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ABSTRACT
An interpretive program for Yhirlwind I is described
that will accept algebraic ecuatlons, differential ecua-
tions, etc. expressed on ¥lexowriter punched paver tave
in ordinarf mathematical notation (within certain 1limits
impoosed orincipally by the flexowriter) as input and

automatically provide the desired aolutioﬁs.
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le Introduction

Nearly everyone who has had a pt_roblem to solve on a large-
scale digital computing machine has probably felt that it would be
indeed convenient if ore could give the machine his problem in
ordinary mathemstical langusge with perhaps a suggestion for a
method of solution. We have been motivated by a sympathy for this
feeling in writing & precgrzm Zor Whirlwind I that will conétitute,
we hope, & useful step in the indicated direction. The effect of
our program is to create a computer within a computer and the pur-
pose of the present report is to describe this computer and provide
a progrsmmer's manual for its use.

The input to the computer is in the form of a paper tape
punched on a flexowriter, which is a specially designed typewriter
that produces a coded pattern of holes in the tape for each charac-
ter (including backspace, carriage return, etce.) that is typed.

The problem to beé solved is typed on the flexowriter in mathemati:- ’
cal form using the conventions and notetions discussed below. As
the resulting tape is fed to the computer the coded characters are
translated by means of our program into a set of standar: Whirl-
wind instructions. After the translation is completed, the com-
puter carries out the indicated instructioms to solve the problem,
presenting the answers reguested by the programmer in typewritten
form. Exzsmples of typical problems appesr throughout the reporte

YWe have attempted to stey as close as possible to ordinary



mathematiessl motation; however, because of the limitations of the
flexowriter amd of our program itself, certain typographical con-
ventions mmst be observed. Programming rules are discussed
throughout the report and are surmarized in a later section.

2. Basic Operations

’All of the lower case letters are available as variables, and

equstions of the following form are used:

x = ’
Here x stands for any lower case letter, and the blank between the
equals sign end the comma stands for a mathematical expression in-
volving lover case letters, numbers, plus and minus signs with
tteir usuval significance, parentheses, and slanting slashes /
indicating division. Exémples of such equstions are:

a= 5,

Yy = =6.3a

b = 0.0053 (a - y) /2ay, (1)

The wméuter regards the rig}it hand side of an equation as a
set of computational operations to be performed. The result of the
series of computations lindicated by the right hand side of a single
equation is always a number and after the computation is finished
this number 1s stored in the registers assigned to the letter that
appears on the left hand side of the equstion. Equations are
carried out in the order in which they are written. Thus, in the
above example the value 5 is firct stored in the space in storage
assigned to the variable &; it is then called forth in the second



ecuation as the number stored in the registers assizned to e,
multinlied by ~6.3, and the result is stored in the svace ir
storage assigned to the variable y, The computer then proceei:
to cormmute the right hand side of the third eouation, meline uze
of the numbers stored in the‘registers aseigned to the srmhole
a and y, and store the resulting number in the svace assizne’ to
the variable b. Beczuse of this modus operandi such ecuations as

n=n+2,

(2)

W= -y,

are meeningruvl, The first of theze =44s the number 2 tn the con-

tents of the stornge 2¢sirmed to the wvurishle n. subraan=ntie

storing the result in the s=me location, ana therehy cau-2e tha

0]

ez the

current value of n tc he increaced by 2; the second czu
current value of w to be renlzced by iss nersative,

It should be observed that a letter verienle myst annerr on
the left hand sile of an eouation so that it mav be acciened a
definite value bafore it annears on the right hand <ide nf an

equation, This orincivle is illustratei in the sert of ecustinrsg

(1) vwhere the varinble & is first set %o the valua S, v ic then
assisned a value deneniing or s numeriea)l econctent =n? the rurrant
vilne of 2, and se forth. On the othor hand = »nrosr== besinning
n=me1l.
(3)
m=1,
wvould be incorrect sirce m wvoulAd have no preacsiesnes? voiue when

