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binary digits 1 im the positions corresponding-to terms which are present in an
expansion and by binsry digits O in positions corresponding to tems which are
absent, For example, the expansion ¥ ¥  + X + P xX* would be
represented by 1's in the positions 1, 23, and 15 and by zeros elsewhere.

In a set of memory locations containing an expamsion the digit
positions 2 “22 through 22° of the first memory.location hold the first
27 terms of the expansion (i.e. terms O through 26), while the next memory
location holds the next 27 terms in corresponding positions, and so on. Hence we
ses that if 7 input variables are used, our expansions will be represented by
37 = 2187. binary digits and each logical register will occupy 3% = 81 memory
locations,

In an expansion of the type discussed here one may regard the operations
between terms to be either 9_:'_ or exclusive g_:;. Simplification procedurss of
(for exmmple) the type x® ¥ x* v X® ¥ X2 = ® x* and X* P 2
P x = 3® 2 x* may then be carries out by a short set of interpretive
orders. Other simplification processes, suchas xX®* ¥* v ¥ v X ¥ =
X x* v ¥ x* are then carried out by other sets of interpretive orders.

DESCRIPTION OF INTERPRETIVE ORDERS

Let F be the expansion in the logical accumulator. Eight types of
algebraic operations may be carried out by interpretive orders,

OL ma  Replacs F by F(n), o
1L »  Replace F by 7). -(F(n) is the expansion having terms in
Just those positions where F(n) has no terms)
2L = Replace Fby F x F(n). (F x F(n) 4is the expansion
having terms where both F and F(n) have terms)
3L n  Replace F by F x F(n)..
n  Replace Fbty F v F(n). (F v F(n) 4is the expansion
- having terms where F and/or F(n) have terms)
» Replace F by F v m ‘ ;
6L n  Replace Fby F + F(n). (F + F(n) is the expansion
having terms where either F or F(n) but not both, has
, a tem), :
7. n  Replace Fby F + IF&_).
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Nine types of shift operations may be carried out by means of
interpretive orders. These orders are combined with the type of algebraic operation
defined by A. These orders are.of the form .AB n where A may be 0,1,...,7 and

B isofthcfomhﬂl + M, with Oé!{l,ﬁz L 3.

When H2 = 0 we extract from F(n) all terms containing xi as a
factor. The selection of 1 4s described under the SO, LO orders.

When H2 = ] we extract from F(n) all terms containing 'x'i as
a factor.

When M, = 2 we extract from F(n) all tems not containing x
or ;i as a factor. - _

When “1 = 0 :e shift the extracted terms to the positions of the
corresponding terms having x~ as a factor and then perform the algebraic operation
defined by A. | |

When Hl =1 we shift to the ;:i positions before performing A,

When Hl = 2 we shift to the positions corresponding to either xi
or X before performing A. '

Hence we see that the order 49 n would take those termms of the form
;i a from F(n), shift them so they become terms of the type a and place them in
the accumulator without cleaAring‘Fo

Seven "red tape" orders _are provided.

80 n  Replace F(n) by F
90 n Lgﬁv.e-: the interprestive routine. and obey the machine order
(o n). the right, (left) side on n. o

KO n Transfer control to the ‘interpretivc order on the right,.

(Fo n) (1aft) side of m if the logical accumulator is not empty.

Otherwise ignore the. order.

SO n Transfer control to the interpretive order on the right
(left) side of n, This order is obeyed vcyclically p=1
times {(where p is the number of input variablos) and dis-
obeyed on the pth time the order is inspected. After

such an order has been inspected the input variable index

i for shift orders will be stepped by one when the next
shift order is inspected and before it is obeyed, When an
S0 or 10 order is disobeyed the input variable index i

is cleared to zero as at the beginning of the program and
the next shift order will step it to one before it is
obeyed. The SO or LO order may be used in this way to carry
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out the same simplification process for each of the p variables in twrn or,
alternatively, it may be used to do the same operation p times,

