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A B S T R A G T 

A Software package for the automatic layout of printed circuit boards is 
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the layout process. The automatic searching of paths can be interrupted at 
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AN INTERACTIVE SYSTEM FOR THE AUTOMATIC LAYOUT 

OF PRINTED CIRCUIT BOARDS (ARAIGNEE) 

1. INTRODUCTION 

One of the mos t t ime consuming jobs during the production of printed 

c i rcu i t boards is the p repara t ion of the a r twork . The layout of a board of 

medium size r equ i r e s days or even weeks of concentra ted work of a skil led 

dra f t sman. Time delays caused by the layout work a r e the bott leneck during 

the development of any kind of digital c i r cu i t s . 

Computer aided design is a powerful tool for reducing such efforts . 

However , to be useful, the sys tem must be designed with a feasible man-

machine interface which pe rmi t s a simplified communicat ion between ope­

r a t o r and computer . 

Based on the UCARDS^ ' code a software package has been p repa red 

which in its f i r s t ve r s ion presen ted he re permi t s a ce r t a in degree of con­

versa t ion , e . g . the opera tor may in te r rupt the automatic searching of paths 

between components at any s tep, he may inse r t a convenient co r rec t ion by 

means of an adequate s ta tement (see below) and then continue the operat ion. 

This p rocedure can improve strongly the performance of the p r o g r a m m e as 

far as the number of unresolved path-connections is concerned. 



An example given in this r epor t shows that a number of 22 paths 

not found by the p r o g r a m m e in one run, is reduced to 7 with only one 

manual intervent ion. 

2. IMPROVEMENT OF THE UCARD's PROGRAMME 

The UCARD's p r o g r a m m e - the only one avai lable at I sp ra - was 

developed in 1968. Therefore it does not contain in its component l i b r a ry 

complex e lements like smal l and l a r g e s c a l e in tegra ted c i rcu i t s e tc . 

F u r t h e r m o r e , it does not r e spec t mode rn c i rcui t techniques like power 

supply busses and so on. 

F o r these reasons a number of new commands have been inse r t ed 

in the UCARD's vocabulary (it is supposed that the r e a d e r is famil iar with 

the UCARD's language definition given in (1)): 

INTEGRATED - inse r t ion of in tegra ted c i rcu i t s desc r ibed with a min imum 

number of p a r a m e t e r s 

BUS - inse r t ion or delet ion of paths with mult iple connections 

CALCOMP - p r o g r a m m e interface to the CALCOMP-plot te r 

STOP - in te r rup t ion of the p r o g r a m m e execution after a p r e d e ­

fined path number . 

F o r the ROUTER-rout ine a new a lgor i thm is applied which s e a r c h e s 

and se lec ts the shor tes t connect ions . A new procedure cal led DYNAMIC UP­

DATING takes c a r e of the handling of the STOP command, the updating and 

the c o r r e c t r e s t a r t of the p r o g r a m m e . 

In o rde r to simplify the manipulat ion of data s e t s , the PSQ-faci l i t ies a r e 

used. A descr ip t ion of the control ca rds for the execution of ARAIGNEE 

and for the modification of the PSQ data se ts will be given l a te r on. 

A number of e r r o r s found in the or iginal UCARD's code have been 
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co r r ec t ed , amongst them t r iv i a l e r r o r s like mispr in t ings as XIØ against 

XI0 and incompat ibi l i t ies with l i b ra ry p r o g r a m m e s . (IABS was replaced 

by LABS which calcula tes the absolute value for 1*2 var iab les ) . A more 

se r ious e r r o r existed in the ORDER2 -rout ine , where two s ta tements 

(ORDE0046 and ORDE00 55) were inver ted) . 

In the COMPIL routine, the range of the pointer of the NSERT table was 

not l imi ted, causing t roubles with overflow. 

