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LOGS I M- 8 

DECUS Program L i b r a r y  Write-up D E C U S  No. 8-420 

A b s t r a c t  

LOGSIM-8 i s  an i n t e r a c t i v e  d i g i t a l  l o g i c  s i m u l a t i o n  program 
f o r  t he  s i m u l a t i o n  o f  combinat ional  and sequen t ia l  l o g i c  
c i r c u i t s  a t  the  gate l e v e l .  The language i s  simple, and 
a l l o w s  l o g i c a l  u n i t s  such as f l i p - f l o p s  t o  be c a l l e d  as 
func t i ons .  The o u t p u t  c o n s i s t s  o f  a t a b l e  o f  t h e  va lues o f  
se lec ted  v a r i a b l e s  d u r i n g  each pass through the  c i r c u i t  
desc r i p t  ion. 

Language 

The s i m u l a t i o n  language c o n s i s t s  o f  two types of  
statements: l o g i c  statements and c o n t r o l  statements. 
Statements a r e  numbered, the  l i n e  number <n> being an 
i n t e g e r  number from 0 t o  999, or  an i n t e g e r  number f rom 0 t o  
999 preceded by an a s t e r i s k  i n  the  case o f  a c o n t r o l  
statement. LOGSIM does not, however, o r d e r  statements by 
l i n e  number. 

The l o g i c  statements a r e  a d e s c r i p t i o n  o f  t he  gates and 
o t h e r  f u n c t i o n a l  elements making up a c i r c u i t ;  t he  
connect ions between elements a r e  descr ibed by means o f  
v a r i a b l e s  which have o n l y  one va lue  assoc ia ted  w i t h  them a t  
any time, e i t h e r  0, 1 o r  undefined; any change i n  the  va lue 
of a v a r i a b l e  occurs immediately. A v a r i a b l e  i s  i n i t i a l l y  
undef ined and remains undef ined u n t i l  some statement i s  
executed which would cause i t  t o  be s e t  t o  a 0 o r  1, o r  
u n t i l  i t  i s  used as an i npu t  argument, when LOGSIM w i l l  ask 
for  I t s  value. V a r i a b l e  names may be one t o  th ree  
alphanumeric charac ters  i n  length,  the  f i r s t  o f  which must 
be a lphabet ic .  The constants  0 and 1 a r e  a l s o  p e r m i s s i b l e  
as input arguments t o  gates o r  f u n c t i o n s .  An express ion 
c o n s i s t s  o f  a va r iab le ,  a constant, o r  a gate reference. A 
gate i s  re ferenced by g i v i n g  i t s  name f o l l o w e d  by i t s  
arguments (express ions)  separated by commas and enclosed i n  
parentheses. A n  input argument t o  a gate may thus c o n t a i n  
references t o  o t h e r  gates, and r e c u r s i v e  c a l l s  a r e  a l s o  
permi t ted.  LOGSIM supp l i es  the  fo l l ow ing  gates: 

NOT, OR, NOR, AND, NAND, XOR 

NOT i s  t he  o n l y  gate which has a r e s t r i c t i o n  on the  number 
of inputs; i t  may o n l y  have one. 



I 

Log ic  statements a r e  o f  two types: the  assignment statement 
and the f u n c t i o n  reference.  The general  form o f  an 
assignment statement i s  as f o l l o w s :  (any q u a n t i t y  i n  slashes 
may be repeated as many t imes as necessary, o r  o m i t t e d  
en t i re1 y 1 

<n> <va r>  = <gate> ( <expr> /, <expr>/  1 

For example : 

5 C=NOR(A,B) 
2 Y=AND(NOT(Xl),NOT(X21) 
7 OP7=NAND(NAND(OP1,OP51,NAND(OP2~OP3)) 

The v a r i a b l e  named on the  l e f t - h a n d  s i d e  o f  the  equal s i g n  
w i l l  be assigned the o u t p u t  o f  the gate named on the 
r i g h t .  The l i n e  number <n> can be used t o  i d e n t i f y  a g i ven  
element on a c i r c u i t  diagram w i t h  the corresponding 
statement in  the c i r c u i t  d e s c r i p t i o n .  