One caution applies to the use of shift orders, It is not possible
to perform a shift on the accumulator itself if M2 {M,. For example, one could
construct the canonical expansion of F without using any of thes outside memory
by the series of orders

r 62 sh
66 sh
r+l| 6K Sk
I rL

but one could not construct the corresponding net expansion by

r 61 sh
69 sl
65 sh
0 T

because one cannot perform the operitidn 69 with the accumulator upon itself,

USE OF THE PARAMETER Q¢

The 15th word in the subroutine (designated by 1L4S5) is left empty
80 that the parameter Q may be inserted if desired. When Q x 2739 g inserted,
then the ith ternary digit in Q is added; modulo 3, to ¥, whe;iever a shift order
is obeyed. (i is the index of the variable being altered in the shift), In this

way it is possible to alter the effect of the shift orders for different variables. o

A primary use for this parameter is to pemit the formation of different normal
expansions, or to isolate specific terms in a givenexpansion.

APPENDED SUEROUTINES:

The following appended subroutines will be designatwed by the orders
which cause them to be entered,

JO 179s5 This subroutine causes the expansion in the logical accumulator to
be printed without damage to the ‘expansion. Terms like x°® ¥ x*
would be prinmted as @2 1 2.1 if .S inpwt variables were used.
After each term a space in printed; and after each 8 terms the
carriage is returned.. The expansion is teminated by the letter N,
Before each print; two carriage returns are always provided. To
avoid these use JO 180S5,
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JO 15585 This subroutine causes an expansion to be read into the logical
accumulator in the form of a truth.table. If p variables are
used, one must read im 2p-2 .sexadecimal characters, the binary
digits of which correspond to the truth values of the function.

If p 3 one must provide 2 sexadecimal characters. |
Jo 211585 This subroutine reads an expansion into the logical accumulator

when it is in the form written by JO 179S5. That is, the in-

dividual terms must be typed in the ternary representation and

the expansion terminated by the symbol N.

To reentser the cods after having left it by means of a 350 or J@ order
one can go to the right hand order of 123 S5. When this is done the inteiprctive
orders following the 90 or JO orders will be selected and obeyed in turm. To end
the routine one can go to an OF order by means of 90 102S5.

EXAMPIE OF THE USE OF THE SUBROUTINE

A simple code which carries out the Hafvard minimizing chart method
serves as an example of the use of the interpretive orders. ’ '

o|  go1ssss
80 &0QF

These orders read an expansion into the accumulator and store it at 600,
1l 3L Sh
30 700F

3LSh clears the accunulator since none of the temms in the expansion F agree with
F. 80 700F then clears 70Q.

2 48 60oF
29 600F

This pair of orders carries out the transformation xi a v X a = a,
The first time they are obeyed i = 1.,

3 L2 sh
L6 s

These orders carry out a — a v xi a v X e

b LL 700F
S0 1L
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These orders cause the quantity in the accumulator to be "or"ed into TOOF and
the process to be repeated for each index i. After completion of this process
we will have all possible terms if p-1l factors which can be generated from the
expansion of 600. In addition to these terms, we have in the accumulator all

terms which were used to generate them.

5 ’_ 6L 600F
SO L

l

6L 600F followed by 80 600F causes the new terms having p - 1 factors to be _
inserted in 600F and the unneeded terms eliminated. SO L causes the process to be
repeated p times 50 that terms having the fewest.possible factors will be

generated.

6 \ JO 17955
| 90 10285

|

JO 17985 causes the resulting simplified expansion to be printed and 90 10285

stops the machine.

RT: 3/17/60
DATE December 15, 1953
PROGRAMMED BY D. E. Muller
APPROVED BY J. P. Nash

ns
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LOCATION CRDER NOTES PAGE 1 gl
00K(Q1)
26 1000N
0 00 59F i
Ik 8L . Enter
1l 10 9L
ko 2L n
2 50 F - Select order
S5 20F |
3 L6 241, Store address
36 26L Go to algebra
L 00 1F ]
L F = Right or left
5 50 F 5
01 22F
6 4 89L .- Choose instruction
k6 TL |
T 26 F
00 19L ¥
8 00 1F
S5 20F ~ Constants of entry
9 58 F
S5 F
10 55 1F
S5 F n
11 00 F
00 1F 1
12 00 F
00 3F 3
13 00 F
00 27F 27
14 00 F
00 F Q
15 00 F
00 F q
16 00 F
00 F C
17 00 F
: 00 F 3k-1