3. SUBROUTINE ROUTER 

The path-finding routine ROUTER is based now on an a lgor i thm which 

is capable of doing the following: 

- if m o r e points have to be connected within one path, ROUTER calculates 

the d is tances and chooses the shor tes t path; 

- every t ime a point mus t be connected with the i /O s t r ip according to the 

" A r b i t r a r y Nodes"-method, ROUTER selects the nea res t point from the 

i /O s t r ip ; 

- among all the connections "Arb i t r a ry Nodes" to be rea l i sed , ROUTER 

se lec ts the shor t e s t f i r s t . 

4 . COMMAND STATEMENTS INTEGRATED, BUS 

F o r m a t of the command: 

INTEGRATED/name, I ] , name of nodes, I, J, IDISP, INC, JNC 

where I, J a r e the coordinates of pin number 1 

IDISP is a p a r a m e t e r defining one of four positions (see F ig . 1) 

= 1 pin 1 left s ide, up 

= 2 pin 1 left s ide, down 

= 3 pin 1 right s ide, down 

= 4 pin 1 right s ide , up 
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INC is the number of gr id ce l ls separa t ing two adjacent pins (e. g. 

pin 1 and pin 2) 

JNC is the number of gr id ce l ls separa t ing two opposite pins (e. g. 

pin 1 and pin 14, r e s p . 16). 

This s ta tement which defines type and posi t ion of an in tegra ted c i r ­

cuit is handled l ikewise as any other component d e s c r i p t o r . 

The t r ans l a t ing a lgor i thm cons is t s of two p a r t s : 

- analys is of the s t a t emen t ' s p a r a m e t e r s , 

- calculat ion of al l pin coordinates and inse r t ion in the IDATA-vector of 

the genera l UCARD's component d e s c r i p t o r . 

With the extensive use of in tegra ted c i rcu i t s a m o r e convenient way 

to i n se r t and delete paths became n e c e s s a r y than the commands INSERT PATH 

and DELETE PATH rendered poss ib le . This will be shown in the following 

example : 

The inse r t ion of the path Nr . 64 r e p r e s e n t e d in F i g . 2 r equ i r e s the 

following UCARD command: 

INSERT P A T H / T , 6 4 . , 20, 3, 17, 3, T, 6 4 . , 1 7, 3, 17, 5, 

T, 64. , 17, 5, 13, 5, T, 6 4 . , 13, 5, 13, 8, T, 6 4 . , 13, 8, 10, 8, 

T , 6 4 . , 10, 8, 10, 10 

With the newly c r ea t ed BUS command al l the redundant information may be 

omitted, thus 

BUS / T, 64. , 2 0 , 3 , 17, 3, 17, 5 ,13 , 5, 1 3, 8, 10, 8, 10, 10 

The improvement is obvious. 

A fur ther example concerning path Nr . 500, a typical line bus, is 

p resen ted in F ig . 2: 



BUS / Τ, 500. , 20, 15, 17, 12, 13, 18, 10, 12, 7, 18, 3, 15, 5, 12, 1, 10, 5, 8, 1, 5, 

3 , 2 , 5 , 4 , 8 , 4 , 8 , 2 

would be very difficult to t r ans l a t e into INSERT PATH s ta tement . 

If the points a r e wr i t ten in the right o rde r (e. g. the points Χ, Υ, Z, V must 

be wri t ten within A(20, 15) and B(3, 15)), all segments a r e automatical ly 

and co r r ec t l y genera ted by the routine COMPIL. 

The BUS command can be used for deleting a complex path, too. In 

this case the path to be deleted is descr ibed in the same way as shown above 

but the path number mus t be absent . (E. g. to delete path Nr . 64, wri te 

BUS / T, 2 0 , 3 , 1 7 , 3 , 1 7 , 5 , 1 3 , 5 , 1 3 , 8 , 1 0 , 8 , 1 0 , 1 0 ) 

5. DYNAMIC UPDATING 

The UCARD sys t em in its or iginal vers ion was conceived only for in te ­

gra l p rocess ing of layout jobs . No in terac t ion during a run of the p r o g r a m m e 

was poss ib le . 

With the introduct ion of in tegra ted c i rcui t packages this method showed 

se r ious d rawbacks . As shown in F ig . 3, due to the in-line configuration of the 

IC -pins a path found by the UCARD s t ra tegy very easi ly sur rounds a number 

of p ins . Connections r e fe r r ing to these pins will be very difficult to rea l i se 

and the probabil i ty of unresolvable connections will r i se cons iderably . 

