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D
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I
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I
0
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Exercise #1 - Code an instruction to clear the A-Register

ANSWER

Exercise #2 -

ANSWER

Exercise #3 -

ANSWER

Exercise #4 =

ANSWER

LOCATION OPERATION  ADDRESS FIELD
f{llllll LlalﬂlallJllll__Llllllllllllll

| NN

Code an instruction to set the lower 6-bits of the

A-Register to omnes.

LOCATION | OPERATION __ ADDRESS FIELD
o Weon 75

R OV N PR U N Y O WO S W Y U N N OO N |

AR

Code an instruction that will set the A-Register to 31

decimal, so it could be stored and counted down later.

(3110 = 378)

LOCATION | OPERATION __ ADDRESS FIELD

AR T U D WY W JDI JJI/ALIIJL_LJILILIlllJllL‘

ANNN

2jBjasjejrysije

Code an instruction that will set the A-Register to the

constant 12, octal.

LOCATION | OPERATION _ ADDRESS FIELD
1-.,1'“” LON 128

(SN T W W WO W Y N W WY NN AU JNU NN T AN I NN )

AN

21 3[e i )8 T 0]
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The above values must result in
an octal value in the range of
00-77. The decimal equivalents
are 00-63.
Mnemonic Opgration Code
D
E
S
c
? This instruction clears the A-Register and loads the complement of
g d into the lower 6-bits of A. The upper 12-bits are set to omes.
I RNI @ P+1
0
N

REFERENCES :

DATA TRANSMISSI@N July 15, 165 2-0




= ot

OZHEHS

D
I
2 FETCH BPERAND EXIT
) ENTER INSTRUCTIGN > 7777dd—>A [~ P+l—>P RNT
6400/6600 UsE
1UsEC —

¥
475 NSEC k——
1

e e Y

SLOT

SL@T TIME = 100 NSEC




LEpPYR >k E

LCN

Exercise #1 - Code an instruction that will set the A-Register to a

ANSWER

negative 60 decimal.

LOCATION ] OPERATION ADDRESS FIELD

L : il .g LLcLM 16:0L

EONNANY

Y S S TS A Y U I B N O N O A N N B

Exercise #2 - Code an instruction that will give us a mask, with

ANSWER

the lower 6-bits cleared and the upper 12-bits ones.

LOCATION OPERATION ADDRESS FIELD

L li Lol éﬁ;ﬁv ’7.8

T I WO N ey Y T W TR NN W TN TN N O U P 2NN N I W W e

AR

Exercise #3 - Code an instruction to set the A-Register to all ones.

ANSWER

LOCATION _ JOPERATION __ ADDRESS FIELD

l ;
Lt b1 31 AFUV ‘Z TSR S NN YO VL WAL TR UY N WY DU U (NN TN IO DO TN Y | y

AN

pj3jejsje rjale
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The above values may result
in the octal value in the range
00-(218 -1), or the decimal
equivalences.
& . Mnemonic Operation Code
D
E
'2 This instruction clears the A-FEegister
? and loads the 18-bit quantity consisting
; of d as the upper 6 bits and m as the
g lower 12 bits. RNI @ P42
N
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Exercise #1 - Code an instruction that will set the upper 6-bits

ANSWER

Exercise #2 - Code an instruction to load the A-Register

ANSWER

Exer¢ise #3 -~ Code an instruction that will load-the A-Register with

ANSWER

of the A-Register to ones, in order that two 12-bit

quantities may be added later (with end around carries).

1DC

LOCATION _ | OPERATION _ ADDRESS FIELD

3

i IR T Y O DY DU WA WO SO SO S O O |

SANANN

with the constant 409610, which could next

be used for an input/ocutput instruction.

. []LBC_77.0090"

(4096, = 100008)

10

=

LOCATION . | OPERATION  ADDRESS FIELD
! AL0C 4096 '

l‘lllllll b U O O S S TN Y TN N YOO O TNV VU TN VR NN U N S N T N O N 1

AANNRRNY

2y 3peysge Ty s fi

all ones into the A-Register.

LOCATION OPERATION ~ ADDRESS FIELD
Z B 0 | -
?2 O D W S Y 53L!26:1 ‘z RN R A TR VN TN T N OO O T S OO I | 1} Lt
é L N FLET) l|¢ Lrpe e Ldiu 1213 418 t6|17)i8 )10 z0]z1122(23)24)26) 26 27|28 (29{30}3) |32[33 :4[:5|=s_|*‘
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D
E
5
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R
T location d into the lower 12 bits of A. The upper 6 bits of A are
P
T set to zero.
I
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Exercise #1 - Code an instruction to load 7654 into the A-Register

ANSWER

7654 is in M.L. 0077 (fctal).

LOCATION OPERATION  ADDRESS FIELD
L .. |koD 778

R T W O O | | Y A U TN TSN N O X U U (N YOO O s s |

NN

| hee
2184 19]6 T 8]0 ol 11 JU2{13 (14418 |16 |1T 1818 [T0jF1[72|23{24]28126]27|20129)30(3) |32[33|34(35)38)°

Exercise #2 - GCode an instruction to load the contents of Tempo.

ANSWER

Exercise #3 -

ANSWER

Tempo = 0070, but could have been any value 00-778-
(Tempo) = 0010, but could have been an octal value in

the range of (214 -1).

LOCATION . OPERATION ADDRESS FIELD
% g %N
:9 W B O f;?L!zl? ?jlﬁnﬂﬁhq IS D N Y T A U Y Y O B
/; 2 !JlJi jsjrjeils Lm” 1 ]IZ[l.3|I4_|15]lG|I7|Il]I91?0|ZI122|25124|_2_5st]S_?JZD[ESI!O[}I 132]33|34{35)36

Code an instruction to load 1234 into the A-Register.

The fperand 1234 is in a location called ABLE, which
happens to equal 0000.

ABLE = 0000, but could have been any octal value 00-77.

(ABLE) = 1234, but could have been an octal value in the

range of (212 -1).

LOCATION OPERATION ADDRESS FIELD
| ., IILOD ABLE '

W U T | A YR U VN I VU VAN T S WO WO (A O UOOS BHN N

[ SNNANN
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The above values must result
in an octal value in the range
of 00-77. The decimal equivalents
are 00-63.
L---———-Mnemonic Operation Code
D
E
s This instruction clears the A-Register and loads into A the 12-bit
H
R quantity obtained by indirect addressing, ((d)) —> A. The upper
I
P six bits of A are zero. Location d is read out of memory, and the
T
T word obtained is used.as the operand address. RNI @ P+l
0
N
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Exercise #1 - Code an instruction that loads the A-Register, and uses
INDADDR as a lst reference, and ADDR as a 2nd reference to
obtain the operand 4311.
INDADDR = 50, but could have been any octal value 00-77.
(INDADDR) = ADDR = 3024, but could have any value
0000-77778.
(ADDR)= 4311, and again could have been any value

0000-7777.

LOCATION | | OPERATION __ ADDRESS FIELD
\LoL INADDR

TV O U O O O | IS R U YU YO U T T I

ANSWER

[ ONNANN

l
TFEFUNSTRTYLITNLS

Li2 13 1141181611718 119 {2021 |22]25[24]28] 26 |27]28[29]30(3) ]32]33/34]35]36)"

Exercise #2 - Code an instruction that loads the A-Register, and uses
location 0001l as its lst reference to obtain the operand
address. The operand address is equal to 63518, and the

operand equals 01008.

LOCATION OPERATION  ADDRESS FIELD )
v ] I
ANSWER :él‘l'llxll L:'~L|pl':lll|‘|lll!llllllll‘llllll;L
/:||¥O|§l|0|?]tl' i‘fiiﬁu112[:5||4!|ﬁ||5||7]|n|s|2o|z||zzl:s|!1(zslzs@ww-‘
(0001) = 6351g
(6351) = 01008
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v - 12113108 118 (49117 148 L1 [20) 112X 43 (0 0] 8127 l
Z - '
Separator
Space or comma
Constant
Symbol
Symbol E constant
Symbol .. Symbol
This value of d, must result
in an octal value in the range
of 00-77.
The value of m, must result
in ap octal value in the range
of (212 _1).
Mnemonic Operation Code
D This instruction clears the A-Register and loads a 12 bit operand obtained
E
S by indexed addressing into the lower 12 bits of A. The upper 6 bits of A
C
R are set to zero.
I
P Note: If d=0, the operand address is simply m.
T
1 If d # 0, then' m plus the contents of location d,
o ,
N m + (d) is;;he operand address. Thus the contents of d may be used
as an index qﬁantity to modify operand addresses. RNI @ P+2

REFERENCES :

DATA TRANSMISSI@N

June 1, 166
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Exercise #1 - Code an instruction that will load the A-Register

ANSWER

with an operand 0601, whose address is called SEL.
Use the memory index instruction without indexing.
SEL = 6322, but could have been equal to any value

in the range (212 -1).

(SEL) = 0601
LOCATION | | OPERATION ADDRESS FIELD
Z R x |
fﬁ O U O Y +jlwl?4(|£a£§L14 SOV N Y T O U T i~
é 2j5jeiste T jaly ﬂm": 10 j12 [13]14 Li5116[17]18 ]I |20]2)}22]23(24]25|26]27|20{29(30|37|32[33[34/35]36

Exercise #2 - Code an instruction that will load the A-Register with

ANSWER

the first a series of numbers from.a table. Using the
memory index instruction, the basic address will

be called TABLE, and the index address called

INDEX.

INDEX = 70, but could have been any octal value 01-77.

TABLE = 5000, but could have been any value in the

range of 212 1,

LOCATION CPERATION ADDRESS FIiELD :
7 | A F £
(Af Lt 1fﬁlﬂqﬁf:z‘uszivﬁqAﬂ¥E?f LS
é ARNT) T L AL ’[4;‘ VU213 (14118 [ie i e ste i 21122)28(24195126(27]26129|30(3; [32/33{34]38 36"

Note: The contents of 70 should be zero,the lst time

a load is made, and thenvupdated by one for each

new reference,

6-2




STD
STSDRE A DIRECT
(P)
11 5 0
MACHINE 34 d
F
0
R
M { —
;‘; LOCATION GPERATION ADDRESS FIELD
7 I ’
5 ASPER jj‘l'gl'i—l.L.l 'SIT:DLLLLLIAJAALnllnnLll;glL»
213 08870 |y
Symbol = Constant
Symbol - Symbol
The above values must result in
an octal value in the range of
00-77. The decimal equivalents
are 00-63.
Mnemonic Operation Code
D
E
S
c This instruction stores the lower 12 bits of the A-Register into
R
T location d. The contents of A are not altered.
P
T RNI @ P+1
I
0
N

REFERENCES :

DATA TRANSMISSIGN June 1, 166 7-0
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STD

Exercise #1 - Code an instruction to store the contents of the A-Regist-
er, which is 765432, in M.L. 0000.
Note: At the completion of the instruction, M.L. 0000

will contain 5432.

LOCATION | | OPERATION ADDRESS FIELD

|
ANSWER A o

21314131617 )89 Y041 )i2{13]14115]16]17(i8 110 |z0jz!]|z2|25]|24]28|26]27{28]29]30]3) 132)33]34]3538)

Exercise #2 - Code an instruction to store the contents of the A-Register
which is 000000, in M.L. 0077.
Note: At the completion of the instruction, M.L. 0077

will contain 0000. This effectively clears that

M.L.

LOCATION OPERATION _ ADDRESS FIELD
ANSWER Dot | STO 778
‘4 i

rg L S I N N OO N O TS O O B T B A I |

2131919)e1r1e]ei0

I |:zus|s4||5us;n]m119lznlzllzzxzs:zqzslas;zr[zalz,pop:|:z|s= 34|35 361

Exergise #3 - Code an instruction that will save the contents of the

A-Register, and store it in some location 00-778. In

this example the location will be called LPWCPRE.

LOWCHRE = 10

LOCATION

ANSWER Z ’
A

Note: Only the lower 12-bits of the A-Register will be
stored in memory.

The A-Register remains unaltered.

;Ei.:‘S:I.IDlplII.IlIIIIIIIlllllllllly
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STI
STPRE A INDIRECT
(®)
11 3 0
MACHINE ; 44 d
F
0
R
M — : :
A LOCATION § OPERATION ADDRESS FIELD
T 7 i
S ASPER //:l'llllll‘l ‘Sl‘ml'ld_llllllllllllllLLlJlJL"
213]% 8] T8 |
Constant
Symbol
Symbol - Constant
Symbol - Symbol
The above values must result in
an octal value in the range of
00-77. The decimal equivalents
are 00-63,
Mnemonic Operation Code
D
E
S - - .
C This insturction stores the lower 12 bits of the A-Register into the
R
T location specified by the contents of location d, (A)=((d)). The
P .
T contents of A are not altered. RNI @ P+1.
I
0
N

REFERENCES :
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ADDRESS
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M
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Exercise #1 -

Exercise #2 -

ANSWER

STT

Code an instruction that stores the contents of the A-
Register, and uses INDREF as a lst reference and STPRE
as a 2nd reference.

A-Register contains 514233,

INDREF = 00, but could have been any octal value 00-77.
(INDREF) = STPRE = 6071, but could have been any octal

value in the range (212 -1).

LdCKﬂDN OPERATION ADDRESS FIELD
Ly ll.l.l.l ?f537;z'115ﬁﬂ27ﬁ57ﬁ AN IN R IR U SRR 11:|

AN

IR TLP LN AA L) =N 1121311415 1161718 (19 ]20]|21)22]23]24|25]26]27]|28]29|30]31]32]33]{34{35{36"

Note: Only the 4233 of A will be stored in location

6071.

Code an instruction that stores the contents of the A-
Register, and uses M.L, 0077 as its lst reference to
obtain the operand address.

A-Register = 123456

(0077) = 3347

(3347) = 1000

LOCATION OPERATION ~ ADDRESS FIELD |
T Y3 — |
jj T T O T O ‘t:i7}1;17ph£2,1 DU SO Y O T Y T O T ﬁ{

2 l[lll_‘!l 1Tiele ifo! 1 Ll‘zll_alu'us1|e||7;ieyre ]‘zclzuzuz:[znzb 262712812930}3) 32_[33 34)|35)36) !

Note: At the completion of this instruction, memory loca~,
tion 3347 will contain 3456, and 1000 will be ‘
destroyed.

8=-2




STM
STHRE A MEMPRY INDEX
®) (B+1)
11 5 0 11 0
MAGHINE 54 d m
F
0
R
M .
A LOCATION OPERATION ADDRESS FIELD
T v [ . n.d )
S ASPER 41‘1,11111: ’ TV VO VAt U U U D D T N WO A U 0 O B
Az2j310 88 14019
Separator
space or comma
Constant
Symbol
Symbol - Constant
Symbol -~ Symbol
The value of d, must result
in an octal value in the range
of 00-77.
The value of m, must result
in an octal value in the range
of 212,71,
Mnemonic Operation Code
D This instruction stores the lower 12 bits of the A-Register in the location
E
S determined by indexed addressing. The contents of A are not altered.
C .
R Note: If d=0, the operand address is simply me If d ¥ O, the m plus the
I
P contents of location d , m+ (d) ,is the operand address. Thus the
T .
1 contents of d may be used as an index quantity to modify operand
0 .
N addresses. RNI @ P+2
REFERENCES :

DATA TRANSMISSI@N June 1, 166 9-0




ST™M

F ENTER FETCH
L / INSTRUCTI@N
0
W
D FPRM (PE
b ADDRESS
A m+(d)
G
R
A
M
(A)—> R
(PERAND > P+2—>»P EXIT
ADDRESS RNI
6400/6600 3-4 USEC
1 USEC—3¢—— 1 USEC —sg—— 1 USEC —dp—1 USEC —3
i\ i § ! ' } i i;
—> 475— 475 —su75 e | :
T NSEC! NSECH NSEC! [ :
1
L | : i : i
M S ‘ [ i £ ;
- I l | & = ! = f
: NO ! = = A !
L :f =1 i (%] I i
N INDEX Py w0 \ ] i
c d=0, READ $PERAND ! STORE ‘ ;
| RNT ADDRESS ml ‘ (A)——>m | :
! i { i |
; — 475 & /‘475 ;' 475 & ;
| NSEQ (NSEG ;NSEG i
1
| i ! i
{ { i =) { H
INDEX 1 ; ‘% | L lE | 3 l =y ;
d# 0! 18] EL B !
H i i
! i READ INDEX ! READ ADDRESS ; ST@RE |
t (d) ''m and form (A)—> m+(d)

m + (d)

SLGT TIME = 100 NSEC

9:1




mmr”uz»xm

STM

Exergise #1 ~ Using memory index, with no indexing, code an instruction

ANSWER

to store the contents of the A-Register in some

ldcation called STADDR.

P -

LOCATION . OPERATION ~ ADDRESS FIELD
;/é Iy bl ll L.l "‘és‘li-lM I'S‘l7-140101ﬁl S O YN N T RN (Y N W Y U N |
L/J’ 2i21e lllc jriels ifs i1 ||'2|l3[|4||51151|1|la!|9|za|i=122|23124125|u 27]28 zspolupz[u 34|35438 )

Exercise #2 - A series of numbers may be coming into the computer. Us-

ANSWER

ing Memory Index, with indexing, code an instruction to
store the numbers in sequential locations beginning

the location called STAN. Use the location called UPDATE, :

as an index.
Assume UFPDATE = 70 and contains 0000 at lst STAN =

any value (see P, 9-0)

LOCATION OPERATION
|

U U O

ADDRESS FIELD
|5iSTM STAN,UPDATE

(S0 VU T SO Y AU TN S T e T

\\\ \\\

2i3peis e viogy 16l 0 112113134 1151161718 {19 [20)21}22|23]24]28| 26| 27]28(29(30]31 |32[33 34|35 |36+

9-2




SHN
SHIFT A Ny ADDRESS
(P)
11 5 0
MACHINE 10 d
| —
F
o
R
M - ; e
A LOCATION # OPERATIGN ADDRESS FIELD
T v/ i v
] g
S ASPER él‘!||||[‘glﬁﬂldjljlllljlllIlll/llllll
» 2(sfajslejrjeie
Constant
Symbol
Symbol - Constant
Symbol -~ Symbol
The above values must result in
an octal value in the range of
00-77. 'The decimal equivalents
are 00-63.
L Mnemonic Operation Code
D
E
5 This instruction shifts the contents of the A-Register (which is 18-
C
? bits) right or left d places. If d is positive (00-378), the shift
g is left and circular; if d is negative (40-778L A is shifted right,
I end off with no sign extension. RNI @ P+1.
0
N

REFERENCES :

SHIFT July 15, '65 10-0




HorH

[ = VRS B N ]

ENTER

 FETCH
INSTRUCTIQN

SHN

SHIFT (A)

d PLACES

P+1->» P

THZHEHA

6400/6600

—>» 475 NSE

[V4
by
H

(@]

SL@T

SL@T TIME = 100 NSEC

1 USEC

10-




nHEE YR M

SHN

Exercise ##1 - Code an instruction to shift the contents of the A-Register
left 12lO places. This will place the lower 6-bits of
A in the upper 6-bits of Ae
Note: A left shift of more than 17lO would be impractical
Also, note each left shift would be a multiplica-

tion by 2.

LOCATION | | OPERATION  ADDRESS FIELD
| e
W W l'fpsfpy’lﬁellAll YN OO R TN A U OO SN P O N S O O A {

rj9jejsjegjrisie lb’lr1ﬁ21|31«4||51|5||1||a(ls|zolz||zz[zslz4|zs;zs|z1;zu|zslsols|1:z|3:|:4|:5lssu

ANSWER

NN

Exercise #2 - There is an 18-bit quantity in the A-Register we wish to
store, The lower l2-bits may be stored without any
trouble. However, we must do some manipulation with the
A-Register before the upper 6-bits can be stored. Code
an instruction to shift the contents of the A-Register

right 12 places,

LOCATION OPERATION ADDRESS FIELD
% [ - )4
ANSWER fj T l-jt:i’ﬂA(l llfﬁl? TR TS Y Y N Y O YO O Y O O O
/ 21 ;1.].!!‘11!]' Sg;:;ll1I'Z|!3|l4!—l§|l8[l'fxls}l{:7:7?' 11?123124]25|2¢|27|29 29 30]3“32]33 34 35]361"

Note: A right shift of more than 18lo would be im-

practical also, note each right shift would be

a diVision by 2.

