R Type: ContinuedFraction(Integer)
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-=S 10 of 22
ccf := convergents cf

--R 6 61 860 15541 342762 8927353 268163352 9126481321
--R  (10) [0,1,-,-—,-————,————~ y—————= ,m——————— ,— -, -]

--R 7 71 1001 18089 398959 10391023 312129649 10622799089

--R Type: Stream(Fraction(Integer))
--E 10

--S 11 of 22
eConvergents := [2%e + 1 for e in ccf]

--R 19 193 2721 49171 1084483 28245729 848456353 28875761731

--R 7 71 1001 18089 398959 10391023 312129649 10622799089
--R Type: Stream(Fraction(Integer))
--E 11

--S 12 of 22
eConvergents :: Stream Float

-k (12)

--R [1.0, 3.0, 2.7142857142 857142857, 2.7183098591 549295775,

--R 2.7182817182 817182817, 2.7182818287 356957267, 2.7182818284 585634113,
--R 2.7182818284 590458514, 2.7182818284 590452348, 2.7182818284 590452354,
--R .o

--R Type: Stream(Float)
--E 12

--S 13 of 22
exp 1.0

--R (13) 2.7182818284 590452354
--R Type: Float
--E 13

--S 14 of 22
cf := continuedFraction(l, [(2*i+1)#**2 for i in 0..],repeating [2])

--R  (14%)

--R 1| 9 | 25 | 49 | 81 | 121 | 169 | 225 |
--R 1 + +——+ + +——+ + +————+ + +————4+ + +————4+ + +-————- + + +————- + + +————- +
--R | 2 | 2 | 2 | 2 | 2 | 2 | 2 | 2
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--R Type: ContinuedFraction(Integer)
--E 14

--5 15 of 22
ccf := convergents cf

--R 3 15 105 315 3465 45045 45045 765765 14549535

--R 2 13 76 263 2578 36979 33976 622637 11064338
--R Type: Stream(Fraction(Integer))
--E 15

--S 16 of 22
piConvergents := [4/p for p in ccf]

--R 8 52 304 1052 10312 147916 135904 2490548 44257352

--R 3 15 105 315 3465 45045 45045 765765 14549535
--R Type: Stream(Fraction(Integer))
--E 16

--5 17 of 22
piConvergents :: Stream Float

--R N

--R [4.0, 2.6666666666 666666667, 3.4666666666 666666667,

--R 2.8952380952 380952381, 3.3396825396 825396825, 2.9760461760 461760462,
--R 3.2837384837 384837385, 3.0170718170 718170718, 3.2523659347 188758953,
--R 3.0418396189 294022111, ...]

--R Type: Stream(Float)
--E 17

--S 18 of 22
continuedFraction((- 122 + 597%%i)/(4 - 4x*%i))

--R (18) - 90 + 59%i + +--——————- I +

--R I 1 - 2%i | -1+ 2%i

--R Type: ContinuedFraction(Complex(Integer))
--E 18

-=5 19 of 22
r : Fraction UnivariatePolynomial (x,Fraction Integer)
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--R
--R Type: Void
--E 19

--S 20 of 22
r:=(x-1 * (x-2) / ((x=3) * (x-4))

--R X - 7x + 12
--R Type: Fraction(UnivariatePolynomial(x,Fraction(Integer)))

--S 21 of 22
continuedFraction r

--R | - x - - | - x - —-

--R | 4 8 | 3 3

--R Type: ContinuedFraction(UnivariatePolynomial(x,Fraction(Integer)))
--E 21

--S 22 of 22
[i*i for i in convergents(z) :: Stream Float]

--R  (22)

--R [9.0, 11.1111111111 11111111, 10.9944598337 9501385, 11.0002777777 77777778,
--R 10.9999860763 98799786, 11.0000006979 29731039, 10.9999999650 15834446,

--R 11.0000000017 53603304, 10.9999999999 12099531, 11.0000000000 04406066,

--R o]

--R Type: Stream(Float)
--E 22

) spool

)1lisp (bye)

— ContinuedFraction.help —

ContinuedFraction examples




426 CHAPTER 4. CHAPTER C

Continued fractions have been a fascinating and useful tool in
mathematics for well over three hundred years. Axiom implements
continued fractions for fractions of any Euclidean domain. In
practice, this usually means rational numbers. In this section we
demonstrate some of the operations available for manipulating both
finite and infinite continued fractioms.

The ContinuedFraction domain is a field and therefore you can add,
subtract, multiply and divide the fractioms.

The continuedFraction operation converts its fractional argument to a
continued fraction.

c := continuedFraction(314159/100000)
1| 1 | 1] 1 | 1| 1| 1|
B3+ 4t + Fmm——t + At 4+ A=t + F———t + F———t + F———t

| 7 | 15 | 1 | 25 | 1 | 7 | 4
Type: ContinuedFraction Integer

This display is a compact form of the bulkier

3+ 1

You can write any rational number in a similar form. The fraction
will be finite and you can always take the "numerators" to be 1.
That is, any rational number can be written as a simple, finite
continued fraction of the form

a(l) + 1
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The a(i) are called partial quotients and the operation partialQuotients
creates a stream of them.

partialQuotients c
[3,7,15,1,25,1,7,4]
Type: Stream Integer

By considering more and more of the fraction, you get the convergents.
For example, the first convergent is a(l1), the second is a(1l) + 1/a(2)
and so on.

convergents ¢
22 333 355 9208 9563 76149 314159

7 106 113 2931 3044 24239 100000
Type: Stream Fraction Integer

Since this is a finite continued fraction, the last convergent is the
original rational number, in reduced form. The result of approximants

is always an infinite stream, though it may just repeat the "last" value.

approximants c

7 106 113 2931 3044 24239 100000
Type: Stream Fraction Integer

Inverting c only changes the partial quotients of its fraction by
inserting a O at the beginning of the list.

pq := partialQuotients(1/c)
[0,3,7,15,1,25,1,7,4]
Type: Stream Integer

Do this to recover the original continued fraction from this list of
partial quotients. The three-argument form of the continuedFraction
operation takes an element which is the whole part of the fraction, a
stream of elements which are the numerators of the fraction, and a
stream of elements which are the denominators of the fraction.

continuedFraction(first pq,repeating [1],rest pq)

427
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1| 1| 1 | 1] 1 | 1| 1 1]
do——t+ + F———F + ===+ + F———F + d————t + +———+ + +———+ + +———+

| 3 |7 | 15 1 | 25 1 | 7 | 4
Type: ContinuedFraction Integer

The streams need not be finite for continuedFraction. Can you guess
which irrational number has the following continued fraction? See the

end of this section for the answer.

z:=continuedFraction(3,repeating [1],repeating [3,6])

1 1| 1 1| 1] 1| 1| 1| 1|
3+ +——+ + +——+ + +——+ + +———+ + +———+ + +———+ + +———+ + +———+ + +———+
| 3 | 6 | 3 | 6 | 3 | 6 | 3 | 6 | 3
+
1|
e T
| 6

Type: ContinuedFraction Integer

In 1737 Euler discovered the infinite continued fraction expansion

We use this expansion to compute rational and floating point
approximations of e. For this and other interesting expansions, see
C. D. 0lds, Continued Fractions, New Mathematical Library, (New York:
Random House, 1963), pp. 134--139.}

By looking at the above expansion, we see that the whole part is O and
the numerators are all equal to 1. This constructs the stream of
denominators.

dens:Stream Integer := cons(1l,generate((x+->x+4),6))
[1,6,10,14,18,22,26,30,34,38,...]
Type: Stream Integer

Therefore this is the continued fraction expansion for (e - 1) / 2.
cf := continuedFraction(0,repeating [1],dens)

1] e
+o——+ + t———F+ + +————+ + +————F + +————+ + +————F + +————+ + +————+



4.11. DOMAIN CONTFRAC CONTINUEDFRACTION

| 1 | 6 | 10 | 14 | 18 | 22 | 26 | 30
+
1| 11
tomm—t o+t +
| 34 | 38

Type: ContinuedFraction Integer
These are the rational number convergents.

ccf := convergents cf
6 61 860 15541 342762 8927353 268163352 9126481321

[O)1,_1__3____’_____)______3__ _)_ ___)_ _____ 3"']

7 71 1001 18089 398959 10391023 312129649 10622799089
Type: Stream Fraction Integer

You can get rational convergents for e by multiplying by 2 and adding 1.

eConvergents := [2%e + 1 for e in ccf]
19 193 2721 49171 1084483 28245729 848456353 28875761731

7 71 1001 18089 398959 10391023 312129649 10622799089
Type: Stream Fraction Integer

You can also compute the floating point approximations to these convergents.

eConvergents :: Stream Float
[1.0, 3.0, 2.7142857142 857142857, 2.7183098591 549295775,
2.7182817182 817182817, 2.7182818287 356957267, 2.7182818284 585634113,
2.7182818284 590458514, 2.7182818284 590452348, 2.7182818284 590452354,
..

Type: Stream Float
Compare this to the value of e computed by the exp operation in Float.
exp 1.0
2.7182818284 590452354
Type: Float

In about 1658, Lord Brouncker established the following expansion
for 4 / pi,

429
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Let’s use this expansion to compute rational and floating point
approximations for pi.

cf := continuedFraction(1l,[(2*i+1)**2 for i in 0..],repeating [2])
1 9 | 25 | 49 | 81 | 121 | 169 | 225 |
1+ +=——+ + ===+ + +————+ + +————F + +————t + +————— + + - + + - +
| 2 | 2 | 2 | 2 | 2 I 2 | 2 I 2
+
289 | 361 |
N + + - + +
| 2 | 2

Type: ContinuedFraction Integer

ccf := convergents cf
3 15 105 315 3465 45045 45045 765765 14549535

2 13 76 263 2578 36979 33976 622637 11064338
Type: Stream Fraction Integer

piConvergents := [4/p for p in ccf]
8 52 304 1052 10312 147916 135904 2490548 44257352

3 15 105 315 3465 45045 45045 765765 14549535
Type: Stream Fraction Integer

As you can see, the values are converging to
pi = 3.14159265358979323846..., but not very quickly.

piConvergents :: Stream Float
[4.0, 2.6666666666 666666667, 3.4666666666 666666667,
2.8952380952 380952381, 3.3396825396 825396825, 2.9760461760 461760462,
3.2837384837 384837385, 3.0170718170 718170718, 3.2523659347 188758953,
3.0418396189 294022111, ...]
Type: Stream Float

You need not restrict yourself to continued fractions of integers.
Here is an expansion for a quotient of Gaussian integers.

continuedFraction((- 122 + 597*%i)/(4 - 4x*%i))
- 90 + 59%i + +-————-———- + + +
| 1 - 2% | -1+ 2%i

Type: ContinuedFraction Complex Integer

This is an expansion for a quotient of polynomials in one variable
with rational number coefficients.
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r : Fraction UnivariatePolynomial(x,Fraction Integer)
Type: Void
r=((x-1) % x-2)/ ((x=3) * (x-4))
2
x - 3x + 2
2

Type: Fraction UnivariatePolynomial(x,Fraction Integer)
continuedFraction r

1 | 1 I

| 1 9 | 16 40
| - x - -
| 4 8 | 3 3

Type: ContinuedFraction UnivariatePolynomial(x,Fraction Integer)

To conclude this section, we give you evidence that

is the expansion of sqrt(11).

[i*i for i in convergents(z) :: Stream Float]

[9.0, 11.1111111111 11111111, 10.9944598337 9501385, 11.0002777777 77777778,
10.9999860763 98799786, 11.0000006979 29731039, 10.9999999650 15834446,

11.0000000017 53603304, 10.9999999999 12099531, 11.0000000000 04406066,
..

Type: Stream Float

See Also:
o )help Stream
o )show ContinuedFraction
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CHAPTER 4.

4.11.1 ContinuedFraction (CONTFRAC)

CONTFRAC

Exports:
0 1
associates?
complete
denominators divide
euclideanSize
extendedEuclidean factor
gcdPolynomial hash
latex lem
numerators one?
partialNumerators
principalldeal recip
reducedForm sample
squareFree
unit?
wholePart zero?
TEXD +7
-7 ?/7?
777 77=7
7rem?

)abbrev domain CONTFRAC ContinuedFraction

++

++ Date Created: January 1987

++
++
++
++
++
++
++
++

characteristic
continuedFraction

expressldealMember

partialQuotients

squareFreePart
unitCanonical

approximants

coerce

convergents

extend

exquo

ged

inv

multiEuclidean
partialDenominators
prime?
reducedContinuedFraction
sizeLess?
subtractIfCan
unitNormal

7*7?

?-7

?7="7

?quo?

— domain CONTFRAC ContinuedFraction —

Author: Stephen M. Watt

Change History:
11 April 1990

7 October 1991 -- SMW: Treat whole part specially.

Basic Operations:
(Field), (Algebra),

CHAPTER C

Added comments.

approximants, complete, continuedFraction, convergents, denominators,
extend, numerators, partialDenominators, partialNumerators,
partialQuotients, reducedContinuedFraction, reducedForm, wholePart



4.11. DOMAIN CONTFRAC CONTINUEDFRACTION 433

++
++
++
++
++
++
++
++
++
++
++
++
++
++

Co

Related Constructors:
Also See: Fraction

AMS Classifications: 11A55 11J70 11K50 11Y65 30B70 40A15
Keywords: continued fraction, convergent

References:

Description:

\spadtype{ContinuedFraction} implements general

continued fractions. This version is not restricted to simple,
finite fractions and uses the \spadtype{Stream} as a
representation. The arithmetic functions assume that the
approximants alternate below/above the convergence point.

This is enforced by ensuring the partial numerators and partial

denominators are greater than O in the Euclidean domain view of \spad{R}
(i.e. \spad{sizeLess?(0, x)}).
ntinuedFraction(R): Exports == Implementation where
R : EuclideanDomain
Q ==> Fraction R
MT ==> MoebiusTransform Q
0UT ==> OutputForm

Exports ==> Join(Algebra R,Algebra Q,Field) with
continuedFraction: Q> %
++ continuedFraction(r) converts the fraction \spadvar{r} with
++ components of type \spad{R} to a continued fraction over
++ \spad{R}.

continuedFraction: (R, Stream R, Stream R) -> %
++ continuedFraction(b0O,a,b) constructs a continued fraction in
++ the following way: if \spad{a = [al,a2,...]} and \spad{b =
++ [b1,b2,...]} then the result is the continued fraction
++ \spad{b0 + a1/(bl + a2/(b2 + ...))}.

reducedContinuedFraction: (R, Stream R) -> %
++ reducedContinuedFraction(b0,b) constructs a continued
++ fraction in the following way: if \spad{b = [b1,b2,...]}
++ then the result is the continued fraction \spad{bO + 1/(bl +
++ 1/(b2 + ...))}. That is, the result is the same as
++ \spad{continuedFraction(bO, [1,1,1,...],[b1,b2,b3,...1)}.

partialNumerators: % —> Stream R
++ partialNumerators(x) extracts the numerators in \spadvar{x}.
++ That is, if \spad{x = continuedFraction(b0O, [al,a2,a3,...],
++ [b1,b2,b3,...1)}, then \spad{partialNumerators(x) =
++ [al,a2,a3,...]1}.

partialDenominators: % -> Stream R
++ partialDenominators(x) extracts the denominators in
++ \spadvar{x}. That is, if \spad{x = continuedFraction(bO,
++ [al,a2,a3,...], [b1,b2,b3,...]1)}, then
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++ \spad{partialDenominators(x) = [b1l,b2,b3,...]}.

partialQuotients: % —> Stream R
++ partialQuotients(x) extracts the partial quotients in
++ \spadvar{x}. That is, if \spad{x = continuedFraction(bO,
++ [al,a2,a3,...], [b1,b2,b3,...]1)}, then
++ \spad{partialQuotients(x) = [b0,bl1,b2,b3,...]1}.

wholePart: % -> R
++ wholePart(x) extracts the whole part of \spadvar{x}. That
++ is, if \spad{x = continuedFraction(bO, [al,a2,a3,...],

++ [b1,b2,b3,...]1)}, then \spad{wholePart(x) = bO}.

reducedForm: h=> %
++ reducedForm(x) puts the continued fraction \spadvar{x} in
++ reduced form, i.e. the function returns an equivalent
++ continued fraction of the form
++ \spad{continuedFraction(bO,[1,1,1,...],[b1,b2,b3,...]1)}.

approximants: % -> Stream Q
++ approximants(x) returns the stream of approximants of the
++ continued fraction \spadvar{x}. If the continued fraction is
++ finite, then the stream will be infinite and periodic with
++ period 1.

convergents: % -> Stream Q
++ convergents(x) returns the stream of the convergents of the
++ continued fraction \spadvar{x}. If the continued fraction is
++ finite, then the stream will be finite.

numerators: % -> Stream R
++ numerators(x) returns the stream of numerators of the
++ approximants of the continued fraction \spadvar{x}. If the
++ continued fraction is finite, then the stream will be finite.

denominators: % —-> Stream R
++ denominators(x) returns the stream of denominators of the
++ approximants of the continued fraction \spadvar{x}. If the
++ continued fraction is finite, then the stream will be finite.

extend: (%,Integer) -> %
++ extend(x,n) causes the first \spadvar{n} entries in the
++ continued fraction \spadvar{x} to be computed. Normally
++ entries are only computed as needed.

complete: h=>%
++ complete(x) causes all entries in \spadvar{x} to be computed.
++ Normally entries are only computed as needed. If \spadvar{x}
++ is an infinite continued fraction, a user-initiated interrupt is
++ necessary to stop the computation.
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Implementation ==> add

-- isOrdered ==> R is Integer
isOrdered ==> R has OrderedRing and R has multiplicativeValuation
canReduce? ==> isOrdered or R has additiveValuation

Rec ==> Record(num: R, den: R)
Str ==> Stream Rec

Rep := Record(value: Record(whole: R, fract: Str), reduced?: Boolean)
import Str

genFromSequence: Stream Q -> %

genReducedForm: (Q, Stream Q, MT) -> Stream Rec
genFractionA: (Stream R,Stream R) -> Stream Rec
genFractionB: (Stream R,Stream R) -> Stream Rec
genNumDen: (R,R, Stream Rec) -> Stream R
genApproximants: (R,R,R,R,Stream Rec) -> Stream Q
genConvergents: (R,R,R,R,Stream Rec) -> Stream Q
iGenApproximants: (R,R,R,R,Stream Rec) -> Stream Q
iGenConvergents: (R,R,R,R,Stream Rec) -> Stream Q
reducedForm ==

c.reduced? => c
explicitlyFinite? c.value.fract =>
continuedFraction last complete convergents c
canReduce? => genFromSequence approximants c
error "Reduced form not defined for this continued fraction."

eucWhole(a: Q): R == numer a quo denom a

eucWholeO(a: Q): R ==
isOrdered =>

n := numer a

d := denom a

q :=nquod

r :=n - gxd

if r < 0 then q :=q -1
q

eucWhole a

x =y ==
x := reducedForm x
y := reducedForm y
x.value.whole "= y.value.whole => false

x1 := x.value.fract; yl := y.value.fract
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while not empty? x1 and not empty? yl repeat
frst.xl.den "= frst.yl.den => return false
x1 :=rst x1; yl := rst yl

empty? x1 and empty? yl

continuedFraction q == q :: %

if isOrdered then
continuedFraction(wh,nums,dens) == [[wh,genFractionA(nums,dens)],false]

genFractionA (nums,dens) ==
empty? nums or empty? dens => empty()
n := frst nums
d := frst dens
n < 0 => error "Numerators must be greater than 0."
d < 0 => error "Denominators must be greater than 0."
concat([n,d]$Rec, delay genFractionA(rst nums,rst dens))

else
continuedFraction(wh,nums,dens) == [[wh,genFractionB(nums,dens)],false]

genFractionB(nums,dens) ==
empty? nums or empty? dens => empty()
n := frst nums
d := frst dens
concat([n,d]$Rec, delay genFractionB(rst nums,rst dens))

reducedContinuedFraction(wh,dens) ==
continuedFraction(wh, repeating [1], dens)

coerce(n:Integer):% == [[n::R,empty()], truel
coerce(r:R):% == [[r, empty ()], truel

coerce(a: Q): % ==
wh := eucWholeO a
fr := a - wh::Q
zero? fr => [[wh, empty()], true]

1 : List Rec := empty()
n := numer fr

d := denom fr

while not zero? d repeat

gr := divide(n,d)

1 := concat([1l,gr.quotient],l1)
n :=d

d := gr.remainder

[[wh, construct rest reverse_! 1], true]

characteristic() == characteristic()$Q
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genFromSequence apps ==
lo := first apps; apps := rst apps
hi := first apps; apps := rst apps
while eucWholeO lo "= eucWholeO hi repeat
lo := first apps; apps := rst apps
hi := first apps; apps := rst apps
wh := eucWholeO lo
[[wh, genReducedForm(wh::Q, apps, moebius(1,0,0,1))], canReduce?]

genReducedForm(whO, apps, mt) ==
lo: Q := first apps - whO; apps := rst apps
hi: Q := first apps - whO; apps := rst apps
lo = hi and zero? eval(mt, lo) => empty()

mt := recip mt

wlo := eucWhole eval(mt, lo)
whi := eucWhole eval(mt, hi)
while wlo "= whi repeat

wlo := eucWhole eval(mt, first apps - whO); apps := rst apps
whi := eucWhole eval(mt, first apps - whO); apps := rst apps
concat([1,wlo], delay genReducedForm(whO, apps, shift(mt, -wlo::Q)))

wholePart c ==

c.value.whole
partialNumerators c ==

map (x1+->x1.num, c.value.fract)$StreamFunctions2(Rec,R)
partialDenominators ==

map(xl1+->x1.den, c.value.fract)$StreamFunctions2(Rec,R)
partialQuotients c ==

concat(c.value.whole, partialDenominators c)

approximants c ==
empty? c.value.fract => repeating [c.value.whole::Q]
genApproximants(1,0,c.value.whole,1,c.value.fract)
convergents c ==
empty? c.value.fract => concat(c.value.whole::Q, empty())
genConvergents (1,0,c.value.whole,1,c.value.fract)
numerators c ==
empty? c.value.fract => concat(c.value.whole, empty())
genNumDen (1, c.value.whole,c.value.fract)
denominators ==
genNumDen (0,1,c.value.fract)

extend(x,n) == (extend(x.value.fract,n); x)
complete(x) == (complete(x.value.fract); x)

iGenApproximants (pm2,qm2,pml,qmi,fr) == delay
nd := frst fr
pm := nd.num*pm2 + nd.den*pml
gm := nd.num*gm2 + nd.den*qml
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genApproximants (pml,qml,pm,qm,rst fr)

genApproximants (pm2,qm2,pml,qml,fr) ==
empty? fr => repeating [pml1/qmi]
concat (pml1/qmi, iGenApproximants (pm2,qm2,pml,qml,fr))

iGenConvergents (pm2,qm2,pml,qml,fr) == delay
nd := frst fr
pm := nd.num*pm2 + nd.den*pml
gm := nd.num*qm2 + nd.den*gml
genConvergents (pmi,qmi,pm,qm,rst fr)

genConvergents (pm2,qm2,pml,qml,fr) ==
empty? fr => concat(pml/qmi, empty())
concat (pm1/qml,iGenConvergents (pm2,qm2,pml,qml,fr))

genNumDen (m2,m1,fr) ==
empty? fr => concat(ml,empty())
concat(ml,delay genNumDen(ml,m2*frst(fr).num + mi*frst(fr).den,rst fr))

gen ==> genFromSequence
apx ==> approximants

c, d: %

a: R

q: Q

n: Integer

0 == (O$R) :: %

1 == (1$R) :: %

c +d == genFromSequence map((x,y) +-> x + y, apx c, apx d)

c - d == genFromSequence map((x,y) +-> x - y, apx c, rest apx d)
-c == genFromSequence map(x +-> - x, rest apx c)

c * d == genFromSequence map((x,y) +-> x * y, apx c, apx d)

a *xd == genFromSequence map(x +-> a * x, apx d)

q * d == genFromSequence map(x +-> q * x, apx d)

n * d == genFromSequence map(x +-> n * x, apx d)

c / d == genFromSequence map((x,y) +-> x / y, apx c, rest apx d)
recip ¢ ==(c = 0 => "failed";
genFromSequence map(x +-> 1/x, rest apx c))

showAll?: () -> Boolean

showAl1?7() ==
NULL (_$streamsShowAll$Lisp) $Lisp => false
true

zagRec(t:Rec) :0UT == zag(t.num :: OUT,t.den :: OUT)

coerce(c:%): OUT ==
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wh := c.value.whole
fr := c.value.fract
empty? fr => wh :: OUT
count : NonNegativeInteger := _$streamCount$Lisp
1 : List OUT := empty()
for n in 1..count while not empty? fr repeat
1 := concat(zagRec frst fr,1)
fr := rst fr
if showAll?() then
for n in (count + 1).. while explicitEntries? fr repeat

1 := concat(zagRec frst fr,1)

fr := rst fr
if not explicitlyEmpty? fr then 1 := concat("..." :: OUT,1)
1l := reverse_! 1

reduce("+",1)
zero? wh => e
(wh :: OUT) + e

e

— CONTFRAC.dotabb —

"CONTFRAC" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=CONTFRAC"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"CONTFRAC" -> "PFECAT"
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Chapter 5

Chapter D

5.1 domain DBASE Database

— Database.input —

)set break resume

)sys rm -f Database.output
)spool Database.output
)set message test on

)set message auto off
)clear all

--S 1 of 1
)show Database

--R Database(S) where
--R S: OrderedSet with

--R ?.?7 : (%,Symbol) -> String
--R display : % -> Void
--R fullDisplay : % -> Void is a domain constructor

--R Abbreviation for Database is DBASE
--R This constructor is exposed in this frame.
--R Issue )edit bookvol10.3.pamphlet to see algebra source code for DBASE

--R—-————- Operations ittt
=R 747 : (%R —> % ?7-7 0 (hR) > %

--R ?=7 : (%,%) -> Boolean coerce : List(S) -> ¥

--R coerce : % -> OutputForm display : % -> Void

--R 7.7 : (%,QueryEquation) -> ¥ fullDisplay : % -> Void

--R hash : ), -> SingleInteger latex : % -> String

--R ?7=? : (%,%) -> Boolean
--R 7.7 : (%,Symbol) -> DataList(String)

441
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--R fullDisplay : (%,PositiveInteger,PositiveInteger) -> Void
--R
--E 1

)spool
)1lisp (bye)

— Database.help —

Database examples

See Also:
o )show Database

5.1.1 Database (DBASE)

DBASE

See

= “DataList” (DLIST) 6221 on page B4
= “IndexCard” (ICARD) 20 on page 163
= “QueryEquation” (QEQUAT) IXZ on page PT343

Exports:
coerce display fullDisplay hash latex
747 ?-7 7=7 =7 7.7

— domain DBASE Database —

)abbrev domain DBASE Database
++ Author: Mark Botch
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++ Description:
++ This domain implements a simple view of a database whose fields are
++ indexed by symbols

Database(S): Exports == Implementation where
S: OrderedSet with
elt: (%,Symbol) -> String
++ elt(x,s) returns an element of x indexed by s
display: % -> Void
++ display(x) displays x in some form
fullDisplay: % -> Void
++ fullDisplay(x) displays x in detail
Exports == SetCategory with
elt: (%,QueryEquation) -> %
++ elt(db,q) returns all elements of \axiom{db} which satisfy \axiom{q}.
elt: (%,Symbol) -> Datalist String
++ elt(db,s) returns the \axiom{s} field of each element of \axiom{db}.
(K% > %
++ dbl+db2 returns the merge of databases dbl and db2
= %) > %
++ dbl-db2 returns the difference of databases dbl and db2 i.e. consisting
++ of elements in dbl but not in db2
coerce: List S -> 9
++ coerce(l) makes a database out of a list
display: % -> Void
++ display(db) prints a summary line for each entry in \axiom{dbl}.
fullDisplay: % -> Void
++ fullDisplay(db) prints full details of each entry in \axiom{db}.
fullDisplay: (%,PositivelInteger,PositiveInteger) -> Void
++ fullDisplay(db,start,end ) prints full details of entries in the range
++ \axiom{start..end} in \axiom{db}.
Implementation == List S add
s: Symbol
Rep := List S
coerce(u: List 8):% == u@}
elt(data: %,s: Symbol) == [x.s for x in data] :: DatalList(String)
elt(data: %,eq: QueryEquation) ==
field := variable eq
val := value eq
[x for x in data | stringMatches?(val,x.field)$Lisp]
x+y==removeDuplicates_! merge(x,y)
x-y==mergeDifference(copy(x: :Rep),y: :Rep) $MergeThing(S)

coerce(data): OutputForm == (#data):: OutputForm
display(data) == for x in data repeat display x
fullDisplay(data) == for x in data repeat fullDisplay x
fullDisplay(data,n,m) == for x in data for i in 1..m repeat

if i >= n then fullDisplay x
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— DBASE.dotabb —

