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. o. INTRODUCTIC»4 

The objective of this system is to allow interactive. co..,uter

assisted design of printed circuit boards. The SPRINT systelll allows 

for the .nual place.nt of critical components and for autOllltic 

pl.~nt of certain other components such as .14 and 16-pin du.l

in-line packages. The interconnection routing R»dule allows for 

...... 1 routing of critical connections and for automatic routing 

of non-entical connections. The current system is limited to 

. twa s1gnal layers, but a future expansion to IllUltilayer boards has 

bean p 1 Inned. 

The 1 nput to the system 1 sin the form of an input 1 Mguage 

called the Structural Description language (SOl). In the future 

the SOl description will also be used as the input to a logic 

si1lUlator, to a fault test generation/simulation system and to an 

autolliltic logic diagram generation capability. 

The current system is imp1eme·nted in KlRTRAN and FORTRAN IV 

on the IBM 370 system at SLAC and makes use of a Tektronix 4013 

tenninal. The SIX. compiler is implenented in SPITBOL, a SNOBOl 

dialect. Currently, the output of the system is in the fonn of . 

a Calcomp plot, from which the artwork has to be generated manually. 

Future enhancements will be discussed in section 11. In order 

to illustrate the working of the system a small exa""le will be 

used consi stently throughout thi 5 manual. (Fi gure 0.1 ). 
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1. SYSTEM OV£RVl£W 

The current release of the system consists of the follOWing 

~o .. p~raBIS: 

1 )SDlCOMP: The SOL cClllPi ler tt'anslates the circuit description 

provided by the user into an intema1 fomat. It makes . 

use of a logical library. This logical library·contains 

information for each component type used. For the purpose 

of p'r1:ntedcircu~t board design only the pin .... , for 

every a.aponent type are retrieved from this 1 i bntry • 

21 SlLPCGEN: This prog'r;-am talc.as theseq,uenti·al outputflle. 

..... ated by the co..,iler. and conmines it with 1nfonnation 

retrieved from the physical library and the board description 

file. The output is a sequential file contafhing all the 

infonnation necesslrY to ·iri1tialize the design file. 

3) LOADFILE: This program initial;zesthe direct access 

des i gnf1 1 e using the output generated by SDLPCGEN. 

4) PLACER: This is an interactive subsystem that allows the 

user to place components on the board. 

5).'IRE: Interactive subsystem for routing critical and 

MUltiple width wires manually. 

6) ItIWIRE: Batch router for automatic routing of non-critical 

connections. 

7)VIAElIM: Batch program for elimination of unnecessary 

via holes. 
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The overall structure of the system is illustrated in 

Figure 1. 1. 

BOARD 

Figure 1.1 
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2. THE DESCRIPTION OF CIRCUITS IN SDL 

2.1 Language Definition 

The SOL language allows for fonnat-free entry of a ci rcui t. 

It performs checking of the input wherever possible. The SOL 

language removes all blanks from statements before processing. 

lhtrefore a.bedded blanks have no meaning, although they may be 

fnserted in the source text in order to enhance readability. 

The sequence of groups of statements has to be adhered to. 

The fOllowing description defines this sequence. SOle statements 

are andatory while others are optional. For each statement it 

will be indicated whether or not it is optional. 

In gene'ral. names (identifiers) in the syStem 1liiY conSist 
I 

of the letters A-ll. the digits 0-9. the slash (/), the underscore 

( ) and angular brackets « and». 

1) User Idertification 

USER: <name>; 

where name is a character string of at most 20 characters. 

Example: USER: TBENNETT; 

This declaration is mandatory. 

2) Project Identification 

NAME: <projectname>; 

where <projectname> is a character string of at most 

20 characters. 
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Example: NAME: CAMACEXAMPLE t 
This declaration is mandatory and should follow the 

USER identification. 

A preferred nami ng convention in the system is of the fonn: 

<Purposename>. <level name>. <Project name> 
for PC layout 

<Purposename> = PCBGEN 
and <level name> = BOARD 

The re.ason for this naming convention is the possibi 1ity of 
logic macro expansion which will be available 1n·8 future 
release of the system. However. if the description will be 
used for PC layout only you may use any name. If you do so 
a warning message will be issued. 

3) Purpose Definition 

PURPOSE: <purposename>; 
where <purposename> is a string of at most 20 characters. 
In general, the purpose of the description should be 
stated here. 
For prihted circuit board design this purpose is alw~s 
defined as: PCBGEN. 
This declaration is mandato~. 

4) Level Definition 

LEVEL: <leve1name>; 
where <levelname> is a valid identifier. 

In general, the level of a description has to be specified 
before doing a macro expansion. 
For printed circuit board design two levels are of interest: 
1) COMP (the component level) which should be used to 

describe the board in terms of components and connections. 
2} END (the lowest level) which should be used to describe 
component types to be entered in the logical library. The 
basic purpose of such a description is to associate names 
with each of the pins of a given component type. 
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5) Declaration Of All Logical Types Used 

TYPES: <namelist>; 

where <nMII!list> consists of a single logical type na_ 

or of several na.s separated by COIIIIilS .. 

It is necessary to declare explicitlY all logical canponent 

types used in the circuit being described. 

EXllllple: TYPES: AND. OR, 54180. 8080. SN7474. DFLIPFLOP; 

The n_ of • type is restricted- to 20 significant 

characters • 

" !!9ll..: The type EXT is i ~ 1 i ci t ly def1 ned and reserved for 

specifYing the external connectors. Therefore. EXT is 1 

reMrved type name and should not be redefined. 

6) Definition of External Connectors 

I) EXT: <cname> : <namelist>; 

This declaration is necessary for every external 

connector. 

A <cname> is the name of that connector while <namelist> 

is a list of all the terminals of that connector in the 

order in which they appear. All terminals that are 

connected should have distinct names. When a te~inal 

is unconnected and un"named, this may be indicated by 

us;ngthe reserved name DUMMY. 

"ExaMple: EXT: CC*NECTOR1: A. B, C, DUMMY, D, E, Fi 

This declares a connector called CoNNECTORl with 7 
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b) 

tenuinals with tenminals 1-3 called A. B,e and 

5-7 called D. E. F. 

le.na; na 1 4 1 s unconnected and wi thout an actua 1 name. 

Again, the name of a connector and of tenn;nals is 

l1nrlted to 20 characters without embedded blanks. 

Every external connector implicitly defines a logical 

type and a component with the same name (i.e. a <cname». 

INPUTS: <tnamelist>; 

OUTPUTS: <tnamelist>; 

A terminal of a connector may be defined as either an 

input or an output tenninal or both or it may be left 

undefined. 

The or-der in which these terminals appear in the 

INPUTS or OUTPUTS declaration is not important. 

A <tnamelist> is either a single <tname> or several 

<tname>, s separated by commas·. 

A <tname> consists of a connector name followed by a 

period e.) followed by a tenninal name. Botn names 

are limited to 20 characters ·without embedded blanks. 

Example: INPUTS: CONNECTOR1.A, 
CONNECTOR1.Bj 

CONNECTOR2.A, CONNECTOR1.E; 
OUTPUTS: CONNECTOR1.D, CONNECTOR1.E; 

In this example, tenminals A, B of CONNECTORl were 

defined as inputs only, terminal 0 as output only, 

tenninal E is both input and output, while terminals 
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C and F were left undefined. 

7) c.ponent Declarations 

<typename> : <cnlllel i st> ; 

.. re '<\Ypen_e> is a previously defined logical type and . 

. <~ list> is a list ofcOll9onent nlllles. 

·llm" .. t .... , be up to 20 Chl'racters long 

E'xlIIPle: MD: Cl, CS.TPX, 808O,Pl; 

... u.at extemal connectors should not be declared as 

·CIIIfOR8nts 'here slnee this has been i·lllplied by the EXT 

s ..... t(s). 

')Net Dec 1 aratfOilS 

Each net i $ specified by the fo 11 owi n9 dec 1 a rati on: 

<netna.e> = <tnllel1st>j 

where <tn_> is of the form: ~ne"t naRle, followed 

by a period (.). followed by a term1.l natDe. 

e.I.: N£Tl = Cl.lN1.CONNECTOR1.A; 
NET2 = Cl.IN2. COIIECTOR1.Bj 
N£T3 = Cl.OUT, C2.1Nl, C3.1N2j 
NET4 = C2.0UT.C3.0UT, CONNECTOR1.Ci 

The net descriptions are followed'by an END; ,statement 

Some users milY prefer to encode a signal in more than o~ 

statellent. This i~, e.g., the case when a logic diagram that 

is being encoded is spread out over several sheets. 

Since allowing this removes some of the error-checking capability 

of the system, a warning message will be issued for multiply

defined nets. 

9) Crosschecking of the Net Declarations 

It is frequently desirable to input the net, declarations 

in their dual fo~. i.e., for every component,one can enter '~ 

the net each pin is connected to. The option here is: 

NO CROSSCHECK; or 

CROSSCHECK; 
9 



t. the second case, the following input is expected: 

<ename> : <nnamelist>; 

where <nname> cons1sts of the netname. followed by a 

period e.) followed by the pinname. 

If crosscheck is specified, a complete'netname list has 

to be provided for every con.,onent. The order in which 

these statements appear is not critical. The description 

is ternrinated by an END; statement. 

e.g.: CROSSCHECK; 
Cl : NETl . .1 NL, NET2. IN2, NET3. OUT; 
C2: NET4.0UT.;NET3.IN1; 
C3: NET3.IN2, NET4.0UT; 
CONNECTORl : NETl • A. NET4. C t .NET2. B ; 

Although the use of crosscheck will require twice the 

encoding work, it allows to detect otherwise difficult

to-find mistakes. 

It is highly reconmended to use the crosscheck option. 

Although it requires the logic diagram to be encoded twice, 

it ensures a more correct input and may eliminate some 

unnecessary layout runs. 

10) CEND Statement 

The circuit description is terminated by a statement of 

the form: CEND; 

11) Definition of Obstructions 

An obstruction is a physical component that completely 

occupies one or more layers of aboard. The normal 

10 
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COIIpOnents that were clefi ned before may, under certain· 

conditions. be obstructions. Since this is to be considered 

• tah1s 1 cal property, this i nfonaation wi 11 be provl dad 1 n 

tile physical description 111JRry. It will sometimes be 

necesM'7 to -*1,.", physical obstrKtions thatclo not have 

any external COMeCtietts. An eXillp le of thi s .'1 s a hol e 

tn tile board. 

It will be I'IeCeSHr:Y to declare tbi s bol e as I c~onent 

act to associate a logical IOd ·pbys1 cal type w1 th it. 
-. 

This will theft require the appropriate entries in the 

\oOical and physical libraries. 

12) In sa. cases. a designer 8l' bav. siecial cOIIIpOnents that 

are not generll enough to be placect in the normal cQIIpOMnt 

, 11 bnry • When thi sis the case. he can speci fy a user 

11brar,y as following: 

USERLIB : <name>; 

This statement has to follow the TYPES declaration. The 

1 i bra ry used has to be referred to in the Jel (th is is 

taken care of by the IRlIfCOMP e·xec f11e). 

The name of the 1 i bra ry is checked agains t the. name in the 

leader record of the library. The generator of a library 

is'discussed in Section 3.3. 

13) In some cases, e.g., the generation of a user library, it 

may be desirable to compile several circuits in a single 

run. This is penn1tted in the current version of the 

compiler. Note that the CEND; statement determines the 
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end of the input deck. The USER statement should only 

appear once. i.e •• is the first card. A typical batch· 

-.ylook as follows: 

USER WMVCj 

NAME . CIRCUIT1; 

° NOCROSSCHECKj 

NAME 0: CJRCUIT2 i 

CROSSCHECK; 

END. (end of crosscheck list) 
NAME : CIRCUIT3; 

NOCROSSCHECK; 

CEND; 
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2.'2 An Exaaple 

The following s1 .. 1e exmnple illustrates the use of SOL 

for describing a circuit. The logic diagram for the circuit in 

this eXlmPle is given in Figure 0.1. 

Note that every s1gnalhas to be given a distinct name. It 

is possible to descr11N! I s·1",.l net using DIOre thin one net 

c.claration. e.g •• st:gnats LOCHJ. BUSGO. BREQ and ISIS in the . 

.... 1 •• 

Note that pins in such a declarati9n -.v be specified only once. 

The Clllp1, ... WIll ...... 11 net declarations with the ... n_. 

In onler to prevent accidental errors,. wami ng .ssege ~i 11 be 

issued for every duplicate net n •• encountered. 
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. ...-..... 

USER: WMVC; 
·NAME : EXA "PLE 1 ; 
PURPOSE:PCBGEN; 
-LEVEL: COMP: 

-TYPES:7498,7482,7488,7433,741S,7474,7494,7416,RES,CAP; 
. - .EXT :CONN2IA:A,B,C, D, E, F ,G,H, I,J ,K, L, M,N,O, P,Q ,R,S,T; 

7488:C81; 
7474 :C82,CI3:· 
.7488 :C84; 
7482:C87; 

. . 7416 : Al fJ ; 
·'433:883; 

7411:Cll: 
·7·484: B1l; 
RES:Rl,R2; 
CAP:Cl; . 
IN'l'ET=CONN29A.A,CI1.1,CI1.2: 
INTE=C8l.3,CS4.10, 
LOG2T-CONN29A.8,C82.19, 
DIVCLK=CONN28A.C,C82.31 
HBT-CONN28A.D,C82.1; 
MCLR=CONN28A.E,C87.l2: 
BUSGO=CONN20A.F,C84.4; 
AACK=CONN20A.G,C84.5; 
LOG2T=C03.4,C83.1S; 
BREQ=CONN28A.H,CS3.2,C83.l3: 
BUSCL=CONN20A.I,CS3.3; 
CREJ=CONN28A.J,C84.l; 
AVAILIN=CONN28A.K,Bll.3; 
C82Q=C82.9,C84.9; 
C82QB=C02.6,C82.2,C02.4; 
DIVQl=C02.5,C82.11; 
NINTDIS=C87.13,C82.13; 
GRACK=C04.6,C87.11; 
REQ=C83.5,C03.l2,B83.2; 
BUSGO=C83.9,B83.3,B83.8,B83.9,B83.l1,B83.12; 
NX=C83.8,Cll.9,A19.13: 
NREQ=C03.6,Cll.10; 
NAVAILIN=Bll.4,C83.11,Cll.11; 
BREQ=C84.8; 
ISIGT=B83.4,CONN28A.P; 
ISIG=A10.12,R2.2,B03.5,B03.6; 
ISIG=Cl.li 
REQUSGT=B03.1,CONN2BA.O; 
D806=B03.10,CONN20A.N; 
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D882-B.J.lJ,CONN28A.Mi 
AVAILOUT-Cll.8,CONN28A.L, 

·PLUS5=Bl.l,R2.li 
-GND-Cl. 2 ,Rl. 2 ,CI2 .12; 

"IND; 
. CROSSCHECK; 
ClliIN'l'E'l'.1,IR'l'B'l.1,IM'lS.3, 

.. C'2:BBT.1 ,NIlft'DIS .13,C82QB. 2 ,DIVCLK. 3 ,C82QB.4, DIVQl.S ,C82g.9, . 
C82QB.6,LOG2T.ll,GHD.12,DIVQ1.11: 

CONM28A:INTBT.A,LOG2T.B,DIVCLK.C,HBT.D,MCLR.E,BUSGO.F,AACK.G, 
BRIQ.H,BUSCL.I,CREJ.J,AVAILIN.K,AVAILOUT.L,D812.M, 
l)8'6.H,REQUSGT.O,ISIGT.Pi 

C'3.BRIQ.2,BOSCL.3,LOO2T.4,REQ.S,NREQ.6,NX.8,BUSGO.9,LOG2T.18, 
HAYAILIH.11,RBQ.12,BREQ.13; 

C'4:8USGO.4,CREJ.l,AACK.5,GRACK.6,BREQ.8,C82Q.9,INTE.18; 
. CI7 :GRACK .11, MCLR.12, NIN'l'DIS .13: 
:' A1': ISIG.12,NX.13; 
. ·.i.'3: REQOSGT.l ,REO. 2, SUSGO. 3, ISIGT. 4, ISIG. 5, ISIG. 6, aDSGO. 8, 

8USGO.9,D8t6.18,BUSGO.ll,BUSGO.12,D882.l3i 
~11tAVAILOUT.8,HX.9,NREQ.18,NAVAILIN.11; 

··.ill:itAVAILIH.4,AVAILIN. 3; 
·al:PLUS5.1,GND.2; 
:12 :PLUS5.1 i ISIG. 2 i 
Cl:ISIG.1,GND.2i 
IHD: 
CBND, 
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2.3 How to Run SDLCOMP 

The SDL compiler reads and checks an SOL source file for 

syntax errors and logical inconsistencies. If the compilation is 

successful Sot object language will be output. The logical library 

will contain circuit descriptions in the fonm of SOL object. All 

application programs (PC generation, logic diagram generation. 