10-2



" ADN
ADD Np ADDRESS
(P)
11 5 0
MACHINE 16 d
F
0
R
M -
A LOCATION . § OPERATION ADDRESS FIELD ;
T 7 . )
5 ASPER 4|‘|1i1L|_4DINEJJLJJIII_LIIIILILIIIIJL
%24!10”[!”!.1’ i
Constant
Symbol
Symbol ;_Constant
Symbol - symbol
The above values must result
in an octal value in the range
of 00-77. The decimal equivalents
are 00-63.
Mnemonic Operation GCode
D
E
2 This instruction adds the 6-bit positive quantity d (0000dd) to the
? contents of the A-Register (which is 18-bits).
P
T RNI @ P+1.
I
0
N

REFERENCES :

ARTTHMETIC June 1, 166 11-0




ADN
F
L
o
W
D
3 ENTER FETCH s(A) +00dd—>A_y P+H1—>P
2 INSTRUCTI@N
A
o
6400/ 6580 1 USEC
< ; 1UsEc ~
T !
T > 475 NSEC i— ;
i
i | !
I ! '
N B | g | |
G . i I g. ’ 1
i [Va 1
i RNI i
' (A)+d— A !
SL@T TIME = 100 NSEC

11-1
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Exercise #1 - Code an instruction to add the constant 77g to the

A-Register,

LOCATION | | OPERATION ADDRESS FIELD

o

.| ADN 778

T T T

ANSWER

Lttt 1t tel dor 1t gl

NN

Exercise #2 - Code an instruction to add the constant 2010 to the

29101818 T 810 G itz iis14115 1814711819 (20]21(22123]24]25126127128]29]30]31132[33]33 356"

A-Register.
LOCATION OPERATION  ADDRESS FIELD
ANSWER A . T aoN 20 .
,",""'E.lllll’1lJr~11111|||1|||1|||11
./llll'lllil'lilngﬁvbinpzm

i 3PS5 81T i [20izr (72123 2428 26127128125(30)3, |32]33|34{35[36"
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SUBTRAGT NP ADDRESS

MACHINE

UH>ENOoH

ASPER

11

SBN

17

LOCATION

| OPERATION

ADDRESS FIELD

Constant

Symbol

Symbol =~ Gonstant
Symbol - Symbol

The above values must result
in an octal value in the range
of 00-77. The decimal equiva-
lents are 00-63.

t— Mnemonic Operation Code

ZO0HHHNHKHREOWMO

RNI @ P+1.

This instruction subtracts the 6-bit positive quantity d (0000dd)

from the contents of the A-Register (which is 18-bits).

REFERENCES :

ARTTHMETTIC

June 1,

166

12-0




= Ot

[ T I A BT i

SBN

FETCH S(A) -00dd—>A 5| PH1—>P
INSTRUCTI@N

=2 HE -

\

60 1 USEC

(@]
(@]

400/

[@))

e ————
7

L USEC
75 NSEG

-

_L\
SL@T

RNI (A)~d=A

— . . e s ev e av

SL@YT TIME = 100 NSEC




EE YR

SBN

Exercise #1 - Code an instruction to test if a program has gone through

ANSWER

a loop the required number of times (4).

Note: This instruction assumes the A-Register contains

the loop count, and the next instruction will

finish the test.

LOCATION OPERATION ADDRESS FIELD
7 | 4 o '
?2 N xfquvv ﬁﬁ IO T Y U U O N T T S A S WY T T B A
/ g3 0 sjejr(e]y :‘A,’fj‘%_ll_ll_}.ll;mlll_i_ll-s‘lﬁu_?]le 102126121 |22{25)2428|26 |27]26|29]30/3) |32(33(34]35]381

Exercise #2 - Code an instruction to help find a number which is 20B.

ANSWER

Assume one number from a list of numbers is already in

the A-Register, and another instruction will finish the

test.
LOCATION OPERAT;ON ADDRESS FiclD
7 | i ) 2) y
f/ T O O A ifquA‘ fﬁ‘?‘?.ll 0 T N O VU NN TN O O T I OO O OO T
/ IR N NI NIV A LN Jo-z i 112fi3 11415 16|17 ]im 19 1;o|z|1223312%35|_27|23129|30|3| [32[33[34{35136+"

12-




ADGC
ADD CPNSTANT
(P) (P+1)
11 5 011 0
MACHINE 21 d m
F
0
R
M
A LOCATION ADDRESS FIELD
T % [ A )
S ASPER {/1’11!11! PRENC YRS RO T YN TR VAN U N T W N N O VO O WY
A2 3519]13}¢|T}10}]9 o sl
k_\r~J
Constant
Symbol
Symbol - Constant
Symbol ~ Symbol
The above values may result
in an octal value in the range
00-2 8-l, or the decimal equiva-
lents.
——————Mnemonic Operation Code
D
E
S . . ‘ .
C This instruction adds to the A-Register (which is 18-bits) the
R .
I 18 bit quantity dm (comsisting of d as the upper 6-bits and @
P
T as the lower 12-bits). RNI @ P+2.
I
0
N
REFERENCES :

ARITHMETIC June ]_’ 166 13-0



ADC

READ $PERAND and form

F

L

0

W

D -

I ENTER FETCH 5| FETCH 3 A) + ddmmmm >P+1—> P

a INSTRUCTIPN @PERAND —» A

R

A

M

6400/6600 2 USEC

T & : 1 USEC 3¢ , 1 USEC

1 i i i i 1

LI — 475 NSEC $ > 475 NSEC [ ;
! 1

N 1 » : ¢

G : l e f £~ :
! = =) ;
T ot l-—-l ;
i l n l @ |
! ]
} H
' H

- o - e e

(A) + dm—y A

SL@PT TIME = 100 NSEC

13-1
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Exercise #1l - Code an instruction to add the bias of 741114 to

ANSWER

the contents

of A,

OPERATION ADDRESS FIELD

LOCATION
//Al'l|llx!'j%;SAIDIC:17(4IIII.III4!BII|llllJlllllll'
é'l‘l.l.l."l‘l‘ {";“?!‘l“‘l_zllg‘[_lﬁl15||5‘|7]l![|9I?O]z"22[2512‘]25[25[27@]29]30]3‘l;zl!![l‘ls:i""

Exercise #2 - Code an instruction to add the value "symvalue! to the

ANSWER

A-Register,

LOCATION

OPERATICH  ADDRESS FIELD

!

U W U

RN

/ADG_SYMVALYE

NS O T OO O N S S |

e
o

57011 {02 113 18 (36116 17 02 102 | 201231322324 25] 2627|2829 30| 3] |32{33|34]35)36§

IR FENE N NASLNR]

13-2




ADD
ADD DIRECT
®)
11 5 0
MACHINE 13 d
F
0
R
A LOCATION OPERATION ADDRESS FIELD
T v/ oy
S ASPER 4lll|llll ALDIDII’Lll_llJLJJIIlllLl]l_lll_L
Constant
Symbol
Symbol ;_Constant
Symbol ~ Symbol
The above values must result in
an octal value in the range of
00-77. 'The decimal equivalents
are 00-63.
Mnemonic Operation Code
D
E
S
C - . .
R This instruction adds to the A-Register (which is 18-bits) the
I
P 12-bit positive quantity contained in memory location d. RNI @ P+1.
T
I
o
,,,,, N
REFERENCES :

- ARITHMETIC June l, 166 140



F
L
0
W
D
I
A FETCH FETCH
o ENTER INSTRUCTIN ——>| @PERAND {(A)+H(d)—>A P+L—>P
R .
A
M @
640076600 2 USEC
g —— 1 USEC ¢ —— 1 USEC >
{ i i
! 475 NSEC € —> 475 NSEC <
N '
G

SLAT

——— e

SL@T

|

||

READ PPERAND and form
(a) +H(d>A

.
PRGOS U NG I —

SL@T TIME = 100 NSEC

— . o A e e e =




ED g

Exercise #1 - Code an instruction to add the contents of low-core

location Ol, which might be a 12-bit comstant to the

A-Register.
LOCATION | | OPERATION  ADDRESS FIELD
s 7 I
ANSHER :dl'!lllll"EAIDIDFEI]IIAII!|IIIIlllllllllJ
4 i
rA2}54919}6iT7}8 ‘f -;‘;anmpwsps]npaps(aolu|22|23124125Lzs|:1|2;|2913013M34135136

Exercise #2 - Code an instruction to add the contents of location

TEMP7, which is a temporary value, to the A-Register.

TEMP7, = 77
LOCATION OPERATION  ADDRESS FIELD
Z i " '
ANSWER 2 ..., 140D TEMP
,/l‘lllli’}Jli‘i!l!lIlII)LIIlIlIlIIIIQ
. IR FENE N NS NE) L..’ g __,_;L;z?:_w_.ggcs_.-*<g‘zalnlzﬂzs;za1:7[za|2s|sols.|132]53”1&51311'




SBD

SUBTRACT DIRECT

(B)
11 5 0

MACHINE 32 d

LOCATION | OPERATION ADDRESS FIELD

Y I .
;ASPER v 4 S T O

PO

21318 86T 0]y

Constant

Symbol
Symbol - Constant
Symbol T Symbol

The above values must result
in an octal value in the range
of 00-77. The decimal equiva=-
lents are 00-63.

Mnemonic Operation Code

This instruction subtracts from the A-Reigister (which is 18 bits)

the 12 bit positive quantity contained in location d. RNI @ P+1.

ZOHHANHEOBEO

REFERENCES :

ARITHMETIC June 1, 166 15-0



SBD

F
L
0
W
D
I
» || ENTER FETCH > FETCH >(A) - PPERANI—>| P+1—>P
s INSTRUCTI@N PPERAND —>A
R
A
M @

6400/6600 2 USEC
'If < ; 1 USEC ¢ , 1 USEC —*

| t i i
}f 475 NSEC € > 475 NSEC
!

N i
G

S1LAT

[P NEU RN S

SLPT TIME = 100 NSEC

SLGT

¢
2|

READ PPERAND and form

(A) - (d)— A

NI A i S e

15-1
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SED

Exercise #1 = Code an instruction tc decrement the A-Register by a value

of 12010. The value, 120 is in location 70, called

10
TEMPO.
LOCATION OPERATION ADDRESS FIELD
ANSWER 7/ 4 -
?g b ni il 52‘3‘? J:tﬁﬂﬂet? TSNS T R VOO TN Y O T VOO W O O I L
égl plrajole rjsis i‘gén|i'zlls|l~||=pellnlag:s\l|zotzalaanslznzsus|znza|29|:ols‘n152135:34135131;'

Exercise #2 - Code an instruction to subtract a bias of 3333 from a

value in the A-Register. The bias value is in location

12 .
10
LOCATION | | OPERATION _ ADDRESS FIELD
7z ] i
ANSWER f: PR W U O B fﬁsygt% AN R R AN W BRI N A I I I A A A L
é 21318 8ie v 0]y _l‘;i;:’ T 142[1_5[14.1|5|15Q|7|1|119[zAclalzljzzn;]zqzs]zvs|__=1|zo|zs|aou||32]u|up51u}

15-2



ADI
ADD INDIRECT
(®)
11 5 0
MACHINE 41 d
F
0
R
M , 1 @ i ,
A LOCATION OPERATION ADDRESS FIELD
T P . ' )
5 ASPER |‘||||1|| AlolIl_ldLLLllJlJAllllLL]I!ILJ_'
nnm'um-l- ATIEIT O LT LT e T T
Constant
Symbol +
Symbol -~ Constant
Symbol i'Symbol
The above values must result in
an octal value in the range of
00-~77. The decimal equivalents
are 00-63.
—— Mnemonic Operation Code
D
g This instruction adds to the contents of the A-Rggister (which is
g 18-bits), a 12-bit positive operand obtained by indirect addressing.
; Location d is read out of memory, and the word obtained is used as
g the operand address. RNI @ P+1
0
N

REFERENCES :

ARITHMETIC , June ]_’ 166 ' 16-0




F )
L \)
FETCH
O ENTER FETCH S|PPERAND .| FETCH
W / INSTRUCTI@N ADDRESS PPERAND ﬁ@
D
I
A
e
R
A
M
A)+ PPER—»A—>| P+l—»P @
S !
6400/6600 3 USEC
g————1 USEC —3&——1 USEC S 1 USEC o
i i i i q i !
T — 475 &— — 475 K— — 475 & :
I INsEC NSEC ' ;NSEC ‘ ;
M ; | - i i
t
: T P T 1 I N P
! e T =] T ) L
G ! | 2| ' | gl | | | !
i { ;
t RNT ' READ ' READ ;
! ' PPERAND i @PERAND and forh
ADDRESS (4) + ((a))->a
(d)

SL@T TIME = 100 NSEC

16-1L
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ADT

Exercise #1 - Various instructions throughout a program need to refer

ANSWER

Exercise #2 -

ANSWER

to the same location. Code an instruction that needs

the contents of location 6000, and 6000 is also found in

location 76.

Assume FIRSTADD

= 0076

(0076) = SECONADD = 6000

LOCATION OPERATION ADDRESS FIELD
7 — —
fﬁll'lllll‘v';iAIDI.ZI-’Fl.-Z:RISTIAﬂDLalllllllllllIl‘ll
v t]3j8]816 T 81l ;;:';ljll]ti[ll(l4|l5116117;59H.ﬂ‘?frliélii]2![24[}i&ﬂ[Z1[29[29]30|SJ|32]33{!!]35|36|'

Code an instruction which uses location 10. .-2s a first

8

reference and location 70008 as a second reference to

pick up a flag,
(0010) = 7000

(7000) = Flag

to add to A.

LOCATION

OPERATION ADDRESS FIELD

v
7 1

W

O Y Y Y Y Y O Y O B Y B |

40T 108 bl S

t
| ol
ﬂ:j] 3je s jej?i0 ]y :to HI2{13 [l gie ji6 |17 iz ire |7c)z1122]23 24128 (28 ]27] 20 25]30 31132[33(34{35)36)"
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.SBI
SUBTRACT INDIRECT
(P)
11 5 0
MACHINE 42 d
\,
F
0
R
M - .
A LOCATION OPERATION ADDRESS FIELD
T 7
5 % |
2 ASPER g T W O O T |
%3J5|4]8|.]7|.|’
Symbol = Constant
Symbol - Symbol
The above values must result
in the range of 00-77. The
decimal equivalents are 00-63.
L Mnemonic Operation Code
D
E .
[ This instruction subtracts from the A-Register (which is 18-bits)
C
R a 12-bit positive operand obtained by indirect addressing. Location
1 .
p g is read out of memory, and the word obtained is used as the operand
T
T address. RNI @ P+1
0
N

REFERENCES :

ARTTHMETIC June 1, 166 17-0




SBI

F
L4
0
W ENTER | FETCH .| FETCH .| FETCH
INSTRUCTIPN @PERAND PPERAND
? ADDRESS
A
e
R

M
@——)(A)-WBER—»A —3| PHL—»P

6400/6600 3 USEC
<& 1 USEC —3&——1 USEC g 1 USEC >
‘ 1 i ¢ t i i
T — 475 & — 475 K— — 475 le— :
T INSEC NSEC 'NsEC ¢ :
M ) l : ;
I 1 i
G i n ] m,! i ! u:ul i
i i i '
t RNI ! READ ' READ 3
‘ i $PERAND i $PERAND and form
ADDRESS (4) - ((d))=>a
(d)

SL@T TIME = 100 NSEC

17-1



Exercise #1 - Code an instruction to subtract from the A-Register

ANSWER

SBI

the value found in location 7021, called RESULT. The
address "RESULT" is also found in location 2 called
"REFER1",

Assume "(0002)=(REFER]) = 7021 = RESULT

(RESULT) = @PERAND

LOCATION OPERATION  ADDRESS FIELD
% | : ,
?2 O T O §§:a£%z;r’15?ﬁ1€7?,11 YO T U
@ [ EETLIL) lo LT 89 i.E) Q2|3 1418 ji6 (1T 18 e 26 23} 22]23]24]28]26)27]26]29|303) 3233 34)35)38 )

Exercise #2 - Code an instruction to decrement the contents of the

ANSWER

A-Register by a constant, whose address is found in

location 50,.

8
LOCATION | | OPERATION  ADDRESS FIELD
7 [ = ' o
22 U U if:é%; chqull NN T Y AT T T T T O 0 I A
é 21318 l‘ j8 1710 ] ;;'ljon' L1213 ]38 115 16417118118 20]21]22|23{24]25{26127]28]29130]31|32[3334(33[38
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ADM

ADD MEM$RY INDEX

MACHINE 51 d m

LOCATION

% A
ASPER 7 1 O Y T I

OPERATION ADDRESS FIELD

P RO
s '
ol i

Separator
space or comma

Constant

Symbol

Symbol - Constant

Symbol - Symbol
The value of d must result
in an octal value in the
range of 00-77.
The value of m must result
in an octa}, value in the
range of 27"-1.

Mnemonic Operation Code

This instruction adds to the contents of the A-Register (which is 18-bits)

D
E
S a 12-bit positive operand obtained by indexed addressing.
C
R Note: If d=0, the operand address is simply m.
I
P 1f & # 0, then m plus the contents of location d, nt+(d) is the
T
I operand address. Thus the contents of .d may be used as an index
0 ' ,
N quantity to modify operand addresses. RNI @ P+2,
REFERENCES :

ARITHMETIC June 1, '66 18-0



ADM

F
L ENTER FETCH Yes .| FETCH
C ..1es,
v msTRUCTIN >4 = PPERAND ‘%@
ADDRESS m
D
I No
A FETCH
G —— PEERAND
n Hd)
M _
FETCH —s(a) + pPER o PHL—>P
pPERAND —> A '
6400/6600 3-4 USEC
L USEC —3¢&—— 1 USEC —¢—— 1 USEC —dg—1 USEC —3
i\ 1 i : ‘ ; :
LTS 475 =75 e i ‘
- NSEC: - WSEC NSEC | |
; i ! H ' i
- § i ; . i )
i NQO ! l & l ' !E i | ’ = z f t
1 N r =N :—_l‘ 7 é 1 ;
N INDEX i l = l ‘m’ \ i I [ {
G d=0 1 READ $PERAND ! READ (PERAND | '
i RNI ADDRESS m; (A) + (m)—>A | f
i i i K i ]
r —3475 & 71475 S 475 & s
i NSEG \NSEQ INSEQ :
| i | i
! { i = | :
INDEX 1 i !%{! | !g | ': ! S ;
ato | BRI CodEl
1 ; ]
' i READ INDEX  IREAD ADDRESS | READ $PERAND |
f

i

SLYT TIME

and form
m -+ (d)

= 100 NSEC

(A) + (m+(d) A

18-1
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Exercise #1 =

ANSWER

Exercise #2 -

ANSWER

ADM

Gode an instruction that is used to add a constant from
a series of constants to the A-Register. Let the base
address equal WPRD, which might happen to equal 1244, and

the index address equal INCREMEN which may equal 01.
LOCATION | OPERAFIGh ADDRESS FIELD

L.\ AOM WERD,INCREMEN . ., &

R W TR O T T |

NN

2518488 7 g8 [8 o 2314015 611718 18 (2ciz1 22232412526 272829 (30(3 |32133 343536}

Code an instruction to add a conmstant to the A-Register,
The constant has a 12-bit address and needs no indexing.
The address of the constant is called INSTRUCT and may

happen to equal 5670.