"DBASE" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=DBASE"]
"STRICAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=STRICAT"]
"DBASE" -> "STRICAT"

5.2 domain DLIST Datalist

— DataList.input —

)set break resume

)sys rm -f Datalist.output
)spool Datalist.output
)set message test on

)set message auto off
)clear all

--S 1 of 1

)show DataList

--R

--R Datalist(S: OrderedSet) is a domain constructor

--R Abbreviation for DatalList is DLIST

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for DLIST
--R

--R-—- Sttt Operations --- -—= -
--R children : % -> List(%) coerce : % —-> List(S)

--R coerce : List(S) -> % concat : (%,S) -> %

--R concat : List(%) -> % concat : (S,%) —> %

--R concat : (%,%) > % concat! : (%,S) > %

--R concat! : (%,%) > % construct : List(S) —> %
--R copy : h > % cycleEntry : % —-> %

--R cycleTail : % -> % cyclic? : % -> Boolean

--R datalist : List(S) -> % delete : (%,Integer) —-> ¥
--R delete! : (%,Integer) -> % distance : (%,%) -> Integer
--R ?7.sort : (%,sort) -> % 7.unique : (%,unique) -> %
--R elt : (%,Integer,S) -> S 7.7 : (%,Integer) -> S

--R ?.last : (%,last) -> S ?.rest : (%h,rest) > %

--R ?7.first : (%,first) -> S ?.value : (%,value) -> S
--R empty : O > % empty? : % -> Boolean

--R entries : % -> List(S) eq? : (%,%) —-> Boolean

--R explicitlyFinite? : % -> Boolean first : % -> S

--R index? : (Integer,%) -> Boolean indices : % -> List(Integer)
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insert : (8,%,Integer) -> Y insert : (%,%,Integer) -> %
insert! : (8,%,Integer) -> % insert! : (%,%,Integer) -> %
last : % -> S leaf? : % -> Boolean

leaves : % —> List(S) list : S > %

map : (((S,S) -> S),%,%) -> % map : ((S8 -> 8),%) > %

new : (NonNegativelInteger,S) -> nodes : % -> List(%)
possiblyInfinite? : % -> Boolean qelt : (%,Integer) -> S

rest : % -> % reverse : % > %

sample : (O -> % second : % -> S

tail : % > % third : % -> S

value : % -> S

#7 : 7% -> NonNegativeInteger if $ has finiteAggregate
7<? : (%,%) —> Boolean if S has ORDSET

?<=? : (%,%) —> Boolean if S has ORDSET

?=? : (%,%) —-> Boolean if S has SETCAT

?>?7 : (%,%) —> Boolean if S has ORDSET

?>=? : (%,%) —> Boolean if S has ORDSET

any? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate
child? : (%,%) —> Boolean if S has SETCAT

coerce : % -> OutputForm if S has SETCAT

convert : % -> InputForm if S has KONVERT (INFORM)
copyInto! : (%,%,Integer) -> % if $ has shallowlyMutable

count : (8,%) -> NonNegativeInteger if $ has finiteAggregate and S has SETCAT
count : ((S -> Boolean),’%) -> NonNegativelnteger if $ has finiteAggregate

cycleLength : % -> NonNegativelnteger

cycleSplit! : % -> % if $ has shallowlyMutable

delete : (%,UniversalSegment(Integer)) ->

delete! : (%,UniversalSegment(Integer)) -> %

?.count : (%,count) -> NonNegativelInteger

7.7 : (%,UniversalSegment (Integer)) -> %

entry? : (S,%) —-> Boolean if $ has finiteAggregate and S has SETCAT
eval : (%,List(S),List(8)) -> % if S has EVALAB(S) and S has SETCAT
eval : (%,S,8) -> % if S has EVALAB(S) and S has SETCAT

eval : (%,Equation(S)) -> % if S has EVALAB(S) and S has SETCAT
eval : (},List(Equation(8))) -> % if S has EVALAB(S) and S has SETCAT
every? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate
£i11! : (%,S) -> % if $ has shallowlyMutable

find : ((S -> Boolean),%) -> Union(S,"failed")

first : (J%,NonNegativeInteger) -> Y

hash : , -> SingleInteger if S has SETCAT

last : (%,NonNegativelnteger) -> %

latex : % -> String if S has SETCAT

less? : (%,NonNegativeInteger) -> Boolean

map! : ((8 -> 8),%) -> % if $ has shallowlyMutable

max : (%,%) -> % if S has ORDSET

maxIndex : % -> Integer if Integer has ORDSET

member? : (S,%) -> Boolean if $ has finiteAggregate and S has SETCAT
members : % -> List(S) if $ has finiteAggregate

merge : (((8,8) -> Boolean),%,%) -> %

merge : (%,%) —-> % if S has ORDSET
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--R merge! : (((S,S) -> Boolean),%,%) -> %

--R merge! : (%,%) -> % if S has ORDSET

--R min : (%,%) -> % if S has ORDSET

--R minIndex : % -> Integer if Integer has ORDSET

--R more? : (%,NonNegativeInteger) -> Boolean

--R node? : (%,%) —-> Boolean if S has SETCAT

--R parts : % -> List(S) if $ has finiteAggregate

--R position : ((S -> Boolean),%) -> Integer

--R position : (S,%) -> Integer if S has SETCAT

--R position : (S,%,Integer) -> Integer if S has SETCAT

--R gsetelt! : (%,Integer,3) -> S if $ has shallowlyMutable

--R reduce : (((S,S) -> S),%,S,S) -> S if $ has finiteAggregate and S has SETCAT
--R reduce : (((S,S) -> S),%,S) -> S if $ has finiteAggregate

--R reduce : (((S,8) -> 8),%) -> S if $ has finiteAggregate

--R remove : (S,%) -> % if $ has finiteAggregate and S has SETCAT
--R remove : ((S -> Boolean),%) -> % if $ has finiteAggregate

--R remove! : ((S -> Boolean),%) -> %

--R remove! : (8,%) -> % if S has SETCAT

--R removeDuplicates : % -> % if $ has finiteAggregate and S has SETCAT
--R removeDuplicates! : % -> % if S has SETCAT

--R rest : (%,NonNegativeInteger) -> 7%

--R reverse! : % -> % if $ has shallowlyMutable

--R select : ((S -> Boolean),%) -> % if $ has finiteAggregate

--R select! : ((S -> Boolean),%) —-> %

--R setchildren! : (%,List(%)) -> % if $ has shallowlyMutable

--R setelt : (%,Integer,S) -> S if $ has shallowlyMutable

--R setelt : (%,UniversalSegment(Integer),S) -> S if $ has shallowlyMutable
--R setelt : (%,last,S) -> S if $ has shallowlyMutable

--R setelt : (%,rest,%) -> % if $ has shallowlyMutable

--R setelt : (%,first,S) -> S if $ has shallowlyMutable

--R setelt : (%,value,S) -> S if $ has shallowlyMutable

--R setfirst! : (%,8) -> S if $ has shallowlyMutable

--R setlast! : (%,S) -> S if $ has shallowlyMutable

--R setrest! : (%,%) -> % if $ has shallowlyMutable

--R setvalue! : (%,8) -> S if $ has shallowlyMutable

--R size? : (%,NonNegativeInteger) -> Boolean

--R sort : (((S,S) -> Boolean),%) -> %

--R sort : % -> % if S has ORDSET

--R sort! : (((S,8) -> Boolean),%) -> % if $ has shallowlyMutable
--R sort! : % -> % if $ has shallowlyMutable and S has ORDSET

--R sorted? : (((8,S) -> Boolean),’) -> Boolean

--R sorted? : % -> Boolean if S has ORDSET

--R split! : (%,Integer) -> ¥ if $ has shallowlyMutable

--R swap! : (%,Integer,Integer) -> Void if $ has shallowlyMutable
--R 77=? : (%,%h) —> Boolean if S has SETCAT

) spool
)1lisp (bye)
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— DataList.help —

DatalList examples

See Also:
o )show DatalList

5.2.1 DataList (DLIST)

DLIST

See

= “IndexCard” (ICARD) I on page 63
= “Database” (DBASE) 511 on page £42
= “QueryEquation” (QEQUAT) IXZT on page PT343
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Exports:
any?
concat
copy
cycleLength
datalist
elt
entry?
explicitlyFinite?
hash
insert!
leaves
map!
members
minIndex
nodes
qelt
remove!
reverse
select
setfirst!
size?
split!
value
7="
77="
?.last

child?
concat!
copyInto!
cycleSplit!
delete
empty
eq?

fill!
index?
last

less?
max
merge
more?
parts
gsetelt!
removeDuplicates
reverse!
select!
setlast!
sort
swap!

#7?

7>7
?.count
?.rest

children
construct
count
cycleTail
delete!
empty?
eval

find
indices
latex

list
maxIndex
merge!
new
position
reduce
removeDuplicates!
sample
setchildren!
setrest!
sort!

tail

7<?
7>=7
?.sort

? first

— domain DLIST DataList —

)abbrev domain DLIST Datalist
++ Author: Mark Botch

++ Description:

++ This domain provides some nice functions on lists

DataList (S:0rderedSet)

: Exports ==

Exports == ListAggregate(S) with

coerce: List S -> 9
++ coerce(l) creates a datalist from 1
coerce: % -> List S
++ coerce(x) returns the list of elements in x
datalist: List S -> ¥
++ datalist(l) creates a datalist from 1

elt:

(%,"unique") -> %

Implementation where

CHAPTER 5. CHAPTER D

coerce
convert
cycleEntry
cyclic?
distance
entries
every?

first

insert

leaf?

map
member?
min

node?
possiblyInfinite?
remove
rest

second
setelt
setvalue!
sorted?
third
7<=7

7.7
?7.unique
?.value

++ \axiom{l.unique} returns \axiom{l} with duplicates removed.
++ Note: \axiom{l.unique = removeDuplicates(l)}.

elt:

(h,"sort") -> 9%

++ \axiom{l.sort} returns \axiom{l} with elements sorted.
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++ Note: \axiom{l.sort = sort(1)}
elt: (%,"count") -> NonNegativelnteger
++ \axiom{l."count"} returns the number of elements in \axiom{1l}.
Implementation == List(S) add

elt(x,"unique") == removeDuplicates(x)

elt(x,"sort") == sort(x)

elt(x,"count") == #x

coerce(x:List S) == x pretend %

coerce(x:%):List S == x pretend (List S)

coerce(x:%): OutputForm == (x :: List S) :: OutputForm
datalist(x:List 8) == x::%

— DLIST.dotabb —

"DLIST" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=DLIST"]
"FLAGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FLAGG"]
"DLIST" -> "FLAGG"

5.3 domain DECIMAL DecimalExpansion

— DecimalExpansion.input —

)set break resume

)sys rm -f DecimalExpansion.output
)spool DecimalExpansion.output
)set message test on

)set message auto off

)Jclear all

=S 1 o0f 7

r := decimal(22/7)

--R

--R

__R ______

--R (1) 3.142857

--R Type: DecimalExpansion
--E 1

=S 2 o0f 7

r + decimal(6/7)
--R

449
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--R Type: DecimalExpansion

--S 3 o0f7
[decimal(1/i) for i in 350..354]

--R  (3)

--R [0.00285714, 0.002849, 0.0028409, 0.00283286118980169971671388101983,

--R 0.00282485875706214689265536723163841807909604519774011299435]
--R Type: List(DecimalExpansion)

-S4 o0f 7
decimal (1/2049)

--R (@)

--R OVERBAR

--R 00048804294777940458760370912640312347486578818936066373840897999023914
--R 104441190824792581747193753050268423621278672523182040019521717911176
--R 183504148365056124938994631527574426549536359199609565641776476329917
--R 032698877501220107369448511469009272816007808687164470473401659346022
--R 449975597852611029770619814543679843826256710590531966813079551

--R Type: DecimalExpansion

--S 5 o0f 7
p := decimal(1/4)*x**2 + decimal(2/3)*x + decimal(4/9)

--R 2 - -
--R (5) 0.25x + 0.6x + 0.4
--R Type: Polynomial (DecimalExpansion)

--S 6 of 7
q := differentiate(p, x)

--R (6) 0.5x + 0.6
--R Type: Polynomial (DecimalExpansion)
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-8 7 of 7
g := gcd(p, Q)

--R (M x+ 1.3

--R Type: Polynomial(DecimalExpansion)
--E 7

) spool

)1lisp (bye)

— DecimalExpansion.help —

DecimalExpansion examples

All rationals have repeating decimal expansions. Operations to access
the individual digits of a decimal expansion can be obtained by
converting the value to RadixExpansion(10).

The operation decimal is used to create this expansion of type
DecimalExpansion.

r := decimal(22/7)

3.142857
Type: DecimalExpansion

Arithmetic is exact.
r + decimal(6/7)
4
Type: DecimalExpansion

The period of the expansion can be short or long ...

[decimal(1/i) for i in 350..354]

[0.00285714, 0.002849, 0.0028409, 0.00283286118980169971671388101983,

0.00282485875706214689265536723163841807909604519774011299435]
Type: List DecimalExpansion

or very long.

decimal (1/2049)
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104441190824792581747193753050268423621278672523182040019521717911176

183504148365056124938994631527574426549536359199609565641776476329917

032698877501220107369448511469009272816007808687164470473401659346022

449975597852611029770619814543679843826256710590531966813079551
Type: DecimalExpansion

These numbers are bona fide algebraic objects.

p := decimal(1/4)*x**2 + decimal(2/3)*x + decimal(4/9)
2 - -
0.26x + 0.6x + 0.4
Type: Polynomial DecimalExpansion

q := differentiate(p, x)

0.5x + 0.6
Type: Polynomial DecimalExpansion

g = gcd(p, Q)

Type: Polynomial DecimalExpansion

See Also:

o )help RadixExpansion

o )help BinaryExpansion

o )help HexadecimalExpansion
o )show DecimalExpansion
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5.3.1 DecimalExpansion (DECIMAL)

DECIMAL

See

= “RadixExpansion” (RADIX) 921 on page EI71
= “BinaryExpansion” (BINARY) BT on page E74

453

= “HexadecimalExpansion” (HEXADEC) B3 on page 112

Exports:
0
associates?
charthRoot
convert
denom
divide
expressldealMember
factor
floor
gcdPolynomial
inv
map
multiEuclidean
numer
patternMatch
principalldeal
reducedSystem
sample
solveLinearPolynomialEquation
squareFreePolynomial
unitCanonical
zero?
747
?/?
77="
7>7
?7quo?

1

ceiling

coerce

D
denominator
euclideanSize
exquo

factorPolynomial

fractionPart
hash

latex

max
negative?
numerator
positive?
random
retract

sign
squareFree
subtractIfCan
unitNormal
7%

?7-7

7=7

7<?

7>=7

Trem?

abs
characteristic
conditionP
decimal
differentiate
eval
extendedEuclidean
factorSquareFreePolynomial
ged

init

lem

min

nextltem

one?

prime?

recip
retractIfCan
sizeLess?
squareFreePart
unit?
wholePart

PR

-7

777

7<=7

7.7
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— domain DECIMAL DecimalExpansion —

)abbrev domain DECIMAL DecimalExpansion

++ Author: Stephen M. Watt

++ Date Created: October, 1986

++ Date Last Updated: May 15, 1991

++ Basic Operations:

++ Related Domains: RadixExpansion

++ Also See:

++ AMS Classifications:

++ Keywords: radix, base, repeating decimal
++ Examples:

++ References:

++ Description:

++ This domain allows rational numbers to be presented as repeating
++ decimal expansions.

DecimalExpansion(): Exports == Implementation where
Exports ==> QuotientFieldCategory(Integer) with
coerce: % —-> Fraction Integer
++ coerce(d) converts a decimal expansion to a rational number.
coerce: % —-> RadixExpansion(10)
++ coerce(d) converts a decimal expansion to a radix expansion
++ with base 10.
fractionPart: % -> Fraction Integer
++ fractionPart(d) returns the fractional part of a decimal expansion.
decimal: Fraction Integer ->
++ decimal(r) converts a rational number to a decimal expansion.

Implementation ==> RadixExpansion(10) add

decimal r == 1 :: %
coerce(x:%): RadixExpansion(10) == x pretend RadixExpansion(10)
— DECIMAL.dotabb —

"DECIMAL" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=DECIMAL"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"DECIMAL" -> "PFECAT"
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5.4 Denavit-Hartenberg Matrices

5.4.1 Homogeneous Transformations

The study of robot manipulation is concerned with the relationship between objects, and
between objects and manipulators. In this chapter we will develop the representation nec-
essary to describe these relationships. Similar problems of representation have already been
solved in the field of computer graphics, where the relationship between objects must also be
described. Homogeneous transformations are used in this field and in computer vision [Duda]
[Robserts63] [Roberts65]. These transformations were employed by Denavit to describe link-
ages [Denavit] and are now used to describe manipulators [Pieper] [Paul72] [Paul77b].

We will first establish notation for vectors and planes and then introduce transformations
on them. These transformations consist primarily of translation and rotation. We will
then show that these transformations can also be considered as coordinate frames in which
to represent objects, including the manipulator. The inverse transformation will then be
introduced. A later section describes the general rotation transformation representing a
rotation about a vector. An algorithm is then described to find the equivalent axis and angle
of rotations represented by any given transformation. A brief section on stretching and
scaling transforms is included together with a section on the perspective transformation.
The chapter concludes with a section on transformation equations.

5.4.2 Notation

In describing the relationship between objects we will make use of point vectors, planes, and
coordinate frames. Point vectors are denoted by lower case, bold face characters. Planes are
denoted by script characters, and coordinate frames by upper case, bold face characters. For
example:

vectors v, x1, x
planes P, Q
coordinate frames I, A, CONV

We will use point vectors, planes, and coordinate frames as variables which have associated
values. For example, a point vector has as value its three Cartesian coordinate components.

If we wish to describe a point in space, which we will call p, with respect to a coordinate
frame E, we will use a vector which we will call v. We will write this as

Ev

The leading superscript describes the defining coordinate frame.

We might also wish to describe this same point, p, with respect to a different coordinate
frame, for example H, using a vector w as
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v and w are two vectors which probably have different component values and v # w even
though both vectors describe the same point p. The case might also exist of a vector a
describing a point 3 inches above any frame

1 2
Fa Fa

In this case the vectors are identical but describe different points. Frequently, the defining
frame will be obvious from the text and the superscripts will be left off. In many cases the
name of the vector will be the same as the name of the object described, for example, the
tip of a pin might be described by a vector tip with respect to a frame BASE as

BASEtip

If it were obvious from the text that we were describing the vector with respect to BASE
then we might simply write

tip
If we also wish to describe this point with respect to another coordinate frame say, HAND,
then we must use another vector to describe this relationship, for example

HANDtV

HANDty and tip both describe the same feature but have different values. In order to refer
to individual components of coordinate frames, point vectors, or planes, we add subscripts

to indicate the particular component. For example, the vector 74NPtv has components
HAND HAND HAND
tvy, tvy, tv,.

5.4.3 Vectors

The homogeneous coordinate representation of objects in n-space is an (n 4 1)-space entity
such that a particular perspective projection recreates the n-space. This can also be viewed
as the addition of an extra coordinate to each vector, a scale factor, such that the vector has
the same meaning if each component, including the scale factor, is multiplied by a constant.

A point vector

v =ai+bj+ck (1.1)

where i, j, and k are unit vectors along the z, y, and z coordinate axes, respectively, is
represented in homogeneous coordinates as a column matrix

(1.2)

S N< M
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where

a=x/w
b=y/w (1.3)
c=1z/w

Thus the vector 3i + 4j + 5k can be represented as [3,4,5,1]T or as [6,8,10,2]T or again
as [—30, —40, —50, —10]T, etc. The superscript T indicates the transpose of the row vector
into a column vector. The vector at the origin, the null vector, is represented as [0,0,0,n]"
where n is any non-zero scale factor. The vector [0, 0,0,0]" is undefined. Vectors of the form
[a,b,c,0]T represent vectors at infinity and are used to represent directions; the addition of
any other finite vector does not change their value in any way.

We will also make use of the vector dot and cross products. Given two vectors

a=azi+a,j+ak (1.4)
b="0b,i+0b,j+0b.k

W

we define the vector dot product, indicated by as

a-b=uayb; + ayb, +a.b, (1.5)

“ ”

The dot product of two vectors is a scalar. The cross product, indicated by an “x”, is another
vector perpendicular to the plane formed by the vectors of the product and is defined by

axb=(ayb, —a.by)i+ (aby — azb.)j + (azby — ayby )k (1.6)

This definition is easily remembered as the expansion of the determinant

i j k
axb=|a, ay a. (1.7)
by by b,
5.4.4 Planes
A plane is represented as a row matrix
P=[a,b,c,d] (1.8)

such that if a point v lies in a plane P the matrix product

Pv=0 (1.9)
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or in expanded form

ra+yb+zc+wd =0 (1.10)
If we define a constant
m=-+va?+b2+c? (1.11)
and divide Equation 1.10 by wm we obtain
b d
re y¥o0 _ ¢ __¢ (1.12)
wm  wm  wm m

The left hand side of Equation 1.12 is the vector dot product of two vectors (x/w)i +
(y/w)j + (z/w)k and (a/m)i+ (b/m)j + (¢/m)k and represents the directed distance of the
point (z/w)i+ (y/w)j + (z/w)k along the vector

(a/m)i + (b/m)j + (¢/m)k. The vector (a/m)i + (b/m)j + (¢/m)k can be interpreted as
the outward pointing normal of a plane situated a distance —d/m from the origin in the
direction of the normal. Thus a plane P parallel to the x,y plane, one unit along the z axis,
is represented as

P=10,0,1, 1] (1.13)
oras P=][0,0,2,—2] (1.14)
oras P=[0,0,—100,100] (1.15)

A point v = [10, 20, 1, 1] should lie in this plane

10
0,0, —100, 100] 210 -0 (1.16)
1
or
-5
[0,0,1,—1] :1g =0 (1.17)
5
The point v = [0,0, 2, 1] lies above the plane
0
0,0,2,—2] g =2 (1.18)
1
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and P v is indeed positive, indicating that the point is outside the plane in the direction of
the outward pointing normal. A point v = [0, 0,0, 1] lies below the plane

[0,0,1,—1]

0
0
ol =-1 (1.19)
1

The plane [0, 0,0, 0] is undefined.

5.4.5 Transformations
A transformation of the space H is a 4x4 matrix and can represent translation, rotation,

stretching, and perspective transformations. Given a point u, its transformation v is repre-
sented by the matrix product

v = Hu (1.20)
The corresponding plane transformation P to Q is
O=PH! (1.21)
as we requre that the condition

Qv=Pu (1.22)

is invariant under all transformations. To verify this we substitute from Equations 1.20 and
1.21 into the left hand side of 1.22 and we obtain on the right hand side H~*H which is the
identity matrix I

PH 'Hu=Pu (1.23)

5.4.6 Translation Transformation

The transformation H corresponding to a translation by a vector ai + bj + ck is

1 0 0 a
H = Trans(a,b,c) = 8 (1) (1) i (1.24)
00 01

Given a vector u = [z,y, 2, w]" the transformed vector v is given by
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1 0 0 a T
B o1 0 by
H = Trans(a,b,c) = 00 1 o M (1.25)
0 0 0 1 w
x + aw z/w+a
_ly+bw | | y/w+d
Vo 2w | z/w+c (1.26)
w 1

The translation may also be interpreted as the addition of the two vectors (x/w)i+ (y/w)j+
(z/w)k and ai + bj + ck.

Every element of a transformation matrix may be multiplied by a non-zero constant without
changing the transformation, in the same manner as points and planes. Consider the vector
2i + 3j + 2k translated by, or added to

4i- 3j + 7k
6 1 00 4772
0 010 —3|]3
9l "o o 1 7|2 (1.27)
1 000 1411

If we multiply the transmation matrix elements by, say, -5, and the vector elements by 2, we
obtain

—60 -5 0 0 =20 4

0 0 -5 0 15 6
-9 |0 0 -5 =35 4 (1.28)
-10 0o 0 0 =5 2

which corresponds to the vector [6,0,9,1]T as before. The point [2,3,2,1] lies in the plane
[1,0,0,—2]

[1,0,0, —2] =0 (1.29)

N W N

The transformed point is, as we have already found, [6,0,9,1]T. We will now compute the
transformed plane. The inverse of the transform is

1 0 0 —4
010 3
00 1 -7
00 0 1
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and the transformed plane

1 0 0 —4
01 0 3
[100 —6]=[100 —2 00 1 -7 (1.30)
0 00 1
Once again the transformed point lies in the transformed plane
6
0
[LOO —6] 9| = 0 (1.31)
1

The general translation operation can be represented in Axiom as

— translate —

translate(x,y,z) ==

matrix(_
[[1,0,0,x],_
[0,1,0,y1,_
[0,0,1,z],_
[0,0,0,111)

5.4.7 Rotation Transformations

The transformations corresponding to rotations about the x, y, and z axes by an angle 6 are

1 0 0 0
0 cos —sinf 0
0 sinf cosf O
0 0 0 1

Rot(x, §) = (1.32)

Rotations can be described in Axiom as functions that return matrices. We can define a
function for each of the rotation matrices that correspond to the rotations about each axis.
Note that the sine and cosine functions in Axiom expect their argument to be in radians
rather than degrees. This conversion is

degrees *

d' =
raaians 180

The Axiom code for Rot(x, degree) is

— rotatex —
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rotatex(degree) ==
angle := degree * pi() / 180::R
cosAngle := cos(angle)
sinAngle := sin(angle)
matrix(_
L1, 0, 0, o1, _
[0, cosAngle, -sinAngle, 0], _
[0, sinAngle, cosAngle, 0], _

[o, 0, 0, 111)
cos) 0 sinf O
0 1 0 0
Rot(y, ) = —sin® 0 cos@ O (1.33)
0 0 0 1
The Axiom code for Rot(y, degree) is
— rotatey —
rotatey(degree) ==
angle := degree * pi() / 180::R
cosAngle := cos(angle)
sinAngle := sin(angle)
matrix(_
[[ cosAngle, O, sinAngle, 0], _
L 0, 1, 0, o], _
[-sinAngle, O, cosAngle, 0], _
L 0, 0, 0, 111)
cos —sind 0 0
sin# cos® 0 O
Rot(z,0) = 0 0 1 0 (1.34)
0 0 0 1

And the Axiom code for Rot(z, degree) is

— rotatez —

rotatez(degree) ==

angle := degree * pi() / 180::R
cosAngle := cos(angle)

sinAngle := sin(angle)

matrix(_
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[[cosAngle, -sinAngle, 0, 0], _
[sinAngle, cosAngle, 0, 0], _
[ 0, 0, 1, 01, _
[ o, 0, 0, 111)

Let us interpret these rotations by means of an example. Given a point u = 7i + 3j + 2k
what is the effect of rotating it 90° about the z axis to v? The transform is obtained from
Equation 1.34 with sin § = 1 and cos 6 = 0.

-3 0 -1 0 0 7
7 1 0 00 3
21 |0 0 10 2 (1.35)
1 0 0 01 1

Let us now rotate v 90° about the y axis to w. The transform is obtained from Equation
1.33 and we have

2 0 0 1 0 -3
7 0 1 0 0 7
3l |-1 0 0 0 2 (1.36)
1 0 0 01 1
If we combine these two rotations we have
v = Rot(z,90)u (1.37)
and w = Rot(y,90)v (1.38)
Substituting for v from Equation 1.37 into Equation 1.38 we obtain
w = Rot(y,90) Rot(z,90) u (1.39)
0 01 0770 -1 0 O
0 1 0 0 1 0 00
Rot(y,90) Rot(z,90) = 1 000llo o 1 o0 (1.40)
0 0 0 1 0 0 01
0 01 O
1 0 00
Rot(y,90) Rot(z,90) = 010 0 (1.41)
0 0 01

thus
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2 00 1 0777
7 100 0|]3

=13 T lo1 0 0|2 (1.42)
1 000 1]L1

as we obtained before.