Ie .layout etc.) will use the SOl object file of a circuit together 

with an application-oriented library to create input for the appropri.ate 

subsystem. 

In order to simplify the use of this compiler, a Wylbur 

exec file (LlBIRUNCOMP under account number PCB$CG) has been created. 

It can be used as follows: 

exec· from 'runcomp user pcb group cg 
THI S FILE Rl,fiS THE S·DL COMPILER. 
<CR> CLEAR ACTIVE? 

<CR> clears your act1~e file otherwise use break to save it. 

'ACCOUNT?= CG.PCB?' 
ENTER? cg. wmv . 

. Enter the account number that will be used as a prefix 

for all files e.g. cg.wmv 

'SOL SOURCE FILE = SOLINPUT?' 
ENTER? exl 

Enter the name of the Wylbur fonmat file containing your 

SOL source input. Two fonms are possible: 

a) for sequential f;les use the file name 

b) for library members use the fonm libname (membemame) 

16 



'511..; OUECT OUJPUT FILE lit SDIJ)8J·l' 
ENTER? objl 

Enter the nllRe of the Wylbur fOnnlt file into which the 

object language output will be written. <cit> 'will give 

you the default name SDlOBJ. 

'VOlUME • SCFEV91 
El1'IR! 

Enter the vol ... on Which the SOL object fi1~e is ~ be 

piaced. <CR> will give you a scratch vol .... (i.e. SCFEY~l. 

• USER LIJRMn <CR>-NONE· 
ElTER? xlib 

Enter- the nu. of the user library if you have one, 

otherwise reply with a <CR>. 

THE dCl IS NOlI IN YOUR.ACTIVE FILE READY TO RUN 
-> EXE F PAU 

tssue a run cornnand to sUbmit the job. 

2.4 SDLCOMP Error Messages 

The following list explains all error messages that are 

currently generated by the SDL compl1er. A severity less than 4 

1s a warning; severity 4-7 are serious errors which need correction; 

severity 8 1s a fatal error. 

Otpendin~oR the nature of error the folloWing actions· are 

reco .... nded: 

1) correct the error and run the program aga1 n 

2) kelp your Oltput and , ,OP1 of the input file and contact 

the person responsible for maintaining the compiler 

17 
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error 

3) contact the person responsible for maintaining the component 

library. 

n~er severity action message 

1 8 1 missing circuit name 

2 °8 1 ',' ; missing or incorrect EXT declaration 

3 8 1 missing_or incorrect °TYPE declaration 

4 4 1 undefined type 

5 8 1 missing type 1n component °declaration 

6 4 1 maximum name length exceeded 

7 4 1 expecting net definition or END but 
other statement found 

8 8 3 missing header in logical librar,y 

9 8 3 syntax error in logical library 

10 8 3 not all types in logical library 

11 4 1 invalid pin name 

12 4 1 previously defined type 

13 4 1 undefined component 

14 8 1 missing crosscheck statement 

15 8 3 missing or incorrect PINS record 1n 
library 

16 8 

I 
3 user library name conflict 

17 4 1 undefined component 
I 
I 
I 

°18 4 
~ 

1 undefined netname I 



:, 

error I 

nlllDer severity action message 

19 4 1 or 3 undef1nedpinname 

Zl 4 1 previously defined component 

22 4 1 previ ous ly defined pi nname 

2·3 8 1 aissing user name 

24 8 1 syntax error in EXT declaration 

26 4 1 undefined component type 

27 8 1 invalid netlist 

28 4 1 invalid te~inal name 

29 4 1 syntax error 

·30 . 8 1 incomplete crosscheck list 

31 8 1 .issin9 END statement 

37 8 3 lIissing or fncorrect NTYP record ~~ 

in logical libra~ 

38 8 3 Ini ss i n9 or t "cOrrect NCOM record 
in logical library 

39 8 3 lIissing or incorrect TNPN record 
in logical library . 

40 8 3 mi 55 i ng or 1 ncorrect NNET record 
in logical library 

41 8 3 l1iss1ng or incorrect TYPE record 
in logical libra~ 

42 8 3 missing or incorrect COMP record 
in logical library 

·43 4 1 error detected during processing of 
crosscheck i nfonnati on 

44 8 3 invalid name in logical library 

45 8 3 .iss1n9 or conflicting purpose in 
logical 1 ibrary 

~ 
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error 
nunner severity action message 

46 8 3 missing or conflicting level 
logical library 

in 

47 2 previously defined netname 

48 8 2 one of the systems limit was 
exceeded 

49 8 3 error ina 1 i as di rectory of 
logical library 

50 4 1 pi n connected to two di. fferent nets 

57 2 -:' unconnected pin 

· ,..-..., 

20 



2.5 SlI.. ·gJpJ,ct 199uIM FOrMat 

As indicated in section 2.3, the SOL .cOIIp11er g",erates an 

in ..... di.te input in the fOnD defined below. This format is 

used 

1) b.Y etch subsystell (,rinted circuit design, in~gratecl, 

circuit design, logic si~lation ete ••• ) together with • 

special library to create a specific design file (the 

printed circuit design file generation is discussed in 

detail in section 4). 

2) in the logical library 

3) by the macro-expansion facilities that will be available 

in the future. 

The user need not be aware of the rest of this s·ection. Nevertheless, 

it is included for the sake of cGq)letenes$. 

The SOL object language consists of records of length 80 

with colU1111s 1-5 reserved for a record type indicator. The following 

description gives these records in the order in which they will occur. 

All records are fi xed-fonnat to make them easy to read froll 

Fortran. 

1) ~ 

1 record 

userna .. : col. 6-25 

2) fWIE.; 

1 record 

project name: col. 6-25 
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3) PURP: 

1 record 

purpose name: col. 6-25 

4.) LEYL: 

1 record 

level name: col. 6~25 

5) NTYP: 

1 record 

, of logical types: col. 6-10 

6) NCOM: 

1 record 

# of components: col. 6 ... 10 

7) TNPN: 

1 record 

total * of pins: col. 6-10 

8) NXPN: 

1 record 

# of external pins: col. 6-10 

9) NNET: 

1 record 

I of nets: col. 6-10 

10) XPIN: 

1 record per external pin 

pinnumber: col. 6-10 

pinname: col. 11-30 

22 



11) nPE: 

1 record per 1 ogt cll type 

t1Penu.ber: col. 6~lO 

typen .. : col. ll-~ 

, Of pins: col. 31-35 

exteru 1 flag : col. 36-40 

12) CCII': 

1 record per COIIIpOftent 

cOIIpORent ,: col. 6-10 

COIIpOMntna. : col. 11-30 

, of pins! col. 31-35 

logical type: col. 36-40 

enemal flag: col. 4l .. 45 

13) PINS: 

elf rect 1y fo 110ws C~: record 

1 record for every pi n o'f the camponent 

pin I: col. 6-10 

pinname: col. 11-30 

14) HlET: 

1 record for every net 

net I: col. 6-10 

netname: col. 11-30 

'I of pins: co1~ 31-35 

23 
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l5)· PNET: 

directly follows HNET: record 

1 record for every pin in the net 

component ,: 001. 6-10 

pin ,: col. 11-15 

16) ENDC: 

terminates the SOL object file 

24 
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2.6 SU!ple Outp·utof the SOL eonpiler 

OSER: WMVe, 
HAlelE: EXAMPLE 1 , 
PURPOSE:PCBGEN, 
LEVEL: COMP , 
TYPES:7411,7482,74ftl8,7433,7418,7474,7484,7416,RES,CAPI 
EX'r:CO!Ri2IA:A,B,C,D,E,P,G,H,I,J,K,L,M,N,O,p,Q,a,S,'l'f 
748':Cll,· . 

LIBRAR! NAME = ~LIB 
*** END OF LIBRARY PETCH *** 
7474:C82,CI3, 
7488 :CI,4; 
7412:CS7; 
7416:A10; 
7433:803, 
74l8:Cll; 
7484:811; 
RES: Rl , R2 ; . 
CAP:C1; 
INTET-CONN28A.A,C01.1,C81.2; 
INTE-CI1.3,C84.107 
LOG2T-CONN28A.B,C82.187 
DIVCLK-CONN21A.C,C82.3, 
HBT-CONN28A.D,C82.1, 
MCLR-CONN28A.E ,C87 .12, 
BUSGO-CONN28A.P,C84.4, 
AACK-CONN28A.G,C84.S; 
LOG2T-C83.4,C83.18, 
*** SDLCOMP * WARNING 47 *** PREVIOUSLY DEFINED· RETNAME LOG2T 
BREQ-CONN28A.H.C83.2,C83.13; 
BUSCL=CONN28A.X,C83.37 
CREJ-CONN2IA.J.C84.1; 
AVAILIN-CONN28A.K,B11.3; 
CI20-CI2. 9,Ce4. 9, 
CI 20B-Ce2. 6 ,ca 4. 2,C82. 4, 
DIVQ1-CI2. 5, ca 2.111 

) ) . ) 
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NINTDIS-C07.13,C02.13; 
GRACX=C04.6,C87.ll; 
REQ-C83.5,C03.12,B83.2; 

) 

BUSGO=C"3. 9, B83.3, B03. S, B,03. 9, B03 .11 ,B93.12; 
*** SDLCOMP * WARNING 47 *** PREVIOUSLY DEFINED NE'l'NAME BUSGO 
NX=C03~8,Cll.9,A10.13; 
NREO=CI3.6,Cll.18: 
NAVAILIN=Bll.4,C83.11,Cll.ll; 
BREQ=C84.S; 
*** SDLCOMP * WARNING 47 *** PREVIOUSLY DEFINED NETNAME 8REQ 
ISIGT=B03.4,CONN20A.P; 
ISIG=A10.l2,R2.2,B03.5,B03.6; 
ISIG=Cl.li 
***SDLCOMP * WARNING 47 *** PREVIOUSLY DEFINED NETNAME ISIG 
REQUSGT=B 03. -1, CONN 2 0A. 0; 
D886=B83.10,CONN29A.N; 
DS02=B03.13,CONN20A.Mi 
AVAILOU~=Cl~.8,CONN20A.L; 
PLUSS-Rl.1 ,R2.1; 
GND=Cl.2,RI.2,C02.12; 
END; 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 

* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 
* WARNING 

57 *** UNCONNECTED PIN: 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 

*** 
*** 
*** 
*** 
*** 
*** 
*** 

UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCON~ECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 

*** UNCONNECTED PIN: 
*** UNCONNECTSD' P-Itf: 
*** UNCONNECTED PIN: 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
*** 

UNCONNECTED· PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCON'NECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 

CONN2B'A.Q 
CONN20A.R 
CONN20A.S 
CONN20A.'l' 
C91.·4 
cal.S 
cel.6 
cel.7 
cal.S 
C·ll. 9 
cel.1e 
cel.11 
C8l.12 
cel.13 
cel.14 
ce2.7 
C02.8 
C02.14 
ce3.l 

) 
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*** SDLCOMP * WARRING 57 *** UHC&tJIIBC'l'BD PIN: C13.7 
*** SOLCQIIP * WAlUJIIIG 57 *** U.CQ"--=~ PIII:e'l.14 
*** SDLCOIIP * WARBI_ 57 *** UHcOIIIIBC'1'£t) 'P'I!I: C"4.2 
***SDLCQMP * WAUlMG57 *** WlC.Qtill~.eo :P,IIJ.: ~'4.3 
*** Sf)LCOIIP * WAU'I,MG57 *** U.C_~~D 'IN:: ~'4. 7 
*** SDLCOMP* WARNING 57 *** UHCQI~ICT,&O PJN: ~'4.11 
*** SDLCCMP * WARN.IIIG 57 *** URCOtlRB£TIDPIN: 'C84.12 
*** SI>LC:GIIP * WARlfI"S7 *** U~D PIN: Ct4.13 
*** BDLCOMP * WARRING 57 *** UJJCOIIBC'1'Ef) PIN: C'4.14 
*** SDLCOMP * WARNING 57 *** UJlCOII.acrBD PIN: C17.1 
*** SOLCOMP * WARNIMG 57 *** UNCOHNEC'fBD PIN: C87.2 
*** SDLOoMP * WARNING 57 *** UNCO" •• CTBO PIN: C17.3 
*** SOLCOMP * WARNIRG 57 *** UNCOHHBCTBD PIN: et7.4 
*** S'DLCOMP * WARNING 57 *** UNC'OMNICTBD ,PIN: CfJ7.5 
*** SDLCOMP * WARNING 57 *** UNCORR'aC'l'BD PIN: Ct7. 6 
*** SDLCOMP * WARNING 57 *** UNCONNECTED PIN:C87.7 

~ *** snacOMP * WARNING 57 *** UNCONNECTED. PIN: C87.8, 
*** SDLCOMP * ,WARNING 57 *** UNCONNECTED PIN: C'7.9 
***SDLCOMP * WARNING 57 *** UNCONNECTED PIN: C87.11 
***SDIiCOMP * WARNING 57 *** UNCONNECTED PIN.: C8'.1.4 
***S'D.ooOMP * -WARNING 57 *** UNCONNECTED PIN: AII.I 
*** S'DLCOMP * WARNING 57 *** UNCONNECTED PIN: AII.2 
*** SDLCaMP * WARN'ING 57 *** UNCONNECTBD PlY: A18.3 
*** SDLCOMP * WARNING 57 *** UNCONNECTED PIN: AII.4 
*** SOLCOMP * WARNING 57 *** UNCONNECTED PIN: AI'.S 
*** SDDCOMP*' WARNING 57 *** UNCONNECTED PIN: AII.6 
*** SDLCOMp * WARNING 57 *** UNCONNECTED PIN: A18.7 
*** SDLCOMP * WARNING 57 *** UNCONNECTED PIN: AII.S 
*** SOLCOMP * WARNING 57 *** UNCONNECTED PIN: AII.9 
*** SJ)LCOMP * WARNING 57 *** UNCONNECTED PIN: All.11 
*** SDLCOMP * WARNING 57 *** UNCONNECTED PIN: AII.II 
*** SDLCOMP * WARNING 57 ***-UNCONHBCTBD PIN: AI'.14 
*** SDLCOMP * WARNING 57 *** UNCONNECTED PIN: B83.7 
*** SDLCOMP * WARNING 57 *** UHCONVBC'1'BD PIN: 883.14 
*** SDLCONP * 1fARNING 57 *** UNCONNECTED PIN: CII.l 
*** SDLCOMP * ~ARNING 57 *** UNCONNECTED PIN: Cll.2 
*** BDLCOMP * WARNING 57 *** UNCONNECTED PIN: ell.3 
*** SDLCOMP • ~ARNING 57 *** UNCONNECTED PIN: Cll.4 
*** SDLCOMP * lWARNING 57 *** UNCONNECTED PIN: CII.S 
*** SDLCOMP * lWARNING 57 *** UNCONNECTED PIN: CII.6 