LOCATION OPERATION  ABDRESS FIELD )
7 . .
?ﬁ Lt by 1) ffAl?A{4rA‘ ‘;Z.ll N T T T T T G OO R Y O
é 2 1;016 1170y L.s $1J12 |13 (14115 (16 1T ]I 112 426175122]|25]24125)26]27|28129]303) |32]{33]34)35 |36 1"
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SBM
SUBTRACT MEMPRY INDEX
(P) (P+1)
11 5 01l 0
MACHINE 52 d m
F
0
R
M &
:% LOCATION OPERATION ADDRESS FIELD
% ]
S A'SPER él‘!l‘lll lllJml,ldl_‘JlJlllILIILLQIJIIAL-
éi[!lﬂ]!ll]"jili
Separator
space or comma
Constant
Symbol
Symbol T Constant
Symbol ¥ Symbol
The value of d, must result
in an octal value in the
range of 00-77.
The value of m, must result
in an octaizvalue in the
range of 27°-1.
Mnemonic Operation Code
D This instruction subtracts from the 18-bit, A-Register a 12-bit positive
E
5 operand obtained by indexed addressing.
H
R Note: If d=0, the operand address is simply m.
I
P If d # 0, then m plus the contents of location d, m + (d) is the
T
1 operand address. Thus the contents of d may be used as an index
0
N quantity to modify operand addresses.
RNI @ P+2
REFERENCES
ARITHMETIC 19-0

June 1, 166




]

SBM

ENTER FETCH
"

ﬁ FETCH
- - INSTRUCTIfN PPERAND ——)@
R - ADDRESS m
D
-
F FETCH
g
l m 4
FETCH S(A)-BPER 4| |P+l—>P EXIT
PPERAND - RNI
SO0 MG ED 3-4 USEC
g 1 USEC 2 L USEC —¢—— 1 USEC —>g——1 USEC —
foL o o i
B ayR— =3 475k 375 e j :
- NSEC: HSEC! NSEC! i !
. ; i . i !
i v H t
i ! } f ] B I i
76 ! || ; ‘E; 1 | ’ &l !
A I e Y = 1 & ' :
. TNDEX 1 { & | | o l l l l | i
o d=0 | READ PPERAND ! READ PPERAND | i
P ADDRESS m: (A) - (m)— A |
i i - i { i i
i —¥ 475 & ;’.475 i —3475 ;
t NSEG {NSEG :NSEG '
1
i i { i
! | [ i [ e s
INDEX , % x 5 |§ | | i oy |
a#0 Y DA | A i
i t i }
i | READ INDEX | READ ADDRESS , READ $PERAND
! ! and form (A) - (m+(d))sa
m + (d)

SL¢T TIME = 100 NSEC

19-1




OEC YR XM

Exercise #1 =

ANSWER

Exercise #2 -

ANSWER

SBM

Code an instruction to subtract the number found in
location WALLY (in which WALLY equals 02458), from the
A-Register. ©No indexing is needed on this instruction.
WALLY = 0245

(WALLY) = $PERAND

LOCATION OPERATION _ ADDRESS FIELD |
Z - ‘
?2 Ly 11 - fj:iéy%r”?qlﬂlﬂ’T A N U I Y N O U T Y O T
@ 219)8)91e T8y ’:.xc"‘wluliua Lagseri ol Us12?12:_42;125]2‘[2751275[27{251291301:1 132(33[34]35(36)

Code an instruction using memory index to subtract a
number found in a table from the A-Register. The index
address equals NEXT, which is equal to the arbitrary
value 07, The base address of the table is called
RANDUM, which might equal 1030.

LOCATION | | OPERATION ADDRESS FIELD
L1\ | [SBM RANDUM ,NEXT,

U U W

SO S U S U W O A T

7
7
_ﬁlJ 318188 vje}eicin 12113 ]14 )15 )16§i7]18 |19]20]21)22]23|24]25|26[27]28)29)30|31[32(33[34[35 36"

NEXT = 07 RANDUM = 1030
(RANDUM + (NEXT))= @PERAND
(NEXT) - some index value

19-2




PSN
PASS
(®)
11 5
MACHINE 00 d
F Not used
0
R
M ¥ T
é LOCATION OPERATION ADDRESS FIELD
. % I ] .
S ASPER él‘llllll‘PI‘SIIIIIJIIIIJ_IIIIIILIIIIIJ_
2[3je|sj8Tj8}"®
Mnemonic Operation Code
D
E
5
c
? This is a no operation instruction and is a convenience for padding
i out a program. RNI @ P+1.
I
0
N
REFERENCES

N¢ PPERATIPN

July 15,

165

20-0




PSN

F

L

0

W

D

I \

3 ENTER FETCH > P + 1—>p

R INSTRUCTI@N

A

i

§400/5550

< ; 1 UsEc T

i !

- 5 475 NSEC — ,

y ! ! }

jal i |

I ! ;

x ! | o | e

G ! | 2 I '
H w ' i
*  RNI |
i i

1
SLYT TIME = 100 NSEC

20-1
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PSN

Exercise #1 - Code an instruction that takes up space in a program, so

that instructions may be generated, and stored there during

execution.
LOCATION OPERATION ADDRESS Fieww
| T o
ANSUWER Illllil4.,¥P[’siMiilI,lll'Jllllillllll"lli
i i
SRR LN N LN L) 5.".7in L1213 {18145 )16 |17 ie 1is | 70]7t122)23|24125]26|27]26129]30(30|323:{34]35 L]

20-2




PSN
PASS
(®)
11 5 0
MACHINE 24 d
F i
0 Not used
R
% LOCATION OPERATION ADDRESS FIELD
% [
S ASPER '4lllllljll PI‘S:MLJ.IIJIIIIIIIllllllllll‘
A21319.18]¢8j7}]8]"®
Mnemonic Operation Code
D
E
S
G
R This is a no operation instruction, and is a convenience for padding
T
P out a program. RNI + 1 (See pages 20-0 -. 20-2)
T .
1
0
N

REFERENCES :




PSN
PASS
(®)
11 5 0
MACHINE 25 d
F —~Not used
0
R
M SRR
é LOCATION OPERATION ADDRESS FIELD
7 |
S ASPER 4|‘|||l||lPx'S:A{LnLJJlxxglll111[111141
Us;n.aunnuj
Mnemonic Operation Code
D
E
S
c
R This is a no operation instruction, and is a convenience for padding
I
P out a program. RNI + 1 (See pages 20-0 -20-2)
T
I
0
N

REFERENCES :

N¢ PPERATIPN

July 15, '65

22-0




; . LM

LPNG JUMP
(®) (P+L)
11 5 01l 0
MACHINE 01 d m
F
0
R
M e . o
A LOCATION | OPERATION ADDRESS FIELD
T '7
s ASPER 7
Separator
space or comma
-Constant
Symbol
Symbol ;_Constant
Symbol ~ Symbol
The value of d must result
in an octal value in the range
of 00-77. The value of m,
must result in anlgctal value
in the range of 2771,
Mnemonic Operation Code
D
E
5 .
C This instruction jumps to the sequence of instructions beginning
R
I at the address given by m + (d) .
P. :
T If d = 0, then m is not modified.
I
0
N

REFERENCES :

JUMP July 15, '65 23-0




LIM

F
L
0
W
D
1 ENTER FETCH Yes | FETCH
A INSTRUCTIPN | JUMP
G - ADDR m
R
A
M FETCH _
JUMP ADDR 5| JUMP ADDR
m + (d) P
6400/ 6600 2-3 usec
~ i j
T '€‘—‘-——' 1 usec;;( ' 1 usec 6 1 usec ™
1 _e‘ | i " 1 :
M 475 £ —3 475&— ;
| nsed I nset ) :
L l b ! ; i
N I e I ! [ t
A { s e | |
twex 112 | | i |
INDEX | i |
d = l ' ] i
| READ JUMP . ADD | | |
0
y RNI —3 47 506— ——)l| 475 g-:— ,
| nse'c | nseci i
i e i
| |« | 1§ .
INDEX i l = l } l "" '
d#0 ! \ ” '
' | READ INDEX : READ JUMP ADDR i
(d) and m + (d)—P |

23-1



CERX X E

E

LIM

Exercise #1 - Code an instruction that unconditionally transfers control

ANSWER

to a new sequence of instructions, whose beginning address

is called INITIAL.

to equal 4320.

Use no indexing. INITIAL might happen

OPERATION  ADDRESS FIELD

N

%

LOCATION

o N R N (O N JUN A N U O T O |

g

R T T U Y W

ﬁ@-x‘.ann-.vl-n %

ALyM INITIAL <

Q02 Lot T 19 [2Gi21)22]23]24128126127(20(2930]3)|32[33(34{35]138)7

Exercise #2 - Code an instruction that unconditionally transfers control

ANSWER

to a new sequence of instructions depending upon the

contents of a switch. Let the address of the first program

be called START and assume the index is generated during

execution and adds to START to give the sequence of instruc-

tions. The index location is called M@DIFY.
LOCATION | OPERATIONh ADDRESS FIELD
2 | i -
j? U |€ﬁ3Lf4n4 Fi7?qu7r'/%"?z}§77’fl AR A A
é 213 14_ li 181718} ,: 1] _|ra[|_3|u !1511511111511? 1_201;}122123124125125|27|zslzs!§9|=l 1;2[331341%_13_:?

23-2




RETURN JUMP

11

RJIM

(P+1)

MACHINE

02

.

LOCATION

[ oPERATION

ADDRESS FIELD

N TN W B T

MR RO

oy

ASPER

2jsjagsjsjryejs I

— Separator
space or comma

Symbol z Constant
Symbol ¥ Symbol

The value of d, must result
in an octal value in the
range of 00-77. The value
of m,must result in an octal

value in the range of 212.3,

—— Mnemonic Operation Code

ZO0HARNYNHIBKOWMED

address plus one.

the new sequence is finished.

at the location given by m + (d) .

This instruction jumps to the sequence, of instructions, beginning

If d = 0, then m is not modified.

The current program address plus two (P +2) is stored at the jump

address, and is used as the return address to the main routine when

The new sequence starts at the jump

REFERENCES :

JUMP June 1,

166 24-0




RIM

F
L ENTER FETCH Yes. FETCH
0 INSTRUCTI@N JUMP ADDR
W o
No
D
I FETCH
A ——— JUMP ADDR
G m + (d)
R
A
M | }
FPRM P+2—3 JUMP | JUMP ADDR EXIT
RETURN ADDR—> ADDR 2+ 1P RNI
P+2 |
5400 /6600 3-4 USEC
& 1 USEC—>w&——- 1 USEC —>f<-——- L USEC —g——1 USEC —
! i i i | i
— 475K— ¥ 47506 475 le— ; i
T NSECH NSEC! NSEC! i !
I ! : § : i
] ; i i
M 1 C e ' ‘5“ | ’gl | \
I NO ; < S ! o ! §
X INDEX 1 | & ‘m! n | | ! i
° d=0 , READ JUMP 'ST¢RE RETURN | !
| RNI ADDRESS n ADDR P2 | i
! i !
! 21475 & ,475~<—~ -—->~475 l<——— |
' NSEQ INSEG 'NSEG ‘
! i t a
INDEX | ! I%’ E |§ } l S |
d#0 | B G B i
1 1 i i
1 i READ INDEX  |READ JUMP ;ST¢RE RETURN
' (d) |ADDRESS m+{d) = ADDR P+2
SLYT TIME = 100 NSEC

24-1
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Exercise #1 - Different places in a program it is desired to execute a

ANSWER

Exercise #2 - Tn various parts of a program it is desirable to execute

ANSWER

series of instructions and return to the main program each
time. Code an instruction that would allow us to execute
a subroutine called . SCANNER and return upon completion of

the subroutine. No indexing is needed on this instruction.

RIM

one of. two subroutines, and return to the main programs,

The base address of the two routines is called C@NVERT

LOCATION . | | OPERATION  ADDRESS FIELD !
% | T A ) Asi .
:ﬁl.l'lllllLJR"’IM!‘S‘IC‘IANINEIRIIIIIIllllllllll

Jolijizyi3]iayisie)r 18 [io |20(2) _zz|zs|24|25'vu‘|z7 2012913031 32|33 )34|35)36)>

and the index is called SWITGH.

LOCATION OPERATION  ADDRESS FIELD
% | R -
:Q T O rg’iqﬁvICFQ{Y%E?ﬁZTﬁéququCy{ L
éuuclinnnn 5;3 '

B2 {13114 |45 116 (17|18 |19 [20]21122]23]24]26) 26 | 237[28]29)30] 31 |32(32 34)35 |36




- UJN
UNC@NDITI@PNAL JUMP
(®)
11 5 0
MACHINE 03 d
F
o
'R
M e . _ L
g ‘| LOCATION | OPERATION ADDRESS FIELD
(I
§ ASPER ’51‘1;'1111 l'jl‘/llvldl‘llllllllLLlLlLllALJl_‘
Constant
Symbol
Symbol = Constant
Symbol - Symbol
The above values must result
in the range of 00-77. The
decimal equivalents are 00-63.
Mnemonic Operation Code
g This instruction provides an unconditional jump of up to 31l;; steps
2 forward or backward from the current program address. The value
R of d is added to the current program address. If d is positive
I g a
P (01g - 37g) the jump is forward. If d is negative (408 - 768)
T
I the jump is backward.
o
N NOTE: 1If d = 00 or 77, the processor will hang-up (stop) indefinitely.
REFERENCES :

]

JUMP July 15, 165 25-0



UJN

SLYT TIME = 100 NSEC

F

L

0

W

D o

I

N FETCH P+ d—>P

s INSTRUCTIPN

R

A

M

6400/66C0 1 USEC

= ; 1 USEC — %

T ]

T —> 475 NSEC He— ;

M : ' :

I | |

N | | o | s

° | | & | '
] w )
1 t
i {

|

25-1
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Exergise #1 =

ANSWER

Exercise #2 -

ANSWER

- UJN

Code an instruction that unconditionally transfers control
forward to a new set of instructions. The new address is
called ALPHA and must be in the range of 01-37 places
forward,

Note: d must not equal 00 or 77, for this will hang-up
the PP,yuntil dead start. 4

LOCATION lﬂ 'GFERATION __ ADDRESS FIELD

| UJN ALPHA

N O A S| Ni TR T W T S NN TN OO 0 U T 1O
i ]
7

gisga e el it iptaisiagisieqiriis ||9|;9|z|[zz|23|u|25|zcl_zv|za|zo|30|3| j32]3334138 )38

ANNN

Code an instruction that unconditionally transfers control
backward to a new set of instructions. The new address
is called BACK and must be in the range of 01-37 places

back.

Note: See above mnote.

LOCATION OPERATION ADDRESS FIELD
% i
///:l‘l}lllllll}:;;:‘SUIJIMIBIAIC'IKJIIl'llllllllllllj_’]_
7 | i

2i3fefsje vy ‘;{o’ (L {12]13]14 15 (16{i7]18 |8 |20]21]22]23(24]25}26 27|20 29]30]31]32[33]34]35]38"
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ZJN
ZERfp JUMP
(P)
11 5 0
MACHINE 04 d
F
0
R
M :]
A LOCATION = & OPERATION ADDRESS FIELD
T 7 0 '
S ASPER éLl|l|||‘|,gdLNIIJAILLJlll_LJlllLlllllLJl
/;zls“nnnnl' 2
Constant
) Symbol
Symbol 1 Constant
Symbol ¥ Symbol
The above values must result
in an octal value in the range
of 00-77. The decimal equiva-
lents are 00-63.
L——————-M.'nemonic Operation Code
D This instruction provides a conditional jump of up to 31 steps forward or
E
S backward from the current .program address if the content of the A-Register
C
R is zero., If A is a nonzero, the next instruction @ P+l is executed. Nega-
I
P tive zero (777777) is treated as nonzero., If d is positive (018-378) the
T .
1 jump is forward. If d is negative (408-768) the jump is backward.
g Note: If d =00 or 77 and the test is met, the processor will hang-up (stop)
indefinitely.

REFERENCES :

JUMP July 15, 165 26-0




HotH

B oOpsU

ENTER

FETCH
INSTRUCTI@GN

ZJIN

P+1—>»P

EXIT
RNI

OZHEHRA

6400/6600

e
Lo ~a

1
—

i
475 NSEC L——
i

SLYT

1 USEC

SL@T TIME = 100 NSEC

- — - - ———— - — - .

1 USEC

26-1
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ZJIN

Exercise #1 ~ The computer has decision making ability, depending upon the

ANSWER

contents of the A-Register. Code an instruction that tests

A for being zero.

If it is a Jump forward

an address call DECIMAL, if the condition is not met read

the next instruction at P+l1,

DECIMAL must be in the range of 0l-37, places forward.

Note: See note on page 25-2,

LOCATION OPERATION  ADDRESS FIELD ,

L Vo 7 Wil _ g j
%é L } I 'l Ll .I ZIJIN' IDIEIQZ-IMALI | S R S O U N U SNV N S DA B W | l<
- é NI LN UYL {',l'h"l"‘!,'E"Gi'l.‘_m_;”e |20123122]23]24)28126 1271201293013 | 3233 | 34|35 138}

Exercise #2 - Code an instruction that tests the A-Register for zero,

ANSWER

and if a zero is found jump back 20_ locations, otherwise

continue at P+1.

8

Note: See note on page 25-2,

LOCATION

| OPERATION ADDRESS FIELD
7 [ o -
52 T I S {?iﬁij ! ﬁ:‘yz S T N TS Y T W S B Y O
é 23 !0 18lajre]y 1;5 U §12{I3114 V5 16|17 (18 {i5 |20]21|22]|23|24]25] PG |27]28129]30)31 32|33 (343538

26=-2



NJIN
N@NZERP JUMP
(®)
11 5 0
MACHINE 05 d
: -
F
0
"R
M r
A LOCATION OPERATION ADDRESS FIELD
T b . v
S ASPER 4l||‘l|||| ’vx‘lnNLdAxklnnl;nLllnLLll;nlJ_-
Constant
Symbol
Symbol ;'Constant
Symbol -~ Symbol
The above values must result
in an octal value in the range
of 00-77. The decimal equiva-
lents are 00-63.
Mnemonic Operation Code
D This instruction provides a conditional jump of up to 31 steps forward or
E
5 backward from the current ‘program address if the content of the A-Register
c
R is nonzero. If A is a zero, the next instruction @ P+l is executed. Nega-
I
P tive zero (777777) is treated as nonzero. If d is positive (01-378) the
T A
I jump is forward. If d is negative (40-768) the jump is backward.
0
N Note: If d = 00 or 77 and the test is met, the processor will hang-up (stop)
indefinitely.

REFERENCES :

JUMP

July 15, 165 27-0




NJN

F

L

0

W

D FETCH {\No

I INSTRUCTI@N{’ . A # 02 P+t—>P

A ~

ﬁ Yes

A ,

A

P+d—>P
6400/6600 1 USEC

= T 1 USEC “"""";

T |

I —> 475 NSEC H— ,
1 1 }

I i |

N | | g | !

¢ | | & | '
i wn ]
1 I
i i

{

SL¢E. TIME = 100 NSEC

27-1




g R N

NJN

Exercise #l - Code an instruction that tests the A-Register for a non-

ANSWER

zero quantity and jumps forward 3 places if the condition

is met. .

Note: See note on page 25-2,

LOCATION . | | OPERATION  ADDRESS FIELD
7 oo ey ] )
?/l;l'l_l‘llJ_'J':%%Nl'llNll\alll.llIllll'lll‘lllllll‘l;'l;[
lnnnu‘v“].ﬂizo‘s n||zm|u||5|lé[n|um[2.o|z||zz|zs|z41guzqmmw;

Exercise #2 - Code an instruction that loops back to a location called

ANSWER

@CTAL, if the A-Régister is a non-zero quantity. Other-
wise RNI @P+l. @CTAL would be in the range of 01-37
places back.

Note: See note on page 25-2.

"LOCATION _ | | OPERATION __ ADDRESS FIELD
j§ VT U U O ??A*qu 1‘!‘?’?1t3 PN 0 O T AN 0 T S O W T IO O |
- % lll;‘ li!ll'JlLl 1;4 n1|zuglu!m|lsu1|'u|19|zo|zulz:|=sjmmmwwﬂ

27-2




PJN
PLUS JUMP
(P)
11 5 0
MACHINE 06 d
.
F
0
R
M
? LOCATION { OPERATION ADDRESS FIELD
7 ‘ " - o ,
S ASPER :él'!lllll PAJ;Mld;IALIAjlhlJJLJL‘IIIll_lJll__l_
%
Constant
Symbol
Symbol - Constant
Symbol = Symbol
The above values must result in
an octal value in the range of
00-77:. The decimal equivalents
are 00-63.
\'——— Mnemonic Operation Code
D This instruction provides a conditional jump of up to 31 steps forward or
E
5 backward from the current program address if the contents of the A-Register
H
R is positive. If A is negative, the next instruction @ P+l is executed. A
I
P is positive if the o7 is a zero. If d is positive (01-378) the jump is
T
I forward. If d is negative (40-768) the jump is backward.
g Note: 1If d = 00 or 77 and the test is met, the processor will hang-up
(stop) indefinitelv,
REFERENCES :

JUMP July 15, '65 28-0



PJIN

SLPT TIME = 100 NSEG

.
L
o
W
1
A ENTER —> FETCH No
3 | INSTRUCTI@N | P+1—>»P
R . :
A ' Yes
i
P + d—P
640076600 1 USEC
& : 1 UsEC T %
T 1
I —> 475 NSEG le— |
1]
M :
1 : I
N l =g | :
G I A l !
V2] |
i
i
1

28-1
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Exercise #1 = Code an instruct

ion that tests the A-Register for a

PJIN

positive number, and if the condition is met, jump forward

to location SYMB

places forward.