the comuter atiemmted to find the velue of n, The Mmeanines of

this restriction 1s, of course, that methnds of sn*wtinn mmat dba



explicitly stated in generale
Basically, the computer performs the elementary operations
of addition, subtraction, multiplication and division. Certain
conventions of a typographical or interpretational nature should
be mentioned in connéction with these operationse.
A. Parentheses
Only starndard parentheses are available typographically. No
braces or square brackets may be usede No more than four paren- ‘
theses may be open in a single equation at any one time, thus,
x=alb+e@+elf+gh+1) -+,
' (4)
is allowed while
 x=alb+cld+elr+gh+1() + 0P,

is not. Stated in snother way, the mumber of left parentheses
"(" minus the mmber nf right parentheses ")¥ lying to the left
of any point of the equation must not exceed four; otherwise use

of parentheses is unrestricted.
Be Division

A little reflection will show that an expression such as
a+ 2bfc +d (6)

is mathematically ambiguouse The computer of course, assigns a
particulsr interpretation to such an expression. The rules by
vwhich it does so can be most corveniently explained as follows:
a plus or minus sign has the effect of separating any mathemati-
cal expression'into two terms to the left and the right of it.



This separation with respect to a plus or minus sign occurring
within parentheses only appliee, of course, to the total ocuantitr
within the parentheses. Thus, if an expression such as that ahave
is written without use of parentheses, the plus and minus siene
separate the aipression into separate terms. In the case citesd,
these terms are the quantity a, the quantity 2b divided by ¢, and
the quentity d. If in the above example, one had wished that the
result should be the sum of a and the quaniityaa divided vy (c+d),
one would have had to include the guantity c+d within parentheses:
a + 2b/(c + d) (7)
If, on the other hand, one had wished to consider this quertity
as the ratio of the sur a + 2b to the sum ¢ + 4, then both of
these guantities should have been included in the vparentheses.
. (a + 20)/(c + @) (8)
If it is merely kept in mind thet pluses and minuses ac;c as sepa-
rating symbols, no confusion can arise, As a further exammle, one
can write an expression such as
cdfa(d + ¢) + 4 (9)

The comvuter interprets this exvression as the sum of the cunantity
d and the ratio whose numerator is the proiuct cd 2nd whose de-
noninator is the product of a with the quantity d + e,

One more form of mathematical expression 1nvoiving division
13. worthy of comment. The use of more than one division within
a sﬁgle mathematical term is admissible and is correctly inter-
preted by the 'c-ompnt.;’er. Thus a/b/c is properly vintemréted es

the product ac dividedl by d. On the other hand the exoression



it

a/ (b + ¢/d) (10)
is interpreted as the ratio of a2 to the quantity which is formed
by adding to b the ratio ¢ over d. In the latter case, the quan~
tity within the parentheses is itself interpreted as a single
nathenatical expression.'to be evalusted by the com-uter. In
effect, an expression contained within parentheses is isolated
from the rest of the equation and tke normal rules of multipli-
cation and division apply without regard to the remainder of the

equation.

C. Numerical Quantities

Although it has been assuned implicitly in writing the above
material it is worth ststing explicitly that the computer correct-
1y interprets numbers in ordinary decimal notation ;~ Ho standard
form is assumed for mumerical quantities by the computere. Thus
it interprets corrcctly such quantities as 0.012, 012,.012, 48,
321 etcs, without ambiguity.

D. Exponents

i"mmor cese mumbers ron the flexowriter appear e&s expcnenis;

there is zn upper case minus sign but no upper case plus signe
The computer vill handle positive (unsigned) and negative inte-
gral exponents. Soms examples ares

a= 52’

b=(a~2)%

c= (a!:~3 )"5 :

d=a(+ c)z/ (c - a) a—3’



3 The ‘Fumber Systen

Fumbers are stored and aritimetic operations are cerried out
by the computer in the 24, 6 number system. In this system n'm-
bers appear in the machine essentially in the form a .21’ whare &

is a signed 24 place binary number withl/2<a<lora =0 arid

(o1

is a signed 6 place binary number. Thus, it is useless to sunpiy
more than 8 significant decimal figures, although in general no
difficulty is caused by supplying more - roundoff occurs autc-
matically., If numbers, including, of course, numbers produced