If we reverse the order of rotations and first rotate 90° about the y axis and then 90° about
the z axis, we obtain a different position

0 -1 0 0 0 01 0 0 -1 0 0
Rot (z,90)Rot(y, 90) — (1) 8 ; 8 N é 8 8 =1 8 (1) 8 (1.43)
0 0 01 0 0 0 1 0 0 01
and the point u transforms into w as
-3 0 -1 0 O 7
Sl 0 0ol [ (144
1 0 0 01 1
We should expect this, as matrix multiplication is noncommutative.
AB # BA (1.45)

We will now combine the original rotation with a translation 4i — 3j + 7k. We obtain the
translation from Equation 1.27 and the rotation from Equation 1.41. The matrix expression
is

1 0 0 4 0 0 1 0 001 4
01 0 -3 1 0 0 0 1 0 0 -3
Trans(4, —3, 7)Rot(y, 90)Rot(z, 90) = 00 1 7 0o100l=l010 7
0 0 0 1 0 0 01 000 1
(1.46)
and our point w = 7i + 3j + 2k transforms into x as
6 0 01 4 7
4 1 0 0 =3]]3
0= lo 10 7|2 (147)
1 0 00 1 1
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5.4.8 Coordinate Frames

We can interpret the elements of the homogeneous transformation as four vectors describing
a second coordinate frame. The vector [0, 0,0, 1]T lies at the origin of the second coordinate
frame. Its transformation corresponds to the right hand column of the transformation matrix.
Consider the transform in Equation 1.47

4 0 01 4 0
-3 1 0 0 =3 0
71 |01 0 7 0 (1.48)
1 0 0 0 1 1

The transform of the null vector is [4,—3,7,1]T, the right hand column. If we transform
vectors corresponding to unit vectors along the z, y, and z axes, we obtain [4,—2,7,1]T,
[4,—-3,8,1]T, and [5,—3,7,1]T, respectively. Those four vectors form a coordinate frame.

The direction of these unit vectors is formed by subtracting the vector representing the origin
of this coordinate frame and extending the vectors to infinity by reducing their scale factors
to zero. The direction of the x, y, and z axes of this frame are [0,1,0,0], [0,0,1,0]T, and
[1,0,0,0]T, respectively. These direction vectors correspond to the first three columns of the
transformation matrix. The transformation matrix thus describes the three axis directions
and the position of the origin of a coordinate frame rotated and translated away from the
reference coordinate frame. When a vector is transformed, as in Equation 1.47, the original
vector can be considered as a vector described in the coordinate frame. The transformed
vector is the same vector described with respect to the reference coordinate frame.

5.4.9 Relative Transformations

The rotations and translations we have been describing have all been made with respect to
the fixed reference coordinate frame. Thus, in the example given,

001 4
1 0 0 =3

Trans(4, —3, 7)Rot(y, 90)Rot(z,90) = 010 7 (1.49)
000 1

the frame is first rotated around the reference z axis by 90°, then rotated 90° around the
reference y axis, and finally translated by 4i — 3j 4+ 7k. We may also interpret the operation
in the reverse order, from left to right, as follows: the object is first translated by 4i— 3j+ 7k;
it is then rotated 90° around the current frames axes, which in this case are the same as the
reference axes; it is then rotated 90° about the newly rotated (current) frames axes.

In general, if we postmultiply a transform representing a frame by a second transformation
describing a rotation and/or translation, we make that translation and/or rotation with
respect to the frame axes described by the first transformation. If we premultiply the frame
transformation by a transformation representing a translation and/or rotation, then that
translation and/or rotation is made with respect to the base reference coordinate frame.
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Thus, given a frame C and a transformation T, corresponding to a rotation of 90° about
the z axis, and a translation of 10 units in the x direction, we obtain a new position X when
the change is made in the base coordinates X = TC

001 O 0 -1 0 10 10 0 20
1 0 0 20 1 0 0 0 0 0 -1 10
010 0| |O 0O 1 O 01 0 O (1.50)
00 0 1 0 0 0 1 0 0 0 1

and a new position Y when the change is made relative to the frame axes as Y = CT

0 -1 0 30 10 0 20 0 -1 0 10
0 0 -1 10 0 0 -1 10 1 0 0 O
1 0 0 0 01 0 O 0 0 1 0 (1.51)
0 0 0 1 00 0 1 0 0 0 1

5.4.10 Objects

Transformations are used to describe the position and orientation of objects. An object is
described by six points with respect to a coordinate frame fixed in the object.

If we rotate the object 90° about the z axis and then 90° about the y axis, followed by a
translation of four units in the x direction, we can describe the transformation as

Trans(4, 0,0)Rot(y, 90)Rot(z, 90) = (1.52)

o O = O
o= OO
oS O O
— O O

The transformation matrix represents the operation of rotation and translation on a coor-
dinate frame originally aligned with the reference coordinate frame. We may transform the
six points of the object as

4 4 6 6 4 4 0 0 1 4 1 -1 -1 1 1 -1

I -1 -1 11 -1})_110200 0 0 0 0 4 4 (1.53)
0 0 0 0 4 4 01 00 0 0 2 20 0 ’

1 1 1 1 1 1 0 0 01 1 1 1 1 1 1

It can be seen that the object described bears the same fixed relationship to its coordinate
frame, whose position and orientation are described by the transformation. Given an object
described by a reference coordinate frame, and a transformation representing the position and
orientation of the object’s axes, the object can be simply reconstructed, without the necessity
of transforming all the points, by noting the direction and orientation of key features with
respect to the describing frame’s coordinate axes. By drawing the transformed coordinate
frame, the object can be related to the new axis directions.
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5.4.11 Inverse Transformations

We are now in a position to develop the inverse transformation as the transform which carries
the transformed coordinate frame back to the original frame. This is simply the description of
the reference coordinate frame with respect to the transformed frame. Suppose the direction
of the reference frame z axis is [0,0, 1,0]T with respect to the transformed frame. The y and
z axes are [1,0,0,0]T and [0, 1,0, 0]T, respectively. The location of the origin is [0,0, —4,1]*
with respect to the transformed frame and thus the inverse transformation is

010 0

_ 001 0

T1:10074 (1.54)
000 1

That this is indeed the tranform inverse is easily verifyed by multiplying it by the transform
T to obtain the identity transform

1 0 0 O 01 0 O 0 0 1 4
01 00 001 0 1 0 00
001 0 |1 00 —4{]0 100 (1.55)
0 0 01 00 0 1 0 0 01
In general, given a transform with elements
Ng Oy Gy P
T=|" % % Py (1.56)
Ny 0y Gz Pz
0 0 0 1
then the inverse is
Ng Ny N —p-n
T 1= |% % 9 ~P°O (1.57)
a; ay, a, —p-a
0 0 O 1
where p, n, o, and a are the four column vectors and “-” represents the vector dot product.

This result is easily verified by postmultiplying Equation 1.56 by Equation 1.57.

5.4.12 General Rotation Transformation

We state the rotation transformations for rotations about the z, y, and z axes (Equations
1.32, 1.33 and 1.34). These transformations have a simple geometric interpretation. For
example, in the case of a rotation about the z axis, the column representing the z axis will
remain constant, while the column elements representing the x and y axes will vary.
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We will now develop the transformation matrix representing a rotation around an arbitrary
vector k located at the origin. In order to do this we will imagine that k is the z axis unit
vector of a coordinate frame C

Ng Oz Az Pg

c=|"v % % Py (1.58)
Ny 0y Ay Py
0 0 0 1
k=azi+a,j+ak (1.59)

Rotating around the vector k is then equivalent to rotating around the z axis of the frame

C.

Rot(k,0) = Rot(“z,0) (1.60)

If we are given a frame T described with respect to the reference coordinate frame, we can
find a frame X which describes the same frame with respect to frame C as

T =CX (1.61)
where X describes the position of T with respect to frame C. Solving for X we obtain
X=C'T (1.62)

Rotation T around k is equivalent to rotating X around the z axis of frame C

Rot(k,0)T = CRot(z,§)X (1.63)
Rot(k,0)T = CRot(z,0)C 'T. (1.64)

Thus
Rot(k,0) = CRot(z,0)C* (1.65)

However, we have only k, the z axis of the frame C. By expanding equation 1.65 we will
discover that CRot(z,0)C™! is a function of k only.

Multiplying Rot(z, #) on the right by C~! we obtain

cos —sinf 0
sinf  cosf® 0
1
0

0 Ng Ny 7N

-1 _ 0 0r Oy O,
Rot(z,0)C™" = 0 0 0
1

0 0

ay ay a

0 0 O

= O O O
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ngcost — oysinl  nycost — oysind  n.cost —o,sind 0
_ Ngsinb + 0,080  nysing + oycosd n,sinb 4+ 0,cosd 0 (1.66)
Qg ay a, 0 '
0 0 0 1

premultiplying by

Ng 0p ap 0
c=|"™ % o 0 (1.67)
n, o, a, 0
0O 0 0 1
we obtain CRot(z,0)C~?!
NNy COSO — Nyp0, 81O + Np0, IO + 0,0,c080 + aza,
NyNgz 050 — Ny0,5in0 + Ny0oysind + 0z04c080 + aya,
N,Nyc080 — N ,0,81N0 + Nyo,sinl + 050,080 + a,a,
0
NNy €080 — N0y siN0 + Ny0, 5100 + 040,050 + aza,
Ny Ny €080 — Ny0y 8INH + Ny 0y 5inl + 0y0ycos0 + ayay (1.68)
NNy 080 — n,0y51N0 + ny0, 510 + 0,0,c050 + a,ay ’
0

NN, 080 — ng 0,810 + n,0,8in0 + 0,0,c080 + aza,

NyN. 080 — ny0,5ind + n,o0ysinb + 0,0ycost + aya,

N,N,c080 — n,0,8in0 + n,0,sinb + 0,0,c080 + a,a,
0

= o o O

Simplifying, using the following relationships:
the dot product of any row or column of C with any other row or column is zero, as the

vectors are orthogonal;
the dot product of any row or column of C with itself is 1 as the vectors are of unit magnitude;

the z unit vector is the vector cross product of the x and y vectors or

a=nxo (1.69)

which has components

(z = NyO, — N0y
(y = N 05 — Nz0,

Ay = NgOy — NyOg
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the versine, abbreviated vers 0, is defined as vers § = (1 — cos 0), k, = a, ky = a, and
k. = a,. We obtain Rot(k, 8) =

kykyverstd + cost®  kykyverstd — k.sind k kyverstd + kysinf
kykyversd + k,sind  kykyversd + cosd k. kyverst — k,sinf
kyk.versd — kysinf kyk.,versd 4+ kysinf  k.k.versf + cosf
0 0 0

(1.70)

— O O O

This is an important result and should be thoroughly understood before proceeding further.

From this general rotation transformation we can obtain each of the elementary rotation
transforms. For example Rot(x, 0) is Rot(k,#) where k, =1, k, =0, and k, = 0. Substi-
tuting these values of k into Equation 1.70 we obtain

1 0 0 0
0 cos# —sinf 0

Rot(x,6) = 0 sinf cosd 0O (1.71)
0 0 0 1

as before.

5.4.13 Equivalent Angle and Axis of Rotation

Given any arbitrary rotational transformation, we can use Equation 1.70 to obtain an axis
about which an equivalent rotation # is made as follows. Given a rotational transformation
R

S
<
Q
<
S
<
— o oo

R = (1.72)
Ny 0z ag
0 0 O
we may equate R to Rot(k,0)
Ng 0x ap 0
ny oy ay 0] _
n, o0, a, 0]
0 0 0 1
kykyverstd + cost®  kykzverstd — k.sing k. kyversf + kysinf 0
kykyversd + kysind  kykyverstd + cost k. kyverst — kysinf 0 (1.73)
kyk.verst — kysinf kyk.vers 4+ kysinf k. k.versd + cosf 0 ’
0 0 0 1

Summing the diagonal terms of Equation 1.73 we obtain

ng + o0y +a, + 1 = k2versd + cosf) + kgverse + cosf + k2vers + cosf + 1 (1.74)
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_ 2 2 2
ng +oy+a, = (ky+k;+k;)verst + 3cosd (1.75)
= 1+ 2cosb
and the cosine of the angle of rotation is
1
cost = §(nw+oy+az -1 (1.76)
Differencing pairs of off-diagonal terms in Equation 1.73 we obtain
0, — ay = 2kgsind (1.77)
ag — n, = 2kysind (1.78)
ny — 0y = 2k, sinb (1.79)
Squaring and adding Equations 1.77-1.79 we obtain an expression for sinf
(02 —ay)* + (az —n.)? + (n, — 0,)? = 4sin?0 (1.80)
and the sine of the angle of rotation is
; 1 2 2 2
sin 0 = :tg\/(oz —ay)? + (ay —n;)? + (ny — 0z) (1.81)

We may define the rotation to be positive about the vector k such that 0 < 6 < 180°. In this
case the + sign is appropriate in Equation 1.81 and thus the angle of rotation 6 is uniquely
defined as

\/(Oz - ay)2 + (az —nz)* + (nv —0z)?

tan 0 = 1.82
an (nz+0y+az_1> ( )
The components of k may be obtained from Equations 1.77-1.79 as
0, —a
ky, = — Y 1.83
- 2sinf ( )
Gy — Ny
k, = 1.84
Y 2sinf ( )
Ny — 0
k, = -2—= 1.85
2sind ( )

When the angle of rotation is very small, the axis of rotation is physically not well defined
due to the small magnitude of both numerator and denominator in Equations 1.83-1.85. If
the resulting angle is small, the vector k should be renormalized to ensure that k| = 1.
When the angle of rotation approaches 180° the vector k is once again poorly defined by
Equation 1.83-1.85 as the magnitude of the sine is again decreasing. The axis of rotation is,
however, physically well defined in this case. When 6 < 150°, the denominator of Equations
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1.83-1.85 is less than 1. As the angle increases to 180° the rapidly decreasing magnitude of
both numerator and denominator leads to considerable inaccuracies in the determination of
k. At 6 = 180°, Equations 1.83-1.85 are of the form 0/0, yielding no information at all about
a physically well defined vector k. If the angle of rotation is greater than 90°, then we must
follow a different approach in determining k. Equating the diagonal elements of Equation
1.73 we obtain

kZversd + cosd = n, (1.86)
kiversﬂ + cos = o, (1.87)
k2versd + cosf = a, (1.88)

Substituting for cosf and wversf from Equation 1.76 and solving for the elements of k we
obtain further

ng — cost
ky, =+ 1.89
1 — cosf ( )
k. — 4]0 —cost (1.90)
v 1 — cosb '
a, — cost
k,=4 1.91
1 — cosf ( )

The largest component of k defined by Equations 1.89-1.91 corresponds to the most positive
component of n., 0, and a,. For this largest element, the sign of the radical can be obtained
from Equations 1.77-1.79. As the sine of the angle of rotation # must be positive, then the
sign of the component of k defined by Equations 1.77-1.79 must be the same as the sign of
the left hand side of these equations. Thus we may combine Equations 1.89-1.91 with the
information contained in Equations 1.77-1.79 as follows

[ (ng — cosf
kx = Sgn(OZ - ay) (1—70050) (192)

(0y — cost)

ky = sgn(az —n.) (1.93)

1 — cosf

[ (a, — cosO

where sgn(e) = +1if e > 0 and sgn(e) = —1 if e < 0.

Only the largest element of k is determined from Equations 1.92-1.94, corresponding to
the most positive element of n;, o,, and a,. The remaining elements are more accurately
determined by the following equations formed by summing pairs of off-diagonal elements of
Equation 1.73
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Ny + 0, = 2k kyverso
0, + ay = 2k, k. verst

n, + a, = 2k, kyverst

If k, is largest then

n + Oy 3

k, = m from Equation 1.95

k, = % from Equation 1.97
If k, is largest then

ky = % from Equation 1.95

k, = % from Equation 1.96
If k. is largest then

ky = % from Equation 1.97

ky = % from Equation 1.96

5.4.14 Example 1.1
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(1.95)
(1.96)
(1.97)

(1.98)

(1.99)

(1.100)

(1.101)

(1.102)

(1.103)

Determine the equivalent axis and angle of rotation for the matrix given in Equations 1.41

Rot(y,90)Rot(z, 90) =

o o = O
o~ OO
SO O
— o O O

We first determine cos 6 from Equation 1.76

1 1
0039:§(O+0+0—1):—§

and sin 6 from Equation 1.81

(1.104)

(1.105)
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1
sinf = 5\/(1—0)2+(1—0)2+(1—0)2 = ? (1.106)
Thus
0 =tan"! ?/21 =120° (1.107)

As 6 > 90, we determine the largest component of k corresponding to the largest element
on the diagonal. As all diagonal elements are equal in this example we may pick any one.
We will pick k, given by Equation 1.92

ky =+ (0+;)/(1+;):\}§ (1.108)

As we have determined k, we may now determine &, and k. from Equations 1.98 and 1.99,
respectively

1+0 1
ky=———=— 1.109
140 1
ky=—— = — 1.110
NG (1.110)
In summary, then
Rot(y, 90)Rot(z, 90) = Rot(k, 120) (1.111)
where
1 1 1
k=—i+—j+—=k 1.112
st Bt 5 (1.112)

Any combination of rotations is always equivalent to a single rotation about some axis k by
an angle 6, an important result that we will make use of later.

5.4.15 Stretching and Scaling

A transform T

(1.113)

o O O
oo O
o0 OO
= O O O
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will stretch objects uniformly along the x axis by a factor a, along the y axis by a factor b,
and along the z axis by a factor ¢. Consider any point on an object xi+ yj+ zk; its tranform
is

ax a 0 0 O x
by| [0 b 0 O Y
cz| |0 0 ¢ O z (1.114)
1 0 0 0 1 1

indicating stretching as stated. Thus a cube could be transformed into a rectangular paral-
lelepiped by such a transform.

The Axiom code to perform this scale change is:

— scale —

scale(scalex, scaley, scalez) ==

matrix(_

[[scalex, O ,0 , 01, _
[0 , scaley ,0 , 01, _
[0 , 0, scalez, 0], _
[o , 0, 0 , 111

The transform S where

(1.115)

SO O™
SO w O
SO mw OO
_— o O O

will scale any object by the factor s.

5.4.16 Perspective Transformations

Consider the image formed of an object by a simple lens.

The axis of the lens is along the y axis for convenience. An object point x,y,z is imaged at
2’y 2" if the lens has a focal length f (f is considered positive). y’ represents the image
distance and varies with object distance y. If we plot points on a plane perpendicular to the
y axis located at ¢y’ (the film plane in a camera), then a perspective image is formed.

We will first obtain values of z’, 3, and 2/, then introduce a perspective transformation and
show that the same values are obtained.

Based on the fact that a ray passing through the center of the lens is undeviated we may
write



476 CHAPTER 5. CHAPTER D

§ = 3 (1.116)
z

Based on the additional fact that a ray parallel to the lens axis passes through the focal
point f, we may write

2__Z 1.118
I v+r ( )
and ; = y,i ; (1.119)

Notice that 2/, ', and 2z’ are negative and that f is positive. Eliminating y' between
Equations 1.116 and 1.118 we obtain

z z
oA — (1.120)
FoE+n
and solving for z’ we obtain the result
, z
Z = (1.121)
FE)
Working with Equations 1.117 and 1.119 we can similarly obtain
, x
i (1.122)
()
In order to obtain the image distance y’ we rewrite Equations 1.116 and 1.118 as
z oy
and
z f
= = 1.124
Z/ y/_|_f ( )
thus
y f
A 1.125
v o oy+f (1.125)
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and solving for ¢’ we obtain the result

/ 4 (1.126)

The homogeneous transformation P which produces the same result is

1 0 00
0 1 00
P= 00 1 0 (1.127)
1
0 —5 01
as any point xi + yj + zk transforms as
x 1 0 0O T
y 10 1 00 y
z 10 0 1 0 z (1.128)
_ ¥ _1
1-% 0 7 01 1

The image point 2/, y',, 2/, obtained by dividing through by the weight factor (1 — %), is

i+ i+ k (1.129)

This is the same result that we obtained above.

A transform similar to P but with f% at the bottom of the first column produces a per-

spective transformation along the x axis. If the —% term is in the third column then the
projection is along the z axis.

5.4.17 Transform Equations

We will frequently be required to deal with transform equations in which a coordinate frame is
described in two or more ways. A manipulator is positioned with respect to base coordinates
by a transform Z. The end of the manipulator is described by a transform #Tg, and the
end effector is described by T*E. An object is positioned with respect to base coordinates
by a transform B, and finally the manipulator end effector is positioned with respect to the
object by ZG. We have two descriptions of the position of the end effector, one with respect
to the object and one with respect to the manipulator. As both positions are the same, we
may equate the two descriptions

Z’T¢*E = BBG (1.130)

If we wish to solve Equation 1.130 for the manipulator transform T we must premultiply
Equation 1.130 by Z~! and postmultiply by E~! to obtain
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T¢=Z 'BGE™ (1.131)

As a further example, consider that the position of the object B is unknown, but that the
manipulator is moved such that the end effector is positioned over the object correctly. We
may then solve for B from Equation 1.130 by postmultiplying by G 1.

B = ZT:EG™! (1.133)

5.4.18 Summary

Homogeneous transformations may be readily used to describe the positions and orientations
of coordinate frames in space. If a coordinate frame is embedded in an object then the
position and orientation of the object are also readily described.

The description of object A in terms of object B by means of a homogeneous transformation
may be inverted to obtain the description of object B in terms of object A. This is not a
property of a simple vector description of the relative displacement of one object with respect
to another.

Transformations may be interpreted as a product of rotation and translation transformations.
If they are intrepreted from left to right, then the rotations and translations are in terms of
the currently defined coordinate frame. If they are interpreted from right to left, then the
rotations and translations are described with respect to the reference coordinate frame.

Homogeneous transformations describe coordinate frames in terms of rectangular compo-
nents, which are the sines and cosines of angles. This description may be related to rotations
in which case the description is in terms of a vector and angle of rotation.

5.4.19 DenavitHartenbergMatrix (DHMATRIX)

DHMATRIX

IVECTOR

Exports:
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antisymmetric? any? coerce column copy
count determinant  diagonal? diagonalMatrix elt

empty empty? eq? eval every?
exquo fill! hash horizConcat identity
inverse latex less? list OfLists map
map! matrix maxCollndex maxRowIndex  member?
members minCollndex minordet minRowIndex more?
ncols new nrows nullSpace nullity
parts qelt gsetelt! rank rotatex
rotatey rotatez row rowEchelon sample
scalarMatrix scale setColumn! setRow! setelt
setsubMatrix! size? square? squareTop subMatrix
swapColumns!  swapRows! symmetric? translate transpose
vertConcat Z€ero #7? PRED ?/?

7=7 ?77=" %7 747 -7

7-7

— domain DHMATRIX DenavitHartenbergMatrix —

)abbrev domain DHMATRIX DenavitHartenbergMatrix

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

Author: Timothy Daly

Date Created: June 26, 1991

Date Last Updated: 26 June 1991

Description:

4x4 Matrices for coordinate transformations\br

This package contains functions to create 4x4 matrices
useful for rotating and transforming coordinate systems.
These matrices are useful for graphics and robotics.
(Reference: Robot Manipulators Richard Paul MIT Press 1981)

A Denavit-Hartenberg Matrix is a 4x4 Matrix of the form:\br
\tab{5}\spad{nx ox ax px}\br

\tab{5}\spad{ny oy ay py}\br

\tab{5}\spad{nz oz az pz}\br

\tab{5}\spad{0 0 0 1}\br

(n, o, and a are the direction cosines)

DenavitHartenbergMatrix(R) : Exports == Implementation where

R : Join(Field,

TranscendentalFunctionCategory)

for the implementation of dhmatrix

minrow ==> 1
mincolumn ==> 1

nx ==> x(1,1)::R
ny ==> x(2,1) ::R
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nz ==> x(3,1)::R
ox ==> x(1,2)::R
oy ==> x(2,2)::R
oz ==> x(3,2)::R
ax ==> x(1,3)::R
ay ==> x(2,3)::R
az ==> x(3,3)::R
px ==> x(1,4) ::R
py ==> x(2,4)::R
pz ==> x(3,4)::R
row ==> Vector(R)
col ==> Vector(R)

radians ==> pi()/180

Exports ==> MatrixCategory(R,row,col) with
"x": (%, Point R) -> Point R
++ t*p applies the dhmatrix t to point p
identity: (O -> %
++ identity() create the identity dhmatrix
rotatex: R ->
++ rotatex(r) returns a dhmatrix for rotation about axis x for r degrees
rotatey: R -> %
++ rotatey(r) returns a dhmatrix for rotation about axis y for r degrees
rotatez: R -> ¥
++ rotatez(r) returns a dhmatrix for rotation about axis z for r degrees
scale: (R,R,R) -> %
++ scale(sx,sy,sz) returns a dhmatrix for scaling in the x, y and z
++ directions
translate: (R,R,R) -> ¥
++ translate(x,y,z) returns a dhmatrix for translation by x, y, and z

Implementation ==> Matrix(R) add
identity() == matrix([[1,0,0,0],[0,1,0,0],[0,0,1,0],[0,0,0,111)

- inverse(x) == (inverse(x pretend (Matrix R))$Matrix(R)) pretend %
- dhinverse(x) == matrix( _

- [[nx,ny,nz,- (px*nx+py*ny+pz+*nz)], _

- [ox,0y,0z, - (px*ox+py*oy+pz*o0z)], _

- [ax,ay,az, - (px*ax+py*ay+pz*az)],_

-- [0, 0,0, 11D

d *x p ==
v := p pretend Vector R
= concat(v, 1$R)
v :=d *x v
point ([v.1, v.2, v.3]$List(R))

<
|

\getchunk{rotatex}
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\getchunk{rotatey}
\getchunk{rotatez}
\getchunk{scale}

\getchunk{translate}

— DHMATRIX.dotabb —

"DHMATRIX" [color="#88FF44" , href="bookvol10.3.pdf#nameddest=DHMATRIX"]
"IVECTOR" [color="#88FF44" , href="bookvol10.3.pdf#nameddest=IVECTOR"]
"DHMATRIX" -> "IVECTOR"

5.5 domain DEQUEUE Dequeue

— Dequeue.input —

)set break resume

)sys rm -f Dequeue.output
)spool Dequeue.output
)set message test on

)set message auto off
)clear all

--S 1 of 63
a:Dequeue INT:= dequeue [1,2,3,4,5]

--R

--R

--R (1) [1,2,3,4,5]

--R Type: Dequeue(Integer)
--E 1

--S 2 of 63

dequeue! a

--R

--R

--R (2 1

--R Type: Positivelnteger
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--S 3 of 63

--R  (3) [2,3,4,5]
--R Type: Dequeue(Integer)
--E 3

--S 4 of 63
extract! a

--R (4 2
--R Type: Positivelnteger

--S 5 of 63

--R (5) [3,4,5]
--R Type: Dequeue(Integer)
-E5

--S 6 of 63
enqueue! (9,2a)
--R

--R Type: Positivelnteger
--E 6

--S 7 of 63

--R (7) [3,4,5,9]
--R Type: Dequeue(Integer)
--E7

--S 8 of 63

insert!(8,a)

--R (8) 1[3,4,5,9,8]
--R Type: Dequeue(Integer)
--E 8

--S 9 of 63
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--R (9 [3,4,5,9,8]
--E 9

--S 10 of 63
front a

--R (10) 3
--E 10

--S 11 of 63
back a

--R (11) 8
--E 11

--S 12 of 63
bottom! a
--R (12) 8
--E 12

--S 13 of 63

--R (13) [3,4,5,9]
--E 13

--S 14 of 63

depth a

--R

--R  (14) 4

--E 14

--S 15 of 63

height a
--R

Type: Dequeue(Integer)

Type: Positivelnteger

Type: Positivelnteger

Type: Positivelnteger

Type: Dequeue(Integer)

Type: Positivelnteger
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--R  (15) 4
--R Type: Positivelnteger
--E 15

--S 16 of 63
insertBottom! (6,a)

--R (16) 6
--R Type: Positivelnteger
--E 16

--S 17 of 63

--R (17) [3,4,5,9,6]
--R Type: Dequeue(Integer)
--E 17

--S 18 of 63

extractBottom! a

--R  (18) 6
--R Type: Positivelnteger
--E 18

--S 19 of 63

-k (19) [3,4,5,9]
--R Type: Dequeue(Integer)
--E 19

--S 20 of 63

insertTop! (7,a)

--R (20) 7
--R Type: Positivelnteger
--E 20

--S 21 of 63

--R  (21) [7,3,4,5,9]
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--R
--E