TYPE:

NUMBER OF WORDS :
TEMPORARY STORAGE:
PARAMETERS 3

DESCRIPTION:

UNIVERSITY OF ILLINOIS

DIGITAL COMPUTER
. AUXTLIARY
LIBRARY ROUTINE Q 1 - 81

Logical Algebra Subroutine (SADOI Only)

Interpretive routine with 87 orders and 3 appended sub-

routines, It is entered as a closed routine and left by

a 90 or JO order.

230

0,1, 2,3, &4

(1) p, the number of independent varisbles, may either
be inserted in address S3 before reading the program
or read in later by using a subroutine,

(2) Location of the first word of the logical accumulator
is addressed as Skh.

(3) For convenience the routine itself maey be addressed
as S5, A

This routine is intended to aid in the design of switching

circuits. It permits the manipulation of expansions in

Boolean algebra by means of intepretive "orders" which it

carries out, one order at a time, In this way, systematic

simplification procedures, such as the Harvard minimizing

chart procedure, and the simplified polynomial procedure

which 1is used here,vmay be prepared as programs for the

machine,

Polynomial expansions are handled by the subroutine
in which the terms in an expansion represent products of
certain input variasbles and their complements. If the
presence of a certain input variable is assigned the design-

- ation O, the presence of its complement the designation 1,

and the abisence of the variable the designation 2, we see
that a term in an expansion such as x° X3 x, would
correspond to the set of numbers 0212 0, 1if we are
dealing with five input variables. '

Such a set of numbers corresponds to a number in the
ternary number system which may be used to uniquely define
> 73

the term x” x xl. A polynomiel expansion, consisting of

a series of such terms is represented in the machine by
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LOCATTON CRDER NOTES QL
18 LL LO9SF p~1
LL 409553
19 LO Sk
22 641 Store in accumulator
20 00 1L6F
L9 SBLF lat gate
21 00 224F
70 B9LF - 2nd gate
22 00 255F
80 F 3rd gate
23 00 127F
LL LO9SF Complementor
24 50 F
S5 20F Transfer word
25 ¢ F
2 F Selector word
26 50 11L
10 37F Select type
27 Lk 7L of algebrs
L2 3L
28 01 1F } Construct complement test
LOF
29 L1 L5L Go to direct algebra
Sk TLL
30 32 83L .
oL 2F ]_ Store M in 1F
31 LO 1F i
oL 2r I
32 10 12L . Store H2 -3
Lo 2F .
33 09 1F | Has c been stepped?
LL 16L
3l 36 52L L
Ly 11L i Step ¢
35 40 16L i
IS 12L 0
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LOCATION ORDER NOTES Q1
36 10 16L L Is c> 37
32 oL I
37 15 29L |- Transfer back to shift
42 SiL i
38 1S 16L e
L2 L6L -
39 Ly 7L
00 20F
40 46 1011 Store gate address
LS 14L Transfer Q
4l 26 L6L
15 S9L (1 Transfer to select
2 k2 SLL |
L5 16L ]
13 10 12L | kmc -3
k2 L6L J
iy 51 14T ,
.00 IF _ Transfer Q/27
LS 66 13L
01 38F
L6 Lo 15L |
19 F B
L7 50 31L
k2 178 T/
L8 00 1F
Lj 17L |
L9 32 L7L N
51 15L
50 00 1F o
66 171 . q in 15L -
51 10 1F
26 227L _
52 15 15L T
L, 2F
53 . 36 54T - M, + q (mod 3) in 2F
L 121 :
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LOCATION ORDER NOTES &1

Sk 40 2F
| 26 F 4 Go to shift or select
55 55 156L L

26 1F ) Direct
56 L6 99L B

26 99L || and
57 L6 62L | or

22 61L |
58 146 59L ]