The second type o f  l o g i c  statement i s  the  f u n c t i o n  
reference.  I t s  form i s :  

<n> < f u n c t i o n >  ( <expr> /,<expr>/ ; <vat-> / ,<var>/ 1 

where < f u n c t i o n >  can be one o f  the f u n c t i o n s  l i s t e d  i n  the 
t a b l e  below. The semicolon separates i n p u t  express ions from 
ou tpu t  v a r i a b l e s .  The s i g n i f i c a n c e  o f  each o f  the arguments 
i s  dependent upon i t s  p o s i t i o n ,  as can be seen i n  the t a b l e :  
( i n  t h i s  t a b l e  only,  the  s lashes i n d i c a t e  t h a t  the second 
ou tpu t  argument, <Qbar>, i s  o p t i o n a l  1 

HA(<inpl>,<inp2>;<sum>,<carry>1 

FA(< i n p l > ,  < inp2>,< inp3>; <sum>, < c a r r y > )  

SR( <set>,  <reset>;  <Q>/, <Qbar>/ 1 

CSR(<clock>, <set>,  <reset>;  <Q>/ , <Qbar>/ 1 

D(<clock>, <inp>;<Q>/, <Qbar>/ 1 

J K (  < c l  ock>, <J>, <K>; <Q>/ , <Qbar >/ 1 

SRJK( < se t  >, < rese t  > , <c 1 ock>, < J >  , <K>; <Q>/ , <Qbar >/ 1 
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For example: 

11 HA(A8B;SUM8CAR) 
5 2 
2 1  JK(CLK,l,l;L21) 

S R ( AND ( F 1 , C L K 1 , RST ; F 2, N F 2 1 

The proper number o f  input arguments must be s u p p l i e d  f o r  
each func t ion ;  o n l y  HA and FA r e q u i r e  two ou tpu t  v a r i a b l e s .  
The second ou tpu t  argument f o r  the o t h e r  f u n c t i o n s  i s  j u s t  
the  complement o f  the f i r s t ;  i t  may o m i t t e d  i f  i t  i s  n o t  
needed. I t should be noted, however, t h a t  <Q> and <Qbar> 
are t o t a l l y  independent va r iab les .  

The <se t>  and < rese t>  i npu ts  t o  SR, CSR and SRJK have the  
f o l l o w i n g  e f f e c t  on <Q> (and a corresponding e f f e c t  on 
<Qbar> when i t  i s  s p e c i f i e d ) :  when b o t h  a re  zero, no change 
i n  <Q>; when < s e t >  i s  one, <Q> i s  s e t  t o  one; when < r e s e t >  
i s  one, <Q> i s  r e s e t  t o  zero; when b o t h  a re  one, an e r r o r  
c o n d i t i o n  e x i s t s .  The <se t>  and < r e s e t >  i npu ts  t o  SRJK have 
precedence over  the o the r  inputs .  

The c l o c k  i npu ts  t o  the f u n c t i o n s  a r e  n o t  edge- t r iggered;  
whenever a f u n c t i o n  statement c o n t a i n i n g  a c l o c k  input i s  
executed, and i t s  c l o c k  i npu t  i s  one, the  i n d i c a t e d  ac t ion ,  
if any, i s  performed. In o rde r  t o  s imu la te  an edge- t r i gge r8  
the  va lue o f  the c l o c k  i npu t  can be saved a f t e r  the f u n c t i o n  
statement so t h a t  the o l d  va lue o f  the c l o c k  can be compared 
w i t h  the  new value on the nex t  pass. For example, the  
f o l l o w i n g  sequence w i l l  produce a leading-edge t r i g g e r :  

1 0  JK(AND(X,NOT(XS)),l,l;FLG) 
99 X S = O R ( X )  

For a t r a i l  ing-edge t r i g g e r :  

1 0  JK(AND(NOT(X),XS),l,l;FLG) 
99 X S = O R ( X )  

To s imu la te  sequent ia l  c i r c u i t s ,  any o f  the f l i p - f l o p s  can 
be used as  memory elements. Corresponding t o  the general  
model o f  a sequent ia l  c i r c u i t ,  such memory elements should 
g e n e r a l l y  be p laced a t  the end o f  the c i r c u i t  desc r ip t i on ,  
so t h a t  the new values o f  t h e i r  ou tpu ts  w i l l  n o t  take 
e f f e c t  u n t i l  t he  nex t  pass. 
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The c o n t r o l  statements a r e  used t o  i n p u t  and ou tpu t  
v a r i a b l e s  o r  s e t  them t o  c e r t a i n  va lues.  The genera l  format  
o f  a c o n t r o l  statement i s :  

<n> <keyword> <vat-> / 0  <vat-> / 

where <keyword> in  t h i s  format  may be INPUT, OUTPUT o r  
C Y C L E .  