63 _ 259 (or, roughly,

as the result of comutations, exceed 2
9.2233995 . 1018) in absolute velue, 2n alarm will result, Any
integer up to the preceding number can be written explicitlyr:
e.e., 9223314040000000000 is & permissidble number. The same
number could also be written 9.2233114«02}-1018. It should be noted,
howvever, that the computer first rezds in a number as an integer,
vlacing the decimal po_int only after the number is completely
read in. This means that no number is allowed which. withoul
benefit of decimal point, would be interpreted as an integer ex-
263 _ 539 on

ceeding . Otherwvise, numbers mey be written in oulte

arbitrery decimal forr. 2e has been illusirated to some extent in

the preceding examples.
4 Ontggg‘

The delayes orinter i1s used for outout. - The current vaiun-
of any number '.oi letter variables m=» be printed out by inserting

the instruction PRINT followed by the desired lettere, followsd



by a peri;d- No computation may be performed during a print instruction(e.ge, FRINT 3a is not ad-
missible) and commas may, but need not be, inserted between letters. Thus, PRINT x, y. and PRINT xXye
_would both cause the current values of x and y to be printed oute The form of the print out is best
explained by examplese If a = 5 currently the instruction FRINT a. would cause a = +50000000 *+ Ol
to be printed oute The second number; i.e., the + Ol, is interpreted as the power of 10 to be multi-
plied by the first number. Thus, if a = <05 we should have a = +.50000000 ~ 0l and if a = = T we
should have & = =« 31415927 + Ol. When a PRINT instruction is performed the first and last characters
to appear as output are carriage returns. If more then 6 variables are called for on a single PRINT
instruction, 6 will be placed on each line, except possibly for the last, of course, and there will
be no line space betwe;en lines, For example, the instruction PRINT a, b, ¢, d, e, f, g, h, :¢ will

produces
a=+ oo b=+ o c =2+, 0 d=+.. e =+ 40 f=+aq40
g=+.. h=+. . {=4+.0

while tbe instructions PRINT s, b, ¢ « PRINT d, e, f. PRINT g, h, i. will produce

as + 0 0 b=+ ¢ c =+ 0
d=+.. e =+ . . ' f=+..
g= + o o h=+. 4 R

where the dots stand for appropriste numberse



5. The Instructions SP, CP, SR, and CR
It has been stated that equations are carried out in the

order in vhich they are written. It is clearly desirable to be
eble to interrupt this order from time to time. We may wish to
make the order in which the operations are perfoxﬁed depend on
the result of a pi‘evious computatione For this purpose, or for
purposes of identification in geperal, equations may be mmbered
with decimal integers between 1 and 100 inclusive. Thus we may
write
3x=2,
ly=0.5 (x +2/k),

The first equation is then identified as equation number 3, the
second as equation number l. The equation number always precedes
the equation to which it refers.

The effect of the instruction SP followed by an integer from
1 to 100 and a comma is to "transfer control®™ to the equation
with the specified number and to proceed on from that equatione.
For example, SP 3, would cause équat:lon 3 to be executed next and
then the equation or instruction following equation 3 in the order
of writinge o

In the following we use the number 5 for purposes of illus—
tration; it is understood that any mumber that has been assigned
to an equation may be used. The effect of the instruction CP 5,
is the same as that of SP 5, if the last computed quantity is
negative )'while cP 5-_; is ignored if the last computed quantity is



positive.
For example, if n has the value 3 then in the following pro-

gram
9=n"5,
CP 5,
x = 3 ab,
5y = ax,

when the instruction CP 5, is reached the equation x = 3 &b, will
be skipped sirce tte quantity last computed befcre tre CP 5, was
e=n-5=3-5=<2 If nbad the value 5 in the above ex-
ample then e = n - 5 = O« In thkis case the CP may or may not
behave like an SP since O may appear as + O or - O. This am-
biguity need cause no difficulty in general. If, for exesmnle, it
is desired to go thru a certain process starting with equation 1
exactly 10 times we may write

n =0,

n+1,
n - 9'5,
CpP 1,

® e o ¢ o o
"

The quantity n is thus used as & counter, and e will then have

the successive values = 8.5, = 7.5, — 7e5, cee, = 1.5, + <5 and we

obtain the desired result. Furtker examples will be given below.
The instruction SR 5, csuses equation 5 to be executed next

10



and then, after equation 5, the eguation or imstruction following
the SR 5,. The instruction CR 5, bears the same relation to SR 5,
that CP 5, does to SP 5,.