--S

DOMAIN DEQUEUE DEQUEUE

21

22 of 63

extractTop! a

22) 7
22

23 of 63

(23) 1[3,4,5,9]
23
24 of 63
a
(24) 3
24

25 of 63

(256) [3,4,5,9]
25

26 of 63

top! a

--R

--E

(26) 3
26

27 of 63

(27) [4,5,9]

27

Type: Dequeue(Integer)

Type: Positivelnteger

Type: Dequeue(Integer)

Type: Positivelnteger

Type: Dequeue(Integer)

Type: Positivelnteger

Type: Dequeue(Integer)
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--S 28 of 63
reverse! a

--R  (28) [9,5,4]
--R Type: Dequeue(Integer)
--E 28

--S 29 of 63
rotate! a

--R  (29) [5,4,9]
--R Type: Dequeue(Integer)
--E 29

--S 30 of 63
inspect a

--R (30) 5
--R Type: Positivelnteger
--E 30

--S 31 of 63
empty? a
--R

--R (31) false
--R Type: Boolean
--E 31

--S 32 of 63

--R  (32) 3
--R Type: Positivelnteger
--E 32

--S 33 of 63

length a

--R (33) 3
--R Type: Positivelnteger
--E 33

--S 34 of 63
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less?(a,9)

--R (34) true
--E 34

--S 35 of 63
more?(a,9)

--R (35) false
--E 35

--S 36 of 63
size?(a,#a)

--R (36) true
--E 36

--8 37 of 63
size?(a,9)

--R (37) false
--E 37

--S 38 of 63

parts a

--R (38) [5,4,9]
--E 38

--S 39 of 63
bag([1,2,3,4,5])$Dequeue (INT)
--R

-k (39) [1,2,3,4,5]
--E 39

--S 40 of 63

b:=empty () $ (Dequeue INT)
--R

Type:

Type:

Type:

Type:

Boolean

Boolean

Boolean

Boolean

Type: List(Integer)

Type: Dequeue(Integer)
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--E 40

--S 41 of 63
empty? b

--R

--R  (41) true

--E 41

--S 42 of 63

sample () $Dequeue (INT)

-k (42) 1[I
--E 42

--S 43 of 63
c:=copy a

--R (43) [5,4,9]
--E 43

--S 44 of 63
eq?(a,c)

--R  (44) false
--E 44

--S 45 of 63
eq?(a,a)

--R  (45) true
--E 45

--S 46 of 63

(a=c)@Boolean

--R (46) true

CHAPTER 5. CHAPTER D

Type: Dequeue(Integer)

Type: Boolean

Type: Dequeue(Integer)

Type: Dequeue(Integer)

Type: Boolean

Type: Boolean
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--R
--E 46

--S 47 of 63

(a=a)@Boolean

--R (47) true
--R

--E 47

--S 48 of 63

a“=c

--R (48) false
--R

—--E 48

--S 49 of 63

any? (x+->(x=4) ,a)
--R

--R (49) true
--E 49

--S 50 of 63

any? (x+->(x=11) ,a)
--R

--R (50) false
--E 50

--S 51 of 63
every? (x+->(x=11) ,a)
--R (51) false
--E 51

--S 52 of 63

count (4,a)

--R (62) 1

--E 52

Type: Boolean

Type: Boolean

Type: Boolean

Type: Boolean

Type: Boolean

Type: Boolean

Type: Positivelnteger
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--S 53 of 63
count (x+->(x>2) ,a)

--R (53) 3
--R Type: Positivelnteger
--E 53

--S 54 of 63
map (x+->x+10,a)
--R

--R (54) [15,14,19]
--R Type: Dequeue(Integer)
--E 54

--S 55 of 63

--R (65) [5,4,9]
--R Type: Dequeue(Integer)
--E 55

--S 56 of 63
map! (x+->x+10,a)
--R

--R (56) [15,14,19]
--R Type: Dequeue(Integer)
--E 56

--S 57 of 63

--R (57) [15,14,19]
--R Type: Dequeue(Integer)
--E 57

--S 58 of 63

members a

--R (88) [15,14,19]
-R Type: List(Integer)
--E 58

--S 59 of 63
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member?(14,a)

--E

--s

(59) true
59

60 of 63

coerce a

--E

--S

(60) [15,14,19]
60

61 of 63

hash a

--E

--s

(61) 4999531
61

62 of 63

latex a

--E

--s

(62) "\mbox{\bf Unimplemented}"
62

63 of 63

)show Dequeue

Dequeue(S: SetCategory)
Abbreviation for Dequeue is DEQUEUE
This constructor is exposed in this frame.

height :

is a domain constructor

Type: Boolean

Type: OutputForm

Type: Singlelnteger

Type: String

Issue )edit bookvoll0.3.pamphlet to see algebra source code for DEQUEUE

——————————————————————————————— Operations
back : %
bottom!
depth :
dequeue :

th > 8
% —> NonNegativelInteger
O ->7%
O ->"%
(8,%) -> 8

th > 8
extractTop! : % -> S
% —> NonNegativeInteger
(S,%) ->8

empty :
enqueue!
extract!

insertBottom!

bag :
copy :
dequeue :
dequeue!
empty? :
eq? :

extractBottom!

front : %
insert!
insertTop!

List(S) -> %
h=>h

List(S) -> %

: h > 8
% —-> Boolean
(%,%) -> Boolean

% -> S

-> S

S,% > %
s,% > 8
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inspect : % -> S length : % -> NonNegativeInteger
map : ((8 -> 8),%) > % pop! : % —> 8

push! : (8,%) -> S reverse! : % -> %

rotate! : % > % sample : OO -> %

top : % > S top! : % -> S

#7 : ), -> NonNegativeInteger if $ has finiteAggregate

?=? : (%,%) —> Boolean if S has SETCAT

any? : ((8 -> Boolean),%) -> Boolean if $ has finiteAggregate

coerce : % —-> OutputForm if S has SETCAT

count : (S,%) -> NonNegativeInteger if $ has finiteAggregate and S has SETCAT
count : ((S -> Boolean),%) -> NonNegativeInteger if $ has finiteAggregate
eval : (%,List(8),List(S)) -> % if S has EVALAB(S) and S has SETCAT
eval : (%,S,S) -> % if S has EVALAB(S) and S has SETCAT

eval : (%,Equation(S)) -> % if S has EVALAB(S) and S has SETCAT

eval : (%,List(Equation(S))) -> % if S has EVALAB(S) and S has SETCAT
every? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate

hash : % -> SingleInteger if S has SETCAT

latex : % -> String if S has SETCAT

less? : (%,NonNegativeInteger) -> Boolean

map! : ((8 -> 8),%) -> % if $ has shallowlyMutable

member? : (S,%) -> Boolean if $ has finiteAggregate and S has SETCAT
members : Y -> List(S) if $ has finiteAggregate

more? : (J,NonNegativeInteger) -> Boolean

parts : % -> List(S) if $ has finiteAggregate

size? : (%,NonNegativeInteger) -> Boolean

?~=? : (%,%) —> Boolean if S has SETCAT

63

) spool
)1lisp (bye)

— Dequeue.help —

Dequeue examples

A Dequeue is a double-ended queue so elements can be added to
either end.

Here we create an dequeue of integers from a list. Notice that the
order in the list is the order in the dequeue.

a:Dequeue INT:= dequeue [1,2,3,4,5]
[1,2,3,4,5]
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We can remove the top of the dequeue using dequeue!:

dequeue! a
1

Notice that the use of dequeue! is destructive (destructive operations

in Axiom usually end with ! to indicate that the underylying data
structure is changed) .

[2,3,4,5]

The extract! operation is another name for the dequeue! operation and

has the same effect. This operation treats the dequeue as a BagAggregate:

extract! a
2

and you can see that it also has destructively modified the dequeue:

a
[3,4,5]

Next we use enqueue! to add a new element to the end of the dequeue:

enqueue! (9,a)
9

Again, the enqueue! operation is destructive so the dequeue is changed:

[3,4,5,9]

Another name for enqueue! is insert!, which treats the dequeue as a
BagAggregate:

insert! (8,a)
[3,4,5,9,8]

and it modifies the dequeue:

a
[3,4,5,9,8]

The front operation returns the item at the front of the dequeue:

front a
3
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The back operation returns the item at the back of the dequeue:

back a
8

The bottom! operation returns the item at the back of the dequeue:

bottom! a
8

and it modifies the dequeue:

a
[3,4,5,9]

The depth function returns the number of elements in the dequeue:

depth a
4

The height function returns the number of elements in the dequeue:

height a
4

The insertBottom! function adds the element at the end:

insertBottom! (6,a)
6

and it modifies the dequeue:

a
[3,4,5,9,6]

The extractBottom! function removes the element at the end:

extractBottom! a
6

and it modifies the dequeue:

a
[3,4,5,9]

The insertTop! function adds the element at the top:

insertTop! (7,a)
7
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and it modifies the dequeue:

[7,3,4,5,9]
The extractTop! function adds the element at the top:

extractTop! a
7

and it modifies the dequeue:

a
[3,4,5,9]

The top function returns the top element:

top a
3

and it does not modifies the dequeue:

(3,4,5,9]
The top! function returns the top element:

top! a
3

and it modifies the dequeue:

a
[4,5,9]

The reverse! operation destructively reverses the elements of the dequeue:

reverse! a
[9,5,4]

The rotate! operation moves the top element to the bottom:
rotate! a
[5,4,9]
The inspect function returns the top of the dequeue without modification,

viewed as a BagAggregate:

inspect a
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The empty? operation returns true only if there are no element on the
dequeue, otherwise it returns false:

empty? a
false

The # (length) operation:

#a
3

The length operation does the same thing:

length a
3

The less? predicate will compare the dequeue length to an integer:

less?(a,9)
true

The more? predicate will compare the dequeue length to an integer:

more?(a,9)
false

The size? operation will compare the dequeue length to an integer:

size?(a,#a)
true

and since the last computation must alwasy be true we try:

size?(a,9)
false

The parts function will return the dequeue as a list of its elements:

parts a
(5,4,9]

If we have a BagAggregate of elements we can use it to construct a dequeue:

bag([1,2,3,4,5])$Dequeue (INT)
[1,2,3,4,5]

The empty function will construct an empty dequeue of a given type:
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b:=empty () $(Dequeue INT)
(]

and the empty? predicate allows us to find out if a dequeue is empty:

empty? b
true

The sample function returns a sample, empty dequeue:

sample () $Dequeue (INT)
(]

We can copy a dequeue and it does not share storage so subsequent
modifications of the original dequeue will not affect the copy:

c:=copy a
(5,4,9]

The eq? function is only true if the lists are the same reference,
so even though c is a copy of a, they are not the same:

eq?(a,c)
false

However, a clearly shares a reference with itself:

eq?(a,a)
true

But we can compare a and c for equality:

(a=c)@Boolean
true

and clearly a is equal to itself:

(a=a)@Boolean
true

and since a and c are equal, they are clearly NOT not-equal:

a“=c
false

We can use the any? function to see if a predicate is true for any element:

any? (x+->(x=4) ,a)
true



498 CHAPTER 5. CHAPTER D

or false for every element:

any? (x+->(x=11) ,a)
false

We can use the every? function to check every element satisfies a predicate:

every? (x+->(x=11) ,a)
false

We can count the elements that are equal to an argument of this type:

count (4,a)
1

or we can count against a boolean function:

count (x+->(x>2) ,a)
3

You can also map a function over every element, returning a new dequeue:

map (x+->x+10,a)
[15,14,19]

Notice that the orignal dequeue is unchanged:

a
[5,4,9]

You can use map! to map a function over every element and change
the original dequeue since map! is destructive:

map! (x+->x+10,a)
[15,14,19]

Notice that the orignal dequeue has been changed:

a
[15,14,19]

The member function can also get the element of the dequeue as a list:

members a
[15,14,19]

and using member? we can test if the dequeue holds a given element:

member?(14,a)
true
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See Also:

)show Stack

)show ArrayStack
)show Queue

)show Dequeue
)show Heap

)show BagAggregate

O O 0O O 0 ©°

5.5.1 Dequeue (DEQUEUE)

DEQUEUE

\

FLAGG-

See

= “Stack” (STACK) on page 2530

= “ArrayStack” (ASTACK) EZI01 on page B3

= “Queue” (QUEUE) X5 on page

= “Heap” (HEAP) B2 on page IIT4

Exports:
any? back bag bottom!
copy count depth dequeue
empty  empty? enqueue! eq?
every?  extract! extractBottom! extractTop!
height  hash insert! insertBottom!
inspect latex length less?
map! member? members more?
pop! push! reverse! rotate!
size? top top! #7
?77=7

— domain DEQUEUE Dequeue —

coerce
dequeue!
eval

front
insertTop!
map

parts

sample
7=7
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)abbrev domain DEQUEUE Dequeue

++
++
++
++
++
++
++
++
++
++
++
++

Author: Michael Monagan and Stephen Watt
Date Created:June 86 and July 87

Date Last Updated:Feb 92

Basic Operations:

Related Domains:

Also See:

AMS Classifications:

Keywords:

Examples:

References:

Description:

Linked list implementation of a Dequeue

Dequeue (S:SetCategory) : DequeueAggregate S with

—-- Inherited Signatures repeated

dequeue: List S ->

CHAPTER 5. CHAPTER D

++ dequeue([x,y,...,2z]) creates a dequeue with first (top or front)
++ element x, second element y,...,and last (bottom or back) element z.
++

++E g:Dequeue INT:= dequeue [1,2,3,4,5]

dequeue_! : % -> S
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X dequeue! a
++X a
extract_! : % -> 8
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X extract! a
++X a
enqueue_! : (S8,%) -> S
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X enqueue! (9,a)
++X a
insert_! : (S,%) -> %
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X insert! (8,a)
++X a
inspect : % -> S
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X inspect a
front : % -> S
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]

for examples documentation
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++X front a
back : % -> S
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X back a
rotate_! : % -> %
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X rotate! a
length : % -> NonNegativelInteger
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X length a
less? : (%,NonNegativeInteger) -> Boolean
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X less?(a,9)
more? : (%,NonNegativeInteger) -> Boolean
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X more?(a,9)
size? : (%,NonNegativeInteger) -> Boolean
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X size?(a,5)
bag : List S -> ¥
++
++X bag([1,2,3,4,5])3%Dequeue (INT)
empty? : % -> Boolean
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X empty? a
empty : O -> %
++
++X b:=empty () $(Dequeue INT)
sample : () -> %

++

++X sample () $Dequeue (INT)
copy : h => %

++

++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X copy a
eq? : (%,%) -> Boolean
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X b:=copy a
++X eq?(a,b)
map : ((S -> 8),%) -> %
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
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++X map(x+->x+10,a)

++X a
depth :
++

++X a:Dequeue INT:
++X depth a
dequeue : () -> %
++
++X a:Dequeue INT:
height
++
++X a:Dequeue INT:
++X height a
top : % > S
++
++X a:Dequeue INT:
++X top a
bottom_! : % -> S
++
++X a:Dequeue INT:
++X bottom! a
++X a
extractBottom_! : %
++
++X a:Dequeue INT:
++X extractBottom!
++X a
extractTop_! : % —>
++
++X a:Dequeue INT:
++X extractTop! a
++X a
insertBottom_! : (S,
++
++X a:Dequeue INT:
++X insertBottom!
++X a
insertTop_! : (8,%)
++
++X a:Dequeue INT:
++X insertTop! a
++X a
pop_! : % —> S
++
++X a:Dequeue INT:
++X pop! a
++X a
push_!
++
++X a:Dequeue INT:

(S,%) ->8

% —-> NonNegativelnteger

= dequeue [1,2,3,4,5]

dequeue ()

: % —> NonNegativeInteger

dequeue [1,2,3,4,5]

= dequeue [1,2,3,4,5]

dequeue [1,2,3,4,5]

-> S

= dequeue [1,2,3,4,5]
a

= dequeue [1,2,3,4,5]

%) -> S

= dequeue [1,2,3,4,5]
a

-> S

= dequeue [1,2,3,4,5]

= dequeue [1,2,3,4,5]

= dequeue [1,2,3,4,5]

CHAPTER 5. CHAPTER D
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++X push! a
++X a

reverse_! : %h > %
++

++X a:Dequeue INT:= dequeue [1,2,3,4,5]

++X reverse! a

++X a
top_! : % -> 8
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X top! a
++X a
if $ has shallowlyMutable then
map! : ((8 -> 8),%) —> %
++

++X a:Dequeue INT:= dequeue
++X map! (x+->x+10,a)
++X a
if S has SetCategory then

latex : % —-> String
++
++X a:Dequeue INT:= dequeue
++X latex a

hash : % -> SingleInteger
++
++X a:Dequeue INT:= dequeue
++X hash a

coerce : % —> OutputForm
++
++X a:Dequeue INT:= dequeue
++X coerce a

"=": (%,%) -> Boolean
++
++X a:Dequeue INT:= dequeue
++X b:Dequeue INT:= dequeue
++X (a=b)@Boolean

"= (%,%h) —> Boolean
++
++X a:Dequeue INT:= dequeue
++X b:=copy a
++X (a”=b)

if J has finiteAggregate then

[1,2,3,4,5]

[1,2,3,4,5]

[1,2,3,4,5]

[1,2,3,4,5]

[1,2,3,4,5]

every? : ((S -> Boolean),%) —-> Boolean

++
++X a:Dequeue INT:= dequeue
++X every?(x+->(x=4),a)

[1,2,3,4,5]

any? : ((8 -> Boolean),%) —> Boolean

++
++X a:Dequeue INT:= dequeue
++X any? (x+->(x=4) ,a)

[1,2,3,4,5]
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count : ((S -> Boolean),%) -> NonNegativelnteger
++

++X a:Dequeue INT:= dequeue [1,2,3,4,5]

++X count (x+->(x>2) ,a)

# : ) -> NonNegativeInteger

++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X #a

parts : % -> List S
++

++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X parts a

members : % -> List S
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X members a

if % has finiteAggregate and S has SetCategory then

member? : (S,%) -> Boolean
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X member?(3,a)

count : (S,%) -> NonNegativeInteger
++
++X a:Dequeue INT:= dequeue [1,2,3,4,5]
++X count(4,a)

== Queue S add
Rep := Reference List S
bottom! d == extractBottom! d
dequeue d == ref copy d
extractBottom! d ==
if empty? d then error "empty dequeue"
p := deref d
n := maxIndex p
n=1=>
r := first p
setref(d, []1)
r
q := rest(p,(n-2)::NonNegativeInteger)
r := first rest q
g.rest := []
r

top! d == extractTop! d
extractTop! d ==
if empty? d then error "empty dequeue"

e := top d
setref (d,rest deref d)
e

height d == # deref d
depth d == # deref d
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insertTop! (e,d) == (setref(d,cons(e,deref d)); e)
lastTail==> LAST$Lisp
insertBottom! (e,d) ==
if empty? d then setref(d, list e)
else lastTail.(deref d).rest := list e
e
top d == if empty? d then error "empty dequeue" else first deref d
reverse! d == (setref(d,reverse deref d); d)

— DEQUEUE.dotabb —

"DEQUEUE" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=DEQUEUE"]
"FLAGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FLAGG"]
"FLAGG-" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=FLAGG"]
"DEQUEUE" -> "FLAGG-"

"DEQUEUE" -> "FLAGG"

5.6 domain DERHAM DeRhamComplex

— DeRhamComplex.input —

)set break resume

)sys rm -f DeRhamComplex.output
)spool DeRhamComplex.output
)set message test on

)set message auto off

)clear all

--S 1 of 34

coefRing := Integer

--R

--R

--R (1) Integer

--R Type:
--E 1

--5 2 of 34

lv : List Symbol := [x,y,z]
--R

--R

--R (2 [x,y,2]

Domain
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3 of 34
:= DERHAM(coefRing,1v)

(3

DeRhamComplex (Integer, [x,y,z])

4 of 34
R := Expression coefRing

7

(4)

of

(5)

of

(8

of

Expression(Integer)

34
X**Q*y*z—5*x**3*y**2*z**5

325 2
-bxyz +xyz

34
Z**2xy*Cos (2) —T*sin (x**3xy**2) kz**2

2 32 2
- 7z sin(x y ) + y z cos(z)

34

: =x*y*z—2*x**3*y*z**2

¢p]

3 2
-2xyz +xyz

8 of 34

: der

:= generator (1)

CHAPTER 5. CHAPTER D

Type:

Type:

Type:

Type: List(Symbol)

Type: Domain

Type: Domain

Expression(Integer)

Expression(Integer)

Expression(Integer)
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--E 8

--S 9 of 34

: der := generator(2)
dy

--E 9

--S 10 of 34
dz : der := generator(3)

--E 10

--S 11 of 34
[dx,dy,dz]

(11) [dx,dy,dz]
--R

--E 11

--S 12 of 34
alpha : der
--R

:= fxdx + gxdy + hx*dz

(12)
--R 3 2 2
(-2xy z
__R +

3265 2
(-Bbxyz +xy2z)dx

--E 12

--S 13 of 34
beta : der :=
(13)
--E 13

--S 14 of 34

:= [generator(i)$der for i in 1.

Type:

Type: DeRhamComplex(Integer, [x,y,z])

Type: DeRhamComplex(Integer, [x,y,z])

Type: DeRhamComplex(Integer, [x,y,z])

.3]

List (DeRhamComplex (Integer, [x,y,2]))

32 2

+xyz)dz + (- 7z sin(x y ) + y z cos(z))dy

Type: DeRhamComplex(Integer, [x,y,z])

cos(tan (x*y*z)+x*xy*z)*dx + x*xdy

x dy + cos(tan(x y z) + x y z)dx

Type: DeRhamComplex(Integer, [x,y,z])
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exteriorDifferential alpha

--R  (14)

--R 2 32 32

--R (y z sin(z) + 14z sin(x y ) - 2y z cos(z) - 2x z + x z)dy dz
__R +

--R 324 2 2 2

--R (25x yz -6xyz +yz-xy)dx dz

__R +

--R 222 32 3 5 2

--R (-21xyzcos(xy) +10xyz - x z)dx dy

--R Type: DeRhamComplex(Integer, [x,y,z])
--E 14

--S 15 of 34
exteriorDifferential %

--R (15) 0
--R Type: DeRhamComplex(Integer, [x,y,z])
--E 15

--S 16 of 34
gamma := alpha * beta

--R  (16)

--R 4 2 2 3 2

--R (2xyz -xyz)dydz+ (2xyz - xyz)cos(tan(x y z) + x y z)dx dz
__R +

--R 2 32 2 425 3

--R  ((7z sin(x y ) -y z cos(z))cos(tan(x y 2z) + xy 2z) - bxyz + xy z)dx dy
--R Type: DeRhamComplex(Integer, [x,y,z])
--E 16

--S 17 of 34
exteriorDifferential (gamma) - (exteriorDifferential(alpha)*beta - alpha * exteriorDifferential(b

--R a7 o
--R Type: DeRhamComplex(Integer, [x,y,z])
--E 17

--S 18 of 34

a : BOP := operator(’a)

--R (18) a
--R Type: BasicOperator
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18

19 of 34
BOP := operator(’b)

(19) b

19

20 of 34
BOP := operator(’c)

(20) ¢

20
21 of 34

sigma :
--R

(21)

--E 21

--S 22 of 34
theta

(22)

--E 22

--S 23 of 34

totalDifferential (a(x,y,z))$der

(23) a

,»3

--E 23

--S 24 of 34

(x,y,2)dz + a

(x,y,2)dy + a
,2

exteriorDifferential sigma

(24)
(c
,2

(x,y,2) - b

3

(x,y,2))dy dz + (c

Type: BasicOperator

Type: BasicOperator

a(x,y,z) * dx + b(x,y,z) * dy + c(x,y,z) * dz

c(x,y,z)dz + b(x,y,z)dy + a(x,y,z)dx

Type: DeRhamComplex(Integer, [x,y,z])

a(x,y,z) * dx * dy + b(x,y,z) * dx * dz + c(x,y,z) * dy * dz

c(x,y,2z)dy dz + b(x,y,z)dx dz + a(x,y,z)dx dy

Type: DeRhamComplex(Integer, [x,y,z])

(x,y,2)dx
1
Type: DeRhamComplex(Integer, [x,y,z])

(x,y,2) - a (x,y,2))dx dz

!1 !3
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--s

b (x,y,2z) - a (x,y,z))dx dy

,1 ,2

Type:

24

25 of 34

exteriorDifferential theta

(25) (¢ (x,y,2) - b (x,y,2) +a
,1 ,2 ,3
Type:
25
26 of 34
: der := 1
(26) 1
Type:
26
27 of 34
: der := a([x,t,y,u,v,z,e]l) * one
@27 alx,t,y,u,v,z,e)
Type:
27
28 of 34
: der := a([x,y,x,t,x,2,y,r,u,x]) * one
(28) a(x,y,x,t,x,2z,y,r,u,x)
Type:
28
29 of 34

exteriorDifferential gl

--E

--8

(29) a (x,t,y,u,v,z,e)dz + a

,6 »3

Type:

29

30 of 34

exteriorDifferential hi

(x,t,y,u,v,z,e)dy + a

CHAPTER 5. CHAPTER D

DeRhamComplex(Integer, [x,y,2])

(x,y,2))dx dy dz

DeRhamComplex(Integer, [x,y,2])

DeRhamComplex(Integer, [x,y,2z])

DeRhamComplex (Integer, [x,y,z])

DeRhamComplex(Integer, [x,y,2])

(x,t,y,u,v,z,e)dx

51
DeRhamComplex (Integer, [x,y,2z])
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--R  (30)
--R a (x,y,x,t,x,2,y,r,u,x)dz
--R ,6

--R (a (x,y,x,t,x,2,y,r,u,x) + a (x,y,x,t,x,2,y,r,u,x))dy

--R s 7 ,2

--R a (x,y,x,t,x,z,y,r,u,x) + a (x,y,%,t,X,2,y,r,u,x)

--R ,10 ,5

--R a (x,y,x,t,x,z,y,r,u,x) +a (x,y,x,t,x,2,y,r,u,x)

--R ,3 ,1

--R dx

--R Type: DeRhamComplex(Integer, [x,y,z])

--E 30

--S 31 of 34
coefficient (gamma, dx*dy)

--R 2 32 2

425 3

--R (31) (7z sin(x y ) - y 2z cos(z))cos(tan(x y z) +xy2) -6xyz +xyz

--R Type:

--E 31

--S 32 of 34
coefficient(gamma, one)

--R (32) 0

--R Type:

--E 32

--S 33 of 34
coefficient(gl,one)

--R (33) a(x,t,y,u,v,z,e)

--R Type:

--E 33
--S 34 of 34

gamma := alpha * beta

--R (34)
--R 4 2 2 3 2

Expression(Integer)

Expression(Integer)

Expression(Integer)
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--R (2xyz -xyz)dydz+ (2xyz - xyz)cos(tan(x y z) + x y z)dx dz
__R +

--R 2 32 2 425 3

--R ((7z sin(x y ) - y z cos(z2))cos(tan(x y 2z) + xy 2) - bxyz + xy z)dx dy
--R Type: DeRhamComplex(Integer, [x,y,z])
--E 34

) spool

)1lisp (bye)

— DeRhamComplex.help —

DeRhamComplex examples

The domain constructor DeRhamComplex creates the class of differential
forms of arbitrary degree over a coefficient ring. The De Rham
complex constructor takes two arguments: a ring, coefRing, and a list
of coordinate variables.

This is the ring of coefficients.

coefRing := Integer
Integer
Type: Domain

These are the coordinate variables.

lv : List Symbol := [x,y,z]
[x,y,2]
Type: List Symbol

This is the De Rham complex of Euclidean three-space using coordinates
X, y and z.

der := DERHAM(coefRing,lv)
DeRhamComplex (Integer, [x,y,2])
Type: Domain

This complex allows us to describe differential forms having
expressions of integers as coefficients. These coefficients can
involve any number of variables, for example, f(x,t,r,y,u,z). As
we’ve chosen to work with ordinary Euclidean three-space, expressions
involving these forms are treated as functions of x, y and z with the
additional arguments t, r and u regarded as symbolic constants.
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Here are some examples of coefficients.