L6 60L I
59 s F

SL-85L
€0 Jo F

S0 92L
61 22 63L R

k6 63L
62 s F° _ or

sl 98L
63 Jo F

S0-100L 4
6l 26 1F B

LS 2F || Step selector
65 L 4L

L6 2F .
66 15 1IF - ]

Ll S1L | Step accumulator
67 L6 1F |

10 91L
68 00 SF

10 63F Delay
69 32 123L End of order

26 2F Go to select
70 Il F N

36 73L Complement test
71 LS 23L

SQ 551 _Complement,
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LOCATION OFDER NOTES al
72 LO 3F
51 3F 8
73 15 IF o
26 F LI Go to algebra
7h L5 63L 1
L2 25L || Retum to shift
75 51 17L i |
| 75 1F |
76 15 1L L ow ox e
sl 12F
77 L2 101L |
€1 17L -
8 75 2F o, x 3
13 11L
79 SLiF
L2 100L K
ée 15 2)L i Plant select
L6 25L -
81 L5 25L
10 2F | |
g2 15 151 L Plant store
1o 1F H
83 26 or Select
15 621 ]_ Direct algsbra
8L L2 25L
26 80L
85 1% 60L
b2 25L
86 51 178 A
75 1F R Gl '
87 81 156L
Lo LF =
88 50 17L N
T 2F BECRE A e
89 8l 103L ’
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LOCATI ON ORDER NOTES
90 Ly 24L
22 80L |
91 ss F
Ll 24L Waste
92 22 80L |
L1 3F
93 LS WF i
32 9t Did we want selection?
oL 50 3F
Ii 11L
95 4o IF
10 178
96 36 97L Have we stepped too far?
22 981 i |
97 10 171
0 17L - Return
98 LO 4P =
26 701
99 Jjo F ]
| 85 Sy | [ and
100 26 1F
oo F T shits B
101 Jo ¥ -
nF L
102 26 70L i
F F
103 L5 18L
10 121 Interlude
10k 36 105L | |
11 11L | forma
105 Ll 30L
k2 106L P73 . gy -1
106 ar ifp 3
19 F
107 S0 31L and 8
730 S —othervise
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LOC AT ON ORDER ROES Q1
108 00 1F
Iy F
109 32 107L
ISP
110 00 20F
LL 191
111 10 9L
16 91t
112 15 113L
' ~ 22 1014 F
113 00 F
26 103L i
26 1N
103 15 1311 i
22 125L | Store
104 1S zit ] B
_ 26 1L5L '_' Escape
105 LS 1L4L ] Transfer control
26 136L B
. 106 10 20F :L
01 4F | | Transfer p~1 times
1107 10 18L - ]
32 1171 ‘j Test for disobey
108 15 2L N
L6 1121 _ locate order
109 10 20F - |
L2 112L a
110 32 111L |
19 26F Right -
11 26 1121 S
19 6F or left
112 L b SRR
ko F ~ Step order
113 15 14L S
0o 1r ‘]' Restore ¢
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LOCATI ON ORDER NCTES Q1
114 10 1F
_ 10 15L
115 1> 2LL
40 2L Go out
116 S5 1811
32 123L
117 26 21
i1 1i8L Disobey and clear ¢
118 50 18L '
15 2L
119 546 122L
16 123L
120 26 121L left
22 121L or right
121 00 20F
00 1JF i
122 s b
SO F ~ Restore order
123 e F K |
15 2L i
124 36 1 | Go out
Li 10L
125 22 iL u
40 IF Plant Si
226 5 241 ]
L6 135L _ Plant address
127 15 135L
Lo :F &
128 26 iF
LS °F ]
129 LL 4L | Step address
ub 2F i
130 IS iF
L SiL
131 L6 1F