An SP, CP, SR or CR may not itself be assigned an equation

number.
6. STOP

The instruction STOP must be placed at the end of every
program, Its effect is to stop the computer. This instruction
may be given an eguation number so that an SP or CP may be used to
stop the comoutation,

7. The Stop Character

Flexowriter character number 49 is the "stoo code®” or "stop
character”, This character is used by our program in.the follow-
ing way.' It may bapoen, for example, that a fairly large amount
of data will be vrocessed in several ways at several different
times. Rather than duplicate the long data tave onto the process-
ing program tape in each instance one may simply place a stop
character at the end of the data tape. The effect will be to stop
the computer temporarily to allow a program tave to be inserted
into the tape reader. Computation will then be resumeﬁ when the
WWI restart button is pushed. Other situations in which this
feature may be useful will undoubtedly occur to programmers.

8. Izmored Characters
Except vﬁen they occur between the digits of a number the

following characters are ignored: space, back space, tabulate

and carriage return. Any of these characters or any combination

11



of them, inserted between digits is interpreted as a multiplica=-
ticn signe Thus x = 23, (i.e., mo characters between the 2 and
the 3) would set x to the value twenty-three while x = 2 3, (i.e.,

2 followed by space followed by 3) would cause x to assume the
value 6.

The rmullify character is always ignored* so that if a si:ace
or other erroneous character is acciden@ﬁienserted between digits
an error may be avoided’by simply nmullifying the character.

It should be pointed out that superfluous characters are not
alweys apparent from a pri.nt. If the combination ®space, back-
space” or the combination ®shift to upper case, shift to lower
case® is inserted between digits, the combination, in either case
would be interpreted as a rmltiplication sign. ZError may again

be avoided in these cases by nullifying the superfluous characterse.

9. The Character  Denoting Multiplication

The lower dot of the colon has been filed off on at least one
of the flexowriter units availsble at DCL. This character, or the
colon itself, may be used to demote multiplication; e.ge., 510%
has the value 50,000 as has also 5 10" where only one o= more
spaces or tabulates is inserted between the "5% and the nighn,

¥Except in an SP, SR, CP, CR, or STOP instructior. If a typo-
graphbical error occurs in these instructions, the :/hole instruc-
tion must be nullified.



10. Ex=zmples
Suppose it is desired to print a table of values of cosine x
for x = 0yel,e2,¢0e,1 radian and that we decide to use up to

the 110

term in the power series for cosine x. This could be
acconplished by the following program:

x =0,
z=1- 12/2 + xl’/2'3‘4 - 16 2°3%4°5°6

W)

+ xB/20 30425678 — x10/2° 3 456-7-8-9°10,
PRII‘IT X, z.

X =x + o],
e =x - 1.05,
Cp 1,

STOP

We might prefer an iterative scheme to produce the same
resulte The following scheme has the advantage that the number of
terms in the series may be adjusted by changing & single number:

= 0,
= 10,

=1,

1-3x%y (v -1),
y=y -2,

e=1-y,

CP 2,

PRINT x, 2Ze

x =x + 0.1,

a =x - 1.05,

CP 1,

STOP

(W]
NN M
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11. Function Subroutinesg
It 1s clearly desireble to build into the computer sudbroutines

that commute automatically certain freocuently used functions. This
orocess has been begun for our computer and at present the follow-

ing functions are available:

Desisnation Function
I”l square root
FZ sine
1‘3 cosine
Fa tangent
PO sine-l
1'6 cosine-l
1'7 ta.ngent-l
1'8 secant
1‘9 cosecant
1,10 cotangent
1?11 absolute value
P12 signum
1'13 exponential (e¥)
L4 negative exponential (e~X)
Fi5 sinh
F16 cosh
tanh
1'18 sech
1'19 } csch
720 coth
= - g,
Pz 2 logz
.1‘23 1039