R := Expression coefRing
Expression Integer
Type: Domain

f @ R 1= xkk2xyxz-bkxk*3kykk2kzxx5
325 2
-bxyz +xy2z
Type: Expression Integer

g : R := z¥x2%y*cos(z) -Txsin (x**3*y**2) xz**2
2 32 2
- 7z sin(x y ) + y 2z cos(z)
Type: Expression Integer

h : R :=xky*xz-2%x**3ky*z**2
3 2
-2xyz +xyz
Type: Expression Integer

We now define the multiplicative basis elements for the exterior
algebra over R.

dx : der := generator(1l)
dx

Type: DeRhamComplex(Integer, [x,y,z])
dy : der := generator(2)
dy

Type: DeRhamComplex(Integer, [x,y,z])
dz : der := generator(3)
dz

Type: DeRhamComplex(Integer, [x,y,z])
This is an alternative way to give the above assignments.

[dx,dy,dz] := [generator(i)$der for i in 1..3]
[dx,dy,dz]
Type: List DeRhamComplex(Integer, [x,y,z])

Now we define some one-forms.

alpha : der := f*dx + g*dy + hxdz
3 2 2 32 2
(-2xyz +xy2z)z + (- 7z sin(x y ) +y z cos(z))dy
+
325 2
(-Bxyz +xya2z)dx
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Type: DeRhamComplex(Integer, [x,y,z])

beta : der := cos(tan(x*y*z)+x*y*z)*dx + x*dy
x dy + cos(tan(x y z) + x y z)dx
Type: DeRhamComplex(Integer, [x,y,z])

A well-known theorem states that the composition of exteriorDifferential
with itself is the zero map for continuous forms. Let’s verify this

theorem for alpha.

exteriorDifferential alpha

2 32 32
(y z sin(z) + 14z sin(x y ) - 2y z cos(z) - 2x z + x z)dy dz
+
324 2 2 2
(25x yz -6xyz +y2z-xy)dx dz
+
222 32 3 5 2

(-21x yzcos(xy) +10xyz - x 2z)dx dy
Type: DeRhamComplex(Integer, [x,y,z])

We see a lengthy output of the last expression, but nevertheless, the
composition is zero.

exteriorDifferential ¥
0
Type: DeRhamComplex(Integer, [x,y,z])

Now we check that exteriorDifferential is a "graded derivation" D,
that is, D satisfies:

D(axb) = D(a)*b + (-1)**degree(a)*a*D(b)
gamma := alpha * beta
4 2 2 3 2
(2xyz -xyz)dydz+ (2xyz - xyz)cos(tan(x y z) + x y z)dx dz
+
2 32 2 425 3

((7z sin(x y ) -y z cos(z))cos(tan(x y z) + x y 2z) - 5xyz + xyz)dxdy
Type: DeRhamComplex(Integer, [x,y,z])

We try this for the one-forms alpha and beta.
exteriorDifferential (gamma) - (exteriorDifferential(alpha)*beta - alpha * exteriorDifferential
0
Type: DeRhamComplex(Integer, [x,y,2z])

Now we define some "basic operators"

a : BOP := operator(’a)
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a
Type: BasicOperator
b : BOP := operator(’b)
b
Type: BasicOperator
c : BOP := operator(’c)

Type: BasicOperator

We also define some indeterminate one- and two-forms using these
operators.

sigma := a(x,y,z) * dx + b(x,y,z) * dy + c(x,y,z) * dz
c(x,y,z)dz + b(x,y,2)dy + a(x,y,z)dx
Type: DeRhamComplex(Integer, [x,y,z])

theta := a(x,y,z) * dx * dy + b(x,y,z) * dx * dz + c(x,y,z) * dy * dz
c(x,y,2z)dy dz + b(x,y,z)dx dz + a(x,y,z)dx dy
Type: DeRhamComplex(Integer, [x,y,z])

This allows us to get formal definitions for the "gradient"

totalDifferential (a(x,y,z))$der
(23) a (x,y,z)dz + a (x,y,z)dy + a (x,y,z)dx
,3 ,2 ,1
Type: DeRhamComplex(Integer, [x,y,z])
the "curl"

exteriorDifferential sigma
(¢ (x,y,2) - b (x,y,2))dy dz + (¢ (x,y,2z) - a (x,y,2))dx dz
32 33 ’1 ’3

b (x,y,2) - a (x,y,2))dx dy
,1 ,2
Type: DeRhamComplex(Integer, [x,y,z])

and the "divergence."

exteriorDifferential theta
(c (x,y,2) - b (x,y,2) +a (x,y,2z))dx dy dz
1 2 »3
Type: DeRhamComplex(Integer, [x,y,z])

Note that the De Rham complex is an algebra with unity. This element
1 is the basis for elements for zero-forms, that is, functions in our

space.

one : der := 1
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Type: DeRhamComplex(Integer, [x,y,z])

To convert a function to a function lying in the De Rham complex,
multiply the function by "one."

gl : der := a([x,t,y,u,v,z,e]) * one
a(x,t,y,u,v,z,e)
Type: DeRhamComplex(Integer, [x,y,z])

A current limitation of Axiom forces you to write functions with more
than four arguments using square brackets in this way.

hl : der := a([x,y,x,t,x,2,y,r,u,x]) * one
a(x,y,x,t,x,2,y,r,u,%)
Type: DeRhamComplex(Integer, [x,y,2])

Now note how the system keeps track of where your coordinate functions
are located in expressions.

exteriorDifferential gl
a (x,t,y,u,v,z,e)dz + a (x,t,y,u,v,z,e)dy + a (x,t,y,u,v,z,e)dx
,6 ,3 51
Type: DeRhamComplex(Integer, [x,y,z])

exteriorDifferential hil
a (x,y,x,t,x,2,y,r,u,x)dz

,6
+
(a (x,y,x,t,x,2,y,r,u,x) + a (x,y,x,t,x,2,y,r,u,x))dy
’7 ,2
+
a (x,y,x,t,x,z,y,r,u,x) +a (x,y,%x,t,%x,2,y,r,u,x)
,10 ,5
+
a (x,y,x,t,x,2,y,r,u,x) +a (x,y,x,t,x,2,y,r,u,x)
,3 !1
*
dx

Type: DeRhamComplex(Integer, [x,y,z])

In this example of Euclidean three-space, the basis for the De Rham complex
consists of the eight forms: 1, dx, dy, dz, dx*dy, dx*dz, dy*dz, and dx*dy*dz.

coefficient (gamma, dx*dy)
2 32 2 425 3
(7Tz sin(x y ) - y z cos(z))cos(tan(x y z) + xy2) - 6xyz +xyz
Type: Expression Integer

coefficient (gamma, one)
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Type: Expression Integer

coefficient(gl,one)
a(x,t,y,u,v,z,e)
Type: Expression Integer

See Also:

o )help Operator
o )show DeRhamComplex

5.6.1 DeRhamComplex (DERHAM)

DERHAM

See

= “ExtAlgBasis” (EAB) BX1 on page 13
= “AntiSymm” (ANTISYM) 22X on page B0

Exports:
0 1 characteristic coefficient
coerce degree exteriorDifferential — generator
hash homogeneous? latex leadingBasisTerm
leadingCoefficient map one? recip
reductum retract retractable? retractIfCan
sample subtractIfCan  totalDifferential zero?
77=7 %7 PRXY 777
7+7 ?-7 -7 7=7

— domain DERHAM DeRhamComplex —

)abbrev domain DERHAM DeRhamComplex
++ Author: Larry A. Lambe
++ Date : 01/26/91.

517
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++ Revised : 12/01/91.

++

++ based on code from ’89 (AntiSymmetric)

++

++ Needs: LeftAlgebra, ExtAlgBasis, FreeMod(Ring,OrderedSet)

++

++ Description:

++ The deRham complex of Euclidean space, that is, the

++ class of differential forms of arbitary degree over a coefficient ring.
++ See Flanders, Harley, Differential Forms, With Applications to the Physical
++ Sciences, New York, Academic Press, 1963.

DeRhamComplex (CoefRing,listIndVar:List Symbol): Export == Implement where
CoefRing : Join(Ring, OrderedSet)

ASY ==> AntiSymm(R,listIndVar)

DIFRING ==> DifferentialRing

LALG ==> LeftAlgebra

FMR ==> FreeMod (R,EAB)

I ==> Integer

L ==> List

EAB ==> ExtAlgBasis -- these are exponents of basis elements in order
NNI ==> NonNegativelInteger

0 ==> QutputForm

R ==> Expression(CoefRing)

Export == Join(LALG(R), RetractableTo(R)) with
leadingCoefficient : -> R
++ leadingCoefficient(df) returns the leading
++ coefficient of differential form df.
leadingBasisTerm : % -> %
++ leadingBasisTerm(df) returns the leading
++ basis term of differential form df.
reductum EA -> %
++ reductum(df), where df is a differential form,
++ returns df minus the leading
++ term of df if df has two or more terms, and
++ 0 otherwise.
coefficient (AR -> R
++ coefficient(df,u), where df is a differential form,
++ returns the coefficient of df containing the basis term u
++ if such a term exists, and O otherwise.

generator : NNI -> %
++ generator(n) returns the nth basis term for a differential form.
homogeneous? A -> Boolean

++ homogeneous?(df) tests if all of the terms of
++ differential form df have the same degree.
retractable? H A -> Boolean
++ retractable?(df) tests if differential form df is a O-form,
++ i.e., if degree(df) = 0.
degree YA > I
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++ degree(df) returns the homogeneous degree of differential form df.
map : (R->R, %) > %
++ map(f,df) replaces each coefficient x of differential
++ form df by \spad{f(x)}.
totalDifferential : R >
++ totalDifferential(x) returns the total differential
++ (gradient) form for element x.
exteriorDifferential : % -> %
++ exteriorDifferential(df) returns the exterior
++ derivative (gradient, curl, divergence, ...) of
++ the differential form df.

Implement == ASY add
Rep := ASY

dim := #listIndVar

totalDifferential (f) ==
divs:=[differentiate(f,listIndVar.i)*generator(i)$ASY for i in 1..dim]
reduce("+",divs)

termDiff : (R, %) -> %
termDiff (r,e) ==
totalDifferential(r) * e

exteriorDifferential(x) ==
x=0=>0
termDiff (leadingCoefficient (x)$Rep,leadingBasisTerm x) + exteriorDifferential(reductum x)

lv := [concat("d",string(liv))$String: :Symbol for liv in listIndVar]

displayList:EAB -> O
displayList(x):0 ==
le: L I := exponents(x)3$EAB
- reduce(_*,[(1v.1)::0 for i in 1..dim | le.i = 1])$L(0)
- reduce(_*,[(lv.i)::0 for i in 1..dim | one?(le.i)])$L(0)
reduce(_*,[(1lv.i)::0 for i in 1..dim | ((le.i) = 1)1)$L(0)

makeTerm: (R,EAB) -> 0O
makeTerm(r,x) ==
-- we know that r "= 0
x = Nul(dim)$EAB => r::0
-- one? r => displayList(x)
(r = 1) => displayList(x)
-- r = 1 => displayList(x)
r::0 * displayList(x)

terms : % -> List Record(k: EAB, c: R)
terms(a) ==
—-- it is the case that there are at least two terms in a
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a pretend List Record(k: EAB, c: R)

coerce(a):0 ==
a = O$Rep => 0$I::0
ta := terms a
- reductum(a) = O$Rep => makeTerm(leadingCoefficient a, a.first.k)
null ta.rest => makeTerm(ta.first.c, ta.first.k)
reduce (_+, [makeTerm(t.c,t.k) for t in tal)$L(0)

— DERHAM.dotabb —

"DERHAM" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=DERHAM"]
"FS" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FS"]
IIDERHAMH _> |IFSII

5.7 domain DSTREE DesingTree

— DesingTree.input —

)set break resume

)sys rm -f DesingTree.output
)spool DesingTree.output
)set message test on

)set message auto off

)clear all

-——S1of 1

)show DesingTree

--R

--R DesingTree(S: SetCategory) is a domain constructor

--R Abbreviation for DesingTree is DSTREE

--R This constructor is exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for DSTREE
--R

--R-—- Rt Operations --- -—-

--R children : % -> List(%) copy : h =>%h

--R cyclic? : % -> Boolean distance : (%,%) -> Integer
--R 7.value : (%,value) -> S empty : () -> %

--R empty? : % -> Boolean encode : % -> String

--R eq? : (%,%) —-> Boolean fullOut : % -> OutputForm
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--R fullOutput : () -> Boolean fullOutput : Boolean -> Boolean
--R leaf? : % -> Boolean leaves : % -> List(S)

--R map : ((S -> S),%) > % nodes : % -> List (%)

--R sample : () -> % tree : List(S) -> %

--R tree : S > ¥ tree : (S,List (%)) -> %

--R value : % -> S

--R #7 : 7, -> NonNegativeInteger if $ has finiteAggregate

--R ?=? : (%,%) -> Boolean if S has SETCAT

--R any? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate

--R child? : (%,%) -> Boolean if S has SETCAT

--R coerce : % -> OutputForm if S has SETCAT

--R count : (S,%) -> NonNegativeInteger if $ has finiteAggregate and S has SETCAT
--R count : ((S -> Boolean),%) -> NonNegativeInteger if $ has finiteAggregate
--R eval : (%,List(8),List(S)) -> % if S has EVALAB(S) and S has SETCAT
--R eval : (%,S,8) -> % if S has EVALAB(S) and S has SETCAT

--R eval : (%,Equation(S)) -> % if S has EVALAB(S) and S has SETCAT

--R eval : (%,List(Equation(S))) -> % if S has EVALAB(S) and S has SETCAT
--R every? : ((8 -> Boolean),’) -> Boolean if $ has finiteAggregate

--R hash : ), -> SingleInteger if S has SETCAT

--R latex : % -> String if S has SETCAT

--R less? : (%,NonNegativeInteger) -> Boolean

--R map! : ((8 -> 8),%) -> % if $ has shallowlyMutable

--R member? : (8,%) -> Boolean if $ has finiteAggregate and S has SETCAT
--R members : % -> List(S) if $ has finiteAggregate

--R more? : (%,NonNegativeInteger) -> Boolean

--R node? : (%,%) -> Boolean if S has SETCAT

--R parts : % -> List(S) if $ has finiteAggregate

--R setchildren! : (%,List(%)) -> % if $ has shallowlyMutable

--R setelt : (%,value,S) -> S if $ has shallowlyMutable

--R setvalue! : (%,S) -> S if $ has shallowlyMutable

--R size? : (%,NonNegativeInteger) -> Boolean

--R ?7=? : (%,%) -> Boolean if S has SETCAT

--R

--E 1

) spool

)1lisp (bye)

— DesingTree.help —

DesingTree examples

See

Also:

o )show DesingTree
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5.7.1 DesingTree (DSTREE)

DSTREE

Exports:
#7? ?.value
child?  children

cyclic?  distance

eq? eval
hash latex
map map!

node?  nodes
setelt setvalue!

7=7
coerce
empty
every?
leaf?
member?
parts
size?

?77=7
copy
empty?
fullOut
leaves
members
sample
tree

any?

count
encode
fullOutput
less?

more?
setchildren!
value

— domain DSTREE DesingTree —

)abbrev domain DSTREE DesingTree
++ Authors: Gaetan Hache
++ Date Created: jan 1998

++ Date Last Updated: May 2010 by Tim Daly

++ Description:

++ This category is part of the PAFF package
DesingTree(S: SetCategory): T==C where

== DesingTreeCategory(S) with

encode: % -> String
++ encode(t) returns a string indicating the "shape" of the tree

fullQut: % -> OutputForm
++ fullOut(tr) yields a full output of tr (see function fullOutput).

fullOutput: Boolean -> Boolean

++ fullOutput(b) sets a flag such that when true,

CHAPTER 5. CHAPTER D
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++ a coerce to OutputForm yields the full output of
++ tr, otherwise encode(tr) is output (see encode function).
++ The default is false.

fullOutput: () -> Boolean
++ fullOutput returns the value of the flag set by fullOutput(b).

Q
1]

= add
Rep ==> Record(value: S, args: List %)

fullOut(t:%): OutputForm ==
empty? children t => (value t) ::OutputForm
prefix((value t)::OutputForm, [fullOut(tr) for tr in children t])
fullOutputFlag:Boolean:=false()
fullOutput (£)== fullOutputFlag:=f
fullOutput == fullOutputFlag
leaves(t)==
empty?(chdr:=children(t)) => list(value(t))
concat([leaves(subt) for subt in chdr])
t1=t2 == value t1 = value t2 and children t1 = children t2
coerce(t:%) :OutputForm==
“fullOutput() => encode(t) :: OutputForm
fullOut (t)
tree(s,1s) == ([s,1ls]:Rep):%
tree(s:S) == ([s,[1]1:Rep):%
tree(ls:List(S))==
empty?(1ls) =>
error "Cannot create a tree with an empty list"
f:=first(1ls)
empty?(rs:=rest(ls)) =>
tree(f)
tree(f, [tree(rs)])
value t == (t:Rep).value
children t == ((t:Rep).args):List %

setchildren_!(t,1s) == ((t:Rep).args:=1ls;t pretend %)

setvalue_! (t,s) == ((t:Rep).value:=s;s)
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encode (t)==
empty?(chtr:=children(t)) => empty()$String
concat ([concat (["U",encode(arb),"."]) for arb in chtr])

— DSTREE.dotabb —

"DSTREE" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=DSTREE"];
"DSTRCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=DSTRCAT"]
"DSTREE" -> "DSTRCAT"

5.8 domain DSMP DifferentialSparseMultivariatePoly-
nomial

— DifferentialSparseMultivariatePolynomial.input —

)set break resume

)sys rm -f DifferentialSparseMultivariatePolynomial.output
)spool DifferentialSparseMultivariatePolynomial.output
)set message test on

)set message auto off

)clear all

-——S1of1

)show DifferentialSparseMultivariatePolynomial

--R

--R DifferentialSparseMultivariatePolynomial(R: Ring,S: OrderedSet,V: DifferentialVariableCatego
--R Abbreviation for DifferentialSparseMultivariatePolynomial is DSMP

--R This constructor is not exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for DSMP

--R

--R-- e Operations --- ittt
--R ?*x? : (%,R) -> % 77 : (R,%) > %

--R ?*? : (h,%h) > % 7*%7 : (Integer,%) -> %

--R 7x7 : (Positivelnteger,%) -> % ?7x*x7 : (%,Positivelnteger) -> ¥

--R ?+? : Ch,%) > % 7-7 : (5,h) > h

--R -? : % > % ?=? : (%,%) -> Boolean

--RD : (4,(R ->R)) —> ¥ D : % -> % if R has DIFRING

--R D : (%,List(V)) —> ¥ D : (%, V) > %

-—-R1: 0O > 0: O —>1%
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7?77 : (%,Positivelnteger) -> % coefficients : % -> List(R)
coerce : S > % coerce : V -=> ¥

coerce : R -> Y% coerce : Integer -> 7
coerce : % —> OutputForm degree % —> IndexedExponents (V)
differentiate h,List(V)) —> % differentiate : (%,V) —> %
eval : (%,List(V),List(%)) -> % eval AV, 50 > %

eval : (%,List(V),List(R)) -> ¥% eval : (%,V,R) > %

eval : (%h,%,% > % eval : (%,Equation(%)) -> %
ground : % -> R ground? : % -> Boolean
hash : ), -> SingleInteger initial : % > %

isobaric? : % -> Boolean latex : % -> String

leader : % >V leadingCoefficient : % -> R
leadingMonomial : % -> % map : ((R => R),%) -> %
monomial? : % -> Boolean monomials : % -> List(%)
one? : % -> Boolean order : 7 -> NonNegativeInteger
recip : % -> Union(%,"failed") reductum : % -> %

retract : % -> S retract : % -> V

retract : % -> R sample : O -> %

separant : % -> % variables : % -> List(V)
weight : ) -> NonNegativeInteger zero? : % -> Boolean

?7=? : (%,%) —> Boolean

?7*? : (Fraction(Integer),%) -> % if R has ALGEBRA(FRAC(INT))

?%? : (%,Fraction(Integer)) -> J if R has ALGEBRA(FRAC(INT))

?7x7 : (NonNegativelnteger,) -> %

?x*x?7 : (%,NonNegativeInteger) ->

?/? : Ch,R) -> % if R has FIELD

7<? : (%,%) —> Boolean if R has ORDSET

7<=? : (%,%h) —> Boolean if R has ORDSET

?>? : (%,%) —> Boolean if R has ORDSET

?>=? : (%,%) —> Boolean if R has ORDSET

D : (%,(R -> R),NonNegativeInteger) -> ¥

D : (%,List(Symbol),List(NonNegativeInteger)) -> % if R has PDRING(SYMBOL)
D : (%,Symbol,NonNegativeInteger) -> ¥ if R has PDRING(SYMBOL)

D : (%,List(Symbol)) -> % if R has PDRING(SYMBOL)

D : (%,Symbol) -> % if R has PDRING(SYMBOL)

D : (%,NonNegativeInteger) -> % if R has DIFRING

D : (%,List(V),List(NonNegativeInteger)) -> ¥

D : (%,V,NonNegativeInteger) -> %
777

(% ,NonNegativelInteger) -> %
associates? (%,%) —-> Boolean if R has INTDOM
binomThmExpt : (%,%,NonNegativeInteger) -> 7 if R has COMRING
characteristic : () -> NonNegativeInteger
charthRoot : % —-> Union(%,"failed") if $ has CHARNZ and R has PFECAT or R has CHARNZ
coefficient : (%,List(V),List(NonNegativeInteger)) -> %
coefficient : (%,V,NonNegativeInteger) -> %
coefficient : (%,IndexedExponents(V)) -> R
coerce : % -> % if R has INTDOM
coerce : Fraction(Integer) -> % if R has ALGEBRA(FRAC(INT)) or R has RETRACT(FRAC(INT))
coerce : SparseMultivariatePolynomial(R,S) -> %
conditionP : Matrix(%) -> Union(Vector(%),"failed") if $ has CHARNZ and R has PFECAT
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content : % ->
convert : % —>
convert : % ->
convert : % —>

degree : (%,S)

degree

degree : (%,V)
differentialVariables

differentiate :
differentiate :
differentiate :
differentiate :
differentiate :
differentiate :
differentiate :
differentiate :
differentiate :
differentiate :

discriminant
eval :
eval :
eval :
eval :
eval :
eval :

(%,S,R)

(%,8,%)

exquo :
exquo :
factor

ged @ (0 —>

gecd

isExpt

isPlus

isTimes :
lem : Gh,%) —>
lem
mainVariable
makeVariable :
makeVariable
mapExponents :
max : (%,%) ->
hyh) —>

min :

minimumDegree :
minimumDegree :
minimumDegree :
(%,%,V) -> Record(quotient: %,remainder: %)
(%,List (V) ,List (NonNegativeInteger)) -> %

monicDivide
monomial :

List (%) ->
: % -> Union(V,"failed")

CHAPTER 5. CHAPTER D

(%,Vv) -> % if R has GCDDOM

R if R has GCDDOM

InputForm if R has KONVERT(INFORM) and V has KONVERT(INFORM)

Pattern(Integer) if R has KONVERT(PATTERN(INT)) and V has KONVERT (PATTERN (INT
Pattern(Float) if R has KONVERT(PATTERN(FLOAT)) and V has KONVERT(PATTERN (FLC
-> NonNegativelnteger

(%,List(V)) -> List(NonNegativeInteger)

-> NonNegativeInteger

: % => List(S)

h, (R => R)) > %

(%, (R => R) ,NonNegativeInteger) -> ¥

(%,List (Symbol) ,List (NonNegativeInteger)) -> % if R has PDRING(SYMBOL)
(%,Symbol,NonNegativeInteger) -> 7 if R has PDRING(SYMBOL)
(%,List(Symbol)) -> % if R has PDRING(SYMBOL)

(%,Symbol) -> % if R has PDRING(SYMBOL)
(%,NonNegativeInteger) -> % if R has DIFRING

% -> % if R has DIFRING

(%,List (V) ,List (NonNegativeInteger)) -> %
(%,V,NonNegativeInteger) ->

6, V) => % if R has COMRING

(%,List(S),List(R)) -> % if R has DIFRING

-> % if R has DIFRING

(%,List(S),List (%)) -> % if R has DIFRING

-> % if R has DIFRING

(%,List (%) ,List (%)) -> %

(%,List (Equation(%))) -> %

(%,%) —> Union(%,"failed") if R has INTDOM
(%,R) —> Union(%,"failed") if R has INTDOM
: % -> Factored(%) if R has PFECAT
factorPolynomial :
factorSquareFreePolynomial :

SparseUnivariatePolynomial (%) -> Factored(SparseUnivariatePolynomial(%))
SparseUnivariatePolynomial(%) -> Factored(SparseUnivariatePolyn
% if R has GCDDOM

: List(%) -> % if R has GCDDOM
gcdPolynomial :
% —> Union(Record(var: V,exponent: NonNegativelnteger),"failed")
% => Union(List (%) ,"failed")

% => Union(List(%),"failed")

(SparseUnivariatePolynomial (%) ,SparseUnivariatePolynomial(%)) -> SparseUniva

% if R has GCDDOM
% if R has GCDDOM

% —-> (NonNegativeInteger -> %) if R has DIFRING

: S -> (NonNegativeInteger -> %)

((IndexedExponents (V) -> IndexedExponents(V)),%) -> %
% if R has ORDSET
% if R has ORDSET

(%,List(V)) -> List(NonNegativeInteger)

(%,V) -> NonNegativelInteger

% —> IndexedExponents (V)
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--R monomial : (%,V,NonNegativeInteger) -> 7

--R monomial : (R,IndexedExponents(V)) -> %

--R multivariate : (SparseUnivariatePolynomial(%),V) -> ¥

--R multivariate : (SparseUnivariatePolynomial(R),V) -> ¥

--R numberOfMonomials : % -> NonNegativeInteger

--R order : (%,S) -> NonNegativeInteger

--R patternMatch : (%,Pattern(Integer),PatternMatchResult(Integer,%)) -> PatternMatchResult(Integer,%) if R
--R patternMatch : (%,Pattern(Float),PatternMatchResult(Float,%)) -> PatternMatchResult(Float,%) if R has P.
--R pomopo! (%,R,IndexedExponents(V),%) -> %

--R prime? : % -> Boolean if R has PFECAT

--R primitiveMonomials : % -> List(%)

--R primitivePart (%,V) -> % if R has GCDDOM

--R primitivePart : % -> % if R has GCDDOM

--R reducedSystem : Matrix(%) -> Matrix(R)

--R reducedSystem : (Matrix(%),Vector(%)) -> Record(mat: Matrix(R),vec: Vector(R))

--R reducedSystem : (Matrix(%),Vector(%)) -> Record(mat: Matrix(Integer),vec: Vector(Integer)) if R has LIN
--R reducedSystem : Matrix(%) -> Matrix(Integer) if R has LINEXP(INT)

--R resultant (%,%,V) => % if R has COMRING

--R retract : J -> SparseMultivariatePolynomial(R,S)

--R retract : % -> Integer if R has RETRACT(INT)

--R retract : ) -> Fraction(Integer) if R has RETRACT(FRAC(INT))

--R retractIfCan : % -> Union(SparseMultivariatePolynomial(R,S),"failed")

--R retractIfCan : % -> Union(S,"failed")

--R retractIfCan : % -> Union(V,"failed")

--R retractIfCan : % -> Union(Integer,'"failed") if R has RETRACT(INT)

--R retractIfCan : % -> Union(Fraction(Integer),"failed") if R has RETRACT(FRAC(INT))

--R retractIfCan : % -> Union(R,"failed")

--R solveLlnearPolynomlalEquat1on : (List(SparseUnivariatePolynomial (%)) ,SparseUnivariatePolynomial(%)) ->
--R squareFree : % -> Factored(}) if R has GCDDOM

--R squareFreePart : 7, -> %, if R has GCDDOM

--R squareFreePolynomial : SparseUnivariatePolynomial(’) -> Factored(SparseUnivariatePolynomial(%)) if R ha
--R subtractIfCan : (%,%) -> Union(%,"failed")

--R totalDegree : (%,List(V)) -> NonNegativeInteger

--R totalDegree : ) -> NonNegativeInteger

--R unit? % —> Boolean if R has INTDOM

--R unitCanonical : % -> % if R has INTDOM

--R unitNormal : % -> Record(unit: %,canonical: %,associate: %) if R has INTDOM

--R univariate : % -> SparseUnivariatePolynomial(R)

--R univariate : (%,V) -> SparseUnivariatePolynomial(%)

--R weight : (%,S) -> NonNegativelnteger

--R weights : (%,8) -> List(NonNegativeInteger)

--R weights : % -> List(NonNegativeInteger)

--R

--E 1

) spool

)1lisp (bye)
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— DifferentialSparseMultivariatePolynomial.help —

DifferentialSparseMultivariatePolynomial examples

See Also:
o )show DifferentialSparseMultivariatePolynomial

5.8.1 DifferentialSparseMultivariatePolynomial (DSMP)

DSMP

See

“OrderlyDifferentialVariable” (ODVAR) 671 on page 821
“SequentialDifferential Variable” (SDVAR) on page 2357
“OrderlyDifferentialPolynomial” (ODPOL) G161 on page X141
“SequentialDifferentialPolynomial” (SDPOL) on page 2351

Exports:

P44y
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0
binomThmExpt
coefficient
conditionP

D

differentiate
exquo
factorSquareFreePolynomial
ground

initial

isPlus

lem
leadingMonomial
mapExponents
minimumDegree
monomials
numberOfMonomials
patternMatch
primitiveMonomials
reducedSystem
retract

separant
squareFreePart
totalDegree
unitNormal
weight

77

7-7

777

7<?