PL.

SYMBPL must be in the range of 01-37

Note: See note page 25-2.
LdOKﬂON OPERATION ADDRESS FIELD
Z ! il ‘ . ,
ANSWER if/r;xllxj'l }ijfpl'llnlrl‘slr;“(qallllll'lllllJlllll"l
/ g1s5jaj9je rjely |:':j glzjsge [’151|§||7|131|912-o|zt|22|25 24123]2627]28]29]3031132]3334{35 381"

Exercise #2 - Code an instruction that jumps backward if the contents

of the A~Register is positive. Go back to location

INSTFLAG., INSTFLAG must be back 01-37 places.

Note: See note

page 28-2.

-LOCATION OPERATlﬂﬂ ' ADDRESS'FIELD

ANSWER 7 ] PR i -
éf:xlxll‘“PIJINIFZTM‘S:ZTELIAGllxl||1111||1|1<~;
'// 2 | vao (91e 17180 2 ;i'zn}no;asus,wpaus@cg;jznas]u]ulzqu 202930(3)]32|33 ulsslmp";

28=2




MJIN
MINUS JUMP
®)
11 5 0
MACHINE 07 d
-
F
o
R
M - ' PRSRS S
% ADDRESS FIELD
S ASPER
Constant
Symbol +
Symbol ;_Constant
Symbol = Symbol
The above values must result in
an octal value in the range of
00-77.  The decimal equivalents
are 00-63.
Mnemonic Operation Code
D This instruction provides a conditional jump of up to 31 steps forward or
E ;
g backward from the current program address if the content of the A-Register is
C
R negative. If A is positive, the next instruction @ P+l is executed. A is
I ,
P negative (1f the 217 bit is a oneh If d is positive (01-37g)the jump is
T - y I
1 | forward. If d is negative (40-76g) the jump is backward.
g Note: If d = 00 or 77 and the test is met, the processor will hang-up (stop)
indefinitely.
REFERENCES : o l
JuMP July 15, '65 29-0



MJIN

F'
L
0
W
; > FETCH No
,i INSTRUCTIQ)N‘ A=a27 P+1—>P ._)
N Yes
A
M
P+ d—>P
6400/6600 1 USEC

:< ’ i 1 USEC 9:
T I
I — 475 NSEC L&-— ;

t i i
M . '
. : ' ‘ I }

t

; | g ;
: i | 5 .

! 1

' i

SL¢T TIME = NSEC
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MIN

Exercise #1 - Code an instruction that tests the A-Register and if it
finds it negative, jumps forward to a set of instructions
beginning at location ERRPR. ERRPR must be in the range
of 01-37 places forward.

Note: See note on page 25-2,
LOCGATION OPERATION ADDRESS FIELD

ANSWER

| li id x§%4¢4ﬂf157?ﬁﬂme TN U N U N IO OO O O N O ﬁ

|
2o ey ey sy oy izpis|iatis ie]i7]ia]ie|201z;]225]24]28|26)27]28129]30]3))32[33 34]33]36)7

AN

Exercise #2 - Code an instruction that tests the A-Register for a
negative number and jumps back 4 locations.

Note: See note page 25-2,

LOCATION OPERATION ADDRESS FIELD
L LMIN -4

f{l W

NS T I TN T UG (U0 UMY SO VNN SN N SUS H U O Sy o |

E

[¢7]

=

Es
BN

ol 1 Liz 13114 )15 (161718 )19 |20j2+122]23]24128) 261 27128)2930|3; | 32(33)34)33 | 38"
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LOGICAL DIFFERENCE
N@ ADDRESS

(®)
11 5

MACHINE 11 d

LOCATION OPERATION ADDRESS FIELD

7 .
ASPER l‘lvllllllfLMNividannngnlnlltnltll;nl_L

nRrRpRoxoH

21319861718 )% 1y Q12 A3 94288 )1 TAIG AP Glllilllllljllr—_lﬂl' 339130138

(Constant

Symbol

Symbol = Constant

Symbol - Symbol
The above values must result
in an octal value in the range
of 00+77. The decimal equiva-
lents are 00-63,

L Mnemonic Operation Code

The instruction forms in the A-Register the bit by bit logical difference
of d and the lower 6 bits of A. This is equivalent to complementing the
individual bits in A which correspond to bits in d equal to ome. The
upper 12-bits of A are not altered.

Example: A = 001110101011001001

d= 001010
001110101011000011

ZO0HARENHRIEOWVWEY

RNI @ P+1

REFERENCES :
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Zot

PO H Y

\

ENTER FETCH
INSTRUCTI@N ANG—3 A%

P+ 1—>»P

O ZHEH

6400/6600

1 USEC

TR

—

f
475 NSEC !4——-
?

SL@T
S

g

SLYT TIME = 100 NSEC

1 USEC
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Exercise #1 - Code an instruction that would complement the lower 6-bits

of the A-Register, leaving the upper 12-bits unaltered,

LOCATION OPERATION _ ADDRESS FIELD
ANSWER 7 ! il
:’élllllllJl%";’i'LIMiN]'?|7ialllllll‘lllllllllllL
R[5ja48]8 v 8]® 1‘.1;‘ {1 (1213 (141516171810 ]20]21)22|23|24]26]26 27| 28]29130]31]32]|33]34]3336)"

Exercise #2 - Assume the A-Register is zero, code an instruction that

will set the 20 bit position to a one for a flag indica-

tor.
LOCATION OPERATION ADDRESS FIELD
S Z [ '
ANSWER éx'{lllll:LMNIIIIII:IIIIIIIIll]llllllllQ'j‘
% 2| Unlinnjun Eﬁf uli'z||_3[|4_|us,ng;lrlsa;uslzgzs z2)23 zqu[vn[znza 29303, |32]33]34{35)38"
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LPN
LPGICAL PRPHDUCT
Np ADDRESS
(?)
11 5 0
MACHINE 12 d
F
0
R
M e :
% LOCATION OPERATION ADDRESS FIELD
5 ASPER
Constant
Symbol
Symbol 7 Constant
Symbol - Symbol
The above values must result in
an octal value in the range of
00-77. The decimal equivalents
are 00-63.
L'---—-'--—-Mmamonic Operation Code
g This instruction forms in the A-Register the bit by bit logical
g product of d and the lower 6 bits of A. In the final result the
? upper 12 bits of A are zero.
P Example: A = 001110101011001001
T d= 001010
g 000000000000001000
N RNI @ P+1
REFERENCES :
LPGICAL July 15, 165 31-0




LPN

F

L

0

W

D

I

A <.

k ENTER FETCH

A INSTRUCTIPN > A . d—>A P+1—>P

M

6400/66C0 1 USEC

- ( i 1 USEC — ":

L !

I —> 475 NSEC k—' !

M ! ' !

I f :

N | | = l z

G : 3 i
i I %5} '
! ]
i i

1

SLYT TIME = 100 NSEC
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LPN

Exercise #1 - Code an instruction that saves just the lower 6-bits

of the A-Register, setting the upper 12 bits to zero.

LdCATIOlN : OPERATION - ADDRESS FIELD

ANSWER o : B S
62 VT W O 3LMRA¥|7?’£? N

oot Y VRS SN OO Y NS N SN NN N O O (O N S |
t1spe sgeiryegs o] 11283114 {15 161718 )18 12G(z1122]23)24|25]26(27{28]29]30| 3} |32[33)34)35|36)"

Exercise #2 - Code an instruction that saves the 2° through the 25

bits of the A-Register, setting the rest to zeros.

LOCATION | | OPERATION  ADDRESS FIELD
2 ] s ' nl
ANSWER :5 U B lfﬁtHFpY zvqtz.[. I AR A A B IR I I R A A L
é 2t l}[!j‘ll]"l' 19 3};’;!1_“-2.[1?"[14||5|ls||7||s1!9[?.oLzuzzJQ[zqzslze;z?lzalnlsnlsvlgzlugsqgﬂﬂn
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SCN
SELECTIVE CLEAR
"N ADDRESS
(®)
11 5 0
MACHINE 13 d
F
0
R
A LOCATION f OPERATION ADDRESS FIELD
T P ¥ A
S ASPER //// ‘ ‘ dAn__llJ b ) LlnlLtLl;nx_l»_
7 e
Constant
Symbo1l
+
Symbol = Comnstant
Symbol - Symbol
The above values must result in
an octal value in the range of
00-77. The decimal equivalents
are 00-63.
Mnemonic Operation Code
D This instruction clears any of the lower 6 bits of the A-Register
E
5 where corresponding bits of d are one. The upper 12 bits of A
H
R are not altered.
I
P Example: A = 001110101011001001
T d = 001010
I 001110101011000001
0
N RNI @ P+1

REFERENCES :

LPGICAL July 15, 165 32-0




‘l SCN

o
L
W
D .
T \\\\\f:>—-e>—_‘—___—___W’
& ENTER FETCH A . d—>A P+ 1>P
S //////” INSTRUCTI@N
R
A
M
6400/6600 1 USEC
< ; 1 USEC .
T !
. — 475 NSEC le— |
1 i }
M 1 1
T | I
1 !
y : | s | s
i I © !
' |
i t
1

SLOT TIME = 100  NSEC
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SCN

Exercise #l - Code an instruction that clears any of the lower 6-bits

ANSWER

2 4
of A that correspond to the 20, 27, 2 bit positions.

LOCATION

\

OPERATION _ ADDRESS FIELD

y | 2D fi2] ' i

 LISCN 258 ' : ;

'//fILllll$5Illllll.lllllll‘llllllllllL[
HE '

i /ll!llllllnllli i n||zm|u-g|5||51|7|uua|zo|z||zz|zs|zqzs|zq|=rlzljmﬂq_u

Exercise #2 - Code an instruction that clears Flag Bit 20 and leaves

ANSWER

the other flag-bits unaltered.

LOCATION _ | | OPERATION  ADDRESS FIELD
7 | i . T ' _
él'lrlllll;:ff‘S‘Ic.[Nll,Illxlllllll‘llllllllllllvl~
/: Ill'llll'lijfyjl 19 ﬂ;;u [IZ]I_S]N!I.':]lG[I?|I!jl91?0]2l[22]25[!(]25‘2‘|£|2!]29|30|!II!!I!!l!4|35ill;l‘
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‘LPC

LPGICAL PRPDUCT
CPNSTANT

(P) (P‘l‘l)
11 5 6 11 43

MACHINE 22 d m

LOCATION OPERATION ADDRESS FIELD

uHPpRROH

LLPICIIllmIJJIllJJllllllll#LJl_

ASPER

ARSI

Constant

Symbol

Symbol - Constant

Symbol - Symbol
The above values may result
in an octal value in the range
00-218.1, or the decimal
equivalents.

————— Mnemonic Operation Code

This instruction forms in the A-Register the bit by bit logical
product of the contents of A and the 18-bit quantity dm, consisting
of d as the upper 6 bits and m as the lower 12 bits.

Example: A = 001110101011001001

dm = 001110000011001010
001110000011001000

ZOHRPNYHMOONMEMD

RNI @ P+2

REFERENCES :

33-0
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LPC

SLAT

SLPT TIME =

[ S N, ...—_..i_v_\’
N

SL@T

¢
@]

READ PPERAND

dm

109 NSEC

F
L
0
W
FETCH > FETCH A, dm—>A

D INSTRUCTIPN PPERAND
I
A N -
R P+ 1—>P
A
M

640076600 2 USEC
I & 1 USEC , 1 USEC >
I { ' i
: 475 NSEC & 475 NSEC 1<
N
G

33-1
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Exercise #l - Code an instruction that saves the upper 6-bits of the

A-Register and sets the lower 12 bits to zeros.

LPC

LOCATION OPERATION ADDRESS FIELD
v . - :
ANSWER : 'éx‘x'x'lnnl"‘L|P|q|7|7|O|O|O|OIQI||||1||||1|l||'«
-/1 sjeisje vye s i '|“|||z|ulu1-5mmm|cs|zo|z|1:2|zs;24|zsnas|_znze|29|ao|3||3a|33|34|351uur

Exercise #2 - Code an instruction that clears the 23 through 25 and

29 through 211

other bits unaltered.

bits in the A-Register, and leaves the

LOCATION OPERATION ADDRESS FIELD
ANSWER 7 I ; |
:5 T /7‘5;77ﬂ‘27ﬁz7¥3 0T T T O O T T Y O IO B
é! 314 .l. k& 1L ]t’ﬁ“}‘.y II||2]|?||4!ISll‘ll?llﬂ]IS]?0[2!]22}w2l|i5ji5|2_7|ZB|29|30|3|l!zl!ll!‘lSllS.]i
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LMC
LHGICAL DIFFERENCE
CPNSTANT
(P) (P+1)
11 5 ¢ 11 g
MACHINE 23 d n
e’
F
0
R =
M r e e
A LOCATION | OPERATION  ADDRESS FIELD
T 7 .
s ASPER [/
Constant
Symbol
Symbol - Constant
Symbol - Symbol
The above values may result in
an octal value in the range of
00-218-1, or the decimal equiva-
lents,
“————Mnemonic Operation Code
D This instruction forms in the A-Register the bit by bit logical
E
S difference of the contents of A and the 18-bit quantity dm, consisting
c
R of d as the upper 6-bits and m as the lower 12 bits.
I
P Example: A = 001110101011001001
T dm = 000010000000001010
I 001100101011000011
0o RNI @ P42
N

REFERENCES :

340
LPGICAL July 15, 165




LMC

SLPT TIME = 100 NSEC

F
L
0
u
D
T FETCH ___|FETCH - o
A INSTRUCTIQN PPERAND 71A - dm —3 A%
R \
v P + 1—>P
M
%= Logical difference @
6400/6600 2 USEG
%‘ ;< , 1 USEC ¢ , 1 USEC —
i ; i ,
s — 475 NSEC —> 475 NSEC :
1
N , ! !
G ! ] ' 1
! B | | <] ,'
: a], I I él i
: l ! i
i . 1
| RNI o READ OPERAND ;
! , an .
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LMC

12 bit in the A-Register may be set, the others will

Exercise #1 - The 2
be zero if the results from previous were correct. Code
the lst of two instructions that could test to see if the

bit is present.

LOCATION | | OPERATION  ADDRESS  FIELD
", pram—TT . ! - i
ANSWER ?2 L4 ln il 4(65 ﬁ?’ﬂlCUquﬁ A WO O T O Y S T A I ﬁ;.
tpsjeyslejryeie w‘ LRy e e 1T s 21152123124125020 12728129130 3)132]33]34 ??“'r.'

Exercise #2 ~ iIn looking for a particular number in a list, of numbers,
€ode an instruction that might be the lst of two that

tests to seekif the number is found. The number is 6162.

o LOCATION OPERATION _ ADDRESS FIELD
% [ '
é: Lyt ﬁ?Lﬂ!z?]eilﬂiéyyll N I
) ‘/! 3jejslejriels i‘:} B{12{13116]15{16]17)i81i0 {20]21)22|23(24]25]26]27|28)29 30|31 | 32|33 343338
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LJGICAL DIFFERENCE

()
11 5 0
MACHINE 33 d
F
0
. R
é LOCATION OPERATION ADDRESS FIELD
b "
S ASPER él»ll'llll LMDdinlllljllLlllllljll_J__
/ 4)138]38°*
Constant
Symbol
Symbol ;'Constant
Symbol - Symbol
: The above values must result in
an octal value in the range of
00-77., The decimal equivalents
are 00-63.
‘L—;———Mhemonic Operation Code
g This instruction forms in the A-Register the bit by bit logical
g difference of the lower 12 bits of A and the gsntents of location
o d  (00dd) This is equivalent to complementing individual bits
R of A which correspond to one bits in the contents of location d.
1 The upper 6-bits of A are not altered.
P .
T Example: A = 001110101011001001
1 (d)= 010100001010
0 001110111111000011
N
RNI @ P+1
REFERENCES :

July 15, '65 35<0




F
L
O B
W
{ FETCH y FEIGH

D INSTRUCTI@N PPERAND (a) AN (d)—>A%
T _
A
11 P+ 1P
M

%= Logical difference @

6400/6600 2 USEC

T <& 1 USEC 3¢ , 1 USEC >
1 { ; : !
in —> 475 NSEC ¥ —> 475 NSEC [
N
G

SLOT

SLPT TIME = 100 NSEC
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Exercise #1 - The A-Register contains 770000. Code an instruction to set

ANSWER

a 12-bit number in memory in A, which may have another 12-
bit number added to it. Let d,which is some value 00-77,

be called FPEMADDR.

. o e

LdCATION CPERATION ADDRESS FIELD
'y B Y . i
?2 Ll in Jd gﬁLﬂ4L?|F¥25M44ZWQ’?. AT IN T T
éllpl!plﬂ‘r sy :‘,-,, niizmmps||c||1||e||9|zo|z'|zz|zs|u|zslae|g7|20129|3o|3|lszlsslgfnsps]!

Exercise #2 - In using the 6600 scope (display), A contains the X-

ANSWER

coordinate digit (bits 29-211). Code an instruction that
will set the coordinate position in the A-Register along
with the coordinate. The lst reference is to C@P@R which

is some value 00-77.

LOCATION . | | OPERATION ADDRESS FIELD
7 [ - » ' '
EZ N A §ﬁ14“¢2 F;‘?‘p? AN T T T T T T T T Y
é i' u||z||3||4!ns||s||11|a|n9|zo|zt122123|24|25|za|z1|za|zglso|3||az|33|34|35|u|'

Note: Assume the operand is some value 0XXX.

35-2




IMT
LPCICAL DIFFERENCE
INDIRECT
(P)
11 5 0
MACHINE 43 d
F
o
R
M
A LOCATION OPERATIGN ADDRESS FIELD
T o
S ASPER
Constant
Symbol
Symbol - Constant
Symbol - Symbol
The above values must result in
an octal value in the range of
00-77. The decimal equivalents
are 00-63.
Mnemonic Operation Code
D This instruction forms in the A-Register the bit by bit logical
E difference of the lower 12-bits of A and the 12-bit operand obtained
5 by indirect addressing. This is equivalent to complementing indiv=~
C idual bits of A which correspond to one bits in the operand. The
? upper 6 bits of A are not altered.
P Example: A = 001110101011001001
T ((d)) = 010100001010
g 001110111111000011
N RNI @ P+1

.3

REFERENCES :

LPGICAL June 1, 166 36-0



F
L
0 ] FETCH FETCH
W ENTER | FETCH | PPERAND 3| PPERAND
INSTRUCTIHN ADDRESS (d) ((a))
D
I
A
e
R
A
M
’ @___:,AAVL((d))»A S PH—>P @
6400/6600 3 USEC
&———1 USEC ~——3¢—1 USEC Sk 1 USEC S
i ! ] ! i i '
T — 475 — —>! 475 &— — 475 & |
T INSEC NSEC ' ;NSEC ' :
M { i i !
i
I P g |l e ;
N ¥ ) 1 ._:(I T — ;
: Sl et R
i .
! RNI ! READ ! READ '
i | @PERAND ' @PERAND i
ADDRESS (d) (ay

SL@T TIME = 100 NSEC
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Exercise #1 -

ANSWER

Exercise #2 -

ANSWER

IMI

in building a word to send out to the display unit, which
must be a number 0X0X, we find A contains 0X00. Code an
instruction to set in the lower 6-bits. ¢ is the lst
reference called BETA and the contents of BETA might be

called GAMMA, which is the address of the operand.

LOCATION TOPERATION  ADDRESS FIELD

N

7

7 n , |
’//‘l'llllll‘{?;LIM:'E;ETI.AIIIIIIIIllllllllll(\

I .
Arjsje s)egryeelisfiugizisiie)is isgiriizrie)zcizjzal23]24]28]26127|20]29]30)3) |32|33|34]35)38)"

Code a one word instruction that makes three memory
references and forms the logical difference with the
contents of A, Let d = 70g, and the (70) of = LENGTH,

which is the operand address.