) ,J ) 
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*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** BDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
*** SDLCOMP 
CROSSCHECK; 

* WARNING 57 
* WARNING "57 
* WARNING 57 
* WARNING 57 
* WARNING 57 
* WARNING 57 
* WARNING 57 
* WARNING 57 
* WARNING 57 
* WARNING 57 
* WARNING 57 
* WARNING 57 
*" WARNING 57 
* WARNING 57 
* WARNING 57 
* WARNING 57 

~**UNCONNECTED PIN: 
*** UNCONNECTED PIN: 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
*** 

UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 
UNCONNECTED PIN: 

) 

C1l.? 
Cll_12 
C11.13 
Cl1.14 
B11.1 
B11.2 
B11.5 
B11.6 
B11.7 
B11.8 
B11.9 
B11.16 
Bl1.11 
B11.12 
B11.13 
B11.14 

C011INTET.l,INTET.2,INTE.3; 
CS2:HBT.l,NINTDIS.13,C82QB.2,DIVCLK.3,C02QB.4,DIVQ1.$,el2Q.g, 

CI2QB.6,LOG2T.1S,GND.12,DIVQ1.11; 
CONN20A:INTE~.A,LOG2T.B,DIVCLK.C,HBT.D,MCLR.E,BUSGO.F,AACK.G, 

BREQ.H,BUSCL.I,CREJ.J,AVAILIN.K,AVAILOUT.L,D812.M, 
DS96.N,REQUSGT.O,ISIGT.P; 

C83:BREQ.2,BUSCL.3,LOG2T.4,REQ.5,NREQ.6,NX.S,BUSGO.9,LOG2T.ll, 
NAVAILIN.Il,REQ.12,BREQ.13; 

C04:BUSGO.4,CREJ.1,AACK.5,GRACK.6,BREQ.8,C02Q.9,INTE.18; 
CS7:GRACK.ll,MCLR.12,NINTDIS.13; 
A10:ISIG.12,NX.13; 
B03:REQUSGT.l,REQ.2,BUSGO.3,ISIGT.4,ISIG.5,ISIG.6,BUSGO.8, 

BUSGO. 9, D896 .10, BUSGO.II, BUSGO.12, D882 .13 J " 
CIl:AVAILOUT.8,NX.9,NREQ.lO,NAVAILIN.11~ 
B11:NAVAILIN.4,AVAILIN.3; 
R1 : PLUS 5 • 1 , G NO • 2 ; 
R2:PLUS5.1,I SIG.2; 
C1: ISIG.l ,GND. 2; 
END~ 

i OF TYPES -= 12 
I OF COMPONEBTS = 13 
t OF NETS = 29 

) 



• OP .PINS .. l52 
• OF EX'rBRNAL PINS = 20 

N'nPES· • 12 

THE CQJlPONEN'l'S ftPES USED ARE: 

1 74'. 14 
2 74.2 14 
3 7488 14 
4 7433 14 
5 7418 14 
6 7474 14 
7 7484 14 
8 7416 14 
9 RES 2 

N 18 CAP 2 \0 

11 CONN28A 20 1 
12 . DIPl4 . 14 

NCOMPS • 13 

TOTAL I OF P:INS • 152 

THE COMPONENTS ARE: 

1 CO~N28A 11 1 
2 cel 1 
3 C8'2 6 
4 CI3 6 
5 ca4 3 
s· CI7 2 
7 Ala 8 
8 B83 4 
9 CII 5 

18 B11 7 
11 R1 9 
12 R2· 9 
.) Cl 18 J )-
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~NETS =- 2,9 

THE NETS ARE: 

1 INTET 3 1.1 2.1 2.2 
2 INTE 2 2.3 5.1" 
3 LOG2T 4 1.2 3.11 4.4 4.18 
4 OIVCLK 2 1.3 3.3 
5 HBT 2 1.4 3.1 
6 MCLR 2 1.5 6.12 
7 BUSGO 8 1.6 5.4 4 __ 9 8.3 8.8 8. 9 8~1l 8.,12 
8 AACK 2 1.7 5.5 
9 BREQ 4 1.8 4.2 4.13 5.8 

18 BuseL 2 1.9 4.3 
11 CREJ 2 1.18 5.1 
12 AVAILIN 2 1.11 18.3 

~ 13 el2Q 2 3.9 5.9 
14 C82QB 3 3.6 3.2 3.4 
15 DIV01 2 3.5 3.11 
16 NINTDIS 2 6.13 3.13 

'17 GRACK 2 S.6 6.1.1 
18 REO 3 4.5 4.12 8.2 
19 NX 3 4.8 9.9 7.13 
28 NREO 2 4.6 9.10 
21 NAVAl LIN 3 10.4 4.11 9.11 
22 ISIGT 2 8.4 1.16, 
23 ISIG 5 7.12 12.2 8.5 8.6 13.1 
24 REQUSGT 2 8.1 1.15 
25 0816 2 8.18 1.14 
2'6 0882 2 8.13 1.13 
27 AVAILOUT 2 9.8 1.12 
28 PLUSS 2 11.1 12.1 
29 GND 3 13.2 11.2 3~12 

.... _ .... ----- -
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UNCONNECTED PINS: 
1.17 1.18 1.19 1.28 2.4 2.5 02.6 2.7 2.8 2.9 2.18 2.11 2.12 2.13 2.14 3.7 
3.8 3.14 4.1 4.7 4.14 5.2 5.3 5.7 5.11 S.12 S.11 5.14 6.1 6 .2 6.3 6.4 
6.5 6.6 6.7 6.8 6.9 6.18 6.14 7.1 7.2 7.3 7.4 7.5 1.' 7.7 7.8 7.' 7.11 
7 • 11 7. 14 8. 7 8. 14 9. 1 9. 2 9. 3 9. 4 9. 5 9.6 9. 7 9.1 2, 9. 13 9. 14 1". 1 11. 2 
11.5 18.6 1B.7 10.8 18.9 11.18 1".11 18.12 18.13 18.14 2.4 2.5 2.6 2.7 
2.8 ~.9 2.18 2.11 2.12 2.13 2~14 3.7 3. 8 3.1. 1.17 1.18 1.19 1.28 4.1 
4.7 '.14 5.2 5.3 5.7 5.11 5.12 5.13 5.14 6.1 6.2 6.3 6.4 6.5 6.6 6 •. 7 6.8 
6.9 6.18 6.14 7.11.2 7.3 7. 4 7.5 7.6 7.7 7.8 7.9 7.18 7.11 7.14 8.7 
8.14 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.12 9.13 9.14 18.1 1'.2 18.5 18.6 18.7 
18.8 11.9 IS.I" 10 .11 11.12 1B.13 1B.14 

MODULE-NET CROSS REFERENCE LIST 

COMPONENT f 1 NAME- CONN20A TYPE = 11 TAG = 1 
1 1 INTET 
2 3 LOG2T 
3 4l)IVCLKo 
4 sBS-r 
5 6 MCLR 
6 7 BUSGO 
7 8 AACK 
8 9 BREQ 
9 18 BUSCL 
18 11 CREJ 
11 12 AVAILIN 
12 27 AVAILOUT 
13 26 D812 
14 25 D816 
15 24 REQUSGT 
16 22 ISIGT 

COMPONENT f 
1 1 IN'l'ET 
2 1 laBT 
3 2 INT! 

COMPONBNT • 
1 5 HBT 

o 2 14 C-82Q8 
3 4 DIVCLK 
4 l' .IS2QB 

2 NAME • cel TYPE • 1 'rAG • 

3 NAME • CI2 TYPE • 6 TAG • 

)0 J 
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5 15 DIVQl 
(; 14 CI2QB 
9 13CI2Q 
18 3 LOG2T 
11 15 DlVQ1 
12 29 GND 
13 16 MINTDIS 

COMPONBNT • 4 NAME = CI3 'l'YPE = 6 TAG = 
2 9 BREQ 
3 II Bo'seL 
4 3 LOG2T 
5 18 aBQ 
6 21 NREQ 
8 19 NX 
9 7 BOSGO 
18 3 LOG2T 
11 21 NAVAILIN 

w 12 18 REQ 
N 13 9 BIlEO 

COMPONENT I 5 NAME = C84 TYPE = 3 TAG = . 
1 ·11 CREJ 
4 7 BUSGO 
5 8 MCI( 
6 17 GRACK 
8 9 BREQ 
9 13 C82Q 
11 2 INTE 

COMPONENT I, 
11 17 GRACK 
12 6 MCLR 
13 16 NINTDIS 

COMPONENT I 
12 23 ISIG 
13 19 NX 

6 NAME = C07 'l'YPE = 2 TAG = 

7 NAME • A18 TYPE • 8 TAG • 

) ) 
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COMPONIIiT • 8 NAME == B83 ftPE • 4 TAG • 
1 24 *IQUSGT 
2 18 UQ 
3 7 BUSCO 
4 22 I.XCT 
5 23 lSIC; 
6 23 ,lelO 
8 7 BUSGO 
9 7 IIUIOO 
I' 2S CI.' 
11 7 BUlao 
12 7 BUIGO 
13 26 b882 

COMPONBWT I 9 NAME • ell 'l'!PE == 5 TAG == 
8 21 AVA I LOOT 
9 19 NX 
18 28 MRIO 

~ 11 21 NAVAILIN 

COMPONENT I 18 NAME == B11 TYPE == 7 TAG == 
3 12 AVAILIN 
4 21 NAVAILIN 

COMPONBNT i 11 NAME == Rl TYPE == 9 TAG • 
1 28 PLOSS 
2 29 GMD 

COMPONENT I 12 NAME == R2 TY PI == 9 TAG == 
1 28 PLUSS 
2 23 ISIG 

CQlPOMBNT f 13 NAME • Cl T!PB • 18 TAG • 
1 23 ISIG 
2 29 GMD 

) ,) ) 
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CIl -c 

~ Ii.. 
Czl 0 

iC Z 
-It 0 
iC H 

E-t 
E-t ICC 
H Z 
C H 
(,) ~ 0:: 
H r4 
U E-t 

IS. ..:I 
0 ICC 

C ~ 
Z 0 
C&:I • ... Z ...-..... C . « Z .. • raJ" .. U. 
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3. LOGICAl AND PHYSICAL LIB'RARIES 

3. 1 Logical Libr,rY 

3.1.1 Logical Library 

The library naM definition record is specified as 

follows: 

LLIB:<librar.y name>; 

3.1.2 Alias Directorl 

The alias directory consists of a n .... r of alias 

definitions followed by: END; 

An alias definition has the fOrDI 

<type ... l> = <typename2>i 

where <typen_l:> is dec 1 Ired to have the SUI!' attributes 
. . 

as <typenante2>. Thi s requi res the second type to lie fully 

defined in the body of the library. 

3.1.3 LibrarY Body 

This part consists of a nlll1ber of SOl object fo .... t 

descriptions of various cOIIIpOnents. The format 1s identical 

to that given in section 2.5 except for the lack of a USER 

record. 

3.1.4 End of Library 

The end of the library is signalled by a record cantaining 

'LEND' in col. 1-4. 



) ) ) 

3.1.5 Example 

LLIB: MrLIB 
74LSII-DIP14: 
7tLS1I-DIP14, 
74LS12-DIP14, 
74LS83-DIP16: 
BHD: 
11MB: PCBGEN.COMP.DIP14 
PORP: PCBGEN 
LBVL: END ' 
lft'fP: 1 
acON: 1 
TNPN: 14 
RXPN: 14 
lIRET: e 
XPIN: 1 1 
XPIN: 2 2 
XPIN: 3 3 

IIC XPIN: 4 4 
'XPIN: 5 5 
XPIR: 6 6 
XPIN: 7 7 
XPIN: 8 8 
XPIR: 9 9 
XPIH: 18 18 
XPIR: 11 11 
XPIN: 12 12 
XPIN: 13 13 
XPIR: ' 14 14 
ftPB: 1 14 
CORP: 1 1 EXT 
PINS: 1 1 
PIRS: 2 2 
PISS: 3 3 
PIRS: 4 4 
PINS: ' 5 5 
PIRS: 6 6 



PINS,: 7 7 
Plaj·· a 8 
PINS: 9 9 
Pnlli· 18 18 
PI.t; 11 : 11 
PI.'f 12 12 
PIa, 13 13 
PIn.:' 14' 14 
ERat· 
NAg:' PCBGEN.COMP.DIP16 
PUD, PCBGEN 
LBft.: . END 
NTfP': 1 
NCClt~ 1 
TNPlI: 16 
NXP., 16 
NNStt:,> 8 

w XPUI: 1 1 ..... XPltI: ; 2 2 
XPIWi' 3 3 
XPIH: 4 4 
XPIIt: .. s 5 
xpil1: 6 6 
XPllft 7 7 
XP1R: 8 8 
XPI.: 9 9 
XPllt,c-' 18 18 
XPl·Hi· 11 11 
xPtlri-t:: 12 12 
XPIN: 13 13' 
XPIR: 14' 14 
XPINt' IS' 15 
xptlf~:;2 . 16; 16 
'fiPEif 1 16 
CaMP'l 1 1 BXT 
PINS: 1 1 
PINS:: 2 2. 

) ) ) -' 
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ZZZZZZZZZZZZZZQZ 
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3.2 Physical librarY 

The physical component library ;s stored asa sequential file 

with the following format: 

3.2. 1 Header Record: 

PHYSICAL LIB: <name>. 

3.~.2 Logical lypelPhysical Type Associations 

a) for every association there will be a statement. of 

the fOnD: 

<logicaltypename> = <physlcaltypename>; 

b) END; 

·3.2.3 Ph.ysical Type Description: 

a) M: <physica1typena.>; 

b) NPINS: <number>; 

Defines the number of pins for this type. 

c) OFFSET: <offsetlist>i 

Defines for every pin its offset w. r. t pin 1 t the 

reference pin. 

An <offset1ist> consists of a single <offset> or of 

severa 1 <offset>' s, separated by comma's. An <offset> 

is specified as follows: xoffset.yoffset. Both x 

and y. offset are integer numbers expressing the offset 

iri mils. 

d) OBSTRUCTION: <n>; 

Where <n> = NONE if no· obstruction. 

= COMPONENT if obstruction oncOIIIponent side. ,~ 

39 



• 'SOLDER if Obstructioq on solder side. 

= BOTH if obstruction on both sides. 

e) SIZE: <xsize>.<ysize>. 

This indicates the physical sl'ze of the component in 11115. 

f) END .• 

3.2.4 End of LibrarY Ind1tator 

PlEND; 

40 



. PHYSICAL LIB:BXAllPLE: 
DIPl4-DIP14; 
ICBOX-ICBOXB: 

·~··ltAMB: ICIIOXS'J 
.PIHS:S, 

3.2.5 £X!III!le 

OFFSET: II, ••• " a, ••• , 3 •••• , 4t8.1, 51'.1,6.:8.8,7'8.1,8'8.'; 
oaS'lWJCt'IOH:8O'1'B, S I Z I.: "'.1'.' , 
,.atID; 

. "B:D If l' J 
·.IRS:1'; 
·OPFSft:'.', 11 •• It 211.1,3". 1,411.1,58'.1,6".'. 78 •.• 8., 

7.'.3,,., , ••• 3", 5 ••• 3 ••. ,48 •• 3· •• ·.)1 •.• 1 .. ,2 ..... HI,1".38'.'. 3:0, 
oaS1'HCI"IOII:ROIIE: 

.. 811117';'.3.', 
BIID, 

.. _II£:DI.14: 
. lIPIlIS: It; 

OPFR'.r:' .1,1" .,1,2:11.' ,.3'1.",418.' ,5·'1." ".e ..• , 
' ••• 3· .... 5.1.3 .•• , .... 38·.,381.3 •• ,2 ••• 3 •• ,111.1'·1, •• 31:'" 

. . 'Q8S'faUCrIOII: .0IfE, 
SIZ.:&11.31'; 
Btm, 

'PLElIDi 
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3.3- How to Add a Component to a Logical Librar=y . 