I N PUT 

When t h i s  statement i s  encountered, the  program w i l l  type 
the  names o f  the v a r i a b l e s  in  the  statement l i s t  f o l l o w e d  by 
a ques t i on  mark, a f t e r  which the  user  should type the  va lue  
( 0  o r  1) he wishes the v a r i a b l e  t o  assume. The program w i l l  
ignore any cha rac te rs  typed u n t i l  a 0 o r  1 i s  encountered, 
and then ask f o r  the n e x t  value, if any. When a l l  
v a r i a b l e s  have been assigned, the program w i l l  Issue a 
c a r r i a g e  r e t u r n  and l i n e  feed and w i l l  con t inue the 
s i m u l a t i o n  w i t h  the nex t  statement.  

OUTPUT 

On f i r s t  encounter ing  t h i s  statement, the  program w i l l  
p r i n t  a heading c o n s i s t i n g  o f  the  v a r i a b l e  names i n  the  
l i s t .  O n  t h i s  and each consecut ive  t ime t h a t  i t  executes 
the OUTPUT statement, the program w i l l  p r i n t  the  va lues  o f  
the  v a r i a b l e s  under t h e i r  names i n  t a b l e  form. I f  there  i s  
more than one OUTPUT statement i n  a c i r c u i t  d e s c r i p t i o n ,  a 
heading w i l l  be produced o n l y  f o r  the  f i r s t  OUTPUT 
statement encountered. 

C Y C L E  

On f i r s t  encounter ing  t h i s  statement, the  program w i l l  
ass ign 0 t o  any v a r i a b l e s  in  the  l i s t  t h a t  have n o t  a l ready  
been assigned values. A f t e r  t he  program performs the  l a s t  
statement i n  the  c i r c u i t  d e s c r i p t i o n ,  c o n t r o l  w i l l  r e t u r n  t o  
the  C Y C L E  statement. S t a r t i n g  w i t h  the l e f t - m o s t  v a r i a b l e  
i n  the  l i s t ,  C Y C L E  w i l l  search f o r  the  f i r s t  v a r i a b l e  w i t h  a 
va lue  o f  0 and ass ign  i t  a va lue  o f  1 and the  s i m u l a t i o n  
w i l l  con t inue w i t h  the  n e x t  statement.  Any v a r i a b l e s  w i t h  
va lues  o f  1 tha t  C Y C L E  passed over  i n  search ing  f o r  a 0 
va lue  a re  assigned 0 va lues.  When c o n t r o l  r e t u r n s  t o  the 
C Y C L E  statement and the va lues  o f  each o f  the  v a r i a b l e s  i n  
the  l i s t  i s  1, t he  s i m u l a t i o n  i s  terminated.  There should 
be o n l y  one C Y C L E  statement i n  a c i r c u i t  d e s c r i p t i o n .  
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Thus CYCLE may be used t o  supply the  va lues necessary t o  
p r i n t  a t r u t h  t a b l e  f o r  a g i ven  c i r c u i t ,  t he  f i r s t  v a r i a b l e  
i n  t h e  CYCLE l i s t  v a r y i n g  most r a p i d l y .  CYCLE may a l s o  be 
used s imply  t o  cause the  s i m u l a t i o n  statements t o  be 
repeated ly  executed by us ing  dummy v a r i a b l e s  i n  the  
statement l i s t  ( f o r  example, i n  c o n j u c t i o n  w i t h  an INPUT 
statement t o  a l l o w  the  t e s t i n g  o f  a sequen t ia l  c i r c u i t ) .  

SET 

There i s  another c o n t r o l  statement whose format d i f f e r s  
s l i g h t l y  f r o m  t h a t  o f  the  o t h e r  c o n t r o l  statements. I t s  
keyword name i s  SET and i t s  format i s :  

<n> SET <vat-> = 0 I 1 / 8  <vat=> = 0 I 1 / 

Upon encounter ing t h i s  statement, t h e  program w i l l  s e t  t he  
named v a r i a b l e s  to  the  g i ven  values. 