With the or ig inal UCARD procedure the only remedy was to delete those d i s ­

turbing paths and inse r t o thers after the complete p rocess ing . 

In o r d e r to overcome these inconveniences, the dynamic updating was in t ro ­

duced. This method allows to stop the process ing at any use r -p redef ined 

level (path number) , to c o r r e c t the layout conveniently, deleting and inser t ing 

paths and to r e s t a r t the p rog ramme from the point where it was in te r rup ted . 

The p r o g r a m m e in te r rup t may be provoked by the u s e r with the command 

STOP / η 
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where n is an integer number defining the path number at which the i n t e r ­

rupt shal l occur . 

If n=0 only updating will occur ( search ing of new paths is inhibited). 

The following example p re sen t s a typical sequence of commands for 

mult iple p r o g r a m m e i n t e r r u p t s : (see a lso F i g s . 9 and 10) 

c i rcu i t de sc r ip to r s 

FILE / 1 

ROUTE / 

STOP / 64 

EXIT / 

The p r o c e s s will stop when encounter ing path numbers = 64. The ac 

tual information will be s to red in FILE 1 and can be r e t r i eved at r e s t a r t 

with the s ta tement SEARCH / file number . Updatings can now be executed 

e . g . with the commands : 

S E A R C H / 1 

UPDATE / 

BUS / ( inser t ing or deleting paths) 

INSERT HOLE / . . . 

DELET HOLE / . . . 

RESTART / 1 

STJÔP/ 75 

EXIT / 

The p r o c e s s is now in te r rup ted at path number = 75 and may be r e ­

s t a r t ed in the same m a n n e r . If no fur ther in te r rup t is des i red , the follow­

ing sequence may be used to obtain a draft at the CALCOMP: 

RESTART / 1 

CALCØMP / 

DRAFT / 

EXIT / 
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6. PROGRAMME HANDLING BY MEANS OF PSQ 

The manipulat ing of this 11000 cards containing p rog ramme is great ly 

faci l i tated by the use of the PSQ-sys t em (see (2)). 

F o r the n o r m a l execution of a layout job a s tandard deck with PSQ 

control ca rds has been p r e p a r e d (Fig. 4). The u s e r only has to in se r t the 

c a rd s containing the p a r a m e t e r s of its problem in the UCARD's language 

(see sample p r o g r a m m e F i g s . 9, 10). 

A second deck of PSQ control ca rds is available for the case where t empo­

r a r y modifications of ce r t a in routines (in FORTRAN or in Assemble r ) a r e 

d e s i r e d (Fig. 5). No permanent changement of the ARAIGNEE-code takes 

p lace . 

If the ARAIGNEE data set has to be modified, the procedure shown 

in F ig . 6 can be applied. 

7. SAMPLE PROGRAMME 

F i g s . 7 and 8 show the resu l t s for a prac t ica l layout problem, and 

F ig . 9 gives the respec t ive input p a r a m e t e r s . 

F ig . 7 has been e labora ted in one p rog ramme run without interventions by 

the ope ra to r . 17 connections could not be made by the p r o g r a m m e . 

F i g . 8 shows the same c i rcu i t . The p rog ramme was in te r rupted 

af ter path 69 and a co r r ec t ion of a number of connections was made (12 

l ines deleted and 14 new inse r ted , the p a r a m e t e r l is t for the cor rec t ions 

is given in F ig . 11). 

After r e s t a r t the p r o g r a m m e was run without further in tervent ions . 

Only 7 connections a r e s t i l l unresolved and have to be added by means of 

adequate s t a t emen t s . 
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8. ANNEX 

Flow char t s concerning the modifications of the or iginal UCARD 

rout ines a r e given in the annex. 