Currently no programs are avail able ·for updating the logical 

librar.y. However, since its format is rather simple, one can use 

Wylbur to perform this task. Two major types of addition are 

. possible: 

1) If you want to add a component for'whfch there is' a similar 

.scription already in the library, just insert a line 1n 

the Alias DirectorY. (Try Ito keep this directory in alpha· 

betical order.) 

2) If no sill11ar descr1ption exists .• then encode the circuit 

in SDL and compile it.· Remove from the objeC.t file the 

tlS;ER and,CEND records and merge this file into the body 

of~ the 1 ibrary. 
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3.4 loaiN Oeser; pt 1 on 

The board description has to be stored fn a file to be .used 

br the Sa,CGEN progr... It ~oDsistl -O'f the followiflg ,"'--tlen: 

Ii ;1tp4,NMe 

MME:<id>; 

,I} ,ftnteaJOItlt,PI 

PHYS 1 CAL: <point 1 i st>; 

"1'8 every po4at is specified •. <P .• <y>. ·A., 41 ... f·ons 

.re .KPNssed in .15. Al,l .coonIt .... are relat1,. to the 

1..,. Je:fth,1WI comer 0' the ~tCl1 bHrdoutl1ne (see 

figure 3.4. 1) • 

•.• 1. "'YSlCAL:Q.O.8.1_~.I8OIG.aJOD.O; 

'11, i Msi" 1 as; Fe .. ;lffHt 

The '.e.l IINrd is .. s,1·ce .1,..4 tor placing COIIf)OItents 

and for routing connections. llIe J,o.,IQlboard is .1W17S ~. 

a rectangle and is specified by a size (LOGSIZE) and. the 

location of its lower 1efthand comer (LOGO'FFSET). This 

is illustrated in figure 3.4.1. 

LOGSIZE:<xsize>.<ysize>; 

LOGOFFSET:<xoffset>.<yoffset>; 

4) Externa 1 Connectors 

NCONNECTORS: <n>; 

for every connector: 

NAME:<id>; 

.'INS:<n>; 

OFFSET:<point list>; 

ORIENTATION: <n>; 

LOCATION:<x>.<y>; 

END; 
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Example 

NAME:CAMAC1; 
PHYSICAL: 8.8,11998.8,11990.4398,10898.439",18890.5348, 

11998.5348,11990.7230,0.7230,1.0, 
.·LOGSIZE: 1848".638" J 

. : ... LQGOFFSET: 58".5"8; 
·RCONNECTORS:l, 
·NAliE: CONNl i 
Hl'·INS: 42, 

··QFFSET:". "88," .188,8.288,".300,8.480,8.580, 
1.61.,'.789,8.808,8.900,8.1088,0.1180, 
1.1288,8.1388.8.1480,8.1588,8.1688,1.1788, 
1.1888,1.1988,8.2880,0.2180,8.2281,8.2380, 
1.2'.8,'.2518,8.2618,8.2788,8.2888,8.2918, 
'.3888,8.3188,8.3288,8.3388,8.3488,8.3588, 
8.36",8_3788,8.3888,8.3988,8.4888,8.4188, 

. ·.ORIENTATION: 8; 
. LOCATION: 11988.6118; 

... ENO, 
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4. DESIGN FILE GENEMTION 

4. 1 Introduction 

The SDLPeGEN program comines the output of SDltoMP (the sa 

compiler, as described in'section 2.5). the physi~al 1ibrar,y <as 

describect in section 3.2) and the board description (as described 

in section 3.4) and generates a file which cont.tns .11 the inf:o,.t1on 

necessary to start the PC layout process. 

The output of the program is a new sequentt.l ff 1e which 

consists of the original SOl object clescriptionplus the following 

information appended tolt. 

1) NPHT: 

1 record 

, of physical types: col. 6-10 

2) PNTP: 

1 record for every physical type 

type I: col. 6-10 

type name: col. 11-30 

I of pins: col. 31-35 

obstruction type: col. 36-40 

3) PSIZ: 

1 record for every physical type 

xsize in mils: col. 6-10 

ysi.ze in mils: col. 11-15 
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4) POFF: 

1· record for every pi n of thi s type 

Xoffset in mils: col. 6-10 

Yoffset in mils: col 11-15 

5) LGPH: 

1 record· for every 1 O9i ca 1 type 

10g1cal ~pe I: ·co1. 6·10 

corresponding physical type ,: col. 11-15 

6) ENIP: 

1 record ending physical information 

7) BNAM·: 

1 record 

board type name: col. 6-25 

8) BPAR: 

1 record 

, of points in physical outline: col. 6-10 

, of connectors: col. 11-15 

logical Xsize in mils: col. 16-20 

logical Ysize in mils: col. 21-25 

logical Xoffset in mils: col 26-30 

logical Voffset in mils: col. 31-35 

9) BPHO: 

one record for every point of the physical outline 

X in mils: col. 6-10 

Y in mils: col. 11-15 
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10) CONN: 

.one record for every connector 

corresponding physical type I: col. 6-10 

orientation: col. 11-15 

X location: col. 16-20 

Y location: col. 21-25 

The sequential file is then ~ransfonmed by the LOADFILE 

program into a direct access design file which will then be used' 

by the rest of the system. 
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4.2 How to Run SDLPCGEN 

An exec file is available for creating the JCL for running the 

program. It can be used as follows: 

exec from lrunpcgen user pcb gro cg cle 
ntIS FILE FUNS ·THE SOL PC GENERATION PROGRAM 
<CR> CLEAR ACTIVE? 

A <CR> will clear your active file. Use a break to save if 
necessary. 

'ACCOUNT = CG.PCB?' 

ENTER? cg.wrnv 

Enter your account number in the fonnat shown. this n"'er 

will be used as a prefix for your files. 

t $Ol OBJECT FILE = SDLOBJ? I 

ENTER? objl 

Enter the name of the SOL object file you desire. 

A <CR> will give you the default name SDLOBJ 

'SOL BOARD DESCRI PTION FILE = BOARD? I 
ENTER? board1ib(camac) 

Enter the name of the file containing the board description 

'OUTP UT FILE = PCOUT1? I 

ENTER? 

Enter the name of the output file. A <CR> will give·you the 

default name PCOUT1. The system will overwrite a file with 

this name or it will create a new file if none exists. 

'VOLUME = SCFEV9?' . 
ENTER? 

Enter the volume on which the output file should be generated. 
<CR> will give you a scratch volume (i.e. SCFEV9). 

THE JeL IS NOW IN YOUR ACTIVE FILE READY TO RUN 
+EXE F PAU 

Issue a run command to submit the job. 
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t& 

Output for the EXl!Ple , . 

**************.*********************************************** 
* 
* 
* 
* 
* 

PCB INPUT rILE GEN.RATION PROQJAM. 
VERSIQN 1 LEVEL lOP MARCH 31" 1977 
CORTAC'1' W.M. VANCJ,.EEMPUT (415J 497 1271 

* 
* 
* 
* 
* 

*****************************************~******************** 
* 
* 

COMPILATION TIME 8.167 SECONDS 
MEMORY OSAGE (DECIMAL BYTES) 
CODE: 9976 
STRINGS: 3856 
VARIABLES: 7296 
CONSTANTS: 1568 
TOTAL: 21888 
AVAILABLE: 381715 
SUCCESSFUL COMPILATION 

USER NAME c· WMVC 

PROJECT NAME = EXAMPLEl 
*** SDLPCGEN * ERROR 24 *** INVALID NAME IN INPUT 

PHYSICAL LIBRA~ • EXAMPLE 
*** SDLPCGEN *** NORMAL TERMINATION 

) ) 

• 1,188 
• 2.'" 
• 3.111 
• 3.118 
• 3.218 
• 4.". 
• 5.888 
• 6.888 
• 7.888 
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4.3 How to Run LOADFILE 

Once again an exec file- 1s available for helping you to run this job. 

-It can be used as follows: 

exec from 'runload user pcb gro cg cle 
THIS FILE RUNS THE SPRINT DESIGN FILE INITIALIZATION 

-<CR> CLEAR ACTIVE? 

A- <CR> will clear your acti ve file. Use a break to save it 

if necessary. 

• ACCO~T = CG. PCB?' 
EMTER? cg.wmv 

Enter your account nurilber 1 n the fonnat shewn. Thi s nuntJer 

will be used as a prefix for your files. 

'INPUT FILE = PCOUT1?' 
ENTER? 

Enter the name of the input file 1.e., the output from the 

SDLPCGEN program. A <CR> will give you the default name PCOUT1. 

- I DESIGN FILE = DFILE?' 
ENTER? mydfi 1e 

Enter the name you wish to give to the design file. A <CR> 

will give you the default name DFILE. 

'VOLUME = SCFEV9?' 
ENTER? 

Enter the volume the design file is to be created on. 

THE JCL IS NOW IN YOUR ACTIVE FILE READY TO RUN 
+ EXE F PAU 

Issue a run command to submit the job. 
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4.4 Error. Messages 

4 •. 4. 1. SDlPCGEN Messages 

When the program tenn; nates nO'nRa 1Iy a message 

***SDLPCGEN *** NORMAl TE~~ATION 

will be printed. This message is not to be confused with 

the ... sage: NORMAL TERMINATION IN STATEMENT • which is 

generated by the SNOBOL compi1 er and which lilY occur even 

1 f th. SDlPCGEN ends abnonna 11 y due to erroneous ftnput data. 

SolIe messages may be generated because' of an erroneous 

input caused by a compiler run that did not ternrinate properly. 

The~fore, it is important to check successful completion of 

the SDLCOMP program before running SDLPCGEN. 
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error 
'wunber severity action Explanation 

1 ,8 5 Missing circuit name, specification 

2 8 3 All physical types required not found 1n l1brar,y 

3 ·8 1 ~ssing or invalid board name 

4' 8 1 ~ssing or invalid board outline 

5 '8 1 Missing or invalid 10gic'al board size 

S 8 1 Missing or invalid logical board offset 

7 8 1 Missing or invalid nudler of connectors 

8 8 1 Missing or invalid number of pins 

9 8 1 Missing or inva1i d offset 

10 8 1 Missing or invalid connector name 

11 8 1 Missing ot invalid orientation 
~ . ..-.... 

12 8 1 Missing or invalid' location 

13 8 1 Missing end in board description 

15 8 5 Missing or incorrect XPIN record 

16 8 5 Missing ENDC record in lib 

17 8 5 Missing user name 

18 8 3 System limit exceeded 

19 8 5 Missing or incorrect NTYP record 

20 8 5 Missing or incorrect NCOM record 

21 8 5 Missing or incorrect TNPN record 

22 8 5 Missing or incorrect NNET record 

23 8 5 Missing or incorrect TYpE record 

24 4 4 Invalid name in input 

~ 25 4 4 Missing or conflicting purpose 
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error ~ 
n..,.r severity action Explanation 

2' ·8 5 Missing or conflicting level 

27 8 2 Missing physical library name 

28· 8 2 ~ssing NPINS in physical libra~ 

29 8 2 Missing offset in physical library 

38 8 2 Missing obstruction in physi cal library 

31 8 2 Missing 51 ze in physical library 

32 8 2 Missing end in physic.l library 

33 8 1 Invalid connector location 

.' 34 8 5 Missing or incorrect NXPN record 

.35 8 1 Incorrect connector in bOard file 

36 4 1 Pins of connector not in straight l1ne 
~~ 
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Poss;ble Actions 

1. Correct the board description" file 

2. Contact the person responsible for maintaining thephys1cal 

CQIIpOnent 1; brary 

3. S,stem error; contact· the person responsible for ma1ntai"ning 

the system 

4. " Warning only 

5. Check the compiler run; if it was correct take action 3 
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4.4.2. LOADFILE Messages 

All error messages generated by the LOADFILE, Program 

Ire fatal in nature. ft)st of these errors indicate a probl .. 

with the input file. DIeck the 1i sting of SDLPCGEN that 

~reated this fi 1e and correct any errors. If SDlPCGEN '1 n1 shed 

.with the message *** SDlPCGEtf'** NORMAL TERMINATION. then 

consult the person 'responsible for maintaining the syste.. 

If"lOAOFILE ;s successful, it will print out a message: 

OESIGN FILE GENERATION SUCCESSFUL and some statistics about 

the usage of records in the file. 

A cOIIIROn err~r occur1ng when trying to run LOADFILE 

11 that the new design file to be created already exists, 

especially when you use the default name DFILE. If this 1s 

the case, the program will abend with a JCL error. This 

;s done in order to prevent accidental overwriting of a 

valuable existing design file. 
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5. INT~RACTIVE' PLACEMENT' PROGRAM· (PLACER) . 

;5 .. 1 THE PLACEMENT PROCESS 

In order to allow maximal flexibility in placing components. 

this subsystem 1s highly interactive. 

Several algorithms for optimizing the placement can be invoked 

by the designer. Depending on the nature of the design and on the 

inclination of the desig .. r. placement ma), be done c~letely 

. unua 11y or: campl ete ly automati ca lly • 

Usually the placement process consists of a combination of 

. both manual placement and algorithmic placement iq,rovemnt.The 

SPRINT systelll reflects thi.s philosophy in the follow'ing' four rnajo.r 

steps: 

1) placement of critical components. This step is manual 

and allows the designer to carefully place components for which' 

he considers placement to be critical. The so-called "critical" 

components will not be. moved by the automatic placement algorithms 

although the' designer can do so at all times. The remaining cam

ponents will be classified as "automatic" or ttdiscrete" components. 

Discrete components, in the context of this system. are resistors 

and capacitors for which automatic placement is difficult. An 

example of this are decoupling capacitors between power and ground 

in TTL logic or tenmination resistors in EeL. 

2) initial placement of the ·'automatic" components. In this 

phase the designer has the choice between three different initial 
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placeaent methods: 

3) 

_null initial placement: Useful if the designer has a 

good feeling of how the placement should look. 

constructive algorithm: This algorithm achieves a 

sMboptll11il~in1t111 pla~nt. 

- IIIndaI initial p1aca.nt: Randall initial place.-t 

I'8fId81Ily places the colllponents. This can be useful 

for evaluating several runs of the placement 1..,r-oYe

__ algorithMs for different starting points. 

... 11.1.: • pairwise 'interchange algorithlD and SteinMrg's 

pllc:elant 1..,rovement algorithm. The designer can choose betweeft 

these two'fot every 'iteration. He can also make manual changes 

if he ... this necessary. 

4) p1acell8lt of "discrete" c~nents: In this last phase. 

tha dlS1gner manually places all rema1ni ng components. 
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5.2 Using PLACER 

5.2.1. Running the Placement Program 

A) .Em . ..EBm!1 IRUNPLCR USER PCB GROUP CG CLR 

an explanation of the prompts: 

1) Design file-DFILE? 