e r a t  i o n  

LOGSIM i s  loaded by means o f  t he  b i n a r y  loader; i t s  s t a r t i n g  
address i s  o c t a l  200. LOGSIM i s  s i m i l a r  i n  o p e r a t i o n  t o  
FOCAL, w i t h  the  except ion t h a t  i t  uses a d i f f e r e n t  l i n e  
number-edi t ing scheme. LOGSIM s t a r t s  i n  command mode, i n  
which i t  w i l l  accept commands o r  s i m u l a t i o n  statements. Any 
l i n e  beginning w i t h  a l e t t e r  w i l l  be i n t e r p r e t e d  as a 
command, and any l i n e  beginning w i t h  a number o r  an a s t e r i s k  
fo l l owed  by a number w i l l  be i n t e r p r e t e d  as  a S imula t ion  
statement t o  be s t o r e d  i n  the  b u f f e r .  Every l i n e  i s  
terminated w i t h  a c a r r i a g e  r e t u r n .  L ines may be l onger  than 
72 characters;  LOGSIM a u t o m a t i c a l l y  accounts f o r  1 Ine  
o v e r f l o w  by i s s u i n g  a c a r r i a g e  r e t u r n - 1  i ne  feed. 

LOGSIM main ta ins  an i n t e r n a l  p o i n t e r  which determines where 
a s i m u l a t i o n  statement entered from the  keyboard w i l l  be 
placed i n  the  b u f f e r .  I n i t i a l l y ,  the  p o i n t e r  i s  s e t  a t  the  
beginning of the b u f f e r  (when the re  i s  n o t h i n g  i n  i t ) .  When 
a l i n e  i s  input, i t  i s  placed i n  the b u f f e r  a t  the  p o s i t i o n  
i n d i c a t e d  by the po in te r ,  and then the  p o i n t e r  i s  moved 
immediately a f t e r  t he  l i n e  j u s t  added. The l i n e  numbers 
used i n  s i m u l a t i o n  statements thus have no r e l a t i o n  a t  a l l  
t o  the  way the l i n e s  a r e  s t o r e d  i n  the  b u f f e r  o r  t o  the  
o rde r  in  which the  s i m u l a t o r  w i l l  l o o k  a t  them. 

Should one wish t o  i n s e r t  a l i n e  o r  group o f  l i n e s  be fo re  a 
c e r t a i n  l i n e  p r e s e n t l y  i n  the  b u f f e r ,  t he  i n s e r t  command, 
I<n>, i s  given. When t h i s  command i s  given, t he  p o i n t e r  
w i l l  be moved be fo re  the  l i n e  w i t h  the  g i ven  number. To add 
l i n e s  a t  the end of the  buffer,  t h e  apDend command, A, i s  
given. To d e l e t e  the  e n t i r e  b u f f e r  o r  a s p e c i f i c  l i n e ,  one 
may g i v e  the  commands 0 o r  D<n>, r e s p e c t i v e l y .  
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I 

To l i s t  the e n t i r e  b u f f e r ,  L i s  g iven .  I f  L<n> i s  given, 
t he  l i s t i n g  w i l l  s t a r t  a t  the  g i ven  l i n e  and con t inue  u n t i l  
the  l a s t  l i n e  i n  the b u f f e r  has been p r i n t e d .  To save 
s i m u l a t i o n  statements on paper tape, type L #  t u r n  on the 
punch, and type c a r r i a g e  r e t u r n .  ( L O G S I M  o n l y  uses low-speed 
paper tape equipment. 1 

To rep lace  a l i n e ,  one may s imp ly  re t ype  the l i n e ;  the  
replacement w i l l  occur and the .  p o i n t e r  w i l l  n o t  be 
a f f e c t e d  . 
Blanks a r e  ignored everywhere i n  general ,  w i t h  the excep t ion  
t h a t  t he re  must be a b lank  f o l l o w i n g  the keyword i n  a 
c o n t r o l  statement.  Note a l s o  t h a t  o n l y  the  f i r s t  cha rac te r  
o f  a c o n t r o l  statement keyword i s  s i g n i f i c a n t ;  thus OUTPUT 
may be abbrev ia ted  OUT o r  0, o r  extended t o  OUTPUTS. 

There a r e  two cha rac te rs  used f o r  e r r o r  c o r r e c t i o n  when 
t y p i n g  a 1 ine. The rubout  (echoed as a backs lash)  w i l l  
erase a s i n g l e  cha rac te r  t o  the  l e f t  each t ime i t  i s  typed, 
w h i l e  the back-arrow w i l l  erase a l l  o f  the l i n e  j u s t  typed 
in .  LOGSIM w i l l  respond t o  an i n v a l i d  command o r  s i m u l a t i o n  
statement w i t h  a ques t ion  mark. 