LOCATION | | OPERATION  ADDRESS FIELD |
7 |
é Y 0 U T ’fL#41;|7“2£?4 AN N N Y Y SN RS O O O O O |
(1213198 |i 181710} JO: jragisgie |15 116 (1716119 |20]21|22{23]24]25]26 [27{28]29]|30131]32]53]34(35}{36’
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MM
LGGLCAL DIFFERENCE
MEM@RY INDEX
(®) (P+1)
11 5 0 11: 0
MACHINE 53 d m
F
0
R
M &
% LOCATION OPERATION ADDRESS FIELD
o "
5 ASPER 4lll|llll LAMMﬁ’AdL!IhLJDIIlllLlllhl,J_
égslnunnun 2 - ; '
—Separator
space or comma
Constant
Symbol
Symbol ¥ Gonstant
Symbol i'Symbol
The value of d, must result in
an octal value in the range of
00-77. The value of m, must
result in an octal value in
the range of 21 -1.
L—-——————-—Mnemonic Operation Code
D
E This instruction forms in the A-Register the bit by bit logical
5 difference of the lower 12 bits of A and a 12 bit operand obtained
c by indexed addressing. This is equivalent to complementing indiv-
R idual bits of A which correspond to ome bits in the operand. The
T upper 6 bits of A are not altered.
P Note: If d = 0, the operand address is simply m.
T If d # 0, then m plus the contents of locatiomn d, mt+(d)
I is the operand address; thus the contents of d may be used
) as an index quantity to modify operand addresses.
N RNI @ P+2.

REFERENCES :

LPGICAL June 1, 166 37-0




LMM

.
L | FETCH FETCH
0 INSTRUCTIPN pPERAND
W m
D
I
A FETCH
G ' PER ADDR
R n + (d)
A
M , :
FETCH APPER—>A| | PH2—>P
PPERAND > >
6400/6600 3-4 USEC
&1 USEC—>#——— 1 USEC —&——— 1 USEC —pg——1 USEC —»
i i ! I ; | ’ i !
> 4754 — 475 =475 — e :
. NSECH SEC! NSEC! [ !
!
1 L 5 AN | !
i N L e el i = ! \
I NO 2 3 14 ' :
. INDEX 1 i;,gl im! ' l"’l | ;
p d=0 , READ PPERAND ! READ $PERAND | !
i RNT ADDRESS m: i !
i i i i i i
f —¥ 475 & ‘3‘475 i —H475 K— i
| NSEQ INSEG NSEQ !
§
i i ! i
1 { | i = ! L]
INDEX , !%‘ ! lf% | | | =) |
d#0 | Y BRER |5 i
! ; | b
i i READ INDEX | READ ADDRESS ; READ $PERAND :
v g { and fomm (m + (d))
m + (d) ¢

SLYT TIME = 100 NSEC
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Exergise #1 - Code a two word instruction, which makes three memory

ANSWER

Exercise #2 -

ANSWER

references and no indexing to perform the logical differ-

ence with the contents of A.

Let m = CHECKSUM, and d must = 0.

The contents of CHECKSUM would be the operand.

LOCATION

OPERATION ADDRESS FIELD
7 i 9
f§ Ll {l il lﬂﬁﬂwyﬁzhﬂ:.iﬂstﬂu'xl | N TS TR U U (O S O T
@ 21810 [8de vis]n ’(a‘ 1 1Ié|l310fJISJL€[(1|iB'|l9 lz6)2!12223|24125|28127{28)29]30|3) pé]:} 34[3538)°

Code a two word instruction which makes four memory

references, which includes indexing, to perform the

logical difference with the contents of A.

Let m = LPCATIPN, which is the operand address, and d =

71g (the index location).

LOCATION

| OPERATION  ADDRESS FIELD

ILMM LOCATIGN,? 8

| R S IO I S OO T B

7

U S .

s ]

2y vje slegrioge

-v'.’;
169
e

1213714 11511617118 [19|20]21)22)23)24]25[26)27)28)29)30|31]32]33|34[35]36/"
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RAD
REPLACE ADD DIRECT
(P)
11 5 0
MACHINE 35 d
F :
0
R
M _
A LOCATION OPERATIGON ADDRESS FIELD
T >
|
S ASPER ¢ NN W W U O
znnuunlll',
Constant
Symbol 4o
Symbol eﬁbonstant
Symbol. - Symbol
The above values must result in
an octal value in the range of
00-77. ‘The decimal equivalents
are 00-63.
L————-Mnemonic Opération Code
D
E This instruction adds the 12 bit quantity in location d to the con-
S
C tents of the A-Register and stores the lower 12-bits of the result
R
T back in location d. The result is also left in the A-Register at
P
T the end of the operation.
I
0 RNI @ P+1.
N

REFERENCES :

REPLACE June 1’ ]66 38-0




F
L
0
W ENTER >——3{ FETCH FETCH |atay>a _@
INSTRUCTIQN PPERAND >
D -
I
A
G
R
Lﬁ
M J A—>QPER | PH+l—>»P
| 7
ADDR : ;
6400/6600 3 YUSEC
&———1 USEC ——>¢——1 USEC Sk 1 USEC >
t . i ‘ i ; :
T —> 475 &— — 475 &— — 475 € :
L WNSEC NSEC ! NSEG | ;
M !
i i i
T 1
L L el g | g f
) : G ! = | T he) 1
G : | cn} | l cn,! i l cnl :
i i ;
! RNI ! READ 1 .
‘ : $PERAND (d) |  STPRE A i

SL@T TIME = 100 NSEC

38-1




E
i Exercise #1 - Code an instruction to add an operand to the contents of
g the A-Register and store the results.
; Let d = RUNSUM, which is the operand address and has a
S value in the range of 00-77.
LOCATION OPERATION  ADDRESS FIELD
ANSWER %é L4 {1 Ld f§’§4‘? ffcﬂﬂqumw N N T N O T O 0 S Y O B
Aeisisienries gg%I'1'21-3|I~|gsjzgltzlxa"?J2°1251221231=4J==l==1271201!91301=Jl==l==l=~13=ti!"

Exercise #2 - Code an instruction to form the checksum of,éll the
information on a 80 column card just read into memory.
Let d = CARDSUM, which is the operand address, and takes
on a value in the range of 00-77. The operand in loca~

tion CARDSUM would start out = to zero.

LOCATION OPTRATION ADDRESS FIELD
ANSWER % [ B Yy,
él‘l,lllll"%ﬁﬁiq-'Tc‘iAlﬁlal‘s‘lb’lMllll‘llllllllllll‘
// 2 | l‘[l li |O‘7|i |9 ?jlé'i;jll |l21131|~tu5;isuule;_ﬁxzaluin;:slzﬂggﬁ]z‘r[u|291301M[!:1141!51!_5'
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APD
REPLACE ADD PNE DIRECT
(®)
11 5 0
MACHINE 36 d
F
0
. R
M
? LOCATION | OPERATION ADDRESS FIELD
v
: ASPER 41‘||I|||| alal_LdlAL]lllLlLillllllnll_J_
2]13]418]ejTje]> _
Constant
Symbol
Symbol T Constant
Symbol - Symbol
The above value must result in
an octal value in the range
00-77. The decimal equivalents
are 00-63.
\'——— Mnemonic Operation Code
D
E .
S This instruction adds one to the original value in location d and
c
E stores the result back in location d. The result is also left in
I
P the A-Register at the end of the operation. The original contents
T
1 of A are destroyed. RNI @ P+1.
Q
N
REFERENCES

REPLAGE \ June 1, 166 39-0




A@D

$PERAND (d)

SL@T TIME = 100 NSEC

F
L
0
W ENTER FETCH 5| FETCH @PER +E1—>A _)®
INSTRUCTIPN PPERAND
D
I
A
G
R
A
M > @PPER ADDR_ 4| P + 1—>P @
640076600 3 USEC
&1 USEC ~——>#——1 USEC L 1 USEC 3,
( : i ; i i ;
T —>1 475 & — 475 — 475 le— )
I NSEC ! NSEC ' ' NSEC ! '
M ; \ : H
I ! ,
N i I %;' ] ! gil : l %;! !
I = ! el v = i
G i i cnl i l mn! i I mi |
i i i :
L RNI ! READ | STGRE A ,
' i i
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[#7]

APD

Exercise #1 - Code an instruction to update an index location. Let
4, the index location, be called INCREM, which is an

address with a value in the range of 00-77.

LOCATION | | OPERATION __ ADDRESS FIELD
7/ il )
MSWER ”é l‘ l' i ll j S l Alalpl J:MQREM | I O T Y 1 I | l. YR O R S D N |

%u'l.j!ll]'ll 1 >!&) 114124131418 :16(17¢18 118 {20]2¢ 2p123]24128 28127]28(29]30§3} 32[33]34{35]38)"

Exercise #2 - Code an instruction to update a loop counter which would

leave the result in the A-Register so it could next be

tested. Let d = LCPUNT.

LOCATION . | OPERATION ADDRESS FIELD

¥ ~T
:/Q: L lr 1 Il O T A Alﬂlal lLlcglUlNlrl [ D DU VA A IS T N T U N T T 1.
%

2y npes)e 7oy ol 213 iagis 61718 ]1p;20(21)22|23|24128]26)27]28)29]130131 (32331343338}

ANSWER
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SPD
REPLACE SUBTRACT ¢NE DIRECT
(®)
11 5 0
MACHINE 37 d
F ;
0
R
M v ——
A LOCATION OPERATION ADDRESS FIELD
T % '
S ASPER é|‘5|I1||=
/![lll]!lll"llll:.<
Constant
Symbol
Symbol $ Constant
Symbol - Symbol
The above value must result in
an octal value in the range of
00-77. ‘The decimal equivalents
are 00-63,
“—— Mnemonic Operation Code
D
g This instruction subtracts one from the original value in location
g d and stores the result back in location d. The result is also
% left in the A Register at the end of the operation. The original
g contents of A are destroyed. RNI @ P+1,
0
N

REFERENCES :

REPLACE June 1, 166 40-0




S@D

PPERAND (d)

SL@T TIME = 100 NSEC

F
; FETCH — -
0 ENTER  FETCH E ;
W INSTRUCTIQN | PPERAND OPER -1—3>A
(d4)
D
I
A
G
R .
& | A—>QPER  |—3 PH—>P EXTT
M ADDR RNT
6400/6600 3 USEC
&————1 USEC —>¢——1 USEC S 1 USEC———3
{ i t ' i i i
T —> 475 R— —! 475 K— — 475 ,
I INsec NSEC ! NsEC | !
4 i
I 1
; gl gl e |
§ = T ey $ S !
G i i ml i i UJ,I i ] m' :
i i i ;
L RNT ' READ ! STPRE A .
1 ' i i
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S@D

Exercise #1 - Code an instruction that would decrement a loop counter
(by one until it equals zero,) leaving the result in the
A-Register each time to be tested.

Let d = LPPPCNT

LOCATION | | OPERATION ADDRESS FIELD
% R r ‘ 3
ANSWER ?2 Ly b1y %éaﬂﬂq ILJQ‘%FFEAKTT e g
é 2 3 8] T ]y f«"ﬁf fJi2 )13 {ia |18 |36 {1733 (12 |2 et |22 )25 ]24]28] 26 | 27]28|29|30]3) [32[33|34(35 361"

Exercise #2 - Code an instruction that would decfement a Y-coordinate
position in Dot Mode using the display unit.

Let d = PYSITIPN

LOCATION .~ | | OPERATION  ADDRESS FIELD
ANSWER ’/ £ T Ll i} ’_‘Lsﬂ_’e,_jf/als‘_{LT:-zl.‘?Vl N N | l [ l‘ T .|
/ I|$¥lj§]l]71.l| iﬁ“ngliLu‘ !Zwl_o“‘gxz;m;‘_px.

To[24]25|26(27]28]29]30{3) |32[53{54/35(38]°
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RAT]
REPLACE ADD INDIRECT
(P)
11 5 0
MACHINE 45 d
F
0
. R
M B i
A LOCATION OPERATION. ADDRESS FIELD ‘
i 7 | ’
S ASPER ’//;1‘!||,|| RA'ZI-'ldJL41|11J|L||1|||4411L
/: S|sjslajrisls 3
Symbol = Constant
Symbol - Symbol
The above values must result in
an octal value in the range of
00-77. The decimal equivalents
“are 00-63.
Mnemonic Operation Code
D
g This instruction adds to the contents of the A-Register the operand
g obtained from indirect addressing. @PERAND = ((d)) . The resultant
; sum is left in the A-Register at the end of the operation and the lower
? 12 bits of A replace the original operand in memory. RNI @ P+1
0
N
REFERENCES :
REPLACE July 15, 165 | 41-0



SL@T TIME = 100 NSEC

N FETCH FETCH FETCH
0 INSTRUCTIHN pPER ADDR > PPERAND -—-51:::>
(d) (€d4)
W
D
1
A
§ B
R <:::>————€>A + PPER—>A—>» A—3PPER >/ P + 1—P
A ADDR
M
6400/6600 4 USEC
& 1 USEG—3g——1 USEC —p——1 USEC 1 USEC
i v i i i | ! I i
—>475 K= s € 2475 1€ —HL75 ;
:NSECI :NSEC' NSEQ! INSEC !
1 i 1
t ! | 1
i B i ! :
. gl g g g :
., ] i
I o |E =l e B
M I i ' i, |
I : RNI | READ BPER ADDR} READ @PER ' STYRE A ;
N \ ' (d) Co (Gd))
p :
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Exercise #1 - Code an instruction to add the contents of A to an

ANSWER

Exercise #2 -

ANSWER

operand and replace the original operand with the results
using the indirect method.

Let d = 608, and the contents of 60 = MESSAGE, which is

RAT

LOCATION . | | OPERATION  ADDRESS FIELD |
7% R i
?2 Lo il a1 igqulrléﬂz‘lJ | O N S AN S OO (U NS W IO S N 111
é T}5jetsjejrjeile 'j’;}?”]'2_!“1!4[_'51_15[!7]!']l9]20]2![22[25!26]25'26l!‘ll!al?sl!Ol!l 32{33[34{33]36" k

Code a replace add instruction which 1lst references.

location 30g, called LENGTH, and 2nd location 5000

called BUFFER.

8’

LOCATION OPERATION  ADDRESS FIELD
EZ U A fﬂ4l§ !quﬂiryi A N TS N U N O T O I ﬁ
‘él]l.l.l..IQI']‘l' 3-55;5||l!i\'?[l*!l-‘ll'ﬁl”[la!{9[_{!‘_3[2?]22]23[24]252.‘512'29!Ol!|.3233!§3536|'
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APT
REPLACE ADD ¢NE INDIRECT
(®)
11 5 0
MACHINE 46 d
F
o
'R
M ‘- -
% LOCATION | OPERATION ADDRESS FIELD
i l . ”
5 ASPER :/;l‘lllllll M-tlldllLlll‘LJllllllllllIIAI;
A2135%j8)8j7]101}9 1o a1z g1y 14 118 4t 18 L ] ;!ll:ll.!rl 3013 CTRITE 3
Constant
Symbol +
Symbol ;_Constant
Symbol -~ Symbol
The above values must result in an
octal value in the range of 00-77.
The decimal equivalents are 00-63.
Mnemonic Operation Code
D
E The instruction adds one to the operand obtained from indirect
5
C addressing. OPERAND = ((d)) . The resultant sum is left in the
R
I A-Register at the end of the operation and the lower 12 bits of A
P
T replace the original operand in memory. The original contents of
I
0 A are destroyed. RNI @ P+1
N
REFERENCES :

REPLACE ‘ July 15, 165 ‘ 42-0




AT

F
L FETCH FETCH FETCH
0 INSTRUCTIPN[  ~J$PER ADDR > PPERAND —>®
W (d) (€d))
D
T
a
&
R
A @——>¢PER +1—>A | sJA - @PER > P +1—>P
v ADDR
6400/6600 4 USEG
,( 1 USEC-—),.(__——I USEC —or—1 USEC._>?<____. 1 USEC,
! i | ]
—Si475 K— -%‘475 <—— —75 ,‘<—— —51475 o ,
INSEC! - :NSEC' NSEC INSEC :
: i i
e | | | !
T - lg ; I§l g I EST | lgl ;
I Ik R I
] " |
M 1 i (| i
I | BNT | READ @PER ADDR} READ @PER ' STGRE A ;
5 . ,
G (d) ((a))
SLYT TIME = 100 NSEGC
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Exercise #1 -

ANSWER

Exercise #2 -

ANSWER

APT

Code an instruction to update an operand that is updated
from various parts of a program. All lst references are

made to location BUMP and 2nd references to location

LAY@UT.

LOCATION . | OPERATION ADDRESS FIELD :
7 ' iy , '
f): L1 1 Il L.l i‘:”'Ap; IBIUIMPI I N TN Y VOVUN SO GRS NN OO O A B T | l<.
% TRILIT] || sqvpegwiicie g A_:_;g.":f_v_'*_,'iggayxzuzom[znzu'zeLm[3,}_}§'z_]_g_31_:4]:5[35|"

Code an instruction which updatés a clock count each time
the RTC goes through its cycle. Let d = GONT and the

2nd reference = CLHCK.

LOCATION .| | OPERATION __ ADDRESS FIELD
& l 1:;34 .
:f I A . i“4ﬁ%z;lcyzﬂfzrl TN O T T 10 T T Y Y S M O A
éljll.l‘!.‘,l.l' ;:“ l‘“ZIIS['4||5llsll"[lﬂ]lﬂ[?olzl]zz]z!]z‘[zs 25!27 2!!!9 30|31]132{33(34 35!!5
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Sp1

REPLACE SUBTRACT {NE

INDIRECT
(®)
11 5 0
MACHINE 47 d
F
0
R
A LOCATION OPERATION ADDRESS FIELD
T > v .
S ASPER 4l‘lllllll slanglﬁLlllelLillllllglll__ﬂ_‘_‘
215188 tlsj7}101]"
Constant
Symbol
Symbol T Constant
Symbol - Symbol
' The above values must result in
an octal value in the range of
00-77. The decimal equivalents
are 00-63.
Mnemonic Qperation Code
D
R This instruction subtracts one from the operand obtained from in-
S
c direct addressing, @PERAND = ((d)) . The resultant difference
R
1 is left in the A-Register at the end of the operation and the lower
P
T 12 bits of A replaces the original operand in memory. The original
I
o) contents of A are destroyed . RNI @ P+1.
N
REFERENCES :
REPLACE June 1, 166 43-0




S¢1

SL@T TIME = LOU NSEC

F
L
0 FETCH FETCH FETCH
W INSTRUCTION PPER ADDR(d) @PERAND ((d))
D
I
A
&
R El -
A
M G @PER -1—>A ——> A—3>@PER | P+ 1—>P
ADDR | R
6400/6600 4 USEG
ﬁ__T]'mE&éf 1USEC_.Q,,?.g.__.‘_lUSEC_,>?<___’_1USEc:__>1
. P, I . ! . ]
475 & 475 K 275 475 |
INSEC! INSEC! NSEC! NSEQ :
i | |
n ! i ! f
i |l i § t !
: gl g | gl gl :
b ! b v P ] = f
I | l l ' l l ! “ ’ l @ l |
M ! i ! | ;
T : RNI | READ $PER ADDR} READ @PERAND ' ST@RE A ‘
N (d) ((d)»
G
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SQr

Exercise #1 - Code an instruction which decrements a record count and
makes a lst reference to location RELAC and a 2nd refer-

ence to location RECORD.

LOCATION | OPZRATION  ADDRESS FIELD
ANSWER ’/'//: L l' i ll lll .l ‘I‘?\S“ﬂ; IRIEIADICI' [T WL OV NS A R N DU VR U N N O Y
é gjsaisjerisgy 'cau 112 [13 (14 |18 118 |17 ]1B 119 |20{21]22]23]24|28|26]27128)29]30]3) L;;MV

Exercise #2 - Code an instruction which subtracts one from an available
table. The lst reference is to TABLHC, and the 2nd

reference to AVAILTAB.

