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SIG/SIC FUNCTIONS 

.Information processing comprises many 
fields, and continually evolves new 
subsectors. Within ACM these receive 
appropriate attention through Special 
Interest Groups (SIGs) and Sp'ecial 
Interest Committees (SICs) that function 
as centrali~ing bodies for those of 
like technical interests ... arranging 
meetings, issuing bulletins, and acting 
as both repositories and clearing houses. 
The SIGs and SICs operate cohesively for 
t.he development and advancement of the 
group purposes, and optimal coordination 
with other activities. ACM members may, 
of course, join more than one special 
interest body. The existence of SIGs 
and SICs offers the individual member 
all the advantages of a homogeneous 
narrower-purpose group within a large 
cross-field society. 

ACTIVITIES 

1) Infor~al technical meetings at 
SJSS and FJCC. 

2) Formal meeting during National 
AC~! meeting + DA Workshop. 

3) Joint sponsorship of annual 
Oesign Automation Workshop. 

4) Quarterly newsletter. 
5) Panel and/or technical sessions 

at other National meetings. 

FIELD OF INTEREST OF SIGDA 
'1DIBERS 

Theoretic, analytic, and heuristic 
methods for: 

1) performing design tasks, 
2) a~sisting in design tasks, 
3) optimizing ·designs through 

the use of computer techniques, 
algorithms and programs to: 

1) facilitate communications 
between designers and design 
tasks, 

2) provide design documentation, 
3) evaluate design through 

simulation, 
4) control manufacturing 

processes. 



CHAIRMAN'S MESSAGE 

CHARLES E. RADKE 

ELECTIONS 

I had hoped that in this issue I could report on the outcome of 
the elections for new SIGDA officers. In case you had not noticed 
there was a delay. The slate of candidates had to be realligned 
slightly. If you read your election ballots (and hopefully voted) 
you would see the following list: 

Chairman: 

Dr. James G. Linders 
Dr. Charles w. Rose 

Vice-Chairman: 

Dr. Edward Hassler 
Ms. Judith Brinsfield 

Secretary/Treasurer: 

Mr. Donald J. Huneke 
Dr. Luther Abel 
Mr. Carl Ellison 

DA CONFERENCE 

University of Waterloo 
Case-Western Reserve University 

Texas Instruments 
Bell Laboratories 

Bell Laboratories 
Digital Equipment Corporation 
IBM Corporation 

I know all of you are planning to attend the 12th Design 
Automation Conference at Boston (June 23-25, i975). I will see 
you there! But if you wish to specialize or just can't make the 
June conference, plan to attend one of the other Workshops SIGDA 
is sponsoring: 

September 3-5, 1975, New York, New York, USA - "Workshop on 
Computer Hardware Description Languages and Their Applications." 

September 15-16, 1975, Waterloo, Ontario, Canada - "Workshop on 
Data Bases for Interactive Design." 

These conferences provide the dialogue that all of us need in 
order to regenerate our creativity, problem solving, and develop
ment activity required by our employers especially during competitive 
times. But, and I emphasize, "but", I hope that you come prepared 
to contribute as well as absorb. There is much to be gained - the 
conference and workshop committees do their part - and they depend 
upon you to do your part. 

SIGDA will have an open forum on either Monday (June 23) or 
Tuesday (June 24) evening at the DA Conference. Please look at 
the posted announcements for date, time, and place. SIGDA has 
been growing and has been contributing more to Design Automation 
as a technical discipline. Join the officers, meet them, and 
give them your views on "Design Automation and the Professional 
Societies." We hope the election results will also be in at that 
time so I can introduce the new officers. 

Remember SIGDA is your "Special Interest Group." There will be a 
table at which attendees can sign up as members of ACM and SIGDA. 
Encourage your colleagues to sign up. 

SIGDA NEWSLETTER: 

I have been receiving favorable comments on our recent issues of 
the SIGDA Newsletter. The thanks goes to our Editor, Rob Smith, 
and those who are contributing. Thanks. 

c. E. Radke 



FROM THE EDITOR 

While preparing the copy for this number, I began to wonder 
whether the material in the last few issues has been worth sending 
out. Are recipients of the Newsletter at all interested in the 
seemingly handpicked stuff? 

This is the fifth issue I've pasted together; there has not 
been a single scrap of contributed material rejected or delayed. If 
you want changes made, help make them: where have all of those 
volunteered contributions been sent? (Not to me!) After some minutes 
of glue pot and such thoughts, I concluded that maybe the present 
state of affairs represents some sort of balance: no controversy, 
limited readership feedback and four issues per year. 