BIBLIOGRAPHY 

(1) J . F . JAMISON; "Union Carb ide Automatic Routing and Design System 

for pr inted c i rcu i t b o a r d s " , Union Carbide - Rep. Nr . K 1736 CTC-4 

(2) G. BUCCARI, C. DAOLIO, C. PIGNI, J . PIRE; "Sis tema PSQ e file 

ed i to r" . 
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F i g . 4 - E X E C U T I O N OF ARAIGNEE WITHOUT MODIFICATION 

/ / E X E C PSQ 
/ / F T O 2 F 0 0 1 DD UNIT =SYSSQ, DSN=&A, DISP=(NEW, PASS), D C B = ( R E C F M = F B , 
/ / L R E C L = 8 0 , B L K S I Z E = 8 0 0 ) , S P A C E = ( C Y L , (5 , 1)) 
/ / G O . SYSIN DD ± 
S O P E N , XXXXARAIGNEE 
£ÍTO=02 
# F 
SE 
/ * 
/ / E X E C F T L G , OV=OVLY 
/ / L K E D . SYSIN DD DSN = &A, DISP=(OLD, D E L E T E , D E L E T E ) , UNIT =SYSSQ 
/ * 
/ / G O . F T 1 7 F 0 0 1 DD UNIT=SYSSQ, DCB=(BLKSIZE = 1200, R E C F M = V S ) , 
/ / S P A C E = ( C Y L , (2, 1)) 

S a m e for F T 1 7 F 0 0 2 F T 1 7 F 0 0 3 F T 1 7 F 0 0 4 F T 1 7 F 0 1 2 
S a m e fo r F T 4 0 F 0 0 1 F T 4 2 F 0 0 1 F T 4 3 F 0 0 1 F T 5 0 F 0 0 1 

/ / G O . F T 4 1 F 0 0 1 DD UNIT=3330 f DSN=name of c y l i n d e r , V O L = S E R = U S E R 0 1 , 
/ / . DISP=OLD 
/ / G O . F T 1 6 F 0 0 1 DD DUMMY (IF C A L C O M P is not r e q u e s t e d ) 
/ / G O . S Y S U D U M P DD SYSOUT=A 
/ / G O . SYSIN DD * 

P r o g r a m m e s t a t e m e n t s 
/ * 

If C A L C O M P i s r e q u e s t e d , t h e DD c a r d s def in i t ion m u s t b e : 
/ / G O . F T 1 6 F 0 0 1 DD U N I T = T P 9 , V O L U M E = ( P R I V A T E , SER=EU3068) , 
/ / L A B E L = ( , , , OUT) , D S N A M E = N a m e , 
/ / D C B = ( R E C F M = V S , B L K S I Z E = 4 8 8 , L R E C L = 4 8 4 , DEN=2) 

P r o g r a m m e s i z e 300 Kbytes 
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Fig . 5 - EXECUTION OF ARAIGNEE WITH TEMPORARY MODIFICATIONS 

OF ROUTINES WRITTEN IN FORTRAN AND/OR ASSEMBLER 

/ / EXEC PSQ 
/ / F T 0 2 F 0 0 1 DD UNIT =SYSSQ, DSN=&A, DISP=(NEW, PASS), DCB=(RECFM=FB, 
/ / LRECL=80,BLKSIZE=800), SPACE=(CYL, (5, 1)) 
/ / G O . SYSIN DD ± 
SOPEN, XXXXARAIGNEE 
#TO=02 
SF 
S'È 
/ * 
/ / EXEC FTGC 
/ / C M P . SYSIN DD ± 

F o r t r a n routines 

/ * 
/ / EXEC AHC 
/ / C M P . S Y S G O DD DSN=&LOADSET, DISP=(MOD, PASS, DELETE) , 
/ / UNIT=SYSSQ, SPACE=(CYL, (3, 1), RLSE), DCB=(BLKSIZE = 800) 
/ / C M P . S Y S I N DD * 

A s s e m b l e r routines 

/ * 
/ / EXEC FTLG, OV=OVLY 
/ / L K E D . SYSIN DD DSN=&LOADSET, DISP=(OLD, DELETE, DELETE) , 
/ / UNIT=SYSSQ 
¡f DD DSN=&A, DISP=(OLD, DELETE, DELETE) , UNIT=SYSSQ 
/ / DD ± ) (Only if over lay is not on PSQ file) 

over lay J 
/ / G O . FT17F001 DD UNIT=SYSSQ, DCB=(BLKSIZE = 1200, RECFM=VS), 
¡I SPACE=(CYL, (2,1)) 