LOCATION | | OPERATION  ADDRESS FIELD |
mewer 0, [NSOT TABLOC ... .00

Y

g

. N :
2}]3jenjejr)e]y i1 412 [13114115)16117]18 (19 [20]21|22]23|24]28]2627|28129{30]31|32|53[34]33)36s" |
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REPLACE ADD MEMPRY INDEX

(®) (P+1)
11 011 0
MACHINE 55 d m
F
0
. R
A LOCATION OPERATION ADDRESS FIELD
T % T ” :
S ASPER él‘lllll'l T T WO G N U W0 S T S O A 1O O B O I
. 4:J:|q|||l|1|Il'
——Separator
space or comma
Constant
Symbol +
) Symbol - Constant
Symbol - Symbol
The -value of d, must result in
an octal value in the range of
00-77. The value of m, must
result in an of&al value in
the range of 2°< -1l.
Mnemonic Operation Code
D This instruction adds the contents of the A-Register to the operand obtained
E
S from indexed addressing. The resultant sum is left in the A-Register at the
o : .
R end of the operation and the lower 12-bits of A replace the original operand
I - .
P in memory. Note: 1If d = 0, the operand address is simply m.
T If d # 0, then m plus the contents of location d,
I m + (d) is the operand address. Thus the contents of
0o d may be used as an index quantity to modify operand
N addresses. RNI @ P+2,

REFERENCES :

REPLACE

June 1,

166

44-0




. ‘
; ENTER FETCH . |
o INSTRUCTIPN _"—)Yes FEICH |
W @PER ADDR m
D No
I
R P FETCH
G @PER ADDR
2 m + (d)
A
i
FETCH SA + PPER—3A A—3 PPER S|P+ 2P
@PERAND ADDR
640078601 -5 USEC
i USEG—. ——1. U830 i1 USZ0—, — 1 USEG—s+— 1 USEC—
; : ; i ;o . ‘ H
S oo . i :
7 s LB A7 56— —a4T S \ ;
i ST iNSEC NSHC ySEC { ;
S i ! i . i
s H H . { . ]
- : ¢ 1 : l =] l '
; o g | gl LS =Y | ,
N f 3 ) 1 () 1 1 !
S ke '
d=0 1! | | i !
| RNI READ $PER | READ $PER |, STPRE A | i
' i ADDR , and Add , o | !
' —PLT 5 P75 I TRUTISET !
' NSEC kisEC NSEC WSEC 1
| ! i ?
i ' i oy I
| el =l gl el
INDEX S s s REC :
= Finann et
d#0 “‘ @ @ | S A B
| i i

READ INDEX | READ $PER

READ §PI1|

(mt+(d)) and
Add

ADDR
o+ (d)

SLGT TIME = 100 NSEC

CrnaT

u“,).llu A
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RAM

i Exercise #1 - Code an instruction to add an operand and the A-Register
ﬁ and replace the result using the memory index instruction
i with no indexing. Let m = MESSAGE, and d must = O.
E = g
s LOCATION OPERATION  ADDRESS FIELD
ANSWER ?; | 1{ Lbl iﬁf@4ﬁf ﬂﬁEFaS?qéig;u I T O T VU T O OO N T Bt 0
/ 1jijeislegrieis W: VUJI2FI3 14|15 516117110118 (20]21122)23]24]23)26127]28|29]30131 |32]33)|34/33)36"

Exercise #2 - Using the same exercise as above, code an instruction

using memory index .with index modification. Let d =

MdD.
LOCATION | | CPERATION  ADDRESS FIELD
A z -
ANSWER f/ I A ifﬁkaﬁ(idﬂquﬁs?qavi’ﬁqépq WEEEREEE
/ 2id(esle ries ’:a UL (13 108 408 jiELIT iR e a7 122123 (24]28]28 | 27128125 ]30(3) | 3233 {34/38] 361"
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APM
REPLACE ADD ¢NE MEMORY
INDEX -
(P) (P+1)
11 5 011 0
MACHINE 56 d m
F
o
'R
M , L
A LOCATION OPERATIGN ADDRESS FIELD
: % | m,d
S ASPER I4||l|||| glM,_LI'l4J]llJlllllllllJllL
‘A21319i8]8}T |0 ]"
—~ Separator
space or comma
Constant
Symbol
Symbol - Constant
ymbol - Symbol
The value of d, must result
in an octal value in the range
of 00-77. The value of m,
must result in anlactal value
in the range of 27°-1.
L——-———"Mnemonic Operation Code
D This instruction adds one to the operand obtained from indexed addressing.
E
S The'resultant sum is left in the A-Register at the end of the operation
H
R and the lower 12-bits of A replace the original operand in memory. The
I
P original contents of A are destroyed.
T .
g Note: 1If d = 0, the operand address is simply m.
0 If d # 0, then m plus the contents of location d, m + (d)
N is the operand address. Thus the contents of d may be usea as
an index quantity to modify operand addresses. RNI @ P+2,
REFERENCES :
REPLACE June 1, 166 42-0



AGM”

y ENTER FETCH | Yes | FETCHADDR
o INSTRUCTI@N PPER
m
W o
D
I
N FETCH
o Q K PPER ADDR
R m + (d)
A
1
FETCH _PPER +1—>A A—3@PER 5 BT 27F
PPERAND - ADDR
6400 /660 -5 USEC
w1 USEC— LTS3 o 1 USEC—, — 1 USEG—3i— L USEI—%
K * ) i I , 3 H
7 L7 575 — 4T FE— L] G ; f
i W3EC NSZC NSHC ﬁSEC ' ;
M ' : : f
. PR i [ i £ i | !
- : P ; ! "r.i . = ! £ t | i
N NO ] = ! S ‘ = ‘ ) !
° e~y = — 1 wv i ] — 1.
G NDEX !mi %) | | | W i I
d=20"1 |- |- i '
| RNT READ $PER | READ $PER |, STYRE A i
’ | ADDR - apd Add | o r
' 475 m —l475¢ 7 —u7— ‘
! NSEC ﬁSBc NSEC NSEC :
i z
| C Eo, ,
noEx | gl =] 2 el el
SEA ) s . l 2 I T l._'s i =T '
d#0 " : ; ml I R A I A i
I ' i | { ' ]
; ' READ INDEX | READ $PER | READ #P0%| STHRE &
o ADDR
(a) m + (d) s (mH(d))
and "Add

SLYT TIME = 100 NSEC
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ApM

Exer¢ise #1 - Code an instruction to update an operand by one. Use

memory index with no index modification. Let m = AREA.

LOCATION OPERATION _ ADDRESS FIELD

ANSWER

J O O UL S N T | Pl

| g?4¢M{}AfhEA|1| IS N T N N O T O O T ﬁ

AN

l ‘
23168284761 i Li2|151141151611711811920(21|22125{24]28{24127|28129/30}3) |32{33]34{35)36"

Exercise #2 - Using the example above,code the instruction using the

index modification, and let d = IND1.

LOCATION | | OPERATION  ADDRESS FIELD
L) (AOM AREA, ZND!

U I A el Tl T T T DU O T T O 0 IR

‘ 274
2131838 )e v e "..‘il:|r.‘.il3]l4115|IS|I7||B|l9[20L2|122123(2”25[26]!TIZ!IZQ[!O]!Illzllllsﬂsbﬂl}'
~uﬂ—L—LJ—LJ—J—L—‘~—» ! l2ol2lizaiEn g L i

ANSWER

NN
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SpM
REPLACE SUBTRACT @NE
MEMPRY INDEX
(?) (P+1)
11 5 g1l D
MACHINE 57 d m
\
F
0
. R
M
A LOCATION OPERATION ADDRESS FIELD
T % I
S ASPER f N W T O T
/!J!!!nlln]i]’
Separator
space or comma
Constant
Symbol |
Symbol i Constant
Symbol - Symbol
The value of d, must result
in an octal value in the
range 00-77. The value of m,
must result in anlactal value
in the range of-2-“-1.
L——-——————-—Mnemonic Operation Code
D This instruction subtracts one from the operand obtained from indexed addresst
E :
S ing. ' The resultant difference is left in the A-Register at the end of the
H
R operation and the lower 12-bits of A replace the original operand in memory.
I
P The original contents of A are destroyed.
T
T Note: 1If d = 0, the operand address is simply m.
o 1f d # 0, then m plus the contents of location d, m + (d) is the
N operand address, Thus the contents of d may be used as an index
quantity to modify operand addresses. RNI @ P+2,

REFERENCES :

REPLACE June 1, 166 : ' 46-0




sorm

SgM

: FETCH ~
PPERADDR |
omo
D
I FETCH
A ‘R ¢PER ADDR
G m + (d)
A
M .
‘ FETCH N , .
[OPERAND P|PPER -1—>A PA—>PPER [P + 2—>P .
ADDR '
6400/6600 4-5 USEC
,é——l USEC—,-—-—L USZC USEC—s;— 1 USEG—3+— 1 USEC—
i i 1
T ﬁ‘vﬂs" —Syme— AT H— ‘ : s
1 INSEC INSEC NSHC NSEC I ;
M ! ) i ! ]
1 Colel 1 gl b e |
N NO i ‘ = ‘ SJ | l = : < | .
& ! e 1 T (75 T ,q 1
- Sul aant Ean ki aatin |
| RNI READ $PER. | READ $PER ST\ZRE A i
! i ADDR ,angd Subtracé I 1
l 75— m —Dl475— *—>ﬁ75*< ——9,475 !
[ NSEC :NSEC NSEC NSEG ' ;
| l ?
i f |
INDEX } I S‘ | |~;! : Ig' L égg :
i AR R el
d+0 i Lo ! roe Lo I
i ' I . | R | s i
N | READ INDEX | READ @PER | READ $PER| STGRE A
‘ _ . ADDR | P P
W  m+@ - @HE)) |
and subtract
SLYT TIME = 100 NSEC
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SpM

,,,,, E
i Exercise #1 -~ Code an instruction to decrement an operand by one, using

g memory index with no index modification., Let m = FLAG.

L LOCATION OPERATION  ADDRESS FIELD |
g ANSWER ?’l‘l’l'll/l‘lE:}‘;SZQM'IFTL;AIG‘IIIIIIIIIllllllllll<
/lnnuu-nnn i"’:f'A"f-"zl"’l“I‘H'él‘Tl'ﬂ“9:’-QJZ“‘:EIESIHIHLZ'LﬂlﬁlﬂjbgulRlHleIMIMI'

Exercise #2 - Using the above exercise code the instructien using

indexing. Let d = TEMPO.

LOCATION _ | | OPERATION - ADDRESS FIELD

v/ . =
ANSWER % b lisem FLA EM. A .

4 U U O | 5101 | xLu G.I’[T: PIQI 1 N N OO A IO A Y I

. 4 £

/ 2 l;&]i]lnjlp ilbzHJIZJI}[M|I5]IG]I‘}[I&119[20|ZI]ZZ|23|2‘]25[26|ﬂ|28]29]!0‘!|[!Z|!!|34}351\5|‘
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LXN
EXCHANGE JUMP
(®)
11 5 0
MACHINE 26 d
F LNot used
0
R
M ,
A LOCATION OPERATION ADDRESS FIELD
s Z ' XN
"ASPER fa T W W Y W [l TS WU DY YO WA WS PR VU GO [N N O TN VU SO (NS W (N N O VO Y|
(A2(31ajblsjrjefe
Mnemonic Operation Code
D This instruction transmits an 18-bit address from the A-Register to the
g central processor with a signal which tells the central processor to perform
g an exchange jump, with the address in A as the starting location of a file of
; 16 words containing information about the CP Program to be executed. The 18
g bit initial address must be entered in A before this instruction is executed.
g The central processor replaces the file with similar information from the
interrupted CP Program. The PP Program is not interrupted. RNI @ P+1.

REFERENCES :

CENTRAL PRPCESS@R

July 15, '65 47-0




EXN

SL@T TIME = 100 NSEC

_ —
L ENTER FETCH ~CENIRALN,__No  yJA—>CENTRAL
0 INSTRUCTIPN UsY? MEMPRY
W
Yes
D *
1 P+ 1—>P
A
R
A o
o %* - Central may be busy for an indefinite EXTT
amount of time, depending upon the RNI
program in operation in the Central
Processor.
#*% - When the PP sets the Central Busy
condition, it will stay set for a
minimum of 2 usec. However, the PP is
free to continue with the next instruction.
5400/6€00 1 USEC
< : 1usgc T %
i 1 |
T —> 475 NSEC w— ;
i
fi : :
I ] ! ;
N | | B !
: ' |3 '
. H w '
©  RNI !
i i
I

47 -1
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EXN

Exercise #l - Code an instruction to initiate the CP on a new program.
Note: The A-Register must already contain the 18-bit

central memory address.

LOCATION | | OPERATION _ ADDRESS FIELD

ll'lllllm* llllll.llII!II’[IIIIII’!III-[

ANSWER

1 )09 )e v e fiohujiagiagietis;sii7)18]19120)21(22]23(24]25]26 [27{28{29{30{3! 32|33 |34[35]36¢

RS
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RPN
READ PRHGRAM ADDRESS
(P)
11 5 0
MACHINE 27 d
F
0 Not used
R
M A
A LOCATION OPERATION ADDRESS FIELD.
T /l
S ASPER 211111111 RlPlNllJllllllJllLlLllllgLLng__
2(3j4j8l8trjeje l'!»l!l'l‘ 8118 [0 L olxi1l2 !Il‘ (Jtid L]
Mnemonic Operation Code
D
E
S
g This instruction transfers the contentsof the central processor
; program address register to the peripheral processor A-Register
g to allow the PP to determine whether the.eentral processor is
0 .
u .
N running

REFERENCES :

CENTRAL PROCESS¢R

July 15, '65
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¥

*. b
=

=

ENTE ' FETCH CENT. PR{C.
INSTRUCTIPN P REG—>A

P+ 1>P

2 HE

6400/6€G0

1 USEC

——

475 NSEC  s&—
i

SL@T

SLYT TIME = 100 NSEC

- wn a me e s e e e v e
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Exercise #1 -

ANSWER

RPN

Code the instruction to read the contents of the CP

P-Register (Program Address Gounter)

LOCATION | OPERATIGN _ ADDRESS FIELD

[ N wiel TN TN NEOOK YOORU VAN UURE R VA Y VY AU VRN CUURS WY N0 VU VU S SO 5 B S W

' RPN,
&;‘

SN

;14 1 JALFLL) HLLLNLL Lir)e Il’|tO|!0|lHl!|!l|2!|l|Il'l!ll!ll!ol!l |u|33|3¢|u|u'
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CRD
CENTRAL READ ¥R{M A
P
11 (5) 0
MACHINE ' 60 d
. \,
F
0
R
é LOCATION OPERATION ADDRESS FIELD
5 ASPER l ‘:lﬁlplidlllllllle‘LllLLLllllL
Constant
Symbol
Symbol < Constant
Symbol i'Symbol
The above values must result
in an octal value in the range
of 00-77. The decimal equiva-
lents are 00-63.
Mnemonic Operation Code
D This instruction transfers a 60-bit central memory word to 5 comnsecutive
E
S PP memory locations. The A-Register must contain the 18-bit CM address
g before the instruction is executed. The 60-bit CM word is disassembled
; beginning at the lefi with the location specified by d receiving the left
g most 12-bit word; d tl, the next 12-bit word, and so on.
g RNI @ P+1,
REFERENCES :

CENTRAL MEMQRY July 15, 165 49-0



FETCH PUEp——
ENTER INSTR | A—>CENT _)@
/ : MEMQ@RY
No v
FORM R Yes STPRE gRM PYR e
i | ADDR
T PPER 4ADDR RDY? 12-BITS b R RDY?
No
ST@RE FORM | PYR\_Yes| STPRE | FPRM
pPEg DR RDY? P
@—) 12-BITS +3° 12-BITS ER |
No
5 [STPRE |
Yes | STPRE FORM |
) @ {25t [P 00— 12-amms |

6400/6600

Fek
—1 USEC—»e>—] USEC—ske—1 USEC

i
P 475

|

MINIMUM 6 usec

i i
4751

<

% 1% b % ‘
—k—1 USEC—>F—1 YSEC—3k——1 USEC—>

[
! ! ! ! ! I ' ! I
| ! 475 ) 475 1 ! 475 475 le
i -> -} k- > [
->:NSEC ! ": NSEC r' NSEC : I NSEG r_ | NSEC! I NSEG: i
T T
i [ | A
X ' I I I | IH f
S - I P I = I =
- I I | I R C B &
i lml i [92] l ) i ' A .
' | : I l i '
i { l I \ |
I
: RNI ! STPRE IN | STPRE IN : STPRE IN | STPRE IN | STﬁRE IN :
! : d i dtl Poood2 , a3 : dth |
*%

PP, and until there is an empty stage in the Read Pyramid.

% [Each one of these cycles will loop if the next stage in the Read
Pyramid is also full, from another processor.

SLPT = 100 nsec.

This cycle will ieop until Cent. Busy FF is not being used by another
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CRD

Exercise #1 - Code the instruction to transfer a Cent.Memory Word

(60-bits) to 5 PP Mem. locations, (12-Bit Words)

Let d = 76
59 48 47 3635 2423 1211 0
2*8 = 2% 50076
36 - 47 o o
2% =35 50100
212 = B50101
2% = 150102
"LOCATION | JOPERATION __ ADDRESS FIELD
ANSWER A L BCRO 768
. é 2L ' RaiRtv (129131418 )16)17§18|19]20121}22|28124|25[26(37]20(268{30{31(32|33]34{35}38} '

Note: A initially contains the 18-bit Cent. Memory
Address
Exercise ##2 - Code the instruction to transfer a Cent. Memory Word
starting at PP location STAN.

STAN may = any value 00-77g.

LOCATION 'OPERATION ADDRESS FIELD
ANSWER ] [ : ; ~
éjl T ‘“C%qu 92794AK RIS T N T S AN S L W B A B B
‘é: 3jogble v le ‘ullzlulu||5||e||r||e||9|zo|z|1221:3[2“25]2s|21|za|29|30|al|32{33|!4|3513ﬂ,‘

Note: See above note
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CENTRAL READ BL@CK

(P) (P+1)
11 5 011 0
MACHINE 61 d m
F 7
0
R
M :
A LOCATION § OPERATION ADDRESS FIELD
T v i
S ASPER é(,lllLl C:ﬁlManz’l(dlllll__l__lllllllllllJl
215j418}js}17}8}]9® V1121308481010 L olzi]e jj24 wie? 1 ’
— Separator
space or comma
Constant
Symbol
Symbol T Constant
Symbol - Symbol
The value of d, must result
in an octal value in the range
00-77.
The value of m, must result in
afzoctal value in the range of
2771,
Mnemonic Operation Code
This instruction reads a block of 60-bit words from central memory into PP
D memory. The A-Register contains the 18-bit CM starting address and must be
E loaded, prior to the execution of this instruction. The contents of A are in-
5 creased by one as each 60-bit CM word is disassembled and stored. During ex-
G ecution of this instruction, the original contents of the P-Register are stor~
R ed in PP location 0000 and the address of the first word to be stored into PP
I memory, m, goes to the P-Register. P is updated for each new address. The
P original contents of P are restored upon completion. RNI @ P+2. The block
T length or number of CM words to be read is contained in location d, CM ad-
I dresses = (&) + (d)-1. The block length also goes to the Q Register where it
o is reduced by one as each CM word is processed. The transfer is completed whet
N

Q=0. The PP memory addresses = mt5(d)~1, where m is the starting address in
the PP,

REFERENCES :

CENTRAL MEM@RY July 15, 165 50-0



ENTER

CRM

FETCH

IINSTRUCTI@N [

FETCH

BLOGK
LENGTﬁb(d)

P+12- 0000 -
P=PR{HG CNT

CENT

\BUSYFT/
?