The next issue will contain a challenge: Chung Cao and I have 
been working on a technique for producing minimum Steiner trees for 
networks of arbitrary size. Unfortunately, we have not yet been able 
to prove minimality. We will present a_ hypothetically minimum solution 
to a randomly generated 26 point net, hoping to obtain a still shorter 
network from some interested reader. 

Hope to see you in Boston at the DA Workshop. (Workshop program 
details start on the following page.) 

Rob Smith 

SUCCESSFUL MISSOURI SYMPO::ffUM ON ADVANCED AU'l'OMATION 

Of particular note was the Symposium on Advanced 
Automation on April 14-16, 1975 sponsored by the Collee;e 
of EnGineering of the University of Columbia-Missouri and 
the Atlantic Richfield Company. The symposium, focusing 
on five areas of import to automation, comprised a fruit
ful combination of research, applications, statement of 
needs, and survey papers. The five sessions in the program 
were I Microprocessors in Advanced Automation, II Automation 
and Cornmunicatio9s, III Graphic Arts Industry, IV Automatic 
Testing, and V Automation and Simulation. This range pro
vided a much needed forum for the cross-fertilization of 
ideas between industries and universities, and also among 
industries themselves. Areas discussed included among 
others, industrial control, electronics manufacturing, 
elect::-ic utilities, communications, food IJrocessinz, 
teaching, printing and publishing, and medicine. Among 
the many excellent presentations, this reviewer particu
larly enjoyed the following three: 

':J. Wade Davis, Bendix Corporation, 11 Application of Field 
Programmable Read-Only Memories to Asynchronous Sequen
tial Logic Design with Redundancy and Fault Tc:sting". 

K. Pfahl, Hallmark Cards, 11 A Case History: Automation 
of Color Reproduction by Color Scanning". 

R. A. Williamson, The Foxboro Company, 11 Computers and 
Intelligent Process Communications''. 

Published proceedings and/or video tapes of 
the coymposiurn may be obtained from Jr. Frank F. Mathur, 
3ioengineering/Advanced Automation Program, College of 
Engineering, University of J:.1issouri-Columbia, Columbia, 
Missouri, 65201. 

2 

A. J. Frank 
Bell Telephone Laboratories 
i'lurray Hill, New Jersey 
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Statler Hilton Hotel--- Boston, Massachusetts June 23 - 25, 1975 

Registration Fee 

ACM, IEEE members 

Nonmembers 
Students* 

Advance 

Registration 

$50 
$60 
N/A 

Registration 
at Conference 

$60 
$70 
$20 

This fee includes two luncheons, coffee service and one 
copy of the Conference Proceedings. Early registration is 
recommended. All advance registration forms must be 
received no later than June 6, 1975. After that date, 
registrations will be accepted at the Conference 
registration desk. 

*Full time students with card identification can register 
only at the conference for $20. The fee includes 
admission to the sessions and one copy of the 
Conference Proceedings. Luncheon tickets may be 
purchased separately. 

----,--

Advance Registration 
Advance registration closes June 6, 1975. After that date, registrations 
will be accepted at the Conference registration desk. Your check must 
accompany this form. Kindly mall the form with a check made payable to 
"1975 D/ A Conference" to the Registration Chairman: 

J. Michael Galey 
IBM Corporation 
R06-61A 
Monterey and Cottle Roads 
San Jose, California 95193 

Name(last name first) _____________ _ 

Company ________________ ~ 

Address _________________ _ 

City/State ________________ _ 

ZiP------------------~-
Use this form or facs•rri1le for advance registration 

Enclosed is a check for advance registration (fee includes two 
luncheons, coffee service and one copy of the Conference 
Proceedings) 

Member ACM or IEEE $50 
Nonmember $60 

ACM/IEEE Membership Number 

1 
I 
I 
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Sightseeing for All 
DAC will be in Boston soon after the opening of its 
American Bicentennial celebration. Boston 200 will 
officially begin Patriot's Day, April 18, 1975 - the 200th 
Anniversary of the Battle of Lexington and Concord. In a 
program called Citygame, new trials and exhibits will be 
opened. The Freedom Trail, featuring 18th Century 
Boston, will be expanded to include a new Tea Party 
Path, highlighting the Brig Beaver II, a replica of one of 
three original Tea Party ships, and a museum now open 
to the public at the Congress Street Bridge. There will be 
a Black Heritage Trail; a Medical Trail; highlighting 
Boston's famous medical institutions as well as trails on 
Literature, Religion, Women in History, Commerce and 
Finance, and Visual Arts. A Green Trail will lead 
participants through Boston's parks and gardens. A 
Water Trail will emphasize the New England Aquarium, 
the waterfront and harbor and the Charles River, and a 
Children's Trail will feature sites of particular interest to 
children. 
A Boston 200 Official Guide book ($1.50), a Boston 200 
Pasport book of bargain coupons ($3.00), and a Boston 
200 Official Map ($1.50) are available from Boston 200, 
One Beacon Street, Boston, Massachusetts, 02108. 
Sample copies of these sightseeing aids will be on 
display at the DAC registration desk. 