The following cards a r e ident ical to the preceeding page 

P r o g r a m m e size 300 Kbytes 



- 17 

F ig . 6 - MODIFICATION OF THE ROUTINES OF A PSQ DATA SET 

COMPILATION AND CORRECTION OF BINARY DATA SET 

/ / EXEC PSQ 

/ / G O . FT01F001 DD DSN = &DSFOR, DISP=(NEW, PASS, DELETE), UNIT =SYSSQ, 

/ / SPACE=(CYL, (1 , 1)), DCB=(RECFM=FB, LRECL=80, BLKSIZE=800) 

/ / G O . FT02F001 DD DSN=&DSASS, DISP=(NEW, PASS, DELETE), UNIT=SYSSQ, 

/ / SPACE=(CYL, (1 , 1)), DCB=(RECFM=FB, LRECL=80, BLKSIZE=800) 

/ / G O . SYSIN DD ± 

SOPEN, XXXXFORTRAN 

S T O = 0 1 

SF 

SE 

SOPEN, XXXXASSEMBL 

#ΤΟ=02 

S F 

£Ε 

^UPDATE,XXXXFORTRAN 

#TO=01 

Í¿D, 
cor rec t ions 

$F 

#E 

SUPDATE, XXXXASSEMBL 

$TO=02 

#D, 

cor rec t ions 

SF 

#E 

/ * 

/ / EXEC FTGC 

/ / C M P . SYSIN DD DSN=&DSFOR, DISP=(OLD, DELETE, DELETE), UNIT =SYSSQ 

/ * 
/ / EXEC AHC 
/ / C M P . SYSGO DD DSN=&LOADSET, DISP=(MOD, PASS, DELETE), UNIT=SYSSQ, 

/ / SPACE=(CYL, (3, 1), RLSE), DCB=(BLKSIZE=800) 

/ / C M P . SYSIN DD DSN=&DSASS, DISP=(OLD, DELETE, DELETE), UNIT =SYSSQ 

/ * 
/ / EXEC PSQ 
/ / G O . FT02F001 DD DSN=&LOADSET, DISP=(OLD, DELETE, DELETE), 
/ / UNIT=SYSSQ, DCB=(RECFM=FB, LRECL=80, BLKSIZE=800) 

/ / G O . S Y S I N D D * 

S U P D A T E , XXXXARAIGNEE 

SPY 

S T I = 0 3 

S F 

$GENERATE, XXXXARAIGNEE 

£PY 

#TI=03 

#F 

#E 

/ * 

overlay ove rlay 

$E 

/ * 
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THE FOLLOWING CONNECTIONS CüULO NOT BE MADE 

HNET= Ü .OTNET=10 .0 

HNET= O .OTNET=10 .0 

HNET= Ü . 0 T N E T = 1 0 . 0 

riNET= O . Ü T N E T = 1 0 . 0 

HNET= Ü . 0 T N E T = 1 0 . 0 

HNET= O.OTNET=10 .0 

HNET= 0 . 0 T N E T = 1 0 . 0 

HNET= Ü . Ü 1 N E T = 1 0 . 0 

HNET= 0 . 0 1 N E T = 1 0 . 0 

HNET= 0 . 0 T N E T = 1 0 . 0 

HNET= O .OTNET=10 .0 

HNET= 0 . 0 T N E T = 1 0 . 0 

HNET= 0 . 0 T N E T = 1 0 . 0 

HNET= O .OTNET=10 .0 

HNET= 0 . 0 T N E T = 1 0 . 0 

HNET= Q . 0 T N E T = 1 0 . 0 

HNET= 0 . Ü T N E T = 1 0 . 0 
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THE FOLLOWING CONNECTIONS COULD NOT BE MADE 