READ Yes
PYRAMID A—>» CENT
Rsz// MEMPRY

/  READ \ READ XIT
@-9’\ BL@CK /'—>'(0000)—>P 2| P+l P RNI )
e
Page 50-2
6400/6600 MIN, 5-PLUS 5/WORD usec

le—1 USEG—sp—1 USEG—e—L USEC—sk—1 USEC—>]
i

|
|
i

le—1 USEC—>|

|

LENGTH

SLPT - 100 nsec

I i
' ! ' ! ' ! | 475 |
__>:NSEC :<_ INSEC f_ INSEC ! INSEC ! ; [NSEC ! '
1 i ] . i 1 ' . |
: : : i : ! | ! : { | 1
! I ' ! ' i t !H I
A I N 1= N A S 5|
B R
| : { } 1 I !
i ] 1 i i { i
! 1 1 | i i 1
1 ! 1 1 ] I 1
| ! i ! ! I |
t
| RNI | READ BLOCK PHl»0000 ! m—P | !
' J ' I
[}

5 CYCLES/W@RD((0000)+1->P
STPRE CYCLES |
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soprH

ErHOpPpAHY

CRM

Y No
READ FPRM PYR Yes STPRE 7z
BLAC PPER ADDR RDY? 12 BIT BYTE
, P + n¥%
j/ | No
FPRM PYR Yes | STORE A+ 124
\—>| gPER ADD ) 12-BIT |~ UPDATE 1
Z P+1+n RDY? BYTE CM ADDR.
\L { No
e .
u > JPER ADDR RDY? BYTE SUB F;ag FINISH
’ P+2+n TEST
No
Ry ——%y//////;;R Yes STPRE
RDY?

é g PPER ADDR
N P+3+m]

/ —>{@PER ADDR
3 0 P + + n

P+ 4+m

C—

FPRM

No

“

LOCK ™~ X L g
< FINISHED ? ~ 5

//I

)
BLHCK

No
1
oo, Yes — e
PYR? ._"%J STPRE
ROY? P 12-BIT
T . BYTE . .
A —==CENT.
MEMQRY
Y

* n =0, on lst 60-bit word, 5 on 2nd 60 bit word, etc.
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Exercise #1 - Code an instruction to transfer a block of words from

ANSWER

Cent., Memory to PP Memory.

Let d = LEN = 00-778

(LEN) = # of Words

i

Let m = FWA, first word address
Note: The (A - Register) is the starting address

in Cent. Memory.

L(SCATION [ OPERATION ADDRESS FIELD _
L ‘:ng(I,i“KQ'fL#:IK [T O T TV TN N TN TR A N O Y

TN T U B O

e

i

S
e

2jsjesjejrjeie K‘ {1 f12413 114 (15 (16]17]10]19(20|21|22{28)24(23)26(27{28)29[30}3} j32[33]34{35)387

AN
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CWD

CENTRAL WRITE TP A

(®)
11 5 0
MACHINE 62 d
F f
0
R
M
A LOCATION OPERATION ADDRESS FIELD
T P "
S ASPER '///|‘||I|LL| qunjdj_L._jthJnnlnnl_LlnjnlL
/:ln-n!-nnu-
Constant
Symbol
Symbol - Comstant
Symbol - Symbol
The above values must result
in an octal value in the range
of 00-77. The decimal equiva-
lents are 00-63.
Mnemonic Operation Code
D This instruction assembles five successive 12-bit words into a 60-bit word
E
5 and stores the word in central memory., The 18-bit CM address must be in the
C
R A-Register prior to the execution of the instruction. The first word to be
I
P read out of PP memory is contained in location d, This word appears as the
T
I leftmost 12-bits of the 60-bit word., The remaining 12-bit groups are taken
0
N from successive addresses in PP memory. RNI @ P+1,
REFERENCES :

CENTRAL BL@CK July 15, '65 51=0




CWD

FETCH
F ENTER " INSTR.
L
0
W
FETCH |
D ‘ WORD 2
1 () +1
A
G
R | WD3>PYR
A
M
A>CENT WORD SEL *% o™ @
‘MEMORY CEN% EM CENT. BUSY] P+1—>P
**% Central will be busy minimum 600-700 nsec.
6400/6600 MINIMUM 6 wusec
T
I
M
I 1 [ l, 7 Iood J ' !
N %“—1 USEC—k—1 USEC —k—1 USEC—3¢—1 USEC —e—1 U&Ec--aF-ii USEC—3
G ’ ] | ] J i 1 | i |

i
' 475 1

l ! 1 1 l
475 | | 475 ' 475 1 475 ) 1 475 1 i
“
> NSEC < lysec © Tinsec 't T wskc € Zinsec™© Timsec
| : i § i ) } 1 I i 1 I '
i i i i I I i i ] J [ I
. , o | | ' |
! |%ﬂ ! ki' 1 |E;l 1 g i |§J 1 )
— -1 ¥ | 1 — ] % 1 ldi I Id i
l lml ‘ l“ l |“l | ! ! .
: 1 | . i {
] - 1
I ; i | 1 i [
i 1 | i l | I
i RNI ! FETCH ! FETCH | FETCH ! FETCH , FETCH i
: L@ ] @ (@2 (@43 T @+
] . ]

* Each one of these cycles will loop if the next stage in the write pyramid

is also full, from another processor.

SL@T = 100 nsec
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CWD

Exercise #1 - Code an instruction to transfer 5 PP words to Cent.
Memory.

Let d = FWAWRITE = 754

48 - 59

NEPYRX > XE

(0075) —>2

36 - 47
(0076) —>2

24 - 35
(0077)—>2

(0100) — 212 = 23

0 - 11
(0101) —=> 2

Note: A contains the 18-bit Centp Memory Address

LOCATION || { OPERATION ADDRESS FIELD
ANSWER ,// L il Ll “VIDI I7I5IB| Y NN NN VOURS VO NN O N N N N N T OO O N N T |
Rjijagsjeirjsie g |4l|l2|13[l4|l51I8.|I7|IQ|I9|20|2I|22[23]24|25|2G|27|Zﬂ|29|30|3l}32[33]34‘35135J2‘

Exercise #2 - Code an instruction to transfer, from PP Mem, -a Cent. Mem
word to Cent. Mem.

Let d = PPWRITE = a value OO-778.

Note: See above note

LOCATION CPERATION ADDRESS FIELD :

,7/ | : 4.“"3 j
ANSWER ,4 U L:C'WI‘D- :P’e”[’,?t'zx-;TEx. RN
altlln‘Ll_L"l'lik'f-'ifl ||I}’.|I3HQJ‘I$]|5|l;i'n:"i@!?ﬂ\23},22|2?124]25 26 .z‘r 28129]30}3) sg 33]34/35(361"
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CwM
CENTRAL WRITE BL{CK
(®) (P+1)
11 5 011 0
MACHINE 63 d m
: 7
0
R
M N
% LOCATION OPERATION ADDRESS FIELD
7 i y ) ‘
5 ASPER 4 LWIALL”I’AdLnnnAJnlllnlnll-||L~
% iz gi3gie i g 10 119 110kE ! LPEAE3 |18 AESL28 {ETEEDIEO 130131 12811 -:.):
Separator
space or comma
Constant
Symbol "
Symbol - Constant
Symbol ~ Symbol
The value of d, must result
in an octal value in the
range of 00-77. The value
of m, must result in an
octal value in the range
of 212-1,
Mnemonic Operation Code
D This instruction assembles g,block of 60-bit words and writes them in central
E memory. The A-Register contains the beginning 18 bit CM address and must be
S loaded: prior to the execution of this instruction. Then the address in A is
C increased by one after each 60-bit word is assembled to provide the mnext Cm
R address. The (d)specify the number of 60-bit words to write. This count also
1 goes to the Q-Register where it is reduced by one as each Cm word is assembled
P The transfer is completed when Q=0. The Cm Address = (A) + (d)-1. The PP
T memory addresses =m + 5(d)-1, where m is the starting address in the PP. Dur-
1 ing execution of this instruction the original.contents of the P-Register are
0 are stored in PP location 0000 and the address of the first word to be fetched
N from PP memory, m, goes to the P-Register. P is updated for each new address.
The original contents of P are restored upon completion. RNI @ P+2,

REFERENCES :

CENTRAL MEM@RY July 15, '65 52-0




HorH

BREPmoO>HO

ODZ2Z2HREREHAS

NTER

O

FETCH FETCH = 0000
INSTRUCTION| 7| L¢C%d§ENGTH
iyt WRITE \\ (0000)->»P
m = ADDR | BLYCK
FIRST WORD
Page 52-2

N | /EXIT
<:§:>—%>P + 1—>P i—-><g§£;)

20

CWM

P = PRG CNT ——9(:::>

6400/ 6600

Min., 5-Plus 5/word ysec

| . | ; } i i
€1 USEC —&—1 USEC-—}‘—l USEC-—-9|<—-]. USEC—>,

' 1

1 I ! i I
475 1 y 475 1, 475 | L 475 4 |
'wsec © T nsec!S Th owseefT nsee £
; ! : I X i 1 : I
1 ! ' | ] i J ) !
i i i I I '
! l§| | = = -
- T ] T [ — i
ENC N i
| o 1 ] I
| ! | I !
i 1 | I 1
| ! ) L 1
I RNI | READ BL@CK 'P+1>0000 : m->P
i
| f ;
[] [} )

LENGTH

SLPT = 100 nsec

!
\

"5 CYGCLES/W@RD ! (0000)+1—

| FETCH CYCLES

f€—1 USEC—x
| ! I
ko
- |
! !
gl

7]

— e e e e e — . e

- mm oo ms s ama )
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o Hd

ROk HU

CwWM

9 e
No
WRITE FETCH WRITE PYRLS .
BL@C KD 1 &% WORDT>PYR
No
FETCH ~ pyr TS| D2 —>PYR
WpRDZ RDY?
. No
S—— ' s v BLPCK LCTH -
s e L)
() wwy < B> v |y
o
T PN
g FETCH PYR N Yes| Ly 1D>
l?
WPRD, RDY? Wi PYR o
1.
Yes
FETCH GEN No [ A= GENT WORD—>CENT| ("
—> BUSY? FF MEM. MEM 1E
WPRD5 18-BIT ADDR 60 BITS
A > A
@—9‘UPDATE ADDR|
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CwWM

Exercise #1 - Code an instruction to transfer a block of wowds from PP

ANSWER

memory to Central Memory.

Let d = LENGTH

(LENGTH) = # of words

Let m = FIRWORAD

Note: A contains the address of Cent. Mem. that is

to receive the first word.

LOCATION | | OPERATION  ADDRESS FIELD
L [ WM FIRWQRAD, LENGTH

U W R U W T O SO T G T Y W I

[ NNNANS

233 s)e Tl nofurapisagisyie iz i8i9]20]21]22]23]|24]125126]27|28(29]30|31 |32]33|34;35]36)°
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An
ACTIVE JUMP
(P) (P +1)
11 5 011l 0
MACHINE 64 d m
F
0]
R
M : -
% LOCATION OPERATION ADDRESS FIELD
7/ | . ) v
S ASPER 4]‘![[[][ ‘lelMﬂ'ldJ_lllllllllllLLlJll;l;
‘Az (3 e 81670y lll v |14 118 118 17118 119 [2OLR12R123]04 2a 27 : ] r
Separator
space or comma
Constant
Symbol "
Symbol - Constant
Symbol - Symbol
The value of d, must result
in an octal value in the
range of 00-13, The value
of m, mustliesult in the
range of 27 -1.
Mnemonic Operation Code
D
E
g Jump to m if channel d active. This instruction provides a conditional
g jump to a new program sequence beginning at address m if the channel
% specified by d is active. If the chanmel.is inactive, the current
§ program sequence continues.
g RNI @ P42

REFERENCES :

INPUT/@UTPUT July 15, 165 53-0




AIM

F
L
0
W
. FETCH
b ENTER FETCH JUMP ADDR | P+ 2—>P
T INSTRUCTI@N oy
R
A
M
6400/6600- 2 USEG
I i< ; 1 USEG 3¢ , 1 USEC >
” R I i i
i —¥ 475 NSEC § —> 475 NSEC <
N

RNT

t
i
|
1
!
I
i
f
!
!

SLAT

[N, S——

i

!

f |

i Sa)

| El

: READ JUMP ADDR
i

m

SL@T TIME = 109 NSEC




EP Rkt

Exercise #1 -

ANSWER

Exercise #2 -

ANSWER

CAIM

Code an instruction to test if a channel is active, and
if it is jump to a new sequence of instructions.
Let d = 00 (channel #) and m = NEWADDR

Note:  RNI @ P+2 if the condition is not met.

LOCATION OPERATION ADDRESS FIELD
)it | AYM NEWADDR, O

N Y W O O O | Tt TR O Y T T SO O Y Y O O |

é gpBjaqsjegryelsliciugiapisjiayisgis 171819 20(21}22123{24}25(26]27]28]29]30]31]32/33134{35]36""

Using the exercise above test channel 13 and loop (Wait)
until the channel becomes free.

Note: See above note.

LOCATION . OPERATION ADDRESS FiELD
7 R . 3
ézf T S O -quJM! ?ﬁ'143#z W A A
// 24 ut j8jsirjels |’:':> 11112113114 |15 16 |1713 (19 ]36{2:{22)23)24]258]26127]28/29]30|3) 132[:31:!13513a|1‘
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IJM

INACTIVE JUMP

11 5. 011 Q

MACHINE 65 d ‘m

LOCATION . ] OPERATION ADDRESS FIELD
4 A l Vil:%”lqﬁdkllgljhlillllll‘Jll_’lv'_'.

LwHPRIOH

ASPER 4 NI | llf

(A2 s s 18ie 709

Separator
space or comma

Constant

Symbol

Symbol - Comnstant

Symbol T Symbol
The.value of d, must result
in an octal value in the range
of 00-13.
The value of m, must result
in an octa{zvalue in the
range of 2 ".1l..

Mnemonic Operation Code

Jump to m if channel d inactive. This instruction provides a con-
ditional jump to a new program sequence beginning at address m if
the channel specified by d is inactive. If the channel is active,

the current program sequence continues.

ZO0OHHYWHRXO®MMED

RNI @ P+2

REFERENCES :

INPUT/@UTPUT July 15, 165 540




1M

READ JUMP ADDR

F
L
0
W
5 FETCH ! FETCH | _CHAN No
) iENTER NSTRUGTIQN §—>JUMPmADDR | INACE 21 P + 2—>P
A
a Yes \L
R — X
A EXIT
M m—3>P ®
6400/6600 2 USEC
g < 1 USEC 3% , 1 USEC >
1 i i !

s —> 475 NSEC ¥ —> 475 NSEC ;

1 }
N 1 l : :
s | ] i | 2| |

' * E |

i i «“ }

1 { 1

1 i

i
| o ’

SLPT TIME = 100 NSEC

m

54-1




nECY RPN

IJM

Exercise #1 - Test channel 1, and if it is inactive jump to a location

ANSWER

called ACTIVATE, otherwise RNI @ P+2,

TOPERATION __ ADDRESS FIELD
M ACTIVATE, |

T S Tl TN Y O T I Y

LOCATION

ANNN

Exercise #2 ~ Test channel 138, and if it is inactive jump to location

ANSWER

STATUS, otherwise RNI @ P+2,

LOCATION OPERATION ADDRESS FIELD

‘ - . .
Lyl .{ 4”{ ﬁi7p4zaqsﬂ'./§ﬂéz

R N Y R S O T Y A I I |

S

3|
LR FENI NN NN VY2 Y184 |18 18 |7 {18119 (20[21]22|38{24(28{26(27]28(25{30f31 |32{3334{38}30*

54-2




FIM
FULL JUMP
(P) (B+1)
1 5 01l 0
MACHINE 66 d m
F
0
R
A LOCATION OPERATION ADDRESS FIELD
T 7
S ASPER 7,
@ 3
Separator
space or comma
Constant
Symbol .
.| Symbol T Constant
Symbol ¥ Symbol
The value of d, must result
in an octal value in the
range of 00-13. The value
of m, must result in anl ctal
value in the range of 27 °-1.
Mnemonic Operation Code
D
E Jump to m if channel d is full. This instruction provides a condit-
S ional jump to a new program sequence beginning at address m if the
c channel specified by d is full. If the channel is empty, the current
R program sequence continues. A channel is full: 1) 1Input operatiomn
I and the input equipment sends a word to the chammel register and
P sets the full flag. The channel goes empty when the PP accepts the
T word and clears the full flag. 2) Output operation and the PP
I places a word in the channel register and sets the full flag. The
") channel is empty when the external equipment accepts the word and
N clears the full flag.
RNI @ P+2°

REFERENCES :

INPUT/@UTPUT

July 15, 165
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FIM

O = H R

5 FETCH IUMﬁETXgDR P + 2P
T ENTER 'INSTRUCTIQN m
L /////////
R
M
6400/ 6600 2 USEC

r.

<& 1 USEC > , 1 USEC &
i f i i 1
— 475 NSEC $ —> 475 NSEC £ ;
1 t )
i i ¢
1 P i
: B 1 E |
f [ I - i
i | 1 Bl ?
i !

; RNI i READ JUMP ADDR ;
H H

m

SL@T TIME = 100 NSEC
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FIM

Example #1 - Code an instruction to test a channel to see if an out-
put operation is completed. If not wait and otherwise

RNI @ P+2 and disconnect the channel (07).

LOCATION | OPERATION ADDRESS FIELD
7 [ '
ANSWER Eé O B ;;fﬁﬁﬁf ?E’Jﬂ N VR T O Y N N N N N OO O U O N O
@ lnnuunll.xr {"||21|s|u||5||s||1|te||9lzo|z||22|25|z4|25|2s‘zr|za|zspo|3||3z|a3|34|35|3g1'
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~ EJM
EMPTY JUMP
®) (P+1)
11 5 @ 11 0
MACHINE 67 d m
\ o
F 7
0
R L1
M 3 T _ %-
A LOCATION i OPERATIGN  ADDRESS FIELD
T v 1 v .
S ASPER //;l'lllilll EJMIJ’LJJ];l_L]Ixlllxllgxlx
/ZJ!.l.l'!‘l"l'l. LJLLIELIL ISR :
Separator
space or comma
Constant
Symbol
Symbol i'Constant
"""" Symbol # Symbol
The value of d, must result in
an octal value in the range of
00-13. The value of m, must
result }3 an octal value in the
range 2" 7-1,
Mnemonic Operation Code
D
E
5 Jump to m if channel d empty. This instruction provides a coanditional
c ,
R jump to a new program sequence beginning at address m if the channel
I
P specified by d is empty. If the channel is full, the current program
T
I sequence continues. (See page 55-0 for full and empty explanation.)
0
N RNI @ P+2
REFERENCES :

INPUT/PUTPUT July 15, 165 ‘ 56-0




EJM

F

L

0

W

| FETCH | FETCH

1; ENTER INSTRUCTI@N| ~ JUMP_ADDR

A

R

A

M

640076600 2 USEC

? < 1 USEC ¢ ; 1 USEC =
f i i i !

b_ﬁ —¥ 475 NSEC T 475 NSEG [ :
. 1

N ! 2 :

G ! | ; l
: = | l%il ]
f o } el :
| | & . || ‘
! i ¢
; RNI t  READ JUMP ADDR ;

7 i

SL@T TIME = 100 NSEC
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EJM

Exercise #1 - Code an instruction to test channel lO8 for the empty

ANSWER

condition., If it is empty jump to CHANSTAT, otherwise
RNI @ P+2,

LOCATION OPERATION ADDRESS FIELD
2 |EUM CHANSTAT, 108 .
% (8l 11210 10 0 10 0 0 08 4 55150 180181 s s

56=-2




IAN
INPUT TP A
(®)
11 S 0
MACHINE 70 d
F
0
R
M -
? LOCATION GPERATION ADDRESS FIELD
h v/ : .
5 ASPER §|‘|xl|||.':4«4dLLLJ|nLJAlLlnLLLlnnl___
fi
Constant
Symbol
Symbol - Constant
Symbol ~ Symbol
The above value must result in
an octal number in the range
00-14.% The decimal equivalents
are 00-12,
- Mnemonic Operation Code
D This instruction transfers a word from input channel d to the lower 12 bits
g of the A-Register. The upper 6-bits are zerb. Before this instruction is
g executed the channel must have been set activate, and the external equipment
; previously selected for this operation. RNI @ P+l
g *The real time clock is read by simply giving this instruction with channel
¢
N 148.

REFERENCES :
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IAN

F
L
0
W
D
T ~ No B )
A FETCH GHAR~_ Yesd ,l
G INSTRUCTIQN FULL? INPUT —>A P + 1—>»P |
R
A
i
T % -~
T 1 USEC ' 1 USEC -
i i '
s 475 NSEC € , :
N I
G i
i

SLGT

RNT

SL@T

¢
2]

DUMMY REFERENCE USED TO

3¢

i !
T 475 NSEC o

f

H

|

I

|

{

i

' DY INPUT T@ A

*The number of times it loops depends upon the speed of the external
equipment. However, for status responses, the select and following
activate bring the data word in the input register.