To run the s imu la t ion ,  t he  command G i s  g iven.  Upon 
completion, LOGSlM w i l l  r e t u r n  t o  command mode. I f  any 
v a r i a b l e  used as an i npu t  argument does n o t  have a va lue  
when i t  i s  referenced, the program w i l l  ask f o r  i t s  va lue  as 
w i t h  INPUT. To  i n t e r r u p t  L O G S I M  a t  any t ime and r e t u r n  t o  
command mode, type CTRL/C. A ques t ion  mark w i l l  be p r i n t e d  
t o  i n d i c a t e  i n t e r r u p t i o n .  There i s  no immediate mode 
execu t ion  o f  s i m u l a t i o n  statements a v a i l a b l e .  

Should the s i m u l a t o r  d e t e c t  an e r r o r  w h i l e  runn ing  the 
s imu la t ion ,  i t  w i l l  p r i n t  an e r r o r  message o f  the form 
? <e r rno>  @ <n> , and r e t u r n  t o  command mode. The meaning o f  
t he  e r r o r  numbers i s  g i ven  i n  the t a b l e  below. 

LOGSIM's i n t e r n a l  p o i n t e r s  have been se t  t o  a l l o w  1 2 8  
va r iab les ,  128 s i m u l a t i o n  statements and 4000 cha rac te rs  o f  
b u f f e r  storage. The user  should no te  t h a t  no warning w i l l  
be g i v e n  if these l i m i t s  a r e  exceeded, a l t hough  t h i s  i s  n o t  
l i k e l y  t o  occur.  

The au thor  i s  c u r r e n t l y  p l a n n i n g  a second v e r s i o n  o f  
LOGSIM-8 which would implement f e a t u r e s  d e s i r a b l e  f o r  the  
s i m u l a t i o n  o f  sequent ia l  c i r c u i t s .  The au tho r  would 
app rec ia te  r e c e i v i n g  any comments o r  suggest ions t h a t  a user  
may have about LOGSIM-8.  
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A Append a f t e r  l a s t  l i n e  
D Delete a l l  1 ines 
D<n> Delete l i n e  <n> 
I<n> I n s e r t  before l i n e  <n> 
L L i s t  a l l  l i n e s  
L<n> L i s t  from l i n e  <n>. 
G Begin s imu la t ion  

Error- 

1 -  
2 -  
3 -  
4 -  
5 -  
6 -  
7 -  
8 -  

name too  long 
il lega l  character  
improper number, sequence o r  type o f  argument 
i nva l  i d  character  sequence 
inva l  i d  gate o r  f unc t i on  name 
invaJ i d  c o n t r o l  statement keyword 
i n v a l i d  SR, CSR o r  SRJK input  

m i sma tched pa rent heses 

(1) v e r i f y i n g  DeMorgan's law 

*1 CYCLE Y # x  

*2 OUTPUT X,Y,Al,A2 

1 Al=NOR(X,Y)  
2 A2=AND(NOT(X),NOT(Y)) 

( 2 )  comparing LOGSIM's XOR w i t h  one const ructed w i t h  NANDs 

*1 CYCLE B # A  
1 Xl=NAND(A,B) 
2 X2=NAND(A,Xl) 
3 X3=NAND(B,Xl) 
4 XRl=NAND(X2,X3) 
5 XR2=XOR(A,B) 

* 2  OUTPUT A, B, XR1, XR2 

7 



( 3 )  simple ALU implemented wi th  NAND/NOR l o g i c  t o  perform 
the fo l lowing functions: 

when X1=0 and X2=O, C=AND(A,B) 
when X1=0  and X 2 = l ,  C=OR(A,B) 
when X l = l  and X2=O, C=NOT(A) 
when X l = l  and X 2 = l ,  C=O 

*1 
11 
1 2  
1 3  
2 1  
22  
3 1  
3 2  
4 1  
4 2  
* 2  

CYCLE B0A,X2,X1 
N X l = N A N D ( X l )  
NX2=NAND(X2) 
NA=NAND(A) 
021=NOR(A,B) 
022=NOR(021)  
031=NAND(NXl,A,B) 
032=NAND(NX l8X2 ,022)  
0 4 1  =NAND ( X 1 , NX2 , NA 1 
C=NAND(031,032,041) 
OUTPUT X1,  XZ,A, B,C 