HNFT= 0, OTNET=l3 tO 

HNET= OoOTNFT-lOcO 

HNET= 0- 0TNFT=13 0 

HNET= 0, 0TNET=l3c 0 

HNET= 030TNFT=.13c 0 

HNET= 0 , OTNFT=1D:0 

HNET= 0^ 0 T N E T = 1 3 r 0 
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T4E F0LL3WIMS IS A LIST OF DATA INPUT 

T I T L E / INTEGRATED CIRCUITS 
FILF / 1 
GRID S I Z E / 5 0 , 50 
CFLL S I Z E / c l 
10 HEIGHT/«1 
FRAME / 5 0 . , 0 * , Oc, Oct 0 · , 5 1 . t 50, »51o 
ΙΓ S T R I P / l e 5 , l c 5 f 2 , 1 , 2 2 
FAILURE L I M I T / 9 9 
SCALE/0.5 
PUNCH OPTION/OFF 
PREDEFINE/ 
»«« 'B .aoO. jM jM j . l ^ j J j ^ j l .CS j j , « ^ ,2,2.2,30,5.27,12,37, 
BUS/T t 501e , 5 0 , 4 7 , 4 8 , 4 7 , 4 8 , 4 9 , 3 8 , 4 3 , 2 5 , 4 2 , 1 5 , 4 2 , 5 , 4 2 , 2 , 4 9 , 2 , 1 9 , 5 , 1 9 
B U S / B , 5 0 1 . . 5 , 1 9 . 1 0 . 1 4 , 1 2 , 2 2 , 1 9 , 1 4 , 2 4 , 2 ? , 2 8 , 1 4 , 3 8 , 2 2 , 3 8 « 19 
ARBITRARYN3D/3, 9, 1 1 , 1 2 , 1 3 , 1 6 , 1 7 , 2 3 , 2 4 , 2 5,3 7 , 4 8 , 6 0 , 5 8 , 7 1 , 7 4 , 3 0 , 3 1 , 3 2 
DEFINE/ 
CNF SIDED I 0 / B S , B , 0 , 0 . 0 , 0 , 0 . 0 , 0 , 0 , 0 , 0 , 3 , 0 , 3 , 0 , 0 , 0 , 0 . 3 , 0 , 0 . 0 . C3MT 

5 0 , 7 , 5 0 , 9 J 5 Ô , 1 1 , 5 0 , 1 3 , 5 0 , 1 5 , 5 3 , 1 7 , 5 0 , 1 9 , 5 3 , 2 1 , 5 0 , 2 3 , 5 0 , 2 5 . CONT 
5 0 , 2 7 , 5 0 , 2 9 , 5 0 , 3 1 , 5 0 , 3 3 , 5 0 . 3 5 , 5 3 , 3 7 , 5 0 , 3 9 , 5 3 , 4 1 , 5 0 , 4 3 , 5 0 , 4 5 , 5 0 , 4 7 

ONE SIDED I 0 / T S ,
T

, 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , C3MT 
50, 5 , 5 0 , 7 , 5 0 , 9 , 5 0 , 1 1 , 5 0 , 1 3 , 5 3 , 1 5 , 5 0 , 1 7 , 5 0 , 1 9 , 5 0 , 2 1 , 5 0 , 2 3 , 5 0 , 2 5 , C3»*T 
5 0 . 2 7 , 5 0 , 2 9 , 5 0 , 3 1 , 5 0 . 3 3 , 5 0 , 3 5 , 5 0,3 7 , 5 0 , 3 9 , 5 0 , 4 1 , 5 0 , 4 3 , 5 0 , 4 5 