SLYT TIME = 100 NSEC
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IAN

Exercise #1 - Code an instruction to bring the status in from channel 13
on a piece of I/0 equipment that was properly selected
for that operation,prior to this instruction. The upper

6-bits of A will contain zeros.

LOCATION OPERATION __ ADDRESS FIELD
! \TAN 138 <

VA W O Y W O NN S TR VS YO SO RO VU U T N WO S N TN T A |

ANSWER

NNEANS

aysje s)s rafe o jizjigieis ey iaiie zeizjzaianizaies|2e(27(28)29)30|3) |32]33|34[38]38("

Exercise #2 -~ Code an instruction to make reading from the RTC (Real
Time GClock).,
NP previous instructions are required.

Note: RIC is on channel 148 and used for input only.

LOCATION OPERATION ADDRESS FIELD
Z o T ' '
ANSWER e; N T VT ’?lqu{I/rql?,ll I R N N N OO N T N O Y T T O |
% 213 e sje T ol 1 1811211314 }18116]117(10]19(20][21|22]28)24(28]26]27]28/29]30]31}32[33|34{35)38
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IAM
INPUT A BL@CK
(P) (P+1)
11 5 011 0
MACHINE | 71 d m
. \
F 7
0
R
M
A LOCATION GPERATION ADDRESS FIELD
T v |
S ASPER ’é | T T N A |
213161518170 ]®
Separator
space or comma
Constant
Symbol
Symbol T Comstant
Symbol Y Symbol
The value of d, must result
in an octal value in the
range of 00-13. The value
of m, must result in an
ocEal value in the range of
127°-
Mnemonic Operation Code
g Input (A) words from channel d to m. This instruction transfers
S a block of words from input channel d to PP memory, beginning at
o a location specified by m. The A-Register contains the block length
and is reduced by one as each word is read. The input operation
R is completed when A=0. The equipment selection and channel activate
i must have been done prior to this instruction. During this instruction
P the current contents of the P-Register are stored in PP location
T 0000. The P-Register is used as an address to store the data, and
1 is restored to its original contents upon completion of the oper-
g ation. RNI @ P+2.
REFERENCES :

INPUT/PUTPUT July 15, '65 28-0




NTER>>+ INSTRUCTIGN

1AM

FETCH | ./ P+1—> 0000 | ylp—>P s READ
[P=PRG CNT m=lst ADDR | |(DATA ADDR)
fo
~CHANY S| STPRE P+1-—>-P e
- A_
W>9 paTa || UPDATE DATA

BLPCK
INPUT

6400/ 6600

Ao a 14
i ONE? WD CNT
Yes

A-1—>A v lgggg,?_,)—)P
SET A=0 PRG CNT
P+ 1—>P

&

MINIMUM 4 PLUS 1/WORD usec

H
K—1 USEC—>¢—1 USEC—3¢—1 USEC—3 * —L USEC—
i i i i 1
1 | | } I ]
475 | 475 | b 475 Fa75 0
9‘ | |
INSEG & WSEC I~ wmsEc & 2 nsec €
1 :
{ i i l 1 '
: ' : 1 | : : | !
H 1 [} {
L el el el L=
=3 + = ) = t
I e ~ | e i =
R 3 P
1 i i { f l
) | ] | { !
i | ! i i i
] I } ] ! H
]
X RNI | STPRE P :READ FIRST : 1 CYCLE/WgRD ' RESET P !
: " . WPRD | STPRE & : ,
' \ ; ADDR | TEST CYCLES

of the input/output equipment.

SLPT = 100 nsec

% The number of cycles depend upon the number of words, plus the speed
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IAM

Exercise #1 - Assume the external equipment has been properly selected

ANSWER

and the channel is ready. Code an instruction to input
a block of words from Channel O, to starting address
DISC (this would be m) the A-Register would contain the
number of words to be transferred. All transfers will

be 12-Bits.

LOCATION | | OPERATION  ADDRESS FIELD

v gy
L {1 L fﬂquA(ll%;!aqfﬁa N T VO S O WO I O

3]
3%

. ke
253510 (8]6 7 80 ket 1213 1415161741819 ]20[21]22{23124]28)26]27{20(29[30]31]32(33|34|38)36*

AN
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PAN

@UTPUT FROM A

(P)
11 5 0
MACHINE 7% d
F
0
R
M J :
% LOCATION OPERATION ADDRESS FIELD
S ASPER lellllll LAﬂéLdjllll‘lllllllllllllljl_
Z
Coﬁstant
Symbol

Symbol f'Constant

Symbol i'Symbol
The above value of d must result
in an octal value in the range
of 00-13. The decimal equivalents
are 00-11.

L Mnemonic Operation Code

Output (A) on channel d. This instruction transfers a word from
the lower 12 bits of the A-Register to output channel d. The ex-
ternal equipment and channel activate must have been previously set

up.

ZOoOHHAHWHEOWMAED

REFERENCES :

P PUT 59-0
INPUT/PUT July 15, 165




PAN
F
L
0
W
' _ No
D ™~
7 - —
FETCH
A ENTER o SHAN S Yes A gyt P+ 1—>P
a INSTRUCTIQN W/ TP CHAN. |
R
A
M 8
| EXIT
RNI//
6400/6600 2 USEC
T < 07, * fal >
e < : 1 USEC 3¢ , 1 USEC 3
: ! i i !
1 —* 475 NSEC - T 475 NSEC (T ;
i
N f ! :
¢ ' g | | = f
! = [ | = H
: ?l T l e :
x ‘ g i e i
¢ i i
| RNI ' DUMMY REFERENCE USED :
! i ™
@UTPUT (A) ¢N CHANNEL
- *The number of times it loops depends upon the speed of the equip-
ment it is communicating with.
SL$T TIME = 100 NSEC
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PAN

Exercise #1 - Code an instruction to output the lower 12-bits of the
A~Register to a previously selected piece of equipment

output to channel 12g.

LOCATION | OPERATION  ADDRESS FIELD
T Tpan 25 |

111!111, 1
' L

2B e sje ey il

ANSWER

WY T NS VOO WU VY SN WY UNUR DUV AN W WO Y N R N O |

RN

NN 13106 [0 (16117 )10 18 (20]21] 22|23 Ra[20] RO [27) 8 29{30) 31 |32]33[3a[35[38

59-2




PUTPUT A BL¢CK J
() (p+1)
11 ) 011 . Q
MACHINE 73 d m
: 7
0
R
M \ .
A LOCATION PERATION ADDRESS FIELD
T > g "
S ASPER %llltll\ Lm'ndllll»llLlllllllJllﬂ’_L_y
/ ’ | :
2139 jslejrjejs.

Separator
space or comma

Constant

Symbol

Symbol T Constant

Symbol f'Symbol

The value of d, must result

in an octal value in the range

of 00-13, The value of m, must

result in an OEEal value in

the range of 27°-1.

Mnemonic Operation Code

Output (A) words from m on channel d. This instruction transfers a
block of words on output channel d from PP memory, beginning at the
location specified by m. The contents of the A-Register specify

the number of words to be sent and are reduced by one as each word

is sent. The operation is completed when A = 0. The equipment
selection and channel activate must have been done prior to this
instruction. During this instruction the current contents of the
P-Register are stored in location 0000. The P-Register is used as

an address to store the data, and is restored to its original contents
upon completion of the operation. RNI @ P+2.

Z2O0HRAHMHEOWNEO

REFERENCES :
INPUT/PUTPUT

July 15, '65 60-0




PAM

* The number of cycles depend upon the number of words,
plus the speed of the input/output equipment.

SLPT = 100 nsec

FETGH P+1—30000| | m—>P READ o
ENTE " INSTRUCTI @[ 7] P=PRG CNT [ m = Ist DATA INACT
ADDR _ 3
Yes
No | A-1—>a
P+ 1—>P =
$UTPUT ‘)} UPDATE DPNE WD CNT
DATA DATA ADDR P
Yes
' (0000 )P
Acl-—>A > RESET
SET A=0 PRG CNT
P+1->P
EXIT
RNI
6400/ 6600 MINIMUM & PLUS 1/WORD  usec
l¢—1 USEC—>4—1 USEC —>k— 1 USEC—> * le—1 USEC—>
i ] 1 i 1 i i
b 750 ) W5 475 e | =475 e
 NSEC | | NSEC ! | NSEC | : | NSEG ! ,
e o
BLHCK ; ‘ ' : ' : ; ' !
] )
PUTPUT l |H| , IHI | iHI ! | ]H P
. ; = i S ¥ ey
G G
| 193] | %] w0 f “n
1 I 1 ] ‘ I
1 ] i ! I !
t | i I i !
| 1 { [ 1 !
: | 1 ! 1 i
1 RNI | STPRE P+l ! READ FIRST, 1 CYCLE/WORD ! RESET P |
: . ; WGRD , FETCH & | !
ADDR  TEST CYCLES
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Exercise #1 - Code an instruction to output a block of information to

ANSWER

a previously selected piece of equipment. The equipment

is on Channel 3, the first word address in memory is

the block.

called PUNCH, and the A-Register contains the length of

All word transfers will be 1l2-bits.

LOCATION

%OPERATION ADDRESS FIELD

7 ! rz; ) N . n

é L lil .),jyz4ﬂfnﬁyﬂycyi'§l. L1 il lLl‘l] SRR

A s isiaisiopryeielfidupepnimeyn uenrie o soisienissizeznise arizisaizoiat 3tias aus3s ¢ :
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ACN
ACTIVATE CHANNEL
(®)
11 5 0
MACHINE 74 d
F
0
R
M , . o
% LOCATION OPERATION  ADDRESS FIELD .
7 o . v
S ASPER Z AC:MLdJIlllllll'lllllllllllL“
é § 12§13 108 18 (18]} .l‘ ‘l 3l2a e12? L] 3
Constant
Symbol
Symbol s Constant
Symbol - Symbol
The above value of d, must
result in an octal value in the
range of 00-13., The decimal
equivalents are 00-11.
Mnemonic Operation Code
D This instruction activates the channel specified by d. This instruction
g must precede a 70-73 instruction. Activating a channel alerts and prepares
g the I/0 equipment for the exchange of data.
; Note: Trying to activate a channel that is already active would hang up
% that one PP, until a monitor, (or some other PP) would deactivate it.
O | mrvIe et
N
REFERENCES :

INPUT/QUTPUT July 15, 165 61-0



ACN

L

0

W

D No

I

A FETCH Yes

;  INSTRUCTI@N. INX%JTIVE 2 CHANNEL K

A

M
XIT
RNI

6400/6600 2 USEC
T 1 USEC St —— 1 USEC >
! i i

s 475 NSEC ¥ — 475 NSEC [

N

G

|

RNI

SLAT

[

i
!
i
H
{
]
I
{
'
i

SL@T

|
@]
DUMMY REFERENCE
ACTIVATE CHANNEL

*Instruction will loop indefinitely if the channel is already

active.

SLPT TIME = 100 NSEC

61~
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ACN

Exercise #1 - Code an instruction to activate channel O.

ANSWER

Note: If the channel is already active the processor

executing this instruction will loop indefinitely.

LOCATION OPERATION ADDRESS FIELD

dacn 0

&3 il T S N Y YT AU T TN Y U W O OO0 T A O Ll

AN

Gifte 11241314115 |16)17§18 19 j20]21]22)23]24|28}2627(26]|29 303! [32]33]34]35)38)"

Exercise 2 - Code an instruction to activate Channel 138.

ANSWER

Note: See above note

LOCATION | | OPERATION ADDRESS FIELD
éjl B .é |CV¥ r/ﬁzé?. T T T A B B
.A!ll§tlilllfl¢ R »‘;ﬁ 11§12 |93 |14 118 116117118 |19 [20]21]122(28]24{28]26]27j20]29]30]31]32[33|34)33]38}"
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DCN
DISCPNNECT CHANNEL
®)
11 5 0
MACHINE 75 d
; 4
0
R
M .
% LOCATION § OPERATION ADDRESS FIELD
? | \
s ASPER 4l-ll|ll|1C:N|LdJ|||1|1J1LL411L114111
éuunullnlllm
Constant
Symbol
Symbol - Gonstant
Symbol - Symbol
The above value of d, must result
in an octal value in the range of
00-13. The decimal equivalents
are 00-11,
‘t————Mnemonic Operation Code
D
g This instruction deactivates the channel specified by d. This stops
g the I/0 equipment and the buffer terminates.
; Note: Trying to deactivate a channel that is already .deactive would
T hang up that one PP, until a monitor, (or some other PP) would
- activate it.
0
N RNI @ P+1

REFERENCES :
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DCN

DISC@NNECT CHANNEL

*Instruction will loop indefinitely if the channel is already
deactive. ‘

SL@T TIME = 100 NSEC

F
L
0
W
D
I \\\\\\\\>——9
A FETCH
3 ENTER . : | DISCANNECT
c e INSTRUCTI@N CHANNEL 7| P+ 1I>F
A
M
6400/6600 2 USEC
: < 1 USEC e —— 1 USEC >
i t i !
E[I * 475 NSEC ¥ —> 475 NSEC < ;
. ' i
N | : :
G | ‘ i
: ‘ =2 | I §| ;
| B 1l :
! ! i
i i
; RNI ! DUMMY REFERENCE :
i i
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Exercise #1 - Code an instruction to deactivate (or disconnect)

ANSWER

Channel O.

Note:

will loop indefinitely.

DCN

If the channel is already inactive the processor

OPERATION ADDRESS FIELD

LOCATION
% ‘ FlDCN 0
f FVTURT N U WS O o TN OO 0 Y U A O DY T
é gkl er 1213 qia 18 1egizgi8 e [20[21{22|28]2428{2¢27]2820]30]3) 132333413836

Exercise #2 - Code an instruction to deactivate channel 13 .

ANSWER

Note: See above note.
LOCATION | | OPERATION ADDRESS FIELD
? | i oA "
Z. U O 13“Yzch¥ n/ﬁit? NN RN N T T T T Y O O T
éznu]i!onnnn||z|t_3||4)05|os||1||s|49|zo]zv|azlas|=4|zs|es[erlzs|29|3o|3||:z'|53|34|35|3s|'
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FAN
FUNCTIPN CPDE (A)
®)
11 5 0
MACHINE 76 d
J
F
0
R
M ,
"? LOCATION . | OPERATION ADDRESS FIELD
% i . >
S ASPER "41‘[]].][[ ﬁAlNlldllLlLJljlIllllll_llll__L
A2 (310 8]8tTjoly
Constant
Symbol
Symbol =~ Constant
Symbol - Symbol
The above value of d, must result
in an octal value in the range of
00-13., ‘The decimal equivalents
are 00-11,
Mnemonic Operation Code
D Function (A) on channel d. This instruction sends out on channel d the
g external function code, previously placed in the lower 12-bits of the A-
¢ Regist
R egister.
% Note: Trying to function a channel that’'is in the active state would hang
% that one PP indefinitely, until a monitor, or some other PP de-
g activated that channel.
RNI @ P+l
REFERENCES :

INPUT/PUTPUT July 15, 165 63-0



FAN
F
L
0
v | No
*
D - .
T ENTER FETCH Gran~_ Yes| (A) - Out
g STRUCTIQN P INAGTIVE 'to Chan %P+ 1—>P
»é ///// = 9 f\\\\§‘ Function Code
s ~ & Signal -
R
A N
M ‘EXIT
RNT
%* The chan is also set active and remains active until
the external equipment responds with an inactive; therefore, the PP
could continue reading instructions, but the chan remains active until
the equipment responds.
6400/6600 2 USEGC
- *%
; ‘r< [ 1 USEC ¢ , 1 USEC >
) H i i ]
: —> 475 NSEC € —> 475 NSEC [ ‘;
t i
p | | |
G ! I 3 l i
z = | Fs'{l !
f é] I AI ;
: i | ! “ i
i t
' RNI ; DUMMY REFERENCE USED T§ ;
! i SEND §UT THE (A) .
*%The instruction will loop indefinitely if the channel is already
‘active.
SL@T TIME = 100 NSEC

63-1
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FAN

Exercise #1 - Code an instruction that will send as a function code

ANSWER

the lower 12-bits of the A-Register, d specifies the

channel number (01).

Note: The channel must be inactive prior to a function
code instruction or the processor will looep

indefinitely.

LOCATION | OPERATION _ ADDRESS FIELD

|

|

T T

TFAn L,

N U SO IS TN S T TN W VO U N T WA R N N Y

e
A,

AN

2 j31s 13 |l 17 18 iy E?é 1" I'!I!!llﬂl'l Illll'll.|l'|lﬂ|!l|!l|!ll!¢|!5|!ll!?lll'!’llolll|31|!3|31|!SI)0
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FNC
""" FUNCTI¢N CPDE m
(® (P =1)
11 5 0 11 0
MACHINE 77 d m
F
0
R
M i g _
A LOCATION OPERATIGON ADDRESS FIELD
T v :
{
8 ASPER /;/1"|||||5F:Nlc;m'LJJlllJllllllLlllLJL
//Zl!lﬂllll|7|I[': —‘I ',!,.1,, ll1ll 1811 .'l__o.vlli‘!ll !l_‘ll L ”—‘|
l——— Separator
space or comma
Constant
Symbol
Symbol - Constant
— Symbol - Symbol
] The value of d, must result
in an octal value in the
range of 00~13.
The value of m, must result
in an octa}zvalue in the
range of 2 ~1.
Mnemonic Operation Code
D
E Function m on Channel d. This instruction sends out on channel d
5
c the external function code specified by m.
R
I Note: Trying to function on a channel that is already active would
P hang up that one PP indefinitely until a monitor, or some
T other PP deactivated the channel.
I
0 RNI @ P+2
N
REFERENGES :
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FNC

SL¢T

RNI

SL@T

|
!

SEND @UT FUNCTION C@DE

|
|

J’ Alr
SRR VLR SR . PR

*%The instruction will loop indefinitely if the channel is

already active.

SLPT TIME = 100 NSEC

s - o e e v wm aw e o = N

F
L
0 ~ %
W
FETCH i FETCH m—>0ut to -
ENTER FUNCTION
D ? INSTRUCTIQ@N CODE Chan
m .
Function Code
I & Signal .
A
’ i . v
- * . . . . ;
M The'chan is also set a?tlve and remalns.actlve L P+ 2P
until the external equipment responds with an ;
inactive., Therefore, the PP could continue :
reading instructions, but the chan remains active
until the equipment responds.
6400/6600 2 USEC
sk
g 1 USEC & , 1 USEC >
! i
“Id 475 NSEC & 475 NSEC (<
N
G




EgR >

FNC

Exercise #1 -~ Code an instruction that sends out to a piece of external

ANSWER

equipment the select code (m) on channel 6.
Note: See note on page 63-2,

0704 = m = 405 - card reader status request.

LOCATION | OPERATION ADDRESS FIELD
L LIFNG 07048,6

| S N W YU TR VR D VS N U W T |

INNANN

s IIll!ll!llll’lﬂllll"'l.Il’|10'!!|I!|l!|l¢|23|!lll?'lll!"lol)l|l!|!!|l¢|!9|l.'
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CONTROL DATA INSTITUTES

Arlington, Virginia 22204
3717 Columbia Pike

Atlanta, Georgia 30327
500 Interstate North

Dallas, Texas 75235
Suite 224 Garden Mall
Frito-Lay Building

Frankfurt, Germany
Bockenheimer Landstrasse 10
6 Frankfurt/Main

Los Angeles, California 90045
5630 Arbor Vitae Street

Miami, Florida 33131
174 East Flaglar

Minneapolis, Minnesota 55408
3255 Hennepin Avenue South

Rockville, Maryland 20952
11428 Rockville Pike

St. Louis, Missouri 63108
Des Peres Hall
3694 W Pine Street

Southfield, Michigan 48075
23775 Northwestern Highway

Waltham, Massachusetts 02154
60 Hickory Drive

New York, New York 10011
Control Data Computer Training School
66 West 12 Street

San Francisco, California 94102
760 Market Street, Suite 600

Qakland, California 94612
508 16th Street

Chicago, Illinois 60603
37 South Wabash

CONTROL DATA

60183300

cam