14



The sine of x may be obtained by writing simply Fz(x) and
such an expression may be treated arithmetically in the same way
as a varisble in an equation, for example:

x = 2(FH () F(x) + F () ),
would set x equal to 2(N ¥ sine z + ‘z l ). Subject to the usuel
restriction on the use of multiple parentheses (no more tisn 4
open at a time‘, computation may be carried out inside the paren-—
theses containing the argument of a function. For exsmple,
x=Fx +2/y(a + ) 27 ),
would set x equal to cosine (x + 2 z/y(a +b) ). Further, functions
of functions are permitted. For exémple,
x = Fo(y + Fo(2) ),
would set x equal to ten(y + cos™ z) or
x = FF(F () ),
would set x equal to {TE_ c

12. Additionsl Varisbles and 1orisble Indices

Subscript numbers are not evailable on the standard flexo-
writer so additional syrbols for variebles are obtzined as follows:
Any lower case letter followed by & vertical slask followed by &r
upper case integer between O and 1023 inclusive may be used as a
varieble in precisely the same way the lower case letters alone
" have been used above. We shall call such variables "superscript
varisbles." Thus xl5 = 2n, a|2 = al', + b‘é, PRIFT a, x‘z, Cy 6‘75.
are legitimate expressions. Any lower case letter may be used as
a veriable index for superscript variables in the combination |

lover csse letter followed by verticel slash, followed by lower

-
n

}
\



case letter. For example, when the expression xln is encountered,
the current value of n is taken as the index: if n = 6 cﬁrrently
then xln is at this time treated as x|6.

If, in the expression x In, n has a noﬁ—integral value greater
than 0.5, the computer rounds n off to the nearest integer.
Hegative values of n are not permitted in this coxmecf;ion, nor
are values between zero and one kalf inclusive, with the excep-
tion that the value zero is permissible if assigned by the speci-
fic equation n = 0,.

The roundoff property can often be used to advantage; e.g.,
in interpolation in a set of tabular data. Suppose that we are
ziven 10 values f(xl), f(xz),..., f(xlo) of a function at a set
of equally spaced points 21, Xy 09Xy The tabular values can

be read in by the equations

e ,
£ 2= ,
£ F : = ’

We also require, for the purpose, the set of integers 1 to 10,
read in as follows:

n =0,
1 n=n+l,
kln = n,

e =n -~ 9.5,

CP 1,
setting k|1 = 1, 1|2 = 2, ete.

To find £(x), (x1< x< xlo), by linear interpolation, the

following program is used(h = the difference between x, and X, , 1):

16



§=05+ (x-x|Y ,
m=k|j,

n=m+l,

d=3 + 0.5 =m,

y

d f‘n + (1 -q) flm,
giving y as the desired result.

Printing Sunerscfi;@ Verisbles

The general format of the prinmt-out of superscript variasbles
is the same as for ordinary variables. The instruction PRIIT y > .
will csuse
S LI

to be printed out while the instruction PRINT bji. will ceuse
b=, .

to be printed if 3 is the currert value of i.

13. SP n, etc..

It is already possible to change conditionally the order in
which operations are performed by using the CP instruction. It is
also possible to program such a change by using the following in-
struction: SP followed by any lower case letter followed by a
comma. If, for example, tht; varisble u has the value 15 when the
iﬁstruction SP u, is reached by the control then this instruction
will have the effect of SP 15, The instructions CP, SR and CR
may similarly be used with lower case letters. TFor non-integer
values of the index, the same restrictions and round-off proper-

ties hold as for variable superscript indices.

]
~7



14. Varisbles Assigned to the Drum
Superscript variables are ordinarily assigned to MS(magnetic

core storage) end there is room for a total of 250 such variables.
If additional varisbles are desired they may be obtained in two
wayse. The instruction ASSIGN followed by a lower case letter
followed by a vertical slash follovec} by an upper case integer
between 1 and 1023 inclusive followed by a comma causes sSpace on

the drum to be selected for varisbles. For example, ASSIGN allOOO’

automatically reserves space for variables all thru a llOOO inclu-
sive to the drum and tekes up in the storage table for variables
in MS the space of only one ordinary superscript variable. Once
this assigrment has been made, the superscript variebles in
question may be treated as ordinary superseript variables. .