INTEGR A T F D / I C I , T, 1 . 2 , 3 , 80 , 5, 6, 6, 7 . 8 , 6 ^ 9 , 1 , 3 1 , 4 , 4 2 , 4 1 , 3 , 1 , 3 
INTEGR ATED/IC 2 , T, 1 0 , 1 4 , 1 5 , 1 6 , 1 Ti 1 8 , 1 9 , 1 0 , 1 3 , 1 0 , 1 1 , 1 2 , 1 3 , 1 0 , 1 0 , 20, 1 5 , 3 8 , 1 , 1 , 3 
INTEGRATFD/IC3,T, 9, 2 2 , 2 2 , 2 2 , 2 3 , 2 4 , 2 5 , 2 5 , 1 , 1 5 , 8 , 1 4 , 1 3 , 7 , 1 9 , 2 1 , 2 5 , 3 8 , 1 , 1 , 3 
INTEGR ATFDMC4,T, 19 , 2 9 , 2 9 , 29 , 3D, 3 1 , 3 2 , 2 7 , 1 5 , 2 7 , 1 4 , 2 7 , 2 7 , 1 8 , 27 , 28 , 5 , 3 8 , 1 , 1 , 3 
INTEG*ATED/IC5,T, 82 , 8 3 , 8 4 , 33 ,3 9, 8 5 , 8 6 , 3 3 , 8 7 , 8 8 , 3 4 , 3 5 , 3 6 , 3 7 , 8 9 , 3 8 , 3 8 , 2 6 , 3 , 1 , 3 
INTEGR ATE D / I C 6 . T , 40 , 9 0 , 91,4 - 1 , 4 2 , 9 2 , 93 , 4 1 , 4 3 , 4 4 , 4 5 , 4 6 , 4 7 , 4 8 , 4 9 , 50 , 12 , 26 , 3 , 1,3 
INTEGRATFD/1C7, Τ, 5 1 , 5 2 , 94 , 53, 54 , 5 5 , 5 6 , 5 7 , 5 8 , 5 9 , 9 5 , 6 3 , 3 6 , 6 1 , 1 0 , 1 0 , 1 , 1 , 3 
I N T E G R A T E O / I C 8 , Τ , 5 5 , 6 2 , 6 3 , 9 6 , 9 7 , 9 8 , 6 5 , 3 4 , 5 7 , 6 4 , 6 4 , 5 8 , 6 3 , 6 6 , 1 9 , 1 0 , 1 , 1 , 3 
I N T E G R A T E D / i : 9 , τ , 4 7 , 6 0 , 6 7 , 6 7 , 5 5 , 4 5 , 7 5 , 7 0 , 5 9 , 4 6 . 7 * , 7 3 , 3 5 , 7 7 , 2 8 , 1 0 , 1 , 1 , 3 
INTEGRATED/IC 1 0 , Τ , 4 8 , 6 8 , 6 8 , 6 9 , 7 3 , 7 1 , 7 6 , 7 3 , 7 2 , 7 2 , 3 7 , 9 9 , 1 0 0 , 7 8 , 2 4 , 2 6 , 3 , 1 , 3 
R F S I S T 0 R / R 1 , T , 2 , 5 , 4 1 , 4 2 , 3 8 , 4 2 
R E S I S T 3 R / P 2 , T , 2 2 , 2 1 , 2 4 , 3 8 1 24 , 42 
P E S I S T 0 R / R 3 , T , 2 9 , 2 8 , 4 , 3 8 , 4 , ^ 2 
R E S I S T 3 P / P 4 , T , 3 9 , 3 8 , 3 9 , 2 7 , 3 9 , 2 3 
P F S I S T D R / P 6 , T , 4 2 , 5 3 , 1 5 , 2 6 , 1 5 , 2 2 
R E S I S T O R / P ^ , T , 4 3 , 5 0 , 5 , 2 2 , 5 , 1 9 
Ρ ES I S T 3 R / P 8 , T , 4 4 , 5 0 , 6 , 2 2 , 6 , 1 9 

19 

CO 

RESISTOR/P 12, T, 5 3 , 6 1 , 7 , 9 , 7 , 1 3 
RESIST0R/R13,T ,54 , 6 1 , 6 , 9 , 6 , 13 
PESIST3P /P14 ,T ,59 ,61 Ï 14, Ì 4 , 10 ,14 
P F S I | T 3 P / P 1 5 , T , A p ; 5 o ,