I) <cr>:use the default file name 

b) enter the name of the' des1 gn file you wish to 

. do the placement on 

2) Volume=SCFEV9? 

a) <cr>:use the default volume 

b) enter the name of the volume which the design 

file 1s on 

3) The job is now in the,aetive file. type "extc" to 

run it 

B) Signing ~ the placement program 

1) If the user receives the message: 

FROM OPERATOR: (uuuPLCRn) PLACER 1.5 READY. 

(where uuu=user id, and n is a Single digit integer) 

Type lIuuuPLCRn ll as a WYLBUR cornnand when you want to 

do the placement. Then the prompt: WHAT'S THE MAGIC 

WORD? Respond: IIpunt l
'. This wi 11 attach your 4013 to 

the placement program. 

2) If the user receives the message: 

FROM OPERATOR: (uuuPLCRn) DESIGN FILE HAS 

NOT BEEN INITIALIZED. 
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then the placement program has found an invalid 

design file (it has nothing in it).. The user 

should check into how the 'design file was created. 

5.Z.2. The Different Stases 

A) File identification and cross-checking 

to the prompts: 

·USER NAME? 

PROJECT NAME? 

the user should identify the design he thinks he is 

go i"g to wo ric on. I f the user doesn I t gi we the correct 

nMlls he will not be allowed to modify the current design. 

To stop the program if you have the wrong des 1 gh, type 

-$w11", this will let you out of the program. 

B) Restarting previous plaFements 

If the design has been wired you will receive the prompt: 

DELETE ROUTING? 

<cr> means no. If you respond "no" then the prompt: 

LEAVE PLACER? 

will appear. Type "yes" toternnnate. placer. <cr> will 

gi ve the prompt: 

DELETE ROUTING? again. 

If the design has already been placed you wi'll receive 

the prompt: 

USE OLD PLACEMENt? 

to which you may respond <cr> which means YES, or you 
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.. ,-..... 

.a.u respond tlno" which will not allow you to use the 

previous placement. If you restart the placement you 

vi·ll not be asked for the gri dsi ze or cell ul ar defi ni ti on. 

Instead the old placement will be reconstructed and the 

fOllowing message should appear: 

SUCtESSFUL RESTORE 

C) :§d.! s1zedeftnition 

P1.ce the cross-hairs over the appropriate gri·d size and 

hit the space bar. This will give the desired gridsize. 

D) ~llulir definition 

1) To the prompt:· 

lUMBER OF AUTOMATIC TYPES? 

give the nlliDer 6f physically different types you 

wish to be defi ned as automati c. An automat1 t 

component (one whose physical type is defined as 
automatic) can be used specially in various parts 

of the program . 

. 2) Defining automatic types 

You will be given the prompt: 

TYPE NO. n1 

for each automatic type to be defined. Type the 

name of the physical types you wish to be automatic. 

By typing "?" all types available will be listed. 

Type "go back ll to restart the cell definition stage. 

3) Defining the cell dimensions 



Yo. wi.11 be prolllpted for the nUnDer cells per row 

._ col .... 

, 4) Alt.-nt 

lor ...... fc coaponents a 9loba'1 direction (or 

orientation) 1s define.. To the pJ'Olnpt: 

ALIGN VERTICALLY? 

the user can respon~ <cr> which ... YES or'~IO" 

Whtch -... ali:gnhorizontally. 

i) , If the 1 .... st au_tic type will not fit 1nstde 

the de~1ned cells than an er~r lISsage ~11 be 

issued and the user will have torespecify ever,y

thing in the cellula" defitlittonstage. 

E) '~M In.t .. 1 (crt.tic,1. pla~~) 

..... dtoice f.xpllnatlons 

1) "PLAC£' CRIT1ICAL COMI'Oft(NTS 

tritfcil pl,ceBII!Rt allows the user to place any 

c~ponent exactly as des ired. 

To the prompt: 

OOMPONENT lAME? 

you may respond 

a)' The·n •• of the component you wish to place. 

After the carriage return, indicate the 

reflNRce point (usually pin 1) with the cross

, '<'''airs, hi t ··the spice bar. The cOIIIpoAeftt has 

been placed. 
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b) RULER -- the ruler will be displayed 

c) 1" -- list the names of all the unp1aced components. 

Components listed as xxx* must be· given aboard 

connector association • 

.. ~) ?xxx -- where xxx is a searching field. All 

COIIIpOnents whose names s.tart with xxx will be 

11$ted. . 

e) LABEL ... - label the components 

f) *xxx -- place logical connector .~xx using a 

·board connector definition. This g1vesthe 

prompt: 

CONNECTOR ASSOCIATION? 

you may respond: 

i) ?-- list names of board connectors 

i;) the name of the associated board 

connector. 

g) MENU -- allows the user to leave CRITICAL 

PLACEMENT and select something from the menu. 

2) RESTART CRITICAL PLACEMENT 

Gives the prompt: 

DELETE ALL CRITICAL COMPS? 

<cr> means don't delete anything. "yes" means 

relOOve all components placed either 1n CRITICAL or 
DISCRETE placement. (-Does not affect automati c 

components.) 
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3) RESTART PLACEMENT 

lives the p",..,t: 

DElETE AlL COMPONENTS? 

• <cr> .ans don I t delete anything, "yes" means 

.1ete .11 c...,nents 

"4' GO lACK TO CELLUlAR .DEfINITION 

This allows the user to return to cellular 

.f1nitton and redef1ne those paralleters. CoIIponents 

tlf11 ... 1n placed, but all autolllat1c COIIIpOnents ~11 

~" critical. 

5) £No Of CRITICAl PLACEMENT 

Allows the user to proceed to placement phase 2. 

6) See general utilities for other .nu options. 

F) PlANat.!. 1 ('nitt.l placement)· 

After .11 autcaatic cOlllponents have been placed the 

placement program will go on to placement phase 3 • 

.. nu'; tho1ceexpl .nati ons : 

1) CONSTIIJCTIVE ALCI)RlllfM -- not 1~lemented 

2) RANDOM INITIAL PLACEMENT 

Place all unplaced automatic c~onents into random 

cells. 

3) MMlI\L INITIAL PLACEMENT 

Manual initial placement allows the user to place 

the lutOliatic c~nents intos peei f1 c ee 11 s. Menu 

options: 
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4) The user will be prompted with an automatic 

component to be placed. Indicate the location 

by putting the cross-hairs in a cell and hit tha 

$pace bar . 

. b) EXIT MANUAL INITIAL P.LACEMENT 

Returns the user to placement phase 2 

c) See general utilities for other menu options. 

4) RESTA~T INITIAL PLACEMENT 

To the prompt: 

DELETE ALL AUTOMATIC COMPS? 

<cr> means NO, "YES", means delete all components 

placed in the initial placement phase. 

5) GO BACK TO CRITICAL PLACEMENT 

Allows the user to return to placement phase 1. 

6) See general utilities for other menu options 

G) Placement phase 3 (placement improvement) 

menu choice explanations: 

1) STEINBERG 

Not yet implemented. 

2) PAIRWISE INTERCHANGE 

This algorithm tries all possible cell inter

changes in an attempt to reduce the estimated 

wire length. Several important statistics are 

g1 ven: 

a) Ratio of successful to tried exchanges 
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b~ Esti.ted total wire length (ETWL) 

c) Percentage in.,rove-nt in ETWL 

el) Esti.ted board utilization 

After the pai rwi se interchange is done the 

,nlllpt: 

PAJ.RWJS£ INTERCHANGE AGAIN? 

will appear. <cr> will cause the algor1thm to be 

... again. '"no" will let the. user exit pairwise. 

interchange. 

3) 10 BACK TO IIITIAL PLACEMENT 

Allows the user to retum to p1 ac.....,t phase 2. 

4) GO BACK Tt CRItICAL PLACEMENT 

A 11 ows the user to return to p1 ac_t phase 1. 

5) Do OF P4..AtEMEJtT 1 •• V£MENT 

All .. the us'er to proceed to ,p1ace.-nt phase 4. 

6) RESlARTlIITIAl PLACEMENT 

To the prompt: 

DELETE ALL AUTOMATIC COMPS? 

<cr> means NO, "YES" means delete all components 

placed in the initial placement phase. 

7) See general utilities for other menu options .. 

H) Placel8nt phise 4 (final manual changes) 
i . 

menu chotce exp 1 aoat ions: 

1 ) PLACE DISCRETE CCI4PONENTS 

DIscrete component pl acement prompts the user 
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with eve~ unplaced component that is left. If 

the user doesn't want to p.lace the current 

component. the menu response SKIP COMPONENT will 

give a new coqlonent to,p1ace. 

2) GO BACK TO PLACEMENT IMPROVEMENT 

Allows the user to return to p.1 ac-.nt phase 3 • 

. 3) SKIP COMPONENT 

V.lid only in DISCRETE placement •. 

4) END OF PLACEMENT 

If all components have been placed the user i,s 

allowed to leave PLACEMENT and update the design. 

5) See g.eneral utilities for other menu options • 

. 5.2.3. General Utilities (an Explanation of Various Menu Options) 

A) DISPLAY 

Display allows the user to change the scaling for board 

viewing. Menu options: 

1) CURRENT SCALE, MAGNIFY xx, REDUCE xx 

'Change the scaling by this factor. The user 

indicates the new center of the screen when the 

cross-hairs come up again. 

2) See general utilities for other menu options. 

B) RESET SCALE 

Set the scale 'such that the entire board can be~lewed • 

. C) LABEL 

Wri te the names of each component overeac;:h component. 
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D) RUlER 

Display the ruler. 

E) RESttlE 

Return to .... rever you c_ frGIII. 

f) HELP 

A fat"" feltuN. 

til ..... CHMGE 

"""1 chute all .. the user to IIOve and delete 

~ftts fro. the board. Menu options: 

1) EXCIfMIE 

Use the cross-hafrs to indicate the two eOlRPOna.nts 

to .. tnterchanged. All locations· are excha~ged. 

·2) .aPE 

Th. cOIIpOnent 1 ndicated by the cross-hairs wi 11 

be reaevecl. 

3) K)VE 

a) Critical coatpOnents are moved to the exact 

location indi·eated by the cross-ha.1rs. 

b) Automatic components are moved to the cell 

indicated by the cross-hairs. 

4) CRITICAl MOVE 

The component is IOOved to the exact location 

1nd1cated by the cross-hairs. 

5) CLEAN 

-IMerate the picture on the screen. 
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,.) See general utilities for other menu options. 

H) SAVEl RESTORE 

·To the pr~t: 

SAVE OR RESTORE? 

.1) SAVE -- This will update the design file with this 

vers·ion of the placement. Routing cannot be done 

on a placement saved this way. To the prompt:· 

LEAVE PLACER? 

<cr> means "no". A response of "yes" wl1,1 terminate 

the PLACER. 

"2) RESTORE -- Thi s wi 11 reconstruct the pl acerhent that. 

is 1n the design file. (If no placement has been 

put 1n the design file then that is w~at will be 

reconstructed.) 

5.2.4. WAIT INSTRUCTION 

Whenever the prompt: 

CONTINUE (CR) 

appears this means that the user is to hit <cr> to 

continue with the program. (If the user responds 

"stop" the program will be exited and the design file 

will not be updated.) 

5.2.5. SPECIAL PROMPT RESPONSES 

A) "~wyl" -- Allows user to exit from the PLACER (go 

back to WYLBUR). To return to PLACER type "uuuPLCRn" 
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like was done initially. 

I) ~Ca.lentN -- This allows the user to type directly into 

the PLACER log. This is particularly useful if a user 

eneounqrs an error he wi shes to s how to a sys tems pro

tr_l'. Afta .. typing "COIIIIIent" the prompt: 

ExPLAIN: 

will ."..r. Te 11 your problem. To get back to the 

oritin.1 question .. ke the character before the <cr> 

• PERJOD (.).thts will allow you to stop commenting. 

DIn', forge~ to take the output (PLACER log) to some

one in tharge of the SPRINT system. 

§:.i.§. . rt&&!UT LOG 
TIle ;l.~t prog,.. gives the user a COIIPlete log of 

, 

hi$ actions during the execution of the program. If 

you should encounter a problem: 

A) Release the output. 

B) CQfttact the person responsible for the system. 
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5.3 Error Messages 

error 
nllftber 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

severity 

1 

1 

1 

1 

1 

1 

1 

2 

5 

5 

1 

routine 

&ETCH 0 

GETINT 

6ETREL 

GETREL 

GETGRD 

INITPR 

INITPR 

GElCLL 

SElOBJ 

SETSUB 

GElCll 
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description 

Menu line selected is not an 
allowable choice. (Message was 
written to user.) 

Fi xup : Reprompt 

A non-integer has been entered. 
(e.g. 7.1 or 7YES) 
F1xup: Reprompt 

A non-real has been entered. 
(e. g. 7VES) 
F1xup: Reprompt 

Multiple decimal points have 
been entered instead of a real. 
(e.g. 7. 12.8) 
Fixup: Reprompt 

Invalid gridsize entered. 
Fi xup: Reprompt 

Incorrect project name. 
Fi xup: Reprompt 

Incorrect user name. 
Fi xup : Rep romp t 

Cells defined by user are too 
small for type{s) specified. 
Fixup: Reprompt 

Object space range is out,of 
order--PROGRAMMER error. 

No fixup. Job tenminated. 

Subject space range is out of 
order--PROGRAMMfR error. 

No fixup. Job tenminated. 

Zero components per column is 
clearly not valid. 

Fi xup: Reprompt 



error 
"..-.r severity routine description 

12 1 GETeLL Zero components per row is not 
Valid. 
Fixup: Reprompt 

13 1 .GETeLL Type name specified ·for 
automatic placement ;s not on 
catalogue. 
Fixup: Reprompt 

14 1 GETCHA Too many characters typed in. 
Fi xup: Reprompt 

15 1 IPLCMT Instruction during initial 
placement cannot be identified. 
Fixup: Ignore and continue 

11 1 IPLCMT Assigning more than one-automatjc 
component per cell is not valid. 
-Fixup: Reprompt 

18 1 GETeLL Too many components per column 
~-

in the cell definition. 
F1xup: Reprompt 

19 1 GETCLL Too many components per row in 
the cell definition. 

Fi xup: Reprompt 

·20 1 GETCMD Invalid menu choice. 

21 1 MANCHG Component must be indicated 
when exchanging components. 

Fixup: Reprompt 
Invalid delete command. 

22 1 CPLCMT The component name indicated 
could not be located either 
because it had already been 
placed or the name was invalid. 

Fi xup: Ignore 

24 1 CPLCMT Placement causes overlap. 
Fi xup: Ignore 

11 



,,-.. 
error 
nlJllber severity routine description 

'26 2 MANCHG Invalid exchange command. 

27 5 DISPSG Too many segments to displ~. 
PROGRAMMER error. 

No fixup. Job temi nated. 

30 2 DISPLY Invalid mehu choice. 
No message sent to user. 
Fixup: Reprompt 

31 2 :MANCHG Invalid delete command. 

32 2 REt«>VE The user has not indicated a 
component with the cross-hairs, 
and no cOJnt)onent was removed. 
Fixup: Ignore 

33 1 GETCLL The user has indicated more 
types for ~utomatic placement 
than are available. 

~ .,.........." Fi xup: Gf!t new value (NAUTO) 

34 5 GETCMP No more records in camp. 1 ist. 
Probab 1 e USER error. 

No fi xup. Job termi nated. 

35 5 GETCEL No more records in cellst. 
Probable USER error. 

No fixup. Job terminated. 

36 1 GETCLL The user has indicated a type 
as an automatic type more than once. 

Fi xup: Reprompt 

37 2 PLACE The same as error 130. 

38 2 PLACE The same as error 130. 

39 2 PLACE The same as error 130. 

40 2 PLACE The same as er.ror #30. 
41 2 IPLCMT The same as error 130. 