Hotel Registration 
Twelfth Design Automation Conference 

June 23-25, 1975 

Please mail this form or a facsimile. 

All reservations will be confirmed. Please insure that your reservations 
are received prior to June 8 so as to take advantage of the pre
established rates. 
Circle Daily Rate Desired 

Single 
Double 
Twin 

$24 
$32 
$36 

$26 
$34 
$38 

$28 
$36 
$40 

$30 

All rates subject to 5.7% Massachusetts Hotel Tax. 
Name ___________________ _ 

Company ________________ _ 

Address __________________ _ 

City/State ________ ZiP·-------A~ ....... M. 
Arrival Date· __________ Time___ P.M. 

A.M. 
Departure Date Time___ P.M. 

Send To: 

Attention: 

The Statler Hilton 
Park Square 
Boston, Massachusetts 02117 
Front Office Manager 
(Tel.) 617-426-2000 



Monday, June 23 
8:00 ..... ·' 9:00 ...... ' • ' ' 

"Heumtic Progntmming -A Tutorial'.' 
R,.Karp, University of Caiifornia, BerkeleY,, Caii.lornia 

9:00'a • ..._ 
We!Cometo 
Baston 

9:05 a.iu;, 
Intro~· 

9:20a.m. 
Keynotes.,..._ 

10:20a.m. 
Announcements 

H.Wall . 
• Arrangements Chairman, 

A. Hitchcock 
General Chairma"" 

Harlan Mttrs 
IBM Fedtjral Systems Divisiori 
Gaithersburg. Maryland· 

11:00 ....... 12:00 -
"Software Engineering'- Programming Productivlty 
Techlliqus• 
Jan ice Lour.le.IBM Systems Science Institute, New 
York,.New York, . 
.NiftaOooner. IBM T.J. Watson Aeeearch Center, 
Yorktown Heigh!$, New York 

Around tbe World Wffh Dll8ignAutomatlon I 
Monday, June 23, 1:30-5:00 p.m; 
Ch.-...: Jean·Claude Raul!, Thomson· 

CSF, Paris, France 
1:30-2:00 

2:00-2:30 

3!00-3:30 
3:30·4:00 

4:00-4:30 

4:30-5:00 

"On the Status of Design 
Automation in Canada" W.M. 
vanCleemput, University of 
Waterloo, Canada, 
R.F. Allum and J.G. Linders, Ben· 
Northern Research, Ottawa. 
Canada 
"An Integrated System for 
computar Aided D1>sign of Middle. 
and Large Scale Computers" 
W. Rottman, Siemens AG, Munich, 
Germany, A. Hoyer, 
Computergesellschaft, Konstanz, 
Germany 
.. Design Automation of 
Electronics in Sweden" 
t. Hofljund; Asea-Hafo, Sweden, 
LH. Franssen, Philips Teleindustri 
AB. Swedi;!!l.. 
A.A. Almen and·B. Magnhagen, 
Saab-ScariJa AB, Sweden • 

. . E. Kjelke!'ilil and 0. Tl)essen, The 
Roys! Institute of Technology. 
Swedere.·':: • · 
Break 
"Set of Prograins for Automated 
Digital Systems Design" 
M. Prib111n, M. Jakl, A. Janku, P. 
Kunc, J. Vesely, A. Boldis, 
Research lhstitut of Mathematical 
Machines, Prague, 
Czechosl<?cvakia • . . 
"Siara of the Ari and Trends in 
D.A. in Italy" L. Simontfnci, 
Giorgio Vatte; and M. . 
Tomljanovich, $'8lenilHndustrie 
Elettroniche A..Ociate SPA. Italy 
"A Nilw Algebrail).Prqi;:lildure for ,c .. 
the Simulation of Large Digital · 

r.e=~~~tituto,~ El~tecn;~~ 
delP-ioodi·'Torino;llaty;F:· · 
Olla, Olivetti SPA, lta!Y'."« 

Software Engineering I 
Monday, June 23, 1:30-4:30 p,m. . .. ·· ..... , 
~ J.R.lourl&, lllMS:~~$,Ci0ilcii'::· 

Institute, New York, New Yori« ·· · 
1::io.2:0Qi "A Modul&U>ralifece Specifitilition. 