,
1 3 , 2 6 ; i 3 ,

,
2 2 

DRAFT/ 
STOP/69 
EXIT/ 

Fig. 9- INPUT PARAMETERS FOR SAMBLE LAYOOT 



UPDATE/ 
BUS/T, 39, 39,50,39 
BUS/T,36,23,36, 25, 50, 2 5 
BUS/T,30,39,30,40,43,40,43,41,50,41 
BUS/T, 29, 10,29,11,50,11 
BUS/T,20,40,23,40,23,3 7,2 8,37,23,3 5,48,35,4 3,34,49,34,49,33,50,33 
BUS/T,19,37,22,37,22,36,27,36,27,34 
BUS/T,19,25,30,25,30,22,¿9,22,49,21,50,21 
BUS/T,18,38,18,36,21,36,21,35,26,35,26,33 „ , 
BUS/T,11,37,17,37,17,25,18,25,13,24,29,24,2 9,21,48,21,48,20,49,20,49,19, C3MT 

50,19 
BUS/T, 10,38,10,36,16, 36, 16,24,17,24,17,13,13,13,18,12,27,12,27,9,50,9 
BUS/T, 9, 39, 22,39 
BUS/B,22,39,50, 39 
BUS/B,52c,39, 38, 39,31,50,31 
BUS/T, 53. ,36, 23, 36, 19, 50,19 
BUS/B, 56. ,30,38,30, 35 
BU|/T,56o,30, 35, 4 8, 3 5, ̂  8, 3^, - 9,3 4 , ̂ 9 , 33 ,5 D, 3 3 
BUS/Τ, 5 7. ,29,10, 29, 7, 50, 7 
BUS/T, 61., 20, 41,20, 44 
BUS/B, 6 le, 20, 44, 20, 48, ¿7, «8 
BUS/T, 61«,47, 48, ¿7, 45, 50Î45 
BUS/T, 62., 19, 37, 19, 34,30, 34 to 
3US/T,64.,1°, 26, 19,30,47,30 w 
BUS/B,64c,47,30,47,29,50,29 , 
BUS/T,65«,18,38,18,33,30,33 
BUS/T, 67., 11, 38, 11, 30,4,30,4,22 
BUS/B,67c,4,22, 4, 17 

KilffUfc'.iîilh.
1
}»"·

3131
·
3
'" 

BUS/T, 68. ,3, 18, 2, 18,2,2,49,2,49,5,50,5 
BUS/T,69.,9,38,9,33,3,33 
BUS/B, 69. ,3,33, 3,49,46,49 
BUS/T, 69. ,46, 49, 46, 44 
BUS/B,69«,46,44,46,43,50,43 

DELETE B3LE/22.39 

INSERÎHOL E/33, 35, 23, 44,¿7,*8, 47,30, 4, 22, *, 17, 47, 4, 3, 22, 3, 18, 3, 33, 46, 49, 46,44 
DRAFT / 
EXIT/ 

Fig. 10 UPDATED PARAMETERS 
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THE FOLLOWING CONNECTIONS COULD NOT BF MA3E 

HN
r
T= 0, 0TNET=13 0 

HNET= 0 , 0 T N E T = l 3 r 0 

HNFT= 0 , 0TNET=13c0 

HN-T= 0 , OTNFT=10 0 

HNFT = 0 , 0TNFT=13 , 0 

HN5T= OcOTNFT= l3 , 0 

HNFT = 0 , 0 T N F T = 1 3 0 

HNFT = 0 :OTNFT=10r 0 

HNFT = O sOTNET=l3c 0 

HNFT= 0 . OTNFT=10. 0 

ΗΝΕΤ= β. 0TNET= l0 r 0 

HNF
X
 = OoOTNFT=13cO 

HNFT = 0, OTNET=l3cO 

HNFT= 0=OTNET=13cO 

HNET= 0 3 0TNFT=10r 3 

HNFT= 0 ,0TNFT=13c 0 

HNET= OcOTNFT=l3cO 

HNET= 0 ,OTNET=10cO 

HNrT= 0 , 0TNET=10, 0 

HNET= 0 ,0TNET*13c 0 

HNFT= 0,OTNFT=13C 0 

HN=T= 0 , OTNET=10rO 

Fig. 11c 
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