42 2 MANCHG The same as error 130. 
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~ 
error 
nUlliber snerit1 routine description 

43 6 IEWPIC No IIOre space in the graphic 
element. (Recompile with a 
larger element.) 

No flxup. Job tenn; na ted. 

1 MANCHG Component was not moved to 
new locition because of overlap. 
Fixup: Rep 1 ace component and 

reprompt for a new 
component to .,ve 

45 2 The same as error '21. 
Invalid move command • 

• , GETCIR Component and net cross listing 
~namic lists have been over-

owed. Probable USER error. 
110 fi xup. Job te nil; na ted. 

47 6, 6ETCIR Pin type in net list has an 
i n va 1 i d value. Probable USER ~~ 

error. 
No fixup. Job tenninated. 

1 IPLCMT User asked for discrete co~ 
ponent placement while dOing 
discrete placement. 
Fixup: Ignore 

SO 1 DPLCMT The same as error 11. 

51 1 (PLCMT The same as error 124. 

5~ 1 PAIRP Component table overflow; 
Too many du~ compo~ents. 

Fixup: Stop placing d~ 
components. 

54 4 IPRAND Not all automatic types ~ll 
fit on the board. No nore wi 11 
~e placed .. 

Fi xup: Continue 
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error 
nUnDer severity routine description 

55 6 PAIRP Net list overflow; too man.Y 
nets involved in component pair 
interchange. (Recompl1e with 
a larger array for connon nets 
in subroutine PAIRP.) 

No f1xup. Job tenm1nated. 

56 6 GETCIR Too mal'\Y types, nets, or com-
ponents defined. (Recompile with 
MOre space for these data fields.) 

No f1xup. 'Job te~1nated. 

57 1 CPLCMT The same as error '1 
58 8 RESTOR RUN error. PROGRAMMER error. 

One or more components have 
replaced on the board in-
correctly. 

No f1xup. Job terminated. 

. "" 59 1 PLACE The menu inst,ruction "skip" 
is only valid while in Discre,te 
Placement. 
Fixup: Ignore 

60 6 GETCIR Pointer to the board records 
is equal to zero. (Invalid design 
file--bad data.) USER error. 

No fixup. Job tenninated. 

61 6 GETCIR Too many type pins defined 
by design file. (Recompile 
with more space for type pin 
definitions. ) 

No fi xup. Job tenninated. 

62 6 GETCIR Component names have overflowed 
the name list. (Recompile 
with more room for names.) 

No fixup. Job terminated. 

63 6 GETCIR Typed names have overflowed 
the name list. (Recompile 
with more room for names.) 

No fixup. Job tenninated. 
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~~ . 
error ~ ., 

nUliber severity routine description 

&4 5 DISPNB The integer to be displayed 
is out of range (too big). 
PROGRAMMER error. 

No fixup. Job tenninated. 

65 4 PROMPT The prompt to be assigned 
is too long. 
Fixup: Truncate to prompt 

to the maxi II1lII1 size. 

1 tPLCMT Logical connector has fewer 
pins than associated board 
connector. 

F1xup: Continue 

·67 2 CPLCMT Logical connector has more 
pins than associated board 
connector. 
Fixup: Reprompt 

68 3 FDUMP NAUTO is greater than 19. 
Fixup: NAUTO set to 19. ~. 

'9 1 PAIRP No automatic components 
have been placed. 
Fixup: Exit pairwise inter-

change 

71 1 CPLCMT Cannot assign non-external c~ 
ponents to board connectors. 
Fixup: Reprompt 

72 8 CPLCMT A non-external component has 
no physical type. 

No fixup. Job tenninated. 

73 8 GETCIR A net has no pins. 
No fixup. Job tenninated. 

74 2 PlACE Must associate all logical 
connectors with board connectors. 
fixup: Go back to Critical 

Placement 

99 8 GETREC No more free records available. 
Probable USER error. 

No fixup. Job tenninated 
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6. MANUAL PREWIRING OF CRITICAL CONNECTIONS (MWIRE) 

'6. 1 Introduction 

The tIIIRE program allows a user to route critical connections 

manually, using an interactive graphics te~ina1., It can also 

be used for routing multi-width wires (e.g. for power and ground 

connecti ons ) • 

6.2 Using retlIRE 

6.2.1 Exec File 

An exec f;le has been provided for using *11£. It can· 

be used as follows 

exec from 'ru~i re user pcb group cg cle 
nilS EXEC FILE RUNS THE MANUAL WIRER. ' 
Type' "?" for help. 

A reply of ? to any prompt will explain the question. 

<cr>=CLR ACT or SAY filename? clr act 

A response clr act clears your active file while SAV,:x 

will save it in a file x under your account nunmer. 

DIRECT ACCESS FILE=DFILE? dfile2l 

Enter the name of the design file containing the problem 

(in this case the name is DFILE21). The default name 

is DFILE. 

fILE DfILEZl ON YOL=SCFEV9? 

Enter the volume on which the design file is stored. 

A <CR> will give you the default volume SCFEV9. 
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GROUP.USER = CG.PCB1 cg.wmv 

Enter your group and user name 1 n the fonnat shown. 

'.2,2 Explanation of Menu Commands: 

A) SET NET -- SET NET sets the current net. Wi res may be 

placed and NIIOved only fr'OlR the current net. You 1Ii¥'\ 

set ct.trPent net for any °net. Even nets you have cea

pl.tely wired~ This allows .you to wire net At wire 

net B, a~d then unwire and modify net A. 

8) GEoT PIN -- GET PIN is used to release the pin which you 

have pointed to with the cursor. This is us~ful when 

you have pOinted to the wrong poin when start; ng a nan. 

e) DISPLAY ... - DISPlAY allows you to change the board area 

on the screen. The options include: 

1) RES- reset picture to full board 

2) RED- reduce magnification 

3) CUR - use current ma9nification 

4) MAG - increase magnification 

Options 2, 3 and 4 require a second 'hit' with the cursor 

to indicate the center o'f the new screen image. 

D) SET SIDE -- SET SIDE allows you to explicitly define the 

side on which the wires are placed. Options include: 

1) H - put wires on horizontal side (auto router) 

2) V ... put wires on vertical side (auto router) 

"3) C - put wires on co~onent side 
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4) S - put wires on solder side 

5) BOTH - put wires on horizontal and vertical to 

match the auto router. 

Note that H and V will be paired with C and S thus 

showing the auto router's preferred aligrvnent. Wires 

placed on the wrong side (with respect to the auto 

router) are obstructions to the auto routing process and 

should therefore be used cautiously. The BOTH option 

will automatically choose the correct side for each 

wire placed and should therefore be used whenever 

possible. The current side set can be seen with the 

show status command. 

E) . SHOW STATUS -- the SHOW .STATUS command displays the 

following useful infonnation: 

1) current wire width in grids 

2) current side mode (see SET SIDE) 

3) current net (see SET NET) 

4) number of u~ired pins in current net (if set) 

This command should be use~ whenever such information 

would be helpful. 

F) REMOVE SEGMENTS-- this command allows you to ·pop' 

segments off the net stack. You will be asked for the 

number of segments to remove. A response >= the current 

number of segments for the net will remove all segments. 
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Note that multi-width segments are considered as 

s'ttgle seglll!nts. 

I) Set wire width -- this command causes the prompt 

wire width in grids? 

to be issued. An answer of 1 w11l allow all wires to 

be ,1leed s1ngl. width f~ pin to pin or pin to segment. 

If I ~dth of > 1 is given then you will be placed in 

.. lt1-width mode. In multi-width mode you will not be 

allowed to intersect with pins and therefore wire from 

Po1ntto point or point to existing w·1re(point being a 

'ptace on the board free from wi res arid pi ns) . 

** NOTE ** When in multi-width mode you are required to 

give three cu~or 'hits' for each segment. They are: 

1) starting point (not at pin or wire) 

2) finishing point (to or through intersecting wire 

is allowed and wire will be trimmed) 

3) direction of width (high or low from base ·line) 

In' single width mode wires require: 

1) a hit at origin pin of run (only for first segment 

of run) 

2) a 'hit' at every corner of run (to or through wire 

or segment; intersections wf 11 be trlmmed). 

,It is generally recolTl11ended that all JJ:lu1ti-width wires 

'be placed early. After a1~ multi-width wires are placed it 
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is very simple to reset width to 1 and connect all the 

mUlti-width wires to pins with single width wires. 

H) SHOW UNWIRED PINS -- this conunand will flash the unwired 

pins on the screen. Note that this command is only 

valid 1f the current net is set. 

J) LABEL COMPONENTS -- LABEL COMPONENTS si...,lylabe1s each 

component on the current screen image. 

J) END MANUAL WIRING -- this command allows you to exit the 

manual routing program. If you have placed any segments 

you will be asked to ok the exit. This is just a safety 

in the case that you don't want to exit. By responding 

with anything but 'yes' you will be returned to the 

. wi ri n9 mode. Typi ng 'yes' wi 11 end the i ntet-act; ve sess; on 

and update the design file with all new segments and vias. 

6.2.3 Starting Sequence 

When the interactive subsystem is active you will 

be asked for your name and the project name. This is 

to be sure you are using the correct design file. The 

prompts will be repeated unt~l they are answered correctly. 

If you are not sure of the project name then type I $WYl l and 

cancel the job. 

** NOTE ** If the design file has any wires in it 

(either f~ previous manual wiring or auto routing) then 

the prompt: 'board wi red, type "yes" to start over' 
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error 
"u~r 

101 

102 

103 

104 

105 

106 

107 

108 

will be issued. Should you not wish to remove all the 

old wires then answer 'SWYL' and cancel the job. If you 

~t to start over then Inswer'yes' as 1nstructed. 

** NOTE ** A response of 'yes', to 'board wires, type 

MyeS· to start over' will hot remove the old wires until 

the end of the job. If you respond yes and then later 

cancel the Job abnormally then all wires will be left 

IS before the job started. 

It is possible to simply nmove all the wires from a 

board by responding yes to the start over question and 

then not placing any manull wires. This will clean the 

board for the auto. router. 

severity 

1 

1 

6 

7 

7 

7 

2 

procedure 

wi dent 

wi dent 

wi dent 

wloadc 

wloadc 

w10adc 

wire 
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cause 

wrong user name 

wrong project name 

board not placed 

rec #1 comp ptr <=0 

rec #1 board ptr 
<=0 

ree 11 net ptr <=0 

invalid cursor 
corranand 

action 

retry 

retry 

abend 

abend 

abend 

abend 

19nored 
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error 
numer severity procedure cause acti,oo 

109 2 wire "show unwired pins" ignored 
before set net 

110 2 wire ll remove segments" ignored 
'before set net 

111 2 wire IIstart net" with an ignored 
open run 

112 2 wire invalid net name reprompt 
given 

113 2 wire IIget pi nil before ignored 
start net 

114 2 wire Uget pin" with an ignored 
open run 

115 2 wire invalid pin pointed retry 
. ..-.. to by cursor 

116 2 wire cursor off board retry 

117 2 wire pi n i ntersecti on ori retry 
multi-width 

118 2 wire invalid via this wire not 
segment placed 

119 2 wire pin intersect with wire not 
di fferent net placed 

120 2 wire pin intersect causes wi re not 
loop placed 

1?1 2 wire s ubnet formed on wi re not 
pin intersection placed 

122 2 wire wi re intersect wi th wire nc!Jt 
di fferent net placed 

123 2 wire- wire intersection wire not 
causes loop placed 
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errol" 
ntlllber severity procedure cause . action 

1~4 2 wire "end manual wiring" ignored 
with open run 

115 5 putseg no more room for . abend 
segments 

1" 8 getrec no free records in abend 
design file 

127 Z wire "set wi re width" ignored 
w1·th an open run 
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***WARNING*** Special care must be -taken when routing 

, mul ti -wi dth wi res to avoi d 1 ater errors in HIWIRE. In 

particular, if multi-width segments are used in a net they 

MUst fonna single connected network branchi'ng out from 

one or more pins in that net. This is a special tase of 

a general requirement: all prerouted segments in a net 

MUst be electrically common with each other and 'with a 

pin in the net. This requirement is enforced when wiring 

single-width segments but unfortunately has not been for 

mul ti-wi dth segments. Fai 1 ure to connect to 'at least one 

pin (with a single-width segment) will cause an error halt 

1n HIWIREj failure to keep all segments connected will 

result in disjoint paths for the net in the final routed 

board. 
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7.1 BATCH ROUTING PRuGRAM '(HIwIRE) 

7,1 Introduction 

7.1:1 Purpose 
; 

HIWIRE 1s an aut'OIIICltic batdl router using a IIOdlf1ed 

version of Hightower's algorithm to route two-sided PC 

boards. The,a1gorithm provides a relatively high connection 

co.plet1on rate using relatively small amounts of computer 

. tt.. It 1s. however, only a heuristic, and will not necessary 

find the optimal path between two pins or even find a path at 

all when one Irtght exist. A fa1r aroount of optimization is 

done by the program, though, to maximize the chance of 

f1nd1n, .• good path. 

7.]12 General Use 

HIWIRE uses the. design file for input and output. 

PLACER must have been run on the design file to provide pin 

locations for the networks, and MWIRE may have been run to 

route multi-width busses or critical wires, and to insert 

wiring obstructions. After routing is completed (as far as 

possible), the design file is updated by inserting information 

ab9ut the segments and vias. This information can then be 

used by VIAELIM to minimize the number of vias or be output 

on the plotter. In addition to the design file output, HIWIRE 

produ~es a listing of all connections it has made for each net, 

a list of pins it has been unable to connect and the paths it 
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tri edt and general i nformat; on about the des i gn fi 1 e and the 

job. This information may be printed. if desired. 

7.1.3 Ape1icabi1ity 
j 

As stated above, HIWIRE can only handle boards with 

two signal planes at the present time. Routing is dOhe with 

all horizontal segments on one plane and all vertical segments 

on the other, though VIAELIM wi 11 try to bring as much of each 

path on one side of the board as possible. The board size, 

number of pins, number of nets, etc., which can be handled 

1s fairly arbitrar,yi most parameters can be set at run time 

instead- of being fixed in the program. Another factor in applicability 

is the quality of the routing obtained for a given circuit. 

All-that can be said here is that HIWIRE will do the best it 

can with the placement it is given. Care must be taken to 

avoid producing overly congested areas on the board (e.g., 

near an external connector) or manually routing too many (or 

too long) 'wrong' side wires (which act as obstructions to 

HIWIRE). With experience, you will probably develop your own 

estimation of what will and will not be routable at an acceptable 

level of completion. The ease with which a placement can be 

modified, combined with the relatively fast execution of 

HI~IRE provide a system for adaptively improving the router's 
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peWolWllnce' on a given board. Hopefully. all connections,can 

be c0IIp1etedor few enough wi 11 be left that o~ly minor editing, 

by hand w; 11 be necessary. 

7· 2!JsJnt',,!UW1RE: .. 

~) Aft exec file ;s provided to help ,you run the router. To 

us. it" type: 

exe fro 'run route use pcb gro ,cg c 1 r 

A¥ter an introduction, the exec file will prompt you for 

1n'1onnition needed to run the job. The prompts are: 

1. <CR>=CLR ACT or SAV fi lename? 

Typing a carriage return will clear the active 

file. If there is something there you want to 

keep,type a save command to put it i~to a file. 

2. FILE ACCOUNt = CG.PCB? 

Type the account under which the design file is 

stored. The fonmat is group. user. Type a carriage 

return if under the defaul t account. 

3. DIRECT ACCESS FILE = DFILE? 

Type the design file name or <CR> for default 

filename. 

4. (FACC).(DAFNAME) ON VOLUME = SCFEV9? 

Type the name of the volume on which the previously 

specified design file is to be found «CR> for default). 
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5. TIME = 4? 