Special provision has been rade for assigning tables of
values to the drume Suppose, for example, that we wish to store
the values of a function g at the values tl, tz, t3, tL of its
argumente Let these respective values be assigned the symbols
g‘l, g|2, &|?, gl* ant suppose, for efiniteness, that g 1.,
g|2 = 4, gP = 6, g‘l" = 0. We slready have one method of assign-
ing these variables to the drumt

asstax g|,

el =2, s|2 = 4, 3‘3 =6, sV’ = 0,
Exactly the same thing may be accomplished by writing

18



Any lover case letter may be used in this way but only the upper
case letter N may follow the vertical slash. Each value, includ-
ing the last, must be followed by a comma.

Once varisbles have been assigned to the drum in this fashion,
they may be treated as ordinary variables in exactly the same way
as variables assigned to the drum (but not given initial values)
by the instruction ASSIGNe. |

The alH type of instruction may be used in another way to
assign variables (with their initial values) to the drum. Suppose
that one wishes to set all =1, alz = 1.5, a|3 = 2, all’ = 2.25,
'AP = 2.5, a|® = 3.5, a|” = 4.5,. This may be done by writing

ali = 1.0 (.5) 2. (0.25) 2.5 (1) 4.5,
That is, one writes after the equals sign, the value of all, then
the increment in parentheses, then the value up to which one is to
go using this increment, and so on, terminating the instruction
with a comma. It is understood that the "a" in the above example
nay be replaced by any lower case letter but only N may follow
the slash.

As snother example consider the little routine given in the
discussion of interpolation in section 13 for assigning k 1. 1,
Y2 = 2,.., €19 - 20. This coula ve repiaced by

x|§ =1 (1) 10,

It should be noted that the operations mmltiplication, addi-
tion, etc., involving varisbles on the drum will in general take
about 30 milliseconds longer per variasble on the drum than the
same operations involving MS variables. If variables on the drum



are used sufficiently often in a program to nake a significant
difference in the computer time used, and if there is space for
the variables in MS then the variasbles should be assigned, or re-
assigned to MS.

For example, suppose one wishes to introduce 100 values

f‘l thru fl 100 of a function. If they are assigned by writing
out

el ..,

2 =. .,

e, o o o o,

£ 100_ ..,

then 100 unmubered equations, the maximm, have been usede.

Hence we might assign the values to the drum by
y!N=..,..,..,

and then re-assign them to MS (if they were to be used sufficient-

1y often to make it worth the trouble) by writing something like

n =0,
1 n=n+1,
fln=y‘n,
CP 1,

It is difficult to say in advance just how many variables
may be assigned to the drum for a particular probleme There is
a naximm of 3072 (which may be increased at a later date) but
the drum 1s shared by the equations and the drum variables of a
program so that in no csse could 3072 drum variables actually be
useds In any case, if storage is exceeded the automatic post
mortem(described below) will inform the programmer where and how

the trouble arosee



15. Differential Equations
Provision has been made for the solution of ordinary differ-

extial equations by the method of Gill - a variation of the Ath
order Runge-Kutta technique. In order to make use of this pro-
vision, certain conventions must be observed.

1) +the letter t must be used for the independent variable.

2) the letter h must be used for the increment in t.

3) the upper case letter D is used to denote d/dt.

Any ordinary or superscript veriable (other than t and h)
nay be used for the dependent variables and for awxiliary vari-
ables. A given nth order syster must be reduced to a system of
n first order differential equations. Suppose then, this reduc-.
tion having been done, we let Yyr T o5 Ty denote the n depen-
dent variables. Our system is of the form:

dyi/dt = fi(t, Fys Tpoe o ,yn), i =1,2,ee,n0

The way in which the solution is to be accomplished is per-
haps best explained by an exsmple. Suppose that there are two
differential eguations, that we take 2 as the initial value for t
and that h = 0.5« Suppose further, that we wish to print out the
solutions for t = 2, 3, 4 up to 10, that the initial values of
the y, are O, and that