7>=7

1
characteristic
coefficients
content
degree
discriminant
factor

ged

ground?
isExpt
isTimes
leader
makeVariable
max
monicDivide
monomial?
one?

pomopo!
primitivePart
reductum
retractIfCan

solveLinearPolynomialEquation

squareFreePolynomial
unit?

univariate

weights

PRKY

-?

?77=7

7<="

associates?
charthRoot
coerce

convert
differential Variables
eval
factorPolynomial
gcdPolynomial
hash

isobaric?

latex
leadingCoeflicient
map

min

monomial
multivariate
order

prime?

recip

resultant

sample
squarekree
subtractIfCan
unitCanonical
variables

zero?

747

7="7

?/?

7>7

— domain DSMP DifferentialSparseMultivariatePolynomial —

)abbrev domain DSMP DifferentialSparseMultivariatePolynomial

++ Author: William Sit

++ Date Created: 19 July 1990

++ Date Last Updated: 13 September 1991
++ Basic Operations:DifferentialPolynomialCategory

++ Related Constructors:
++ See Also:

++ AMS Classifications:12HO05

++ Keywords: differential indeterminates, ranking, differential polynomials,
++ order, weight, leader, separant, initial, isobaric
++ References:Kolchin, E.R. "Differential Algebra and Algebraic Groups"

++ (Academic Press, 1973).

++ Description:
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++
++
++
++

Di

"D
"D
"D

5

)s

\spadtype{DifferentialSparseMultivariatePolynomial} implements
an ordinary differential polynomial ring by combining a

domain belonging to the category \spadtype{DifferentialVariableCategory}

with the domain \spadtype{SparseMultivariatePolynomial}.

fferentialSparseMultivariatePolynomial(R, S, V):
Exports == Implementation where

R: Ring

S: OrderedSet

V: DifferentialVariableCategory S

E ==> IndexedExponents (V)

PC ==> PolynomialCategory(R,IndexedExponents(V),V)

PCL ==> PolynomialCategoryLifting

P  ==> SparseMultivariatePolynomial(R, V)

SUP ==> SparseUnivariatePolynomial

SMP ==> SparseMultivariatePolynomial(R, S)

Exports ==> Join(DifferentialPolynomialCategory(R,S,V,E),
RetractableTo SMP)

Implementation ==> P add
retractIfCan(p:$) :Union(SMP, "failed") ==
zero? order p =>
map (x+->retract (x)@S :: SMP,y+->y::SMP, p)$PCL(
IndexedExponents V, V, R, $§, SMP)
"failed"

coerce(p:SMP) : § ==

map (x+->x::V::$, y+->y::$, p)$PCL(IndexedExponents S, S, R, SMP, §)

— DSMP.dotabb —
SMP" [color="#88FF44",href=”bookv0110.3.pdf#nameddest=DSMP”]

POLCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=DPOLCAT"]
SMP" -> "DPOLCAT"

.9 domain DIRPROD DirectProduct

— DirectProduct.input —

et break resume

CHAPTER 5. CHAPTER D



5.9. DOMAIN DIRPROD DIRECTPRODUCT 531

)sys rm -f DirectProduct.output
)spool DirectProduct.output
)set message test on

)set message auto off

)clear all

--S 1 of 1
)show DirectProduct

--R DirectProduct(dim: NonNegativeInteger,R: Type) is a domain constructor

--R Abbreviation for DirectProduct is DIRPROD

--R This constructor is not exposed in this frame.

--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for DIRPROD
--R

--R-——---- -—- - Operations -—- -——
--R -7 : % -> % if R has RING 1: O -> 9% if R has MONOID

--R 0 : () -> % if R has CABMON coerce : % —> Vector(R)

--R copy : %h —> % directProduct : Vector(R) -> %
--R 7.7 (%,Integer) -> R elt (%,Integer,R) -> R

--R empty : O > % empty? : % -> Boolean

--R entries : % -> List(R) eq? : (%,%) -> Boolean

--R index? : (Integer,%) —-> Boolean indices : % -> List(Integer)
-—Rmap : ((R -> R),%) —> % qgelt : (%,Integer) -> R

--R sample : () -> %

--R #7 : Y, -> NonNegativeInteger if $ has finiteAggregate

--R 7?*? : (Positivelnteger,’) -> J if R has ABELSG

--R 7*7 : (NonNegativeInteger,%) -> % if R has CABMON

--R 77 : (R,%) —-> % if R has RING

--R 7*%? : (%,R) -> % if R has RING

--R 7*? : (%,%) -> % if R has MONOID

--R 7%7 : (Integer,’%) -> % if R has RING

--R ?*x?7 : (J,PositiveInteger) -> % if R has MONOID

--R 7?*x7 : (% ,NonNegativeInteger) -> % if R has MONOID

--R 747 : (%,%) -> % if R has ABELSG

--R ?-? : (%,%) -> % if R has RING

--R ?/? : (h,R) -> % if R has FIELD

--R ?7<? : (%,%) -> Boolean if R has O0AMONS or R has ORDRING

--R 7<=? : (%,%) -> Boolean if R has OAMONS or R has ORDRING

--R 7=7 (%,%) -> Boolean if R has SETCAT

--R 7>7 : (%,%) -> Boolean if R has OAMONS or R has ORDRING

--R 7>=? : (%,%) -> Boolean if R has OAMONS or R has ORDRING

--R D : (%4, (R -> R)) -> % if R has RING

--R D : (%,(R -> R),NonNegativeInteger) -> % if R has RING

--R D : (%,List(Symbol),List(NonNegativeInteger)) -> % if R has PDRING(SYMBOL) and R has RING
--R D : (%,Symbol,NonNegativeInteger) -> J if R has PDRING(SYMBOL) and R has RING
--R D : (%,List(Symbol)) -> % if R has PDRING(SYMBOL) and R has RING

--R D : (%,Symbol) -> % if R has PDRING(SYMBOL) and R has RING

--R D : (%,NonNegativeInteger) -> % if R has DIFRING and R has RING

--R D : % -> % if R has DIFRING and R has RING

--R 777 : (%,PositivelInteger) -> % if R has MONOID
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?°7 : (%,NonNegativeInteger) -> % if R has MONOID

abs : % -> % if R has ORDRING

any? : ((R -> Boolean),%) -> Boolean if $ has finiteAggregate

characteristic : () -> NonNegativeInteger if R has RING

coerce : R -> % if R has SETCAT

coerce : Fraction(Integer) -> % if R has RETRACT(FRAC(INT)) and R has SETCAT
coerce : Integer -> % if R has RETRACT(INT) and R has SETCAT or R has RING
coerce : % —> OutputForm if R has SETCAT

count : (R,%) -> NonNegativeInteger if $ has finiteAggregate and R has SETCAT

count : ((R -> Boolean),’%) -> NonNegativeInteger if $ has finiteAggregate

differentiate : (%,(R -> R)) -> % if R has RING

differentiate : (%,(R -> R),NonNegativeInteger) -> % if R has RING

differentiate : (%,List(Symbol),List(NonNegativeInteger)) -> % if R has PDRING(SYMBOL) and R
differentiate : (%,Symbol,NonNegativeInteger) -> % if R has PDRING(SYMBOL) and R has RING
differentiate : (J%,List(Symbol)) -> % if R has PDRING(SYMBOL) and R has RING

differentiate : (J%,Symbol) -> % if R has PDRING(SYMBOL) and R has RING

differentiate : (%,NonNegativeInteger) -> % if R has DIFRING and R has RING

differentiate : % -> % if R has DIFRING and R has RING

dimension : () -> CardinalNumber if R has FIELD

dot : (%,%) -> R if R has RING

entry? : (R,%) -> Boolean if $ has finiteAggregate and R has SETCAT
eval : (%,List(R),List(R)) -> % if R has EVALAB(R) and R has SETCAT
eval : (%,R,R) -> % if R has EVALAB(R) and R has SETCAT

eval : (%,Equation(R)) -> % if R has EVALAB(R) and R has SETCAT
eval : (%,List(Equation(R))) -> % if R has EVALAB(R) and R has SETCAT
every? : ((R -> Boolean),%) -> Boolean if $ has finiteAggregate
£i11! : (%,R) -> % if $ has shallowlyMutable

first : % -> R if Integer has ORDSET

hash : % -> SingleInteger if R has SETCAT

index : PositiveInteger -> % if R has FINITE

latex : % -> String if R has SETCAT

less? : (%,NonNegativeInteger) -> Boolean

lookup : % -> PositiveInteger if R has FINITE

map! : ((R -> R),%) -> % if $ has shallowlyMutable

max : (%,%) -> % if R has OAMONS or R has ORDRING

maxIndex : % -> Integer if Integer has ORDSET

member? : (R,%) -> Boolean if $ has finiteAggregate and R has SETCAT
members : % -> List(R) if $ has finiteAggregate

min : (%,%) -> % if R has OAMONS or R has ORDRING

minIndex : % -> Integer if Integer has ORDSET

more? : (J,NonNegativeInteger) -> Boolean

negative? : J, -> Boolean if R has ORDRING

one? : % -> Boolean if R has MONOID

parts : % —-> List(R) if $ has finiteAggregate

positive? : J, -> Boolean if R has ORDRING

gsetelt! : (%,Integer,R) -> R if $ has shallowlyMutable

random : () -> % if R has FINITE

recip : % -> Union(%,"failed") if R has MONOID

reducedSystem :
reducedSystem :

Matrix (%) -> Matrix(R) if R has RING
(Matrix (%) ,Vector(%)) -> Record(mat: Matrix(R),vec: Vector(R)) if R has RING
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--R reducedSystem : (Matrix(%),Vector(%)) -> Record(mat: Matrix(Integer),vec: Vector(Integer)) if R has LIN
--R reducedSystem : Matrix(%) -> Matrix(Integer) if R has LINEXP(INT) and R has RING

--R retract : % -> R if R has SETCAT

--R retract : % -> Fraction(Integer) if R has RETRACT(FRAC(INT)) and R has SETCAT

--R retract : % -> Integer if R has RETRACT(INT) and R has SETCAT

--R retractIfCan : % -> Union(R,"failed") if R has SETCAT

--R retractIfCan : % -> Union(Fraction(Integer),"failed") if R has RETRACT(FRAC(INT)) and R has SETCAT
--R retractIfCan : % -> Union(Integer,"failed") if R has RETRACT(INT) and R has SETCAT

--R setelt : (%,Integer,R) -> R if $ has shallowlyMutable

--R sign :  —-> Integer if R has ORDRING

--R size : () -> NonNegativeInteger if R has FINITE

--R size? : (%,NonNegativeInteger) -> Boolean

--R subtractIfCan : (%,%) -> Union(%,"failed") if R has CABMON

--R sup : (%,%) -> % if R has OAMONS

--R swap! : (%,Integer,Integer) -> Void if $ has shallowlyMutable

--R unitVector : PositivelInteger -> % if R has RING

--R zero? : % -> Boolean if R has CABMON

--R ?7=7 : (%,%) -> Boolean if R has SETCAT

) spool
)1lisp (bye)

— DirectProduct.help —

DirectProduct examples

See Also:
o )show DirectProduct
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5.9.1 DirectProduct (DIRPROD)

DIRPROD

Exports:
0 1 abs any?
coerce copy count D
dimension directProduct dot elt
empty? entries entry? eq?
every? fill! first hash
index? indices latex less?
map map! max maxIndex
members min minIndex more?
one? parts positive? qelt
random recip reducedSystem retract
sample setelt sign size
subtractIfCan  sup swap! unitVector
#7 77 PRKY 747
?/? 7<? 7<=7 ?7=7
7>=7 777 ?77=" -7

— domain DIRPROD DirectProduct —

)abbrev domain DIRPROD DirectProduct
++ Author: Mark Botch

++ Date Created:

++ Date Last Updated:

++ Basic Functions:

++ Related Constructors: Vector, IndexedVector
++ Also See: OrderedDirectProduct

++ AMS Classifications:

++ Keywords:

++ References:

++ Description:

characteristic
differentiate
empty

eval

index
lookup
member?
negative?
gsetelt!
retractIfCan
size?

zero?

-7

7>7

7.7

++ This type represents the finite direct or cartesian product of an

++ underlying component type. This contrasts with simple vectors in that
++ the members can be viewed as having constant length. Thus many

++ categorical properties can by lifted from the underlying component type.
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++ Component extraction operations are provided but no updating operations.
++ Thus new direct product elements can either be created by converting

++ vector elements using the \spadfun{directProduct} function

++ or by taking appropriate linear combinations of basis vectors provided
++ by the \spad{unitVector} operation.

DirectProduct(dim:NonNegativeInteger, R:Type):
DirectProductCategory(dim, R) == Vector R add

Rep := Vector R

coerce(z:%) :Vector(R) == copy(z)$Rep pretend Vector(R)
coerce(r:R):% == new(dim, r)$Rep

parts x == VEC2LIST(x)$Lisp

directProduct z ==
size?(z, dim) => copy(z)$Rep
error "Not of the correct length"

if R has SetCategory then
same?: % —-> Boolean
same? z == every?(x +-> x = z(minIndex z), z)

x =y == _and/[qelt(x,i)$Rep = qelt(y,i)$Rep for i in 1..dim]

retract(z:%):R ==
same? z => z(minIndex z)
error "Not retractable"

retractIfCan(z:%) :Union(R, "failed") ==
same? z => z(minIndex z)
"failed"

if R has AbelianSemiGroup then
u:% + v:% == map(_+ , u, v)$Rep

if R has AbelianMonoid then
0 == zero(dim)$Vector(R) pretend %

if R has Monoid then
1 == new(dim, 1)$Vector(R) pretend %
u:% * r:R == map(x +-> x * r, u)
r:R * u: == map(x +-> r * x, u)
x:h * y:% == [x.1 * y.i for i in 1..dim]$Vector(R) pretend %

if R has CancellationAbelianMonoid then
subtractIfCan(u:%, v:%):Union(%,"failed") ==
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w := new(dim,0)$Vector(R)
for i in 1..dim repeat
(c:=subtractIfCan(qelt(u, i)$Rep, gqelt(v,i)$Rep)) case "failed" =>
return "failed"
gsetelt_!(w, i, c::R)$Rep
w pretend %

if R has Ring then

uh * vith == map(_* , u, v)$Rep
recip z ==
w := new(dim,0)$Vector(R)
for i in minIndex w .. maxIndex w repeat
(u := recip qelt(z, i)) case "failed" => return "failed"

gsetelt_!(w, i, u::R)
w pretend %

unitVector i ==
v:= new(dim,0)$Vector(R)
v.i =1
v pretend %

if R has OrderedSet then
X <y ==
for i in 1..dim repeat
gelt(x,i) < qelt(y,i) => return true
gelt(x,i) > qelt(y,i) => return false
false

if R has OrderedAbelianMonoidSup then sup(x, y) == map(sup, x, y)

--)bo $noSubsumption := false

— DIRPROD.dotabb —

"DIRPROD" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=DIRPROD"]
"DIRPCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=DIRPCAT"]
"DIRPROD" -> "DIRPCAT"
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5.10 domain DPMM DirectProductMatrixModule

— DirectProductMatrixModule.input —

)set break resume

)sys rm -f DirectProductMatrixModule.output
)spool DirectProductMatrixModule.output
)set message test on

)set message auto off

)clear all

--S 1 of 1
)show DirectProductMatrixModule

--R DirectProductMatrixModule(n: PositivelInteger,R: Ring,M: SquareMatrixCategory(n,R,DirectProduct(n,R),Dir
—--R Abbreviation for DirectProductMatrixModule is DPMM

--R This constructor is not exposed in this frame.

--R Issue )edit bookvoll0.3.pamphlet to see algebra source code for DPMM

--R

--R-——---- -—- - Operations -—- -——
--R 7%7 : (M,%) > % ?x7 : (PositivelInteger,%) -> %

--R 7%7? (Integer,%) -> % ?x? : (R,%) —> %

--R 7+? : (%, %) > % -7 % =>%

--R ?7-7 : h,h) > % ?=? : (%,%h) —> Boolean

R0 : O —>1% coerce : % —> OutputForm

—-R coerce : % -> Vector(S) copy : h > h

--R directProduct : Vector(S) -> % 7.7 : (%,Integer) -> S

--R elt : (%,Integer,S) -> S empty : O > %

--R empty? : % -> Boolean entries : % -> List(S)

--R eq? : (%,%) —-> Boolean hash : % -> SingleInteger

--R index? : (Integer,’) -> Boolean indices : % -> List(Integer)

--R latex : % -> String map : ((S -> S),%) -> %

--R qelt (%,Integer) -> S sample O ->Y%

--R zero? % —> Boolean ?7="7 (%,%) -> Boolean

--R #7 : I, > NonNegativeInteger if $ has finiteAggregate

--R ?*? : (%,%) -> % if S has DIFRING and S has RING or S has LINEXP(INT) and S has RING or S has MONOID or
--R ?x? : (8,%) -> % if S has RING

--R 7*? : (%,S8) -> % if S has RING

--R 7%? : (NonNegativelnteger,%) -> %

--R ?*x? : (%,PositiveInteger) -> % if S has DIFRING and S has RING or S has LINEXP(INT) and S has RING or
--R ?7*x7 : (%,NonNegativeInteger) -> % if S has DIFRING and S has RING or S has LINEXP(INT) and S has RING
--R ?/7 : (4,8) -> % if S has FIELD

--R 7<? : (%,%) -> Boolean if S has OAMONS or S has ORDRING

--R 7<=? : (%,%) -> Boolean if S has OAMONS or S has ORDRING

--R 7>7 : (%,%) -> Boolean if S has O0AMONS or S has ORDRING

--R 7>=? : (%,%) -> Boolean if S has OAMONS or S has ORDRING

--R D : % -> % if S has DIFRING and S has RING

--R D : (%,NonNegativeInteger) -> J if S has DIFRING and S has RING
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D : (%,Symbol) -> % if S has PDRING(SYMBOL) and S has RING
D : (%,List(Symbol)) -> % if S has PDRING(SYMBOL) and S has RING
D : (%,Symbol,NonNegativeInteger) -> % if S has PDRING(SYMBOL) and S has RING
D : (%,List(Symbol),List(NonNegativeInteger)) -> % if S has PDRING(SYMBOL) and S has RING
D : (h,(S ->8)) -> % if S has RING
D : (%,(8 -> 8),NonNegativeInteger) -> % if S has RING
1 : () -> % if S has DIFRING and S has RING or S has LINEXP(INT) and S has RING or S has MON
?°? : (%,Positivelnteger) -> % if S has DIFRING and S has RING or S has LINEXP(INT) and S ha
7?77 : (%,NonNegativeInteger) -> % if S has DIFRING and S has RING or S has LINEXP(INT) and S
abs : % -> % if S has ORDRING

any? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate

characteristic : () -> NonNegativeInteger if S has RING

coerce : Fraction(Integer) -> % if S has RETRACT(FRAC(INT)) and S has SETCAT
coerce : Integer -> % if S has RETRACT(INT) and S has SETCAT or S has RING
coerce : S -> J if S has SETCAT

count : (S,%) -> NonNegativeInteger if $ has finiteAggregate and S has SETCAT
count : ((S -> Boolean),%) -> NonNegativeInteger if $ has finiteAggregate
differentiate : % -> % if S has DIFRING and S has RING

differentiate : (J,NonNegativeInteger) -> J, if S has DIFRING and S has RING
differentiate : (%,Symbol) -> % if S has PDRING(SYMBOL) and S has RING
differentiate : (J%,List(Symbol)) -> % if S has PDRING(SYMBOL) and S has RING
differentiate : (J%,Symbol,NonNegativeInteger) -> % if S has PDRING(SYMBOL) and S has RING
differentiate : (%,List(Symbol),List(NonNegativeInteger)) -> % if S has PDRING(SYMBOL) and S
differentiate : (%,(S -> S)) -> % if S has RING

differentiate : (%,(S -> S),NonNegativeInteger) -> % if S has RING

dimension : () -> CardinalNumber if S has FIELD

dot : (%,%) -> S if S has RING

entry? : (S,%) -> Boolean if $ has finiteAggregate and S has SETCAT

eval : (%,List(8),List(8)) -> % if S has EVALAB(S) and S has SETCAT

eval : (%,S,S8) -> % if S has EVALAB(S) and S has SETCAT

eval : (%,Equation(S)) -> % if S has EVALAB(S) and S has SETCAT

eval : (%,List(Equation(S))) -> % if S has EVALAB(S) and S has SETCAT

every? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate

£i11! : (%,8) -> % if $ has shallowlyMutable

first : % -> S if Integer has ORDSET

index : PositiveInteger -> % if S has FINITE

less? : (%,NonNegativeInteger) -> Boolean

lookup : % -> PositiveInteger if S has FINITE

map! : ((8 -> 8),%) -> % if $ has shallowlyMutable

max : (%,%) -> % if S has OAMONS or S has ORDRING

maxIndex : % -> Integer if Integer has ORDSET

member? : (S,%) -> Boolean if $ has finiteAggregate and S has SETCAT

members : % -> List(S) if $ has finiteAggregate

min : (%,%) -> % if S has OAMONS or S has ORDRING

minIndex : % -> Integer if Integer has ORDSET

more? : (%,NonNegativeInteger) -> Boolean

negative? : % -> Boolean if S has ORDRING

one? : % -> Boolean if S has DIFRING and S has RING or S has LINEXP(INT) and S has RING or S
parts : % -> List(S) if $ has finiteAggregate

positive? : ) -> Boolean if S has ORDRING
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--R gsetelt! : (%,Integer,S) -> S if $ has shallowlyMutable

--R random : () -> % if S has FINITE

--R recip : % -> Union(%,"failed") if S has DIFRING and S has RING or S has LINEXP(INT) and S has RING or S
--R reducedSystem : Matrix(%) -> Matrix(Integer) if S has LINEXP(INT) and S has RING

--R reducedSystem : (Matrix(%),Vector(%)) -> Record(mat: Matrix(Integer),vec: Vector(Integer)) if S has LIN
--R reducedSystem : Matrix(%) -> Matrix(S) if S has RING

--R reducedSystem : (Matrix(%),Vector(%)) -> Record(mat: Matrix(S),vec: Vector(S)) if S has RING

--R retract : J -> Fraction(Integer) if S has RETRACT(FRAC(INT)) and S has SETCAT

--R retract : % -> Integer if S has RETRACT(INT) and S has SETCAT

--R retract : % -> S if S has SETCAT

--R retractIfCan : % -> Union(Fraction(Integer),"failed") if S has RETRACT(FRAC(INT)) and S has SETCAT
--R retractIfCan : % -> Union(Integer,"failed") if S has RETRACT(INT) and S has SETCAT

--R retractIfCan : % -> Union(S,"failed") if S has SETCAT

--R setelt : (%,Integer,S) -> S if $ has shallowlyMutable

--R sign : % -> Integer if S has ORDRING

--R size : () -> NonNegativeInteger if S has FINITE

--R size? : (%,NonNegativeInteger) -> Boolean

--R subtractIfCan : (%,%) -> Union(%,"failed")

--R sup : (%,%) -> % if S has 0AMONS

--R swap! : (%,Integer,Integer) -> Void if $ has shallowlyMutable

--R unitVector : PositivelInteger -> % if S has RING

) spool
)1lisp (bye)

— DirectProductMatrixModule.help —

DirectProductMatrixModule examples

See Also:
o )show DirectProductMatrixModule



540

5.10.1 DirectProductMatrixModule (DPMM)

DPMM

See

CHAPTER 5. CHAPTER D

= “OppositeMonogenicLinearOperator” (OMLO) G111 on page 773
= “OrdinaryDifferentialRing” (ODR) IEIZ1 on page
= “DirectProductModule” (DPMO) BT on page

Exports:
0 1
elt empty
hash index?
qelt sample
any? characteristic
dimension dot
fill! first
map! max
min minIndex
parts positive?
reducedSystem retract
size size?
unitVector #7?
7<? T<="
777 -7
?77="

coerce
empty?
indices

zero?

coerce
entry?

index
maxIndex
more?
gsetelt!
retractIfCan
subtractIfCan
7%7

7>7

-7

copy
entries

latex

D

count
eval

less?
member?
negative?
random
setelt

sup

THED
7>=7
7="

directProduct
eq?

map

abs
differentiate
every?
lookup
members
one?

recip

sign

swap!

?/?

777

7.7

— domain DPMM DirectProductMatrixModule —

)abbrev domain DPMM DirectProductMatrixModule

++ Author: Stephen M. Watt
++ Date Created: 1986

++ Date Last Updated: June 4, 1991

++ Basic Operations:

++ Related Domains:

++ Also See:

++ AMS Classifications:
++ Keywords: equation
++ Examples:
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++ References:

++ Description:

++ This constructor provides a direct product type with a
++ left matrix-module view.

DirectProductMatrixModule(n, R, M, S): DPcategory == DPcapsule where
n: Positivelnteger
R: Ring
RowCol ==> DirectProduct(n,R)
M: SquareMatrixCategory(n,R,RowCol,RowCol)
S: LeftModule(R)

DPcategory == Join(DirectProductCategory(n,S), LeftModule(R), LeftModule(M))

DPcapsule == DirectProduct(n, S) add
Rep := Vector(S)

r:R * x:$ == [r*x.i for i in 1..n]
m:M * x:$ == [ +/[m(i,j)*x.j for j in 1..n] for i in 1..n]
— DPMDM.dotabb —

"DPMM" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=DPMM"]
"SMATCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=SMATCAT"]
"DPMM" -> "SMATCAT"

5.11 domain DPMO DirectProductModule

— DirectProductModule.input —

)set break resume

)sys rm -f DirectProductModule.output
)spool DirectProductModule.output
)set message test on

)set message auto off

)clear all

--S 1 o0f 1

)show DirectProductModule

--R

--R DirectProductModule(n: NonNegativeInteger,R: Ring,S: LeftModule(R)) 1is a domain constructor
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--R Abbreviation for DirectProductModule is DPMO

--R This constructor is not exposed in this frame.