Specify the length of time you wish to let the 

job run. The default time of four nrlnutes should 

be adequate for most boards. If the board is small. 

you may be able to get by with as little as half 

that much, and by specifying a smaller time limit 

you can increase the job's priority and shorten 

your wait time •. Some very large boards (or fairly 

large boards with a bad placement) may take more 

than 4 minutes, but if you must specify a larger 

tl"me limit. be forewarned that the job's priority 

will go down drastically and you may have a long 

wait ahead of you. Still. it is always best to 

be sure you have given the job enough time to run; 

a parti ally run job is of no use and in the worst 

case you may leave the design file in a partially 

altered state. The answer to this prompt should 

be <CR> for the default time, a single digit for 

a time limit in minutes, or something of the form 

'{m.ss}' for a time limit in minutes and seconds. 

6. OUTPUT LEVEL = 11 

Not all of the output HIWIRE is capable of pro-

duc;ng may be useful every time the program is 

run. This prompt allows you to select the amount 
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of output generated. Available levels are: 

o - Overall statistics and error messages only 

'1 - Level 0 plus an indication of unconnected 

pins for each net. 

2 - Level 1 plus a list of what pin-to-pin 

comections were attempted and whether 'or 

not they ~re successful. 

3 - Level 2 plus lists of endpoints for each 

successful path. 

4 - Level 2 plus detailed information (dis

cussed below) about the unsuccessful 

connection attempts. 

5 - All possible output (Levels 3 and 4 

combined) • 

Type the number of the desired output level or 

a <CR> to use the default. 

7. MODIFY CONSTANTS «CR>=NO)? 

If you wish to run the standard version of HIWIRE 

(the array sizes are set to handle a fairly large 

and complex board), simply hit a <CR>. 

Otherwis~you may change certain important 

constants in HIWlRE for this particular run. 

There are at least three possible reasons for 
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doing this: 

.A) You have a small board which does not re

quire the large array limits provided in 

the standard version. Decreasing the 

IlEmory requi rements has the same effect as 

decreasing the time limit - your priority 

and turnaround time are improved. 

B) You have a very large circuit and an error 

message says you have overflowed some table 

limit. You can increase the size of that 

table and try again (you may want to increase 

the size of several of the tables, since they 

are .fairly well matched to a given ma~imum 

size circuit). The default memory size 

shoul d be adequate for almost any increase 

in table sizes. 

C) Some of the constants control how hard the 

router looks for a path and how desirable 

the final path will be. You may wish to 

change these values, although the default 

values are considered to be close to the 

optimum. 
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8. The constant prompts: 

You will not get the following prompts if you typed. 

<CR> to proopt 17. If you wish to use the default 

va lue for a constant., type a <CR>. 

A) NETIl=300? 

Maxi bUR of 300 signa 1 nets. 

B) PINTl=l500? 

Maxi mum of 1500 pi ns • 

C) SEGTL=4000? 

Somewhat difficult to define; a net will use 

one segment for each )( or Y coordinate along 

~. 

whi ch any of its segments 1 i e. Some work ~ ~ 

space for the next connection ;,5 also requl red. 

0) XTNTTl =6000 ? 

Closer to the actual number of segments, 

but includes 2 elements for each unconnected 

pin (including those not belonging to any net) 

and some workspace for figuring the next 

connection. 

E) BRDXSIZE=250? 

BROYSIZE=200? 

Maximum XlV} coordtnate (in grid units) of 
any poi,nt on the logical board. 

F) E'PTL=41? 

Approximately the number of segments HIWIRE 
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will draw before giving up on a given 

connection. Increasing this may increase 

the number of connections found, but the 

number of segments and vias in the added 

paths may be unacceptable. 

G) MAXNETPASSES=2? 

Maximum number of passes HIWIRE will make 

through the unconnected pins in a net, 

trying to connect them to the connected 

gtoup of pins and segments (HIWIRE main

tains a single connected group of pins; no 

separately connected subgroups of pins are 

alloWed). HIWIRE will continue trying to 

connect unconnected pins to the connected 

group until this number is exceeded or no 

connections are made on a given pass. 

H) , MAXMISSES=lO? 

In the path refinement process where extra

neous backtracking is eliminated from the 

original paths coming from the basic routing 

algorit~m, this constant governs how far 

HIWIRE wi 11 look for a chance to improve 
the path. An increased value will increase 

run time but may improve on some paths found. 
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J) VIATL=200? 

The via table must be able to hold all of 

the prerouted vias (from fttIIRE or previous 

HIWIRE run) plus the maximum number of vias 

produced in any of the nets • 

. J) GOREGION=512? 

~cifies the program's memory requirelEnts 

in multiples of 1024 bytes. Default value 

should be able to accomodate almost any 

increase 1n table sizes; with enough decreases 

1ft ta.ble sizes for a small board, this can 

be reduced to 320 (possibly 256 in extreme 

cases) . Decreas i ng memory requi rements will 

improve priority and turnaround time. 

B) Unless something goes terribly wrong (bad answers to some 

of the exec file prompts could be one cause), extensive 

printed output about the routing should be available. This 

includes: 

1) Information about the input design file: 

A) User name 

B) Project name 

C) Gridsize 

DJ Miljor component alignment (0 for horiz., 1 for 

vert. ) 

E) Total estimated wire length in grids 
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2) Nets are listed in the order in which they were 

attempted. Nets are routed in order of increasing 

size of the box that would enclose all pins in the net. 

Routing for one net is taken as far as possible before 

going to the next net and no backup .is allowed. 

3) Within a net, pairs of pins are chosen for each 

attempted path and printed in the form: 

COMP 11 PIN 11 XLOC YLOC => COMP #2 PIN #2 XLOC YLOC 

Where 11 is the source and #2 is the destination (in 

many cases pin #2 ends up only giving direction to the 

path since the actual connection will often be made to 

some eXisting segment of the net instead of to the pin 

itsel f). 

4) A pin pair will either rou.te successfully or not. If 

a path is completed, the coordinates of each segment 

endpoint are listed, starting with the source pin and 

ending either the destination pin or the point at which a 

connection was made with a previous segment. If no path 

is found, a message is printed to that effect. If 

HIWIRE thinks the failure may have been due to too 

small a value of IEPTL I (see exec file prompts), it will 

add the message: Ipath too 10ng l
• Finally, a table 

is printed to indicate how HIWIRE was attempting to 

complete the path. Columns in this table are: 

A). Line number 
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8) X location of 'corner' 

e) Y location of 'corner' 

0) Mnntmum coordinate of test line through 'corner' 

1nspeclfied orientation 

E) Haximan coordinate of test line (with I D)' indicates 

where that line was looking for an intersection) 

F) Orientation (l=horizontal, 2=vertica1) 

EAt" es conri n9 down from the top of the table a re from the 

source pin. those coming up from the bottom are from the 

destination pin (test lines are sent out from both pins ,to 

increase the chances of connection). This list o,f the 

automatically attempted path may aid the manual insertion 

of unroutab1e wires. It can also indicate areas of blockage 

on the board; if one Or both of test line lists stop con

siderably short of the center of the table, it probably 

means a blockage exists. 

5) The output for each net ends either with a statement that 

all pins were connected, or with a count and list of the 

untonnected pins. 

6) After all possible routing is completed, a summary of the 

routing is given, including: 

.A) Number of pins on board 

B) Number of unused pins (not in any net) 

C) Number of unrouted pins (in net but not connected) 

D') Numer of segments generated 
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E) Number of segment elements used (LSEG) - compare 

to Exec file constant 'SEGTL' (doesn't include work 

area) 

F) Number of extent elements used (LXTNT) ~ compare 

to Exec file constant 'XTNTTL ' (doesn't include 

work area) 

G) Actual number of segments put into design file 

(straight lines broken into segments by vias are 

output as a single segment to save space in the 

design file) and their total actual length 

H) Nunmer of vias put into design file 

Il Index of next available record in design file 

7.3 Error Messages 

The classes of errors recognized by HIWIRE are: 

A) WIRING ALREADY COMPLETE IN DA FILE 

Safeguard to prevent overwrite of wrong design file. 

B) INPUT OUT OF RANGE 

Bad input is spec1fi.ed; check to see that it really 

is valid and change appropriate limit using exec file 

if necessa ry. 

C) INCOMPLETE PLACEMENT IN DA FILE 

Flag indicating completed placement is not set; place-

ment has not been run or completed. 

D) CHAINING/COUNT ERROR I.NNEr REALIZATION (VIA LIST) RECORDS 

Number of segments(vias) specified does not equal that 
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found. Compress the design file and save it for 

later analysis along with the router output. 

E) TOO MANY SEGMENJ GROUPS (UNIQ~E SEGMENTS) (VIAS) 

OUt of space in one of the dynamically allocated 

tables. Change the indicated ljmit using the exec file. 

F) DESIGN FILE OVERFLOW 

A ratal error. Not enough room to add 

all of the segments and vias produced by HIWIRE but 

some probably have been added. A good reason to keep a 

compressed backup copy of whatever work has been 

completed betweeen runs of any two SPRINT programs. 

6) PIN TO BE ROUTED NOT FOUND AMONG OBSTACLE POINTS 

All pins are considered to be obstacles, even to wires 

from their own net, until it is their turn to be 

routed. Here, something has gone wrong with that 

convention. Save the compressed design file and router 

output for later analysis. 

H) PIN OFF LOGICAL BOARD 

Probable program error in either PLACER or HIWIRE. 

Could also result from using a design file that has 

somehow become partially mangled. Please save the 

compressed design file and router output for later 

analysis. 

I) PREROOTED WIRES BUT NO CONNECTED PINS IN NET Nn 
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The segments for any net must be a connected 

whole which also includes at least one pin. 

MWIRE,o unfortunately, does not check this condi tion 

when multi-width segments are involved. Manual and 

automatic routing must ,be redone. 

98 



8. VIA ELIMINATION PROGRAM (VIAELIM) 

8. 1 Introduction 

,.1.1 Purpose 

VIAE~IM is a batch program designed to eliminate unnecessar,y 
via ho1es from the automatic routing produced by HIWIRE. This 
is • fairly 1..,rtant function, since HIWIRE routes all paths 
~th horizontal and vertical segments on opposite sides of a 
board, resulting in a large number of vias. If carried through 
to the final board, these vias would increase the board's cost 
and decrease its reliability. 
Another property of VIAELIM is that, in changing the locations 
of segments f~ one side of the board to the other to eliminate 
vfas, it may clear previously blocked paths and allow further 
routing to be done by another pass through HIWIRE. Segments 
now on the 'wrong' side will act as new obstructions to automatic 
routing, so one should not expect large numbers of previously 
unroutab1e pins to be routed by this process. Some improvement 
in the completion ratio, however, could Occur. 

8.1.2 Implementation 

VIAELIM is based, in part, on an algorithm presented by Stevens 
and Hashimoto at the 1971 Design Automation Workshop. BaSically, 
it models the routing as a graph in whi ch the nodes represent 
disjoint sets of mutually intersecting segments and the edges 
represent vias where segments from different groups connect. 
Each node is assigned one of two colors, indicating that seg
ments in the set either stay where they are or switch sides, 

attempting to minimize the number of edges between two nodes ot 
the same color. Edges between nodes of different colors represent 
vias that can be eliminated. This proced.ure is equivalent to 
t~ing to find the maximal bipartite subgraph of the modeling 
graph. Routing information is obtained from the design file 
and ;s updated when via elimination is complete. 

99 



8.2 Running VlAELIM 

8.2'. 1 Exec fi le 

An exec file is provided to help you run the via elimination 
program. To. use it, type: 

exe fro Irunvelim use pcb gro cg clr 
After an introduction. the exec file will prompt you for infor
mation needed to run the job. Typing a '11 to any of the major 
p~ts will print a message reminding you how to answer. The 
prompts are: 

1. <CR>=CLR ACT or SAY fi lenarne? 

Typi:ng a. carriage return will clear the active file. 
If there is something there you want to keep, type a 

save command to put it into a file. 
2. FILE ACCOUNT = CG. PCB 

Type the account under whi ch the design fi le is stored. 
The format is (group. user). Type a carriage return if 
under the default account. 

3. DIR~CT ACCESS FILE = DFILE1 
Type the design file name or <CR> for default filename. 

4. (FACC).(DAFNAME) ON VOLUME = SCFEV9? 
Type the name of the volume on which the previously 
specified design f~le is to be found «CR> for default). 

5. MODIFY CONSTANTS «CR>=NO)? 
If you wish to run the standard version of VIAElIM, type 
a carriage return. Otherwise, you may change certain 
constants (primarily array sizes) for this particular 
run. Increasing allowed execution time or the size of 

certain arrays may be necessary for very large or eompl~~ 
circuits, perhaps in response to an error on a previous 
run. If you type I yes' to this prompt, you wi 11 be 
prompted for values for each of the constants listed 
below. 
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If the default value given is sufficient, hit <CR>; otherwise 
type a new value. Responding with a '1' is not·va1id for these 
prompts. 

I. TIME=(RI.ss)? 
IftrtUtes (Iml) and seconds (I ss I) of execution time allowed. 
New value, if desired. should be typed using the same format 
or you -.y type a ·s1ngle digit to specify minutes only. The 
larger thi s value is, the lower your job' 5 pri or; ty wi 11 be •. 

b. IEn1.·va 1 ue? 
Should be g~ater than the number of signal nets in the 
circuit. 

c. SE6Tl:;value? 

Showl ~ be somewhat greater than the nunber of segments routed 
1n ..,IRE Ind HIWIRE. 

d. VIAll-value? 
Shoul d be greater than the nunber of ° vi as produced in ,..,1 RE 

and HIWIRE
o

• 

e. STKLNava 1 ue? 

Should be greater than LOG2 (2*SEGTL). i.e. if you double SEGTl. 
add 2 to STKLEN. 

f.. GROll=va1ue? 
MlxiRluanumber of sets of mutually intersecting segments. This 
varies greatly from one board to the next, and possibly between 
two routings of the same circuit. The output of VIAELIM con
tains a 11ne 'NGRO=va11 where 'val' is actual number of groups 
in that run (Sf()TL should be somewhat greater than this value). 

g. CONNTl=value? 
Two elements of the connection table (of which CONNTL is the 
length) are used for each pair of groups having any segments 

connect;ng at a common via. Also d;ff;cult to estimate; the 
li·ne I LCtwN=val ' in VIAELIM's output gives the number of elements' 
Ictually used in that run. 
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h. GOREGION=value1 
Specifies memo~ requirements in mUltiples of 1024 bytes. 
If you have substantially increased any of the table sizes. 
particularly NETTL, SEGTL, or- VIATl, it may be necessary 
to increase this value. 

6. After the exec file has set up the necessarY Jet in your active 
file. it will type: 
TYPE I EXE' TO RUN THE VIA ELIMINATION JOB. 
-.EIE PAU 

If you now type lexe l , the exec file will submit your VIAELIM 
job to the system to be run. 

S. 2 ~ 2 Output 

Most of the activity in VIAELIM has to do with the design file. 
A small amount of printed output, however, is generated. This 
includes: 
1. Infonaation from the original design file, including the 

user and project identifications and a count of the number o-f 

segments and vias in the file. 
~. Values for NGRO and LCONN mentioned above. 
3. An indication of successful completion or an error message 

(see below). 
4. If completed successfully, a count of the number of segments 

and vias in the ~pdated design file. Note that the number of 
segments may change due to the splitting of a segment into two 
segments connected by a via if inserting that via eliminates 
others elsewhere. 