2.0 ¥7y- 7)) =3, v 1, £, (5, ¥y5.¥,) = - yl; |
Our program may then be as follow:

t =2,
h=°'5,



CP 2,
SP 1,

3 STOP
It should be observed that t is automatically increased by
the value h upon »completion of the last equation that starts with
a Do Of course, any or all of the values of t, h and tke depen-
dent variasbles may be reset during the computatiorn. One impor-
tant restriction on the form of a program should be noted. The
carrying forward of the solution a single step of length h actu-
2lly involves going through the part of the program that starts
with the first D equation and ends with the last D equation a
total of 4 times. These 4 sub-steps take place automatically
but it is essential that all relevant awxiliary ccmputation take
place between the first and last D equstions. Suppose for exam=
Ple that we were to change the part of the preceding program
between equations 1 and 2 as follows:
e = 9.7 = t,
CP 3,
2 a= yl2 +1,
D yll = a,



This change would epverr {5 be irnocuous since "a" scerms e
be appropriateiy reset before eech entry into the differential
eouations, However, upon completion of the gsecond D ecuavisn ir
each of the first 3 sub-stevs, coz:ut;tinn would be resumed «ith
the first D ecuation (and not equatinr <) so that "a" would no*
have the current value of 3F + 1.

Finally, it has been stated that a total of 2?50 MS supex~-
scrint varizbles may ne used; this is not true for progerems in-
volving differential ecuations. If there are k er~+2 15 thad
bezin with a D in & program then 250 - 2k MS suverscrint verizbles
nay be used,

6 Post Mortems

Certain automztic vost-mortem features heve bean incluied
but this vart of the commuter is essentially stil1 in the desiem
staze. Roushly séeaking, if 2 nrorrem excerds storzge in any ore
of several pnssible ways the corputer will tell us where and how
storage was exceeded.

If an erithmetic alarm occurs, the vrogrammer will be tolAd
the number of the eguation in which the alarm occurred and the
numher of the eauation that oreceded the alarm, It shoulAd ﬁe
noted here that eoualinns not assigned numbers by the vrosrammer
are automatical'y assigned numbers from 101 to 200 by the com-
duter in the order in which théy ere written.

The programmer may obtein the values of anv veriabies ha
desires after an arithﬁetic alarm by writine the amwnroorieste

PRINT instruction as ecuation 100,



17. Rules
1. Every equetion must end with a comma.

2. The mullify character is always igncred except when
it occurs betuveen the S and P of SP(sinmilzrly for
SR, CR, CF, STOP).

3. Excent wren they occur between the digits of a prum=—
ber or in SP etc., the following chzracters are
icncred: space, back space, tabulate and carriage
return. Any of these characters insertsd between
numbers is interpreted as a rltiplication sign.

4« Every PRINT instruction must end with a period.

5 No more than 4 open parentheses may be written in
a single equation before one is closed.

6. Tre instructions SP, CP, SR, CR must be terminated
by a comma and mey not be nunbered.

7. FPRINT instructions may be numbered.

8¢ The instruction STUP may be numbered and may appear
only at the end of a programe

9 The instruction ASSIGN must be termirated by a cormae

10 Each assigrnment cf a group cf varisbles to the drum
(ty either the ASSIGHN or the xlN type of instruction)
uses ur the space ordinarily occupied by ons super-
script variable in the table for superscript vsrizbles
in MS. ith this understanding a total of 250 super-
script ve~lables nay be assigned to MSe

11. A maximm of 100 numbered equations and 100 unnumbered
equations may be used in any one problemo

ﬁ



D8. Temporary Rules and Restrictions

As of the date at which this report is written the follow-
f£ng restrictions are in effect. It is expected that they will
t== removed in the immediate futuree.

1. An SR or CR instruction may not refer to an equation
thet mskes use of a function subroutine.

2. Variables may not be assigned to the drum; that is,

neither the ASSIGN nor the x] N type of instruction
is in operation.
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3. Function subroutines F thru F20 have not been

tested.
A11 other portions of the program are believed to be oper-
eting satisfactorily but exhaustive tests have r;ot been madee.
Information relative to any troubles encountered in the use of

this program would be appreciated by the authors.
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