--R Issue )edit bookvol10.3.pamphlet to see algebra source code for DPMO

--R

--R--------——-----"-"-—-——————— Operations --------—————-——————————————————

--R ?x%7? (PositivelInteger,%) -> % 7?7 : (Integer,%) -> %

--R 7*%7 : (R,%) -> % 47 2 (bR >

-R -7 : Y% -> Y -7+ (bR > %

--R ?7=7 (%,%) -> Boolean 0: 0O —>%

--R coerce : % -> OutputForm coerce : % —> Vector(S)

--R copy : % > % directProduct : Vector(8) -> 7

--R 7.7 (%,Integer) -> S elt (%,Integer,S) -> S

--R empty : () -> % empty? : % -> Boolean

--R entries : % -> List(8) eq? : (%,%) —-> Boolean

--R hash : % -> SinglelInteger index? : (Integer,’) -> Boolean

--R indices : % -> List(Integer) latex : % -> String

--R map : ((S -> S),%) —> % gelt : (%,Integer) -> S

--R sample O ->% zero? : 7% —> Boolean

--R 77=? : (%,%) —> Boolean

--R #7 : ¥ -> NonNegativelnteger if $ has finiteAggregate

--R 7%7 (%,%) => % if S has DIFRING and S has RING or S has LINEXP(INT) and S has RING or S ha
--R 7%? : (S,%) -> % if S has RING

--R ?*? : (%,8) -> % if S has RING

--R 7*7 : (NonNegativelInteger,%) -> %

--R 7**x7 : (%,PositiveInteger) -> % if S has DIFRING and S has RING or S has LINEXP(INT) and S h
--R 7*x7 : (/,,NonNegativeInteger) -> % if S has DIFRING and S has RING or S has LINEXP(INT) and
--R ?/? : (%,8) -> % if S has FIELD

--R 7<? : (%,%) —> Boolean if S has OAMONS or S has ORDRING

--R 7<=? : (%,%) -> Boolean if S has OAMONS or S has ORDRING

--R 7>? : (%,%) -> Boolean if S has OAMONS or S has ORDRING

--R 7>=7 : (%,%) —> Boolean if S has OAMONS or S has ORDRING

--R D : % -> % if S has DIFRING and S has RING

--R D : (%,NonNegativeInteger) -> % if S has DIFRING and S has RING

--R D : (%,Symbol) -> % if S has PDRING(SYMBOL) and S has RING

--R D : (%,List(Symbol)) -> % if S has PDRING(SYMBOL) and S has RING

--R D : (%,Symbol,NonNegativeInteger) -> % if S has PDRING(SYMBOL) and S has RING

--R D : (%,List(Symbol),List(NonNegativeInteger)) -> % if S has PDRING(SYMBOL) and S has RING
-—R D : (%,(8 -> 8)) -> 7 if S has RING

--R D : (%,(S -> 8),NonNegativeInteger) -> % if S has RING

--R' 1 : (O -> % if S has DIFRING and S has RING or S has LINEXP(INT) and S has RING or S has MON
--R 7?77 (%,PositiveInteger) -> J if S has DIFRING and S has RING or S has LINEXP(INT) and S ha
--R 777 : (%,NonNegativeInteger) -> J if S has DIFRING and S has RING or S has LINEXP(INT) and S
--R abs : % -> % if S has ORDRING

--R any? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate

--R characteristic () -> NonNegativeInteger if S has RING

--R coerce : Fraction(Integer) -> % if S has RETRACT(FRAC(INT)) and S has SETCAT

--R coerce : Integer -> % if S has RETRACT(INT) and S has SETCAT or S has RING

--R coerce : S -> % if S has SETCAT

--R count : (S,%) -> NonNegativelnteger if $ has finiteAggregate and S has SETCAT

--R count : ((S -> Boolean),%) -> NonNegativeInteger if $ has finiteAggregate
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differentiate : % -> % if S has DIFRING and S has RING

differentiate : (%,NonNegativeInteger) -> % if S has DIFRING and S has RING

differentiate : (%,Symbol) -> % if S has PDRING(SYMBOL) and S has RING

differentiate : (%,List(Symbol)) -> % if S has PDRING(SYMBOL) and S has RING

differentiate : (%,Symbol,NonNegativeInteger) -> % if S has PDRING(SYMBOL) and S has RING
differentiate : (%,List(Symbol),List(NonNegativeInteger)) -> % if S has PDRING(SYMBOL) and S has RING
differentiate : (%,(S -> S)) -> % if S has RING

differentiate : (%,(S -> S),NonNegativeInteger) -> % if S has RING

dimension : () -> CardinalNumber if S has FIELD

dot : (%,%) -> S if S has RING

entry? : (S,%) -> Boolean if $ has finiteAggregate and S has SETCAT

eval : (%,List(S),List(8)) -> % if S has EVALAB(S) and S has SETCAT

eval : (%,S,S) -> % if S has EVALAB(S) and S has SETCAT

eval : (%,Equation(S8)) -> % if S has EVALAB(S) and S has SETCAT

eval : (%,List(Equation(S))) -> % if S has EVALAB(S) and S has SETCAT

every? : ((S -> Boolean),%) -> Boolean if $ has finiteAggregate

£ill! : (%,S) -> % if $ has shallowlyMutable

first : % -> S if Integer has ORDSET

index : PositiveInteger -> % if S has FINITE

less? : (%,NonNegativeInteger) -> Boolean

lookup : % -> PositiveInteger if S has FINITE

map! : ((S -> 8),%) -> % if $ has shallowlyMutable

max : (%,%) —-> % if S has OAMONS or S has ORDRING

maxIndex : % -> Integer if Integer has ORDSET

member? : (S,%) -> Boolean if $ has finiteAggregate and S has SETCAT

members : % -> List(S) if $ has finiteAggregate

min : (%,%) -> % if S has OAMONS or S has ORDRING

minIndex : % -> Integer if Integer has ORDSET

more? : (%,NonNegativeInteger) -> Boolean

negative? : J, -> Boolean if S has ORDRING

one? : % -> Boolean if S has DIFRING and S has RING or S has LINEXP(INT) and S has RING or S has MONOID
parts : % —-> List(S) if $ has finiteAggregate

positive? : 7, -> Boolean if S has ORDRING

gsetelt! : (%,Integer,S) -> S if $ has shallowlyMutable

random : () -> % if S has FINITE

recip : % -> Union(%,"failed") if S has DIFRING and S has RING or S has LINEXP(INT) and S has RING or S
reducedSystem : Matrix(%) -> Matrix(Integer) if S has LINEXP(INT) and S has RING

reducedSystem : (Matrix(%),Vector(%)) -> Record(mat: Matrix(Integer),vec: Vector(Integer)) if S has LIN
reducedSystem : Matrix(%) -> Matrix(8) if S has RING

reducedSystem : (Matrix(%),Vector(%)) -> Record(mat: Matrix(S),vec: Vector(S)) if S has RING
retract : % -> Fraction(Integer) if S has RETRACT(FRAC(INT)) and S has SETCAT

retract : % -> Integer if S has RETRACT(INT) and S has SETCAT

retract : % -> S if S has SETCAT

retractIfCan : % -> Union(Fraction(Integer),"failed") if S has RETRACT(FRAC(INT)) and S has SETCAT
retractIfCan : % -> Union(Integer,"failed") if S has RETRACT(INT) and S has SETCAT

retractIfCan : % -> Union(S,"failed") if S has SETCAT

setelt : (J%,Integer,S) -> S if $ has shallowlyMutable

sign : % -> Integer if S has ORDRING

size : () -> NonNegativeInteger if S has FINITE

size? : (%,NonNegativeInteger) -> Boolean
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--R subtractIfCan : (%,%) -> Union(%,"failed")

--R sup : (%,%) -> % if S has 0AMONS

--R swap! : (%,Integer,Integer) -> Void if $ has shallowlyMutable
--R unitVector : PositiveInteger -> % if S has RING

--R

--E 1

)spool
)1lisp (bye)

— DirectProductModule.help —

DirectProductModule examples

See Also:
o )show DirectProductModule

5.11.1 DirectProductModule (DPMO)

DPMO

See

= “OppositeMonogenicLinearOperator” (OMLO) IGITT on page 773
= “OrdinaryDifferentialRing” (ODR) IGIX on page
= “DirectProductMatrixModule” (DPMM) BT on page

Exports:
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0 1 abs any? characteristic
coerce copy count D differentiate
dimension directProduct dot elt empty
empty? entries entry? eval every?

eq? fill! first hash index
index? indices latex less? lookup

map map! max maxIndex  member?
members min minIndex more? negative?
one? parts positive? qelt gsetelt!
random recip reducedSystem retract retractIfCan
sample setelt sign size size?
subtractIfCan  sup swap! unitVector  zero?

#7 K7 PRXT7 ?/? 7<?

7<=7 7>7 7>=7 777 747

-7 ?-7 ?7=7 7.7 77=7

— domain DPMO DirectProductModule —

)abbrev domain DPMO DirectProductModule

++
++
++
++
++
++
++
++
++
++
++
++
++

Author: Stephen M. Watt

Date Created: 1986

Date Last Updated: June 4, 1991
Basic Operations:

Related Domains:

Also See:

AMS Classifications:

Keywords: equation

Examples:

References:

Description:

This constructor provides a direct product of R-modules
with an R-module view.

DirectProductModule(n, R, S): DPcategory == DPcapsule where

n: NonNegativeInteger
R: Ring
S: LeftModule(R)

DPcategory == Join(DirectProductCategory(n,S), LeftModule(R))
-- with if S has Algebra(R) then Algebra(R)
-- <above line leads to matchMmCond: unknown form of condition>

DPcapsule == DirectProduct(n,S) add
Rep := Vector(S)
r:R * x:$ == [r * x.i for i in 1..n]

545
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— DPMO.dotabb —

"DPMO" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=DPM0"]
"DIRPCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=DIRPCAT"]
"DPMO" -> "DIRPCAT"

5.12 domain DIRRING DirichletRing

The Dirichlet Ring is the ring of arithmetical functions
f:NL =R

(see http://en.wikipedia.org/wiki/Arithmetic_function) together with the Dirichlet con-
volution (see http://en.wikipedia.org/wiki/Dirichlet_convolution) as multiplication and
component-wise addition. Since we can consider the values an arithmetic functions assumes
as the coefficients of a Dirichlet generating series, we call R the coefficient ring of a function.

In general we only assume that the coefficient ring R is a ring. If R happens to be commu-
tative, then so is the Dirichlet ring, and in this case it is even an algebra.

Apart from the operations inherited from those categories, we only provide some convenient
coercion functions.

— DirichletRing.input —

)set break resume

)sys rm -f DirichletRing.output
)spool DirichletRing.output
)set message test on

)set message auto off

)clear all

--S 1 of 21
t1:DIRRING INT := (n:PI):INT +-> moebiusMu n

--R ( M,-1,-1,0,-1,1,-1,0,0,1,...]
--R Type: DirichletRing(Integer)

--S 2 of 21
[t1.i for i in 1..4]
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--R (2 [1,-1,-1,0]
- Type: List(Integer)
--E 2

--S 3 of 21
t2:DIRRING INT := [moebiusMu n for n in 1..]

--R 3 [t,-1,-1,0,-1,1,- 1,0,0,1,...]
--R Type: DirichletRing(Integer)

--S 4 of 21
[t2.i for i in 1..4]

--R (4 [1,-1,-1,0]
—-R Type: List(Integer)

DIRRING INT has CommutativeRing

--R (5) true
--R Type: Boolean
--E 5

--S 6 of 21
mu:DIRRING FRAC INT := (n:PI):FRAC INT +-> moebiusMu n

--R (6) f[t,-1,-1,0,-1,1,-1,0,0,1,...]
--R Type: DirichletRing(Fraction(Integer))
--E 6

--S 7 of 21
phi:DIRRING FRAC INT := (n:PI):FRAC INT +-> eulerPhi n

--R m [1,1,2,2,4,2,6,4,6,4,...]
--R Type: DirichletRing(Fraction(Integer))
--E 7

--S 8 of 21

t3:=[(recip mu * phi).n for n in 1..10]

--R

--R

--R (8 1[1,2,3,4,5,6,7,8,9,10]

--R Type: List(Fraction(Integer))
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--E 8

--S5 9 of 21
t4:=[(phi * recip mu).n for n in 1..10]

--R (9 [1,2,3,4,5,6,7,8,9,10]
--R Type: List(Fraction(Integer))
--E 9

--S 10 of 21
reduce(_and, [(x = y)@Boolean for x in t3 for y in t4])

--R  (10) true
--R Type: Boolean
--E 10

--S 11 of 21
DIRRING FRAC INT has Algebra FRAC INT

--R (11) true
--R Type: Boolean
--E 11

--S 12 of 21
t5:=[(1/2 * phi).n for n in 1..10]

--R 11

-k 12 [-,-,1,1,2,1,3,2,3,2]

--R 22

--R Type: List(Fraction(Integer))
--E 12

--S 13 of 21
t6:=[eulerPhi n/2 for n in 1..10]

--R 11

--R a3 [-,-,1,1,2,1,3,2,3,2]

--R 22

--R Type: List(Fraction(Integer))
--E 13

--S 14 of 21

reduce(_and, [(x = y)@Boolean for x in t5 for y in t6])
--R

--R
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--R (14) true

--R Type: Boolean
--E 14

--S 15 of 21

t7:=[(recip mu).n for n in 1..10]

--R

--R

--R (15) [1,1,1,1,1,1,1,1,1,1]

--R Type: List(Fraction(Integer))
--E 15

--S 16 of 21

t8:=[1 for n in 1..10]

--R

--R

--R (16) [1,1,1,1,1,1,1,1,1,1]

--R Type: List(PositivelInteger)
--E 16

--5 17 of 21

reduce(_and, [(x = y)@Boolean for x in t7 for y in t8])

--R

--R

--R  (17) true

--R Type: Boolean
--E 17

--S 18 of 21

t9:=[(recip mu * phi).n for n in 1..10]

--R

--R

--R (18) [1,2,3,4,5,6,7,8,9,10]

--R Type: List(Fraction(Integer))
--E 18

--S5 19 of 21

t10:=[n for n in 1..10]

--R

--R

--R (19) [1,2,3,4,5,6,7,8,9,10]

--R Type: List(PositivelInteger)
--E 19

--S 20 of 21

reduce(_and, [(x = y)@Boolean for x in t9 for y in t10])

--R

--R

--R (20) true
--R Type: Boolean
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--E 20

--S 21 of 21
)show DirichletRing

--R DirichletRing(Coef: Ring) is a domain constructor

--R Abbreviation for DirichletRing is DIRRING

--R This constructor is exposed in this frame.

--R Issue )edit bookvol10.3.pamphlet to see algebra source code for DIRRING

e Operations --------—————-—————————————————-
--R ?*? : Ch,%) > % ?%? : (Integer,%) -> %
--R 7?%7 (PositivelInteger,%) -> % PH*T (%,Positivelnteger) -> %

47+ (%, %) > %

7-7 + (%, %) > %

--R -7 : % > % ?=? : (%,%) -> Boolean
--R1: 0 —>% 0: O —>1%

--R 777 : (%,PositivelInteger) -> % coerce : % —> Stream(Coef)
--R coerce : Stream(Coef) -> % coerce : Integer -> ¥

--R coerce : % -> OutputForm

7.7 : (%,PositiveInteger) -> Coef

--R hash : % -> SingleInteger latex : % -> String

--R one? : J -> Boolean recip : % —-> Union(%,"failed")
--R sample O ->% zero? : 7% —> Boolean

--R zeta : () > % ?7=7 (%,%) -> Boolean

--R 7%7 (%,Coef) -> % if Coef has COMRING

--R 7%7 (Coef,%) -> % if Coef has COMRING

--R 7%7? (NonNegativeInteger,%) -> %

--R 7**x7 : (%,NonNegativeInteger) -> 7%

--R 7?77 (%,NonNegativeInteger) -> %

--R additive? :
--R associates?
--R characteristic

(%,PositiveInteger) -> Boolean
(%,%) -> Boolean if Coef has COMRING
() -> NonNegativelInteger

--R coerce : % —> % if Coef has COMRING

--R coerce : Coef -> % if Coef has COMRING

--R coerce : J —-> (PositiveInteger -> Coef)

--R coerce (PositiveInteger -> Coef) -> %

--R exquo : (%,%) -> Union(%,"failed") if Coef has COMRING

--R multiplicative? : (J,Positivelnteger) -> Boolean

--R subtractIfCan : (%,%) -> Union(%,"failed")

--R unit? : % -> Boolean if Coef has COMRING

--R unitCanonical : % -> % if Coef has COMRING

--R unitNormal : % -> Record(unit: %,canonical: %,associate: %) if Coef has COMRING

--E 21

) spool
)1lisp (bye)
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— DirichletRing.help —

DirichletRing examples

See Also:
o )show DirichletRing

5.12.1 DirichletRing (DIRRING)

DIRRING

Exports:
0 1 77 PHED 747
?-7 -7 7=7 777 7.7
?7 =7 additive? associates? characteristic coerce
exquo hash latex multiplicative? one?
recip sample subtractIfCan  unit? unitCanonical
unitNormal zero? zeta

— domain DIRRING DirichletRing —

)abbrev domain DIRRING DirichletRing
++ Author: Martin Rubey
++ Description: DirichletRing is the ring of arithmetical functions
++ with Dirichlet convolution as multiplication
DirichletRing(Coef: Ring):
Exports == Implementation where

PI ==> Positivelnteger
FUN ==> PI -> Coef

Exports ==> Join(Ring, Eltable(PI, Coef)) with

551



552 CHAPTER 5. CHAPTER D

if Coef has CommutativeRing then
IntegralDomain

if Coef has CommutativeRing then
Algebra Coef

coerce: FUN -> ¥
coerce: % —> FUN
coerce: Stream Coef -> Y
coerce: % —> Stream Coef

zeta: constant -> %
++ zeta() returns the function which is constantly one

multiplicative?: (%, PI) -> Boolean
++ multiplicative?(a, n) returns true if the first
++ n coefficients of a are multiplicative

additive?: (%, PI) -> Boolean
++ additive?(a, n) returns true if the first
++ n coefficients of a are additive
Implementation ==> add

Rep := Record(function: FUN)

per(f: Rep): % == f pretend %
rep(a: %): Rep == a pretend Rep

elt(a: %, n: PI): Coef ==

f: FUN := (rep a).function
fn

coerce(a: %): FUN == (rep a).function
coerce(f: FUN): ¥ == per [f]

indices: Stream Integer
:= integers(1)$StreamTaylorSeriesOperations(Integer)

coerce(a: %): Stream Coef ==
f: FUN := (rep a).function
map((n: Integer): Coef +-> f(n::PI), indices)
$StreamFunctions2(Integer, Coef)

coerce(f: Stream Coef): % ==
((n: PI): Coef +-> f.(n::Integer))::%

coerce(f: %): OutputForm == f::Stream Coef::0OutputForm
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((n: PI): Coef +-> (if one? n then 1$Coef else 0$Coef))::¥%

((n: PI): Coef +-> 0$Coef)::%

zeta: % ==
((n: PI): Coef +-> 1$Coef)::%

(£: B + (g h) ==
((n: PI): Coef +-> f(n)+g(n))::%

- (f: %) ==
((n: PI): Coef +-> -f(m))::%

(a: Integer) * (f: %) ==
((n: PI): Coef +-> axf(n))::%

(a: Coef) * (f: %) ==
((n: PI): Coef +-> axf(n))::%

import IntegerNumberTheoryFunctions

(£: %) * (g %) ==
conv := (n: PI): Coef +-> _
reduce((a: Coef, b: Coef): Coef +-> a + b, _
[£(d::PI) * g((n quo d)::PI) for d in divisors(n::Integer)], 0)
$ListFunctions2(Coef, Coef)
conv::%

unit?(a: %): Boolean == not (recip(a(1$PI))$Coef case "failed")
grecip: (%, Coef, PI) -> Coef

qrecip(f: %, flinv: Coef, n: PI): Coef ==
if one? n then flinv

else
-flinv * reduce(_+, [f(d::PI) * grecip(f, flinv, (n quo d)::PI) _
for d in rest divisors(m)], 0) _
$ListFunctions2(Coef, Coef)
recip f ==
if (flinv := recip(f(1$PI))$Coef) case "failed" then "failed"
else

mp := (n: PI): Coef +-> grecip(f, flinv, n)
mp::%::Union(%, "failed")

multiplicative?(a, n) ==
for i in 2..n repeat
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fl factors(factor i)$Factored(Integer)
rl := [a.(((f.factor)::PI)**((f.exponent)::PI)) for f in f1]
if a.(i::PI) “= reduce((r:Coef, s:Coef):Coef +-> r*xs, rl)
then

output (i: :0OutputForm)$0utputPackage

output (rl: :OutputForm) $0utputPackage

return false

true

additive?(a, n) ==
for i in 2..n repeat
fl := factors(factor i)$Factored(Integer)
rl := [a.(((f.factor)::PI)*x((f.exponent)::PI)) for f in f1]
if a.(i::PI) ~= reduce((r:Coef, s:Coef):Coef +-> r+s, rl)
then
output (i::0utputForm)$0utputPackage
output (rl: :0OutputForm) $0utputPackage
return false
true

— DIRRING.dotabb —

"DIRRING" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=DIRRING"]
"FLAGG" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=FLAGG"]
"DIRRING" -> "FLAGG"

5.13 domain DMP DistributedMultivariatePolynomial

— DistributedMultivariatePolynomial.input —

)set break resume

)sys rm -f DistributedMultivariatePolynomial.output

)spool DistributedMultivariatePolynomial.output

)set message test on

)set message auto off

)clear all

--S 1 of 10

(d1,d2,d3) : DMP([z,y,x],FRAC INT)

--R

--R Type: Void
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--E 4

--S 5

DOMAIN DMP DISTRIBUTEDMULTIVARIATEPOLYNOMIAL

of 10
—4xz + Axykxk2kx + 16¥x**2 + 1

2 2
(2) -4z + 4y x + 16x + 1
Type: DistributedMultivariatePolynomial([z,y,x],Fraction(Integer))

of 10
2kzxy*k2 + 4xx + 1

2
(3) 2zy +4x + 1
Type: DistributedMultivariatePolynomial([z,y,x],Fraction(Integer))

of 10
2kzxxkk2 — 2kykk2 - X

2 2
(4) 2zx -2y -x
Type: DistributedMultivariatePolynomial([z,y,x],Fraction(Integer))

of 10

groebner [d1,d2,d43]

--E 5

--S 6

(5)
1568 6 1264 5 6 4 182 3 2047 2 103 2857
[z----—-x - —-——-x +-—-%x +-—-—-%x - -—--XxX - -———= X - ————— s
2745 305 305 549 610 2745 10980
2 112 6 84 5 1264 4 13 3 84 2 1772 2
y +--—Xx - --——-X - ----X - --—-X +--——-x +--——x+ -,
2745 305 305 549 305 2745 2745
7 29 6 17 4 11 3 1 2 15 1
X +--X - -——-%x --—%x +--%x +-—-x+ -]
4 16 8 32 16 4

Type: List(DistributedMultivariatePolynomial([z,y,x],Fraction(Integer)))

of 10

(n1,n2,n3) : HDMP([z,y,x],FRAC INT)

--R
--R

Type: Void
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--S 7 of 10

--R 2 2

--R (7)) 4y x + 16x - 4z + 1

--RType: HomogeneousDistributedMultivariatePolynomial([z,y,x],Fraction(Integer))
—E7

--3 8 of 10

n2 := d2

--R

--R

--R 2

--R (8) 2zy +4x +1
--RType: HomogeneousDistributedMultivariatePolynomial([z,y,x],Fraction(Integer))
--E 8

--S 9 of 10

n3 := d3

--R

--R

--R 2 2

--R (9) 2zx -2y -x
--RType: HomogeneousDistributedMultivariatePolynomial([z,y,x],Fraction(Integer))
--E 9

--S 10 of 10
groebner [n1,n2,n3]

--R  (10)

--R 4 3 3 2 1 1 4 29 3 1 2 7 9 1
--R [y +2x --x +-z--,x +-—-x - -y --2x--—-X- -,
--R 2 2 8 4 8 4 16 4
--R 2 1 2 2 1 2 2 1

--R zy +2x+-,yx+4x -z+-,zx -y - -Xx,

--R 2 4 2

--R 2 2 2 1 3

--R z -4y +2x - -z - -x]

--R 4 2

--RType: List(HomogeneousDistributedMultivariatePolynomial([z,y,x],Fraction(Integer)))
--E 10

) spool

)1lisp (bye)
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— DistributedMultivariatePolynomial.help —

MultivariatePolynomial
DistributedMultivariatePolynomial
HomogeneousDistributedMultivariatePolynomial
GeneralDistributedMultivariatePolynomial

DistributedMultivariatePolynomial which is abbreviated as DMP and
HomogeneousDistributedMultivariatePolynomial, which is abbreviated
as HDMP, are very similar to MultivariatePolynomial except that
they are represented and displayed in a non-recursive manner.

(d1,d2,d3) : DMP([z,y,x],FRAC INT)
Type: Void

The constructor DMP orders its monomials lexicographically while
HDMP orders them by total order refined by reverse lexicographic
order.

dl = —d*z + 4xy**2%kx + 16%x**2 + 1
2 2
-4z + 4y x + 16x + 1
Type: DistributedMultivariatePolynomial([z,y,x],Fraction Integer)

d2 := 2kzky**k2 + 4kx + 1
2
2zy +4x + 1
Type: DistributedMultivariatePolynomial([z,y,x],Fraction Integer)

d3 = 2xzxx¥*x2 - 2ky**2 - x
2 2
2zx -2y -Xx
Type: DistributedMultivariatePolynomial([z,y,x],Fraction Integer)

These constructors are mostly used in Groebner basis calculations.

groebner [d1,d2,d3]

1568 6 1264 5 6 4 182 3 2047 2 103 2857
[z----—-x - -—-——-x +-—-%x +-—-—-%x - -——--Xx - === X - ————— ,
2745 305 305 549 610 2745 10980
2 112 6 84 5 1264 4 13 3 84 2 1772 2
y +--—x - -——X - ----X - -—-X +---Xx +---—x+ -————,
2745 305 305 549 305 2745 2745
7 29 6 17 4 11 3 1 2 15 1
X +--Xx - -—-%x --—%x +-—-x +--x+ -]
4 16 8 32 16 4

Type: List DistributedMultivariatePolynomial([z,y,x],Fraction Integer)

557



558 CHAPTER 5. CHAPTER D

(n1,n2,n3) : HDMP([z,y,x],FRAC INT)
Type: Void

nl := di
2 2
4y x + 16x - 4z + 1
Type: HomogeneousDistributedMultivariatePolynomial([z,y,x],Fraction Integer)

n2 := d2
2
2z y +4x + 1
Type: HomogeneousDistributedMultivariatePolynomial([z,y,x],Fraction Integer)

n3 := d3

2z x -2y -X
Type: HomogeneousDistributedMultivariatePolynomial([z,y,x],Fraction Integer)

Note that we get a different Groebner basis when we use the HDMP
polynomials, as expected.

groebner [n1,n2,n3]

4 3 3 2 1 i 4 29 3 1 2 7 9 1
[y +2x - -x +-z2--,x +--X - -y - -2X--——X- -,
2 2 8 4 8 4 16 4
2 1 2 2 1 2 2 1
zy +2x+-,yx+4x -z+-,zx -y - -Xx,
2 4 2
2 2 2 1 3
z -4y +2x - -z - -x]
4 2

Type: List HomogeneousDistributedMultivariatePolynomial([z,y,x],
Fraction Integer)

GeneralDistributedMultivariatePolynomial is somewhat more flexible in
the sense that as well as accepting a list of variables to specify the
variable ordering, it also takes a predicate on exponent vectors to
specify the term ordering. With this polynomial type the user can
experiment with the effect of using completely arbitrary term orderings.
This flexibility is mostly important for algorithms such as Groebner
basis calculations which can be very sensitive to term ordering.

See Also:

)help Polynomial

Jhelp UnivariatePolynomial

Jhelp MultivariatePolynomial

)help HomogeneousDistributedMultivariatePolynomial
Jhelp GeneralDistributedMultivariatePolynomial
)show DistributedMultivariatePolynomial

O O 0O O O ©
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5.13.1 DistributedMultivariatePolynomial (DMP)

DMP

See

= “GeneralDistributedMultivariatePolynomial” (GDMP) BT on page [MZ2
= “HomogeneousDistributedMultivariatePolynomial” (HDMP) B101 on page 129

Exports:
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0 1 associates?
binomThmExpt characteristic charthRoot
coeflicient coeflicients coerce
conditionP convert D
degree differentiate discriminant
eval exquo factor
factorPolynomial factorSquareFreePolynomial ged
gcdPolynomial ground ground?
hash isExpt isPlus
isTimes latex lem
leadingCoefficient leadingMonomial mainVariable
map mapExponents max
min minimumDegree monicDivide
monomial monomial? monomials
multivariate numberOfMonomials one?
patternMatch pomopo! prime?
primitiveMonomials  primitivePart recip
reducedSystem reductum resultant
retract retractIfCan reorder
retract solveLinearPolynomialEquation sample
squareFree squareFreePolynomial squareFreePart
subtractIfCan totalDegree unit?
unitCanonical unitNormal univariate
variables zero? 7%

PRKD 747 ?-7
-7 7=7 777
?77=7 ?/? 7<?
7<=" 7>7 7>=7

— domain DMP DistributedMultivariatePolynomial —

)abbrev domain DMP DistributedMultivariatePolynomial

++ Author: Barry Trager

++ Date Created:

++ Date Last Updated:

++ Basic Functions: Ring, degree, eval, coefficient, monomial, differentiate,
++ resultant, gcd, leadingCoefficient

++ Related Constructors: GeneralDistributedMultivariatePolynomial,
++ HomogeneousDistributedMultivariatePolynomial

++ Also See: Polynomial

++ AMS Classifications:

++ Keywords: polynomial, multivariate, distributed

++ References:

++ Description:

++ This type supports distributed multivariate polynomials

++ whose variables are from a user specified list of symbols.

++ The coefficient ring may be non commutative,

++ but the variables are assumed to commute.
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++ The term ordering is lexicographic specified by the variable
++ list parameter with the most significant variable first in the list.