8.3 Error Messages 

Classes of errors recognized by VIAElIM include: 

A. Non-applicability 
1. No placement in design file 
2. N~ routing in design file. 
3. No non-critical (and therefore movable) wires in design 

file. 
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B. Input errors 
1. Conflict between record chaining and stored count 

for net realization '(segment) records.' 
2. Chaining/count conflict 1n via records. 

C. Table overflow for each of the table sizes that can be 
~t in the exec file. 

D. Program error in the color optimization routine. If 
this' occurs. please save your output and the design file. 

E. Design file overflow' 

Should ~yer happen since fewer records should always be 

needed after via el1nrination. _ Please save the output and 
design fi le. 

F. Via in design file with 0 or 1 segments attached. This is 
a ...arn1ng rather than a fatal error. The location of the 
'bad via and the net it is in are printe,d. the via deleted 

and the program continues. This problem would generally !~ 

a. ff'Olll incorrect connection of multi-width wires 1n 
MIWIRE. If you have not used any multi-width wires or 
are puzzled by the message's appearance, please save the 
output and design file. 
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9. OUTPUT PLOT GENERATION 

Two separate programs, PLOT and ARTWORK, are provi ded for 

plotting a deslgnproduced with the SPRINT system. 

2. 1 PLOT 

PLOT 1s a basic program for outputing a routed board on the 

versatec plotter. It produces a simplified plot consistihg of 

three pictures; one of ea~h side of the board and a composite. 

'The drawings are produced at 1: 1 scale and the picture of the . 

solder side routing is a mirror image. A diagonal line is drawn 

tbrough an intersection that' represents a connection, regardless of 

.m.t'her or not a via exists at that point •. While the plots pro

duced by this program will probably not·be acceptable as the 

final output fron a design, they may be useful at some inter

mediate point. 

To run. this simplified plotting program, type: 

exe fro #runplot use pcb gro cg clr 

After an introduction you will receive the following prompts: 

A) <cr>=CLR ACT or SAY filename 

Type a <CR> to clear the active file for use as 

a work area. Otherwise type a SAVE command to 

store the active file under some filename. 

B) FILE ACCOUNT = gg.uuu? 

Give the account the design file is stored under. 

The default, chosen by hitting <CR>, is the logged 
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on user's account. Format is gg.uuu (group. user). 

C) DIRECT ACCESS FILE=OFILE1 

Give the name of the file containing the design you 

want to plot. 

0) gg.uuu.filename ON VOLUME=SCFEV9? 

The volume the specified design file 15 on. The 

default is the scratch disk 'SCFEV9'. 

E) STANDARD ORIENTATION (<CR>=yes)? 

Because this program always produces a 1:1 plot 

rather than scaling the picture to fit the page, 

a board may be defined whi~h would not fit on the' 

paper in the normal orientation (x-axis horizontal) 

but would fit if rotated 90°. To get this rotated 

plot, type Inol; otherwise type a <CR>. 

F) TYPE IEXE I TO RUN THE PLOTTING JOB 

The appropriate JCL has now been collected in the 

active file. Type 'exe' to run it. 

en the program is, done, its output will be in the print hold 

If the plot was successful, there should be a data set 

d 'GO.UGOEVICE' containing several hundred lines. Release 

thjs ata set to obtain the plot. 

e only error message produced by PLOT concerns not bein9 

able 0 fit the drawing on the paper. If switching to the 

oPPo$ite orientation does not eliminate the problem, PLOT cannot 

for that board. 
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9.2 ARTWORK 

ARTWORK produ~es a more comprehensive set of drawings. of a 

design.. The output can currently be sent to any of three devices: 

·A) Tektroni x 4013 tennina1 - This option gives you a 

quick look at the design on the tenmina1's storage 

tube screen. 

"8) Versatec plotter - A reasonably fast way to get 

hard-copy drawings of the design, generally as an 

aid in making modifications during the design process. 

C) Calcomp plotter (33" paper) - High-quality, 3-color 

plots at 2:1 scale from which the final taping of the 

board can be done. 

9.2.1 Output 

A set of nine pictures is produced by ARTWORK. These 

include: 

A) Header and trailer pictures indicating the name and 

status of the design. 

B) A top view of the board showing component place

ment. 

e) ·A bottom view 'airline route' plot of the signal 

net chaining. This point-to-pofnt represent~tion 

of the nets can give a clear indication of how good 

the placement is and show which components should be 

moved closer together to improve an unsatisfactory 
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placement. 

D) A bottom view composite drawing of the routing 

on both sides of the board. On the Calcomp 

plotter. routing from each side can be plotted 

in a di'fferent color. 

E') A bottom view of the component s1 de routing 

(as it would be seen looking through the board). 

F) A bottom vi ew of the foi 1 side rout i ng. 

&) A top view of the component side routing. 

,H) A bottom view of the pin and via holes (pin 

holes are also drawn in pictu~s C through G, 

as square boxes, vi a holes are shown as X's 

in pictures 0 through G). 

All pictures are labeled and are scaled as close to 2:1 

as possible 1n the available space. The scale used is printed 

on the header and trailer sheets. 

9.2.2 ,Running ARTWORK 

To obtain ARTWORK plots on any of the devices, type: 

exe fro Hrunart use pcb gro cg clr 

After a short introduction, you will be given the 

following prompts: 

A) <cr>=CLR ACT or SAY filename 

Type a <cr> to clear the active file. If you 

want it saved under some filename, type a SAY 

cOJlllland. 
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B) DIRECT ACCESS FIlE=DFILE? 

Type the name of the design file you want to 

produce art work for. 

e) FILE filename ON VOl=SCFEV9? 

Gf.ve the volume the specified design file is on. 

D) GROUP.USER=gg.uuu? 

Give the account the design file is stored under. 

The default is the logged on user's account. 

E) Output device=VERSATEC? 

This is where the program becomes specia1iled 

for a particular output device. Type a <CR> 

for the default device (the Versatec.lllotter in 

this case), 'veri for the Versatec plotter, 'tek' 

for the Tektronix 4013 tenmina1~ or Ical' for the 

calcomp plotter (33" paper). 

F) TYPE IEXE' TO RUN THE ARTWORK JOB 

The specialized JCl has been assembled in your 

active file and will be run if you type 'exe'. 

The job's name will be of the fonm 'uuudddnn', 

where uuu is the user's name, ddd is the output 

device's name (e.g. 'TEK"), and nn is the last 

two digits of the current job number. 

9.2.3 Getting the output 

The extra steps necessary to obtain the output depend 

on the device used: 

A} Tektronix 4013 - This job runs as an interactive 
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subsystem, much the same as PLACER and MWIRE. When 

the program is reaqy, it will send the message to 

. the termi na 1 : 

FROM OPERATOR: (uuudddnn) THE PLOTTER IS READY 

where • uuudddnn I is the job name. described above. 

To connect the program to your terminal t type the 

JobMtne. . To "~T' S THE "'61C WORD?" type. "punt". 

Each picturewlll be drawn on the screen (there ~ 

be some delay, particularly when the machine is heavily 

loaded), then the crosshairs will appear. When you. 

want to generate the next picture. just hit the space 

bar. After the last picture, the screen is cleared 

and you are returned to Wylbur. Any printed output 

from the program can be purged. 

NOTE: Due to limitations on the amount of 

meDlHOY available to CLASS I (interactive) 

jobs. some of the routl.ng segments may not 

be output on large complex boards, parti

cularly if VIAELIM has not been run. This 

is not a problem with the Versatec or Calcomp 

plots. 

B) Versatec plotter - If the program completes 

successfully, the output 1n the print hold queue 

should include a data set labeled tlGO.UGDEVICE" 

containing several hundred lines of output. 
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Releasing that data set will send the output to 

the plotter. The remaining printed output can 

be purged when the plotting is completed. 

C) Calcomp plotter - The program should produce 

a plot tape which will be placed in your bin. 

You must then fill out a plot request card 

(available at the dispatch desk), attach it 

to the tape, and place the tape in the UTO 

cAMPUS' bin!" A sample card, marked for the re

commended configuration, is shown in Fig. 9.1. 

Some things to note: 

1) 'CAMPUS ACCT' refers to an account 

valid for plotting at SCIP on campus, 

not a SLAC account. See your group 

secretary for an account to use or 

make arrangements with SCIP accounting. 

2) Fill in 'REEL NUMBER' from the tape 

you receive. 

3) The program scales everything for 

plotting on 33" paper. This will 

handle 2:1 plots of boards up to 16.5" 

long by 13.75" wide. For 2:1 plots of 

boards up to Sri long by 4.3125" wi de or 

less than 2:1 plots of larger boards on 

10" paper, type: 
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SCIP AT 5LAC 
1130 DIUII PLDTTER REQUEST 

"DBN·AnEK'b:<;4L;i.DATE ~/I /77 . 
tAHPU& REEL . &,'1 GGJVW· NUM~EB !Lor" 

&Jr.cl! TMC 1£1-:0£0 ITEr!' 6Eta:-... .. 
o •• 'IT~!t[D lTt.m ~ DCfAUL T 

PAPER SIZE = .1P.iNCHc:33INCK? 

PEN- 1 PAPER SrO(LE 

-PB ~ @A~ 
loa 

<rW 
LOS· 
·Loa 
LOI 

RED 
BLU 

'0 

GRAP.H 10 Dry/ IN 

PEN# 2 
PB BLK PB BLK 

L03 RED L03 ~ 
~ <.1ID ("LO.,) . BLU 

L05 L05 
LOS' LOa 
LOI LOB 

ReaP.EVIA'!'IONS ~~:i1. "e=f~E't5uP'J~~O fi~l.LPaJNT 

.. Figure 9.1" 
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exe fro #artc10 use p~b gro cg clr 

Everything in this exec file is identical 

to IRUNART except the Ca1comp plots are 

scaled for 10" paper . 

. 4) The' I L041 1 iqui d ink pens shou1 d produce 

good plots. Larger pens may be used to 

produce greater line width, but 'L03' pens 

should never be used as they tend to dry 

out in the middle of complex pictures. 

5} The color choice shown is recommended, 

but may be changed to fit personal re

quirements. Pen assignments are: 

-Pen 11- used for lettering, board outline, 

component outlines, component side routing. 

-Pen #2- used for 'airline route' picture 

and foil side routing. 

-Pen #3- used for pin and via holes. 

The plot should be completed within a day or so and wil~ 

be returned, along with the tape to the tFROM CAMPUS' 

bin. If the plot is satisfactory, you may send the 

tape back for another plot or return it to SLAC Dis

patch. 

9.2.4 Errors 

Other than attempting to plot a non-existent or garbage 
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design file, there are no expected errors in ARTWORK. If 

the program should fail, please release and save the printed 

.. output and save a compressed version of the design file for 

l.ter analysis. 

The following pages contain the plots generated on the 

V.netee: plotter for the example of Fig. O. 1. 
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·10.· UTILITIES 

This chapter describes some utility programs which, while 

not a necessary part of the design process, may be of some use. 

10. 1 DUMP and RESTORE 

DtW and RESTORE are a pai r of programs provi ding the 

capability to compress a direct access design file into a se

quential Wylbur edit fonnat file and vice versa. There are 

two reasons one mjght wish to do this. First, a direct access 

file cannot be copied directly. If the designer wishes to try 

several alternate designs for a given board, he can easily pro

duce several identical copies of the design file by dumping it 

once, then restoring it unde.rsevera1 di ffereilt names. Tne 

second,' and probably rrore prevalent use of DUMP and RESTORE in

volves efficient use of disk space. A design file will generally 

be over 100 tracks long and be stored on a scratch disk while in 

use. It is a fixed size no matter what the size of the circuit. 

Length of the compressed file is proportional to the size of the 

circuit and compression factors between 5 and 10 can be obtained. 

This makes the file small enough to be saved on a tape or perrna- ': 

nent disk, a necessary step if the design is not completed in 

one day, and something which is probably desirable in any case. 

Also, ff there are problems with any of the SPRINT system pro

grams, a dumped file containing the design is needed to discover 

the cause of the problem. 
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Both DUMP and RESTORE make use of a temporary file called 

'TEMPPY' on volume SCFEV9. The user should not have a file by 

this name for any other purpose. 

DUMP prints each record of the design file exactly as it 

•• s read. This output can be released to the printer if desired • 

. 10 .. ! PRIHT 

PRJ NT produces a formatted printout of the design file. 

In other words. it knows the significance of the fields in the 

various records and can produce an eas i 1y rea dab le account of 

the components, nets. segments, vi as, etc., clef; ned ; n a parti

cular file. This kind of documentation may prove to be a use

ful supplement to the drawings produced by ARTWORK. 

10.3 Running DUMP and PRINT 

Due to the common nature of their functions, the exec 

files for DUMP and PRINT are almost identical. To run DUMP, 

type: 

exe fro #rundump use pcb gro cg clr 

For PRINT, type: 

exe fro #runprint use pcb gro cg clr 

After an introduction, each exec file will prompt for the 

following information: 

A} <cr>=CLR ACT or SAV filename? 

Type a SAVE command to save the active file under 

some filename or hit a <cr> to clear the active 

file immediately for use as a scratch area. 
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6) DIRECT ACCESS FILE=DFILE? 

Type the name of the file you want dumped or 

printed. 

C) FILE filename ON YOl=SCFEY9? 

Give the volume the specified file is on. 

·D) GROUP. USER=gg. uuu? 

Give the account the design file is saved under. 

The default is the logged on user's account. 

Note that even if you are dumping a file under 

a di fferent account, the compressed fi1 e wi 11 be 

saved in 'TEMPPY' on SCFEV9 under the logged 

on user's account. 

The DUMP or PRINT job is nOW in the active file. Type 

'exe' to run it. The output will be held in the print hold 

queue when the job is completed. You can fetch it from your 

tenmina1 or release it to the printer. 

10.4 Running RESTORE 

To run the·exec file for running RESTORE, type: 

exe fro #runrest use pcb gro cg clr 

Here the prompts are: 

A) <cr>=CLR ACT or SAY filename? 

SalTl! as DUMP 

B) Source file for restore «cr>=ACTIVE)? 

·Here you have three alternatives: 
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: 1'). Typi ng a <cr> wi 11 save the acti ve 

file· in 'TEMPPY' to be restored. 

2) Typing a Wy1bur filename will cause 

that file to be loaded then saved in 

'TEMPPY'. 

·3:) Typing an I@I followed by an Orvyl 

filename will cause Orvyl to be set 

and that file to be loaded and stored 

in I 1'EMPPY I 
• 

No facilities are available for direct loading 

from .tapes. 

C) DIRECT ACCESS FILE=DFILE? 

Same as DUMP 

D) FILE filename ON VOL=SCFEV9? 

Same as DUMP 

E) GROUP.USER=gg.uuu? 

Same as DUMP 

F) These files are on volume vo1name (gg.uuu). 

The fi 1 es on the gi ven volume under the gi ven 

account are listed. This allows the user to 

check for a duplicate design file name. RESTORE 

will abend if a duplicate filename exists. 

The JCL for RESTORE is now in the active file and is run by 

typing texel. The printed output from RESTORE is only useful if 

the job fails due to an invalid filename or other operating system 
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problem (RESTORE generates no error messages), and should be 

purged. 
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11. Future Enhancements 

The following programs are in the design/implementation phase: 

1) Macro expansion of the SOL output 

2) Component Assignment 

3) Wi re wrap output 

The following programs are in the :planning phase: 

1) Graphic input for the SOL compiler in the form of logic 

diagrams, drawn on a Tektronix 4013 

2) Interactive editing of the completed board 

3) Constructive initial placement of components 

4) Gate and pin assignment (after the placement, before the 

routing) 

5) Multilayer capability (4 signal layers initially) 

6) Interface to TESTAIO and TEGAS logic simulators 

7) Interface to SPICE and MSINC circuit analysis programs 

8) Automatic logic diagram generation subsystem 
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