( 4 )  sequential machine t o  recognize the sequence 1 1 0 1  w i t h  
the p o s s i b i l i t y  of overlap (se ts  2 t o  1 a f t e r  receiv ing 
t h i s sequence 1 

* O  SET Yl=O,Y2=O,NY2=1 

* 2  INPUT X 
3 1  Z=AND(X,Yl,NY2) 
11 
2 1  
*3  OUTPUT Yl,Y2,Z 

*1 CYCLE A,B,C,D,E,F,G,H 

J K (  l,AND( X,Y2 1 ,NY2; Y 1 )  
J K (  1, X, NOT(X 1; Y 2, NY 2 1 

( 5 )  BCD counter 

* O  
*1 
* 2  

0 
90 
1 0  
1 

91 
2 

9 2  
11 
1 2  

4 
9 4  
*3  
* 4  

SET RST=l,D4=0, N O 4 1 1  
SET XS=O,GlS=O,DlS=O,G4S=O 
CYCLE X, Z l ,  Z2,Z3,24 
SRJ K( 0, RST , AND ( NOT ( X 1 , XS 1 , 1 , 1 ; D 0 1 
XS--OR(X) 
Gl=AND ( DO, ND 4 1 
SRJK( 0, RST,AND(NOT(Gl ),GlS), 1 , l ; D l )  
G l S = O R ( G l )  
SRJK( 0, RST,AND(NOT(Dl ) ,DIS) , l 81 ;D2)  
D l S = O R ( D l )  
CAR=AND (DO, D 4  1 
G4=OR(D2,CAR) 

G4S=OR(G4) 
OUTPUT D4,D2,Dl,DO,CAR 
SET RST-0 

SRJ K(  0, RST, AND( NOT ( 6 4  1 G4S 8 1 1; 04, ND4 
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( 3 )  simple ALU implemented wi th  NANDINOR logfc t o  perform 
the following functions: 

when X l p O  and X2=0 ,  C=AND(A,B) 
when X l = O  and X 2 = f 8  C-OR(A,B) 
when X l - 1  and X280, CsNOT(A1 
when X l p l  and X2=1, C=O 

*1 CYCLE B0A,X2,X1 
11 N X l = N A N D ( X l )  
1 2  NX2=NAND(X2) 
1 3  NA=NANDQA) 
2 1  821=NOR(A,B) 
22  022=NOR(021)  
3 1  O31=NAND(NX1,A0B) 
3 2  032=NAND(NX10X2,022)  
4 1  

* 2  OUTPUT X1,X2,A0B,C 

0 4 1  =NAND ( X  1 , NX2, NA) 
42 C=NAND(O31,032,041 ) 

( 4 )  sequential  machine t o  recognize the sequence 1 1 0 1  wSth 
the possibility of over lap ( r e t s  Z t o  1 a f t e r  r e c e i v i n g  
t h I s sequence 1 

* O  SET Y1=O0Y2=0,NY2=1 

* 2  INPUT X 
3 1  Z=ANO ( X ,  Y 1, NY 2 1 
11 JK(1,AND(X0Y2),NY2;Y1) 

*3  OUTPUT Y18Y2,Z 

*1 CYCLE A,B,C,D,E,F,G,H 

2 1 J K (  1 0  X, NOT ( X I  Y 2, NY 2 

( 5 )  BCD counter 

* O  
*1 
* 2  

0 
90 
1 0  
1 

9 1  
2 

92 
11 
1 2  

4 
94 
*3 
*4  

SET RST=l0D4=O,NB4=l  
SET XS=O,GlS=O,DlS=O,G4S=O 

SR4 K (  0, RST,AND(NOT( X 1 , XS , 1,1;D01 
XS=OR(X) 
Gl=AND ( DO, ND 4 1 
SRJK(  8 ,  RST,AND(NOT(Gl) ,GlS),l, 1 ;D l )  
G 1  Sa0 is ( G P 1 
S RJ K ( 0, RS T , AND ( NOT ( D 1 1 , D 1  S , 1 , 1 ; D 
D l S = O R ( D l )  
CARPAND (DO, 0 4  1 
G4=OR( 02, CAR) 
SRJ K (  0, RST, AND( NOT (G4 1 , G4S , 1 , 1; D4, ND4b 
G4S=OR(G4) 
OUTPUT D4,D2,D1,DO0CAR 
SET RST=O 

CYCLE x 21, 2 2  0 z 3  0 24 

8 