DistributedMultivariatePolynomial(vl,R): public == private where
vl : List Symbol
R : Ring
E  ==> DirectProduct (#vl,NonNegativeInteger)

OV ==> OrderedVariableList(v1)
public == PolynomialCategory(R,E,0V) with
reorder: (%,List Integer) ->
++ reorder(p, perm) applies the permutation perm to the variables
++ in a polynomial and returns the new correctly ordered polynomial

private ==
GeneralDistributedMultivariatePolynomial(vl,R,E)

— DMP.dotabb —

"DMP" [color="#88FF44" ,href="bookvol10.3.pdf#nameddest=DMP"]
"PFECAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=PFECAT"]
"DIRPCAT" [color="#4488FF" ,href="bookvol10.2.pdf#nameddest=DIRPCAT"]
"DMP" -> "PFECAT"

"DMP" -> "DIRPCAT"

5.14 domain DIV Divisor

— Divisor.input —

)set break resume

)sys rm -f Divisor.output
)spool Divisor.output
)set message test on

)set message auto off
)clear all

--S1of1

)show Divisor

--R

--R Divisor(S: SetCategoryWithDegree) is a domain constructor
--R Abbreviation for Divisor is DIV

561
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--R This constructor is exposed in this frame.
--R Issue )edit bookvol1l0.3.pamphlet to see algebra source code for DIV

--R-- e ittt Operations --- ittt
--R 7*?7 : (Integer,S) -> % 7*%7 : (Integer,%) -> %

--R 7*? : (%,Integer) -> 7?7 : (Integer,%) -> %

--R 7*? : (Positivelnteger,%) -> % 7+?7 : (S,%) > %

—-R 747 ¢ (4% > % =7 () >

--R -7 : % > % ?<=? : (%,%) —-> Boolean

--R 7=7 : (%,%) —> Boolean 0: 0O —>%

--R coefficient : (8,%) -> Integer coerce : S -> %

--R coerce : % -> OutputForm collect : % -> %

--R concat : (%,%) -> % degree : Y, —-> Integer

--R div0fPole : % -> % div0fZero : % -> %

--R effective? : % -> Boolean hash : ) -> SingleInteger

--R incr : % > % latex : % -> String

--R mapGen : ((S -> S),%) -> % nthCoef : (%,Integer) -> Integer
--R nthFactor : (%,Integer) -> S reductum : % -> %

--R retract : % -> S sample : OO -> %

--R size : % -> NonNegativelnteger split : % -> List (%)

--R supp : % -> List(S) supp0fPole : % -> List(S)

--R suppOfZero : % -> List(S) zero? : % —> Boolean

--R ?7=? : (%,%) —-> Boolean

--R 7*7 : (NonNegativelInteger,%) -> %

--R head : ) -> Record(gen: S,exp: Integer)

--R highCommonTerms : (%,%) -> % if Integer has OAMON
--R mapCoef : ((Integer -> Integer),%) -> %

--R retractIfCan : % -> Union(S,"failed")

--R subtractIfCan : (%,%) -> Union(%,"failed")

--R terms : % -> List(Record(gen: S,exp: Integer))
--R

--E 1

) spool
)1lisp (bye)

— Divisor.help —

Divisor examples

See Also:
o )show Divisor
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5.14.1 Divisor (DIV)

/\

DIVCAT FLAGG

Exports:
0 -7 %7 747
7-7 7<=" 7=7 ?77=7
coefficient  coerce collect concat
degree divOfPole divOfZero effective?
hash head highCommonTerms incr
latex mapCoef mapGen nthCoef
nthFactor reductum retract retractIfCan
sample size split subtractIfCan
supp suppOfPole  suppOfZero terms
zero?

— domain DIV Divisor —

)abbrev domain DIV Divisor

++ Author: Gaetan Hache

++ Date Created: 17 nov 1992

++ Date Last Updated: May 2010 by Tim Daly

++ Description:

++ The following is part of the PAFF package
Divisor(S:SetCategoryWithDegree) :Exports == Implementation where

PT ==> Record(gen:S,exp: Integer)
INT ==> Integer

BOOLEAN ==> Boolean

LIST ==> List

Exports == DivisorCategory(S) with
head: % -> PT

reductum: % -> %
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Implementation == List PT add
Rep := List PT

incr(d)==
[ [ pt.gen , pt.exp + 1 ] for pt in 4 ]

inOut: PT -> OutputForm

inOut (pp)==
one?(pp.exp) => pp.gen :: OutputForm
bl:0utputForm:= " " ::0utputForm

(pp.exp :: OutputForm) * hconcat(bl,pp.gen :: OutputForm)

coerce(d:%) :OutputForm==
zero?(d) => ("0"::OutputForm)
11:List OutputForm:=[inOut df for df in d]
reduce("+",11)

reductum(d)==
zero?(d) => d
dl:Rep:= d pretend Rep
dlr := rest dl
empty?(dlr) => 0
dlr

head(d)==
zero?(d) => error "Cannot take head of zero"
dl:Rep:= d pretend Rep
first dl

coerce(s:8) == [[s,1]1$PT]::%
split(a) ==
zero?(a) => []
[[x]::% for r in a]
coefficient(s,a)==
r:INT:=0
for pt in terms(a) repeat
if pt.gen=s then
r:=pt.exp
terms(a)==a: :Rep

O==empty () $Rep

supp(a)==



5.14. DOMAIN DIV DIVISOR 565

aa:=terms(collect(a))
[p.gen for p in aa | “zero?(p.exp)]

supp0fZero (a)==
aa:=terms(collect(a))
[p.gen for p in aa | (p.exp) > 0 ]

suppOfPole(a)==
aa:=terms(collect(a))
[p.gen for p in aa | p.exp < 0 ]

div0fZero(a)==
aa:=terms(collect(a))
[p for p in aa | (p.exp) > 0 1::%

div0fPole(a)==
aa:=terms(collect(a))
[p for p in aa | p.exp < 0 1::%

zero?(a)==
((collect(a): :Rep)=empty () $Rep) : : BOOLEAN

collect(d)==
a:=d::Rep
empty?(a) => 0
t:Rep:=empty ()
ff:PT:=first(a)
one?(#(a)) =>
if zero?(ff.exp) then
ti:%
else
a::%
inList?:Boolean:=false()
newC:INT
restred:=terms(collect((rest(a)::%)))
zero?(ff.exp) =>
restred: :
for bb in restred repeat
b:=bb::PT
if b.gen=ff.gen then
newC:=b.exp+ff.exp
if “zero?(newC) then
t:=concat(t, [b.gen,newC] $PT)
inList?:=true()
else
t:=concat (t,b)
if “inList? then
t:=cons(ff,t)
t::%
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a:% + b:Y% ==
collect(concat(a pretend Rep,b pretend Rep))

a:h - b ==
a + (-1)*b

-—a:h == (-1)*a

n:INT * a:} ==
zero?(n) => 0
t:Rep:=empty ()
for p in a pretend Rep repeat
t:=concat(t,[ p.gen, n*p.exp]$PT)
tih

a:% <= b:Y% ==
bma:= b - a
effective? bma => true
false

effective?(a)== empty? (supp0fPole(a))

degree(d:%) : Integer==
reduce("+", [(p.exp * degree(p.gen)) for p in d @ Rep]l,0$INT)

— DIV.dotabb —

"DIV" [color="#88FF44" ,href="bookvol1l0.3.pdf#nameddest=DIV",shape=ellipse]
"DIVCAT" [color=lightblue,href="bookvoll0.2.pdf#nameddest=DIVCAT"];
"FLAGG" [color=lightblue,href="bookvoll0.2.pdf#nameddest=FLAGG"];

"DIV" -> "DIVCAT"

"DIV" -> "FLAGG"

5.15 domain DFLOAT DoubleFloat

Greg Vanuxem has added some functionality to allow the user to modify the printed format
of floating point numbers. The format of the numbers follows the common lisp format
specification for floats. First we include Greg’s email to show the use of this feature:

PS: For those who use the Doublefloat domain
there is an another (undocumented) patch that adds a
lisp format to the DoubleFloat output routine. Copy
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int/algebra/DFLOAT.spad to your working directory,
patch it, compile it and ")1lib" it when necessary.

(1) -> )boot $useBFasDefault:=false

(SPADLET |$useBFasDefault| NIL)
Value = NIL
(1) -> a:= matrix [ [0.5978,0.2356], [0.4512,0.2355] 1]

+ 0.5978 0.2356 +
1 | |
+0.45119999999999999 0.23549999999999999+
Type: Matrix DoubleFloat
(2) -> )1ib DFLOAT
DoubleFloat is now explicitly exposed in frame initial
DoubleFloat will be automatically loaded when needed
from /home/greg/Axiom/DFLOAT.nrlib/code
(2) -> doubleFloatFormat("~,4,,F")

(2) ||~G||
Type: String
(3) > a

+0.5978 0.2356+

3 | |
+0.4512 0.2355+
Type: Matrix DoubleFloat

So it is clear that he has added a new function called doubleFloatFormat which takes a
string argument that specifies the common lisp format control string (" 7,4,,F). For reference
we quote from the common lisp manual [?]. On page 582 we find:

A format directive consists of a tilde (7), optional prefix parameters separated
by commas, optional colon (:) and at-sign (@) modifiers, and a single character
indicating what kind of directive this is. The alphabetic case of the directive
character is ignored. The prefix parameters are generally integers, notated as
optionally signed decimal numbers.

X3J13 voted in June 1987 (80) to specify that if both colon and at-sign modifiers
are present, they may appear in either order; thus :@R and ~“@:R mean the
same thing. However, it is traditional to put the colon first, and all examples in
the book put colon before at-signs.

On page 588 we find:

“F
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Fixed-format floating-point. The next arg is printed as a floating point number.

The full form is “w,d, k,overfowchar,padcharF. The parameter w is the width of
the filed to be printed; d is the number of digits to print after the decimal point;
k is a scale factor that defaults to zero.

Exactly w characters will be output. First, leading copies of the character padchar
(which defaults to a space) are printed, if necessary, to pad the field on the left.
If the arg is negative, then a minus sign is printed; if the arg is not negative,
then a plus signed is printed if and only if the @ modifier was specified. Then a
sequence of digits, containing a single embedded decimal point, is printed; this
represents the magnitude of the value of arg times 10*, rounded to d fractional
digits. (When rounding up and rounding down would produce printed values
equidistant from the scaled value of arg, then the implementation is free to use
either one. For example, printing the argument 6.375 using the format ~4.2F may
correctly produce either 6.37 or 6.38.) Leading zeros are not permitted, except
that a single zero digit is output before the decimal point if the printed value is
less than 1, and this single zero digit is not output after all if w =d + 1.

If it is impossible to print the value in the required format in the field of width
w, then one of two actions is taken. If the parameter overflowchar is specified,
then w copies of that parameter are printed instead of the scaled value of arg.
If the overflowchar parameter is omitted, then the scaled value is printed using
more than w characters, as many more as may be needed.

If the w parameter is omitted, then the field is of variable width. In effect, a
value is chosen for w in such a way that no leading pad characters need to be
printed and exactly d characters will follow the decimal point. For example, the
directive 7,2F will print exactly two digits after the decimal point and as many
as necessary before the decimal point.

If the parameter d is omitted, then there is no constraint on the number of digits
to appear after the decimal point. A value is chosen for d in such a way that as
many digits as possible may be printed subject to the width constraint imposed
by the parameter w and the constraint that no trailing zero digits may appear in
the fraction, except that if the fraction to be printed is zero, then a single zero
digit should appear after the decimal point if permitted by the width constraint.

If both w and d are omitted, then the effect is to print the value using ordinary
free-format output; prinil uses this format for any number whose magnitude is
either zero or between 102 (inclusive) and 107 (exclusive).

If w is omitted, then if the magnitude of arg is so large (or, if d is also omitted,
so small) that more than 100 digits would have to be printed, then an implemen-
tation is free, at its discretion, to print the number using exponential notation
instead, as if by the directive "E (with all parameters of “E defaulted, not taking
their valued from the “F directive).

If arg is a rational number, then it is coerced to be a single-float and then
printed. (Alternatively, an implementation is permitted to process a rational
number by any other method that has essentially the same behavior but avoids
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such hazards as loss of precision or overflow because of the coercion. However,
note that if w and d are unspecified and the number has no exact decimal repre-
sentation, for example 1/3, some precision cutoff must be chosen by the imple-
mentation; only a finite number of digits may be printed.)

If arg is a complex number or some non-numeric object, then it is printed using
the format directive “wD, thereby printing it in decimal radix and a minimum
field width of w. (If it is desired to print each of the real part and imaginary part
of a complex number using a “F directive, then this must be done explicitly with
two “F directives and code to extract the two parts of the complex number.)

A key difficulty is creating test suites which generate DoubleFloats. We need to be bit-exact
in the results. This can be achieved using the common lisp integer-decode-float function.
We cover that function in two different ways, with machineFraction which translates the
results into an Axiom Fraction(Integer) and integerDecode which just returns a list of
the multiple values from the integer-decode-float function.

— DoubleFloat.input —

)set break resume

)sys rm -f DoubleFloat.output
)spool DoubleFloat.output
)set message test on

)set message auto off

)clear all

--S 1 of 13

2.71828

--R

--R

--R (1) 2.71828

--R Type: Float
--E 1

--S 2 of 13

2.71828@DoubleFloat

--R

--R

-k (2) 2.71828

--R Type: DoubleFloat
--E 2

--S 3 of 13

2.71828 :: DoubleFloat

--R

--R

--R (3) 2.71828

--R Type: DoubleFloat



570 CHAPTER 5. CHAPTER D

--S 4 of 13
eApprox : DoubleFloat := 2.71828
--R

--R  (4) 2.71828
--R Type: DoubleFloat

--8 5 of 13
avg : List DoubleFloat -> DoubleFloat

--R Type: Void

--S 6 of 13

avg 1 ==
empty? 1 => 0 :: DoubleFloat
reduce(_+,1) / #1

--R Type: Void

--R Type: DoubleFloat

--5 8 of 13

avg [3.4,9.7,-6.8]

--R

--R

--R  (8) 2.0999999999999996

--R Type: DoubleFloat
--E 8

--S 9 of 13

R (9) - 0.99999999999999856
--R Type: DoubleFloat
--E 9

--S 10 of 13
cos(3.1415926 :: DoubleFloat)
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--R (10) - 0.99999999999999856
--E 10

--S 11 of 13

a:DFLOAT := -1.0/3.0

--R (11) - 0.33333333333333337
--E 11

--S 12 of 13

integerDecode a

--R  (12) [6004799503160662,- 54,- 1]
--E 12

--S 13 of 13

machineFraction a

--R 3002399751580331

) spool
)1lisp (bye)

— DoubleFloat.help —

571

Type: DoubleFloat

Type: DoubleFloat

Type: List(Integer)

Type: Fraction(Integer)

DoubleFloat examples

Axiom provides two kinds of floating point numbers.

The domain Float

(abbreviation FLOAT) implements a model of arbitrary precision
floating point numbers. The domain DoubleFloat (abbreviation DFLOAT)
is intended to make available hardware floating point arithmetic in
Axiom. The actual model of floating point DoubleFloat that provides
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is system-dependent. For example, on the IBM system 370 Axiom uses
IBM double precision which has fourteen hexadecimal digits of
precision or roughly sixteen decimal digits. Arbitrary precision
floats allow the user to specify the precision at which arithmetic
operations are computed. Although this is an attractive facility, it
comes at a cost. Arbitrary-precision floating-point arithmetic
typically takes twenty to two hundred times more time than hardware
floating point.

The usual arithmetic and elementary functions are available for
DoubleFloat. By default, floating point numbers that you enter into
Axiom are of type Float.

2.71828
2.71828
Type: Float

You must therefore tell Axiom that you want to use DoubleFloat values
and operations. The following are some conservative guidelines for
getting Axiom to use DoubleFloat.

To get a value of type DoubleFloat, use a target with @,

2.71828@DoubleFloat
2.71828
Type: DoubleFloat

a conversion,

2.71828 :: DoubleFloat
2.71828
Type: DoubleFloat

or an assignment to a declared variable. It is more efficient if you
use a target rather than an explicit or implicit conversion.

eApprox : DoubleFloat := 2.71828
2.71828
Type: DoubleFloat

You also need to declare functions that work with DoubleFloat.

avg : List DoubleFloat -> DoubleFloat
Type: Void

avg 1 ==
empty? 1 => 0 :: DoubleFloat
reduce(_+,1) / #1
Type: Void
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avg []
0.
Type: DoubleFloat
avg [3.4,9.7,-6.8]
2.1000000000000001
Type: DoubleFloat

Use package-calling for operations from DoubleFloat unless the
arguments themselves are already of type DoubleFloat.

cos(3.1415926) $DoubleFloat
-0.99999999999999856

Type: DoubleFloat
cos(3.1415926 :: DoubleFloat)
-0.99999999999999856

Type: DoubleFloat

By far, the most common usage of DoubleFloat is for functions to be
graphed.

You can get the exact machine-specific bits of a DoubleFloat in two ways.
The first is to use the integerDecode function to break the DoubleFloat
into components.
a :=-1.0/3.0
-0.33333333333333331
integerDecode a

[6004799503160661,- 54,- 1]

This is the mantissa, exact to 54 bits, the power of 2, and the sign.
Thus it is:

6004799503160661 * 27-54
You can get the same information as a fraction with
machineFraction a
6004799503160661
18014398509481984

where the denominator 18014398509481984 is 2754
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See Also:
o Dhelp Float
o )show DoubleFloat

5.15.1 DoubleFloat (DFLOAT)

DFLOAT

'

FRAC
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Exports:
0
acosh
acsch
asech
atan
besselJ
bits
convert
coth
decreasePrecision
divide
expressldealMember
extendedEuclidean
fractionPart
hash
latex
log2
min
nthRoot
patternMatch
precision
recip
sample
sin
squareFree
tanh
unitNormal
PHKD
?/7
7>7
?rem?

1

acot

airyAi

asin

atanh

besselK

ceiling

cos

csc
differentiate
doubleFloatFormat
expl

factor

Gamma,
increasePrecision
lem
machineFraction
multiEuclidean
OMwrite

pi

prime?

retract

sec

sinh
squareFreePart
truncate
wholePart

747

7<?

7>=7

7=

abs

acoth

airyBi

asinh

base

bessel Y
characteristic
cosh

csch
digamma
euclideanSize
exponent
float

ged
integerDecode
log

mantissa
negative?
one?
polygamma
principalldeal
retractIfCan
sech

sizeLess?
subtractIfCan
unit?

zero?

-7

7<="?

777

— domain DFLOAT DoubleFloat —

)abbrev domain DFLOAT DoubleFloat
++ Author: Michael Monagan

++ Date Created:
++  January 1988
++ Change History:

acos
acsc

asec
associates?
bessell

Beta

coerce

cot

D

digits

exp

exquo

floor
gcdPolynomial
inv

log10

max

norm

order

positive?
rational Approximation
round

sign

sqrt

tan
unitCanonical
%7

-7

7="

?quo?

++ Basic Operations: expl, hash, log2, loglO, rationalApproximation, / , **
++ Related Constructors:
++ Keywords: small float

++ Description:

++ \spadtype{DoubleFloat} is intended to make accessible
++ hardware floating point arithmetic in Axiom, either native double
++ precision, or IEEE. On most machines, there will be hardware support for
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the arithmetic operations: ++ +, *, / and possibly also the
sqrt operation.

The operations exp, log, sin, cos, atan are normally coded in
software based on minimax polynomial/rational approximations.

Some general comments about the accuracy of the operations:

the operations +, *, / and sqrt are expected to be fully accurate.
The operations exp, log, sin, cos and atan are not expected to be
fully accurate. In particular, sin and cos

will lose all precision for large arguments.

The Float domain provides an alternative to the DoubleFloat domain.

It provides an arbitrary precision model of floating point arithmetic.

This means that accuracy problems like those above are eliminated

by increasing the working precision where necessary. \spadtype{Float}
provides some special functions such as erf, the error function

in addition to the elementary functions. The disadvantage of Float is that
it is much more expensive than small floats when the latter can be used.

DoubleFloat(): Join(FloatingPointSystem, DifferentialRing, OpenMath,

TranscendentalFunctionCategory, SpecialFunctionCategory, _
ConvertibleTo InputForm) with
_/ : (%, Integer) ->
++ x / i computes the division from x by an integer i.
ok Gh,R) > %
++ x ** y returns the yth power of x (equal to \spad{exp(y log x)}).
expl : ) -> Y%
++ expl() returns the natural log base \spad{2.718281828...}.
hash : % -> Integer
++ hash(x) returns the hash key for x
log2 : % —> %
++ log2(x) computes the logarithm with base 2 for x.
logl0: % —> %
++ logl0(x) computes the logarithm with base 10 for x.
atan : (4,%) -> %
++ atan(x,y) computes the arc tangent from x with phase y.
Gamma: % -> %
++ Gamma(x) is the Euler Gamma function.
Beta : (%,%) -> %
++ Beta(x,y) is \spad{Gamma(x) * Gamma(y)/Gamma(x+y)}.
doubleFloatFormat : String -> String
++ change the output format for doublefloats using lisp format strings
rationalApproximation: (7, NonNegativeInteger) -> Fraction Integer
++ rationalApproximation(f, n) computes a rational approximation
++ r to f with relative error \spad{< 10**(-n)}.
rationalApproximation: (7, NonNegativeInteger, NonNegativeInteger) -> _
Fraction Integer
++ rationalApproximation(f, n, b) computes a rational
++ approximation r to f with relative error \spad{< b**(-n)}
++ (that is, \spad{|(r-f)/fl < b*x(-n)}).
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machineFraction : % -> Fraction Integer
++ machineFraction(x) returns a bit-exact fraction of the machine
++ floating point number using the common lisp integer-decode-float
++ function. See Steele, ISBN 0-13-152414-3 p354
++ This function can be used to print results which do not depend
++ on binary-to-decimal conversions
++
++X a:DFLOAT:=-1.0/3.0
++X machineFraction a

integerDecode : % -> List Integer
++ integerDecode(x) returns the multiple values of the common
++ lisp integer-decode-float function.
++ See Steele, ISBN 0-13-152414-3 p354. This function can be used
++ to ensure that the results are bit-exact and do not depend on
++ the binary-to-decimal conversions.
++
++X a:DFLOAT:=-1.0/3.0
++X integerDecode a

== add
format: String := "7G"
MER ==> Record (MANTISSA:Integer,EXPONENT:Integer)

manexp: % —-> MER

doubleFloatFormat (s:String) : String ==

ss: String := format
format := s
ss

OMwrite(x: %): String ==
s: String := ""
sp := OM_-STRINGTOSTRINGPTR(s)$Lisp
dev: OpenMathDevice := OMopenString(sp pretend String, OMencodingXML)
OMputObject (dev)
OMputFloat (dev, convert x)
OMputEndObject (dev)
OMclose(dev)
s := OM_-STRINGPTRTOSTRING(sp)$Lisp pretend String
s

OMwrite(x: %, wholeObj: Boolean): String ==
s: String := ""
sp := OM_-STRINGTOSTRINGPTR(s)$Lisp
dev: OpenMathDevice := OMopenString(sp pretend String, OMencodingXML)
if wholeObj then
OMputObject (dev)
OMputFloat (dev, convert x)
if wholeObj then
OMputEndObject (dev)
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OMclose (dev)
s := OM_-STRINGPTRTOSTRING(sp)$Lisp pretend String
s

OMwrite(dev: OpenMathDevice, x: %): Void ==
OMputObject (dev)
OMputFloat (dev, convert x)
OMputEndObject (dev)

OMwrite(dev: OpenMathDevice, x: %, wholeObj: Boolean): Void ==
if wholeObj then
OMputObject (dev)
OMputFloat (dev, convert x)
if wholeObj then
OMputEndQObject (dev)

checkComplex(x:%):% == C_-TO_-R(x)$Lisp

-- In AKCL we used to have to make the arguments to ASIN ACOS ACOSH ATANH
-- complex to get the correct behaviour.

--makeComplex(x: %):% == COMPLEX(x, 0$%)$Lisp

machineFraction(df:%) :Fraction(Integer) ==
numer: Integer : =INTEGER_-DECODE_-FLOAT_-NUMERATOR (df) $Lisp
denom: Integer:=INTEGER_-DECODE_-FLOAT_-DENOMINATOR (df)$Lisp
sign:Integer:=INTEGER_-DECODE_-FLOAT_-SIGN(df)$Lisp
sign*numer/denom

integerDecode(df:%) :List (Integer) ==
numer: Integer : =INTEGER_-DECODE_-FLOAT_-NUMERATOR (df) $Lisp
exp:Integer:=INTEGER_-DECODE_-FLOAT_-EXPONENT (df)$Lisp
sign:Integer:=INTEGER_-DECODE_-FLOAT_-SIGN(df)$Lisp
[numer,exp,sign]

base () == FLOAT_-RADIX(0$%)$Lisp
mantissa x == manexp(x) .MANTISSA
exponent x == manexp(x) .EXPONENT
precision() == FLOAT_-DIGITS(0%$%)$Lisp
bits() ==

base() = 2 => precision()

base() = 16 => 4xprecision()
wholePart (precision()*log2(base()::%))::PositiveInteger

max () == MOST_-POSITIVE_-DOUBLE_-FLOAT$Lisp

min() == MOST_-NEGATIVE_-DOUBLE_-FLOAT$Lisp

order(a) == precision() + exponent a - 1

0 == FLOAT(O$Lisp,MOST_-POSITIVE_-DOUBLE_-FLOAT$Lisp)$Lisp
1 == FLOAT(1$Lisp,MOST_-POSITIVE_-DOUBLE_-FLOAT$Lisp)$Lisp
-- rational approximation to e accurate to 23 digits

expl() == FLOAT(534625820200,M0ST_-POSITIVE_-DOUBLE_-FLOAT$Lisp)$Lisp / _

FLOAT (196677847971 ,M0ST_-POSITIVE_-DOUBLE_-FLOAT$Lisp) $Lisp
piQ) == FLOAT(PI$Lisp,MOST_-POSITIVE_-DOUBLE_-FLOAT$Lisp)$Lisp
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coerce(x:%) :OutputForm ==
x >= 0 => message (FORMAT(NIL$Lisp,format,x)$Lisp pretend String)
- (message (FORMAT(NIL$Lisp,format,-x)$Lisp pretend String))

convert(x:%) : InputForm == convert(x pretend DoubleFloat)$InputForm
x <y == DFLESSTHAN(x,y)$Lisp

- X == DFUNARYMINUS(x)$Lisp

X +y == DFADD(x,y)$Lisp

x:h - y:h == DFSUBTRACT (x,y)$Lisp

x:% * y:h == DFMULTIPLY(x,y)$Lisp

i:Integer * x:% == DFINTEGERMULTIPLY(i,x)$Lisp

max (x,y) == DFMAX(x,y)$Lisp

min(x,y) == DFMIN(x,y)$Lisp

x =y = DFEQL(x,y)$Lisp

x:% / i:Integer ==
sqrt x ==
logl0 x ==
x:% ** i:Integer ==
x:%h *x*x y:iY ==
coerce(i:Integer):%
exp X ==
log x ==
log2 x ==
sin x ==
cos
tan
cot
sec
csc

ES T B
|

asin x ==
acos
atan
acsc
acot
asec
sinh
cosh
tanh
csch
coth
sech
asinh
acosh
atanh
acsch
acoth
asech
x:h / yih ==
negative? x
zero? X
hash x ==

LT T T T T B O T B I ]
1] 1] 1] 1] [I]
1] ] ] ] Il
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DFINTEGERDIVIDE(x,i)$Lisp
checkComplex DFSQRT(x)$Lisp
checkComplex DFLOG(x,10)$Lisp
DFINTEGEREXPT(x,1i)$Lisp
checkComplex DFEXPT(x,y)$Lisp
== FLOAT(i,MOST_-POSITIVE_-DOUBLE_-FLOAT$Lisp)$Lisp
DFEXP (x) $Lisp

checkComplex DFLOGE(x)$Lisp
checkComplex DFLOG(x,2)$Lisp
DFSIN(x)$Lisp

DFCOS (x) $Lisp

DFTAN (x)$Lisp

= COT(x)$Lisp

SEC(x)$Lisp

= CSC(x)$Lisp

checkComplex DFASIN(x)$Lisp -- can be complex
checkComplex DFACOS(x)$Lisp -- can be complex
DFATAN (x) $Lisp

c