I0. G611
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LOCATI ON ORDER " NOTES QR1
132 " 00 9F
10 63F Delay end
133 32 123L
26 1F |
13k LS sh
| 26 2F - Parameters
135 o F
A 22 128L "
136 4O F
L1 1F
137 26 F
L, 1F Add temms
138 4o 1F N
' IS F . Step SL
139 © Ll kL |
6 F
110 e Y1L
| 0o SF (
141 10 63F Delay
32 1L | end
12 26F |
15 IF
143 3z 123L
' 26 115L Transfer control
Ly L1 Sk (| parameter )
22 137 I
WS 46 1T | B
. 10 20F A
146 L2 1Lh7L ~ escapé
SSF | "
1 32 F
| 26 F |
148 15 15LL
KO F |
19 26 F Clear accumulator

15 F
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QL

)
)
DN
o)
3

|LOC ATION ORDER
150 L LL
"W F
151 10 911
' 00 SF
152 10 63F ‘l. Delay
00 63F =
153 32 F Go out
26 F L :
154 L1 sk }
22 149L B Parameter
155 LS S5L ¥
L6 153L _" Prepare to read
156 26 1L8L | |
L1 F
157 L 99L R
L2 1691
158 00 20F —
16 169L Prepare store
159 10 91L
oC SF
160 32 123L
L1 F
161 nl 2F A
81 8F
162 C0 32F o Read in digits
Lo 3F L ‘
163 36 1701 i
IJF
16l - i0 3F Convert to ternary
W2 2F B
165 00 1F
L, 2F
166 32 164L ]
L5 oF I
167 Ll 76L ~ Plant shift
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LOCATICN ORDER NOTES Q1
168 32 168, i Waste
19 F o
169 , F | Store digit
o F N
170 13 3F
36 17LL
171 15 F ]
Ly 111 . Step term counter
172 LloF u
L5 3F |
173 L, 3F . Go back
22 162L L
174 L IF TR
Ll 11L _r Step register counter
175 42 1F |
10 SF i
176 L2 2F . Convert to ternary
00 1F |
177 L} 2F
36 176L a
178 1S 2F A ,
26 157L Go back
179 92 133F
92 961F
180 L5 19L
hé 1831
181 19 TF |
LOF } Numt er of terms per line
182 L1 1F
1 2F :
183 s F ¥
00 13F _ First set of tems
184 Lo 3F |
32 200L _ o
185 15 18L ‘l
Lo LF _p=1in L
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LOCATION QRDER NOTES Ql
186 50 111, ]
75 12L
187 15 LF
10 1L - 3P
188 4O LF
32 186L i
189 SS 212L
40 LF
19 LS5 1F
50 31L | Prepare to print
191 66 LF '
1S 18L
192 Lo LF &
75 12L [ ]
193 0Q 36F
82 LF | Print tem
19) 10 LOF
LS UF
195 10 11L
LO LF
196 32 192L |
92 961F
197 IS F ]
L F
198 36 200L | New line
92 129F
199 92 961F
19 7F IR
200 Lo F
15 1F I
201 L4 11L - Step tem
1o 1F H
202 L5 2F -
Lh 11L | Step number in register
203 4o °F a , o \
10 13L next 27 digits?
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| LOGATION ORDER NOTBS @1
20k 32 206L
00 63F i delay
205 15 3F
, Ly 3F —  Go back
206 26 1841 |
15 183L
207 . Ly LL
_ 6 183L - Are we through?
208 10 91L
00 9F i
209 36 210L Yes
22 182L | No
210 92 7708
22 123L | coom
211 15 189L N
v L6 153L || Prepare to read
212 26 1L8L B
: LS 18L | Store p=1
213 Lo F |
o oC i 1OF Clear R,
<21l S5 F ] |
4o 1F
215 81 LF . Test for N
- 10 12L
216 32 123L |
50 1F B
217 Lh 121 Convert to ternary
_ 7h 121 ~
218 IS F
| 10 11L
219 Lo F
36 214L ||
220 o1 IF
66 13L
221 00 197 -
L 223L LI __Plant in shift
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LOCATION ORDER NOTES QL
222 16 225L || Plant in shift
15 191
223 sl 12F Plant in add
W6 226L [~ and store
22); 10 20F
L2 225L |
225 19 F 1
i F ' Insert temm
226 w F |
22 2121
227 104F B
66 121,
228 10 1F —  Finish calculation of q.
4G 15L
229 26 521 |

ooF
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