Language"E.W.'Thomi>son and . 
A.F. Bridge, University Qf Texas, 

2:00-2:3() 

3:00-3:30 
3!30·4.1'0 

4:00-4:30 

Austin, TeXlllS 
"The Application Software 
Engineering Tool" N.P: Dooner, 
IBM T.J. Watson Research Center, 
Yorktown heightS, New York 
J.A. Lourie; IBM systems&:ience 
Institute, NeWYOtl<; New ,York 
"John Hancock's Ei<P..,tenee·wlth .•. 
Productivity T..Chniqt.1es" N.F.. 
Bern, John.Hancock Mutuillt.ilil 
Insurance CO .. Boston, 
Massachusetts 
Break 
''The System tor Busmess · 
Automation" S.P, Cl~ ~.!>l 
Zloof. IBM 'T.J. Watsort.'Re$ari;r., , 
.Center, YorktownHE!iQh!s. NIOW 
York. " .. 

"BAL:.A General Puriiote $AlY ·. 
System" G. Blain. A. labartho> 
J.C. Raul!, and P. ZalilanskY, 
Thomson-CSF, Fran9£1 · 
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, SflnlllatlQR and Modeling .... :>: 0~}--····~: 
· Mondity,.Jliflfl"ff;·1:30-4t30p.m. ::'j'.' ',,., z£f':",~ 
· . ctift,manr '. ffJ<. Gtirllli1el. Belrt.&fii>ra .. : "' " ":~;;, 

' MurrayHill, New JerMy·· ' • "· • ""·' • ,"%; 
1:-·2:00 . "Olgitaf L~c SimUl8'!i)n Mc8iels ·;-, 

.and Evolving Technology" CliffW. 
Hemming, East T e~ll'l:~tata. 
U)liverslty, Commerce, T"""8, 

2:00-2:30 

2:30·3!00 

3:Qt-3:3G· 
3:30-4:00,· 

.. ' 

John r,l. Hemphlll, USAF 
Radiological Health laboratQry. 
Wright.Patterson Air Force · 
Bas&, Ohio 
"Operatie:nal Featu.res of ~n MOS 
Timing Simulator" P. Kozak, H.K. 
Gummel and B.A. Chawla, Bell 
Laboratories, Murray Hill, New 
Jersey 
"Computer Aided LSI Circuit 
.Desig11: A,Be[at~s~Be~n 
T op0rogy and p,jr(ormanc<!' Paul 
L~. National Security 
Agency, Fi. Geoi:iJ&ftle8dS. ' 
Maryland · 
Break , . 
.'.'Th;..,e L.eVei.of ~ia~ tor t~e. 
Simulatio<T ott:li,llerent·F~: 
Types in Digital Syjitiims1 E:W: 
Thompson and S.A. Szygenda; '. 
.University of Texas, Austin, Te~ 
Pine I 

T~June:U. , 
8:30 am. -!!!» a;lh. . . . '.' 

"Diagnostic Test, Generation "-• A ::TUl(Jriar· S,G, 
(;happell, Bell LalioratOfies. lilli~ilte, Illinois<. 

10:31J.;.'11:00 
11:00-11:30 

11:30-12:00 

Printed circuit Layout 
Tuesd.Yi June 24; 9:30 a,m.•12:00N<..,.n 
Clu!lrman: R.C .. Jantz.. Bel.I L.aborall>ries, 

Murray Hill; Ne• Jersey : ·· 

10:00-10:30 

10!:iii:t,:Oll;'. : 
H:OO-t,t:~: 

"NOMAO'. Af>rinted;Wirill!j B?8rd 
~ayOljt Sya~m''J'•f,J, \Nelt, @
Laborawies, H.Ql(!)~I. ~;!'.:i}?l!i:i£j 
Jersey '" ·"' · :· v 

"AuternatfcCom~ 
Placement in Jhe NOMA~ 
Sys"""" ,~c 
Cha~s. f Shupe .. BO!Jt 
Laboratories, Holmdel, New 
Jel<S'!'ll 
~: 
''The Ptaeement Problem as 
Viewed from the Physics of 
Classic$1 Mechani.cs" ,., ',;::;;;. 
Neil A. Quinn, CalifQ(·' Pia:;:,, , , ::'.::.{, · ""·"'·' 
.:'Autocorrelation M~S.\l(erMoi\tllln'.if'' ' %',''i''.'1i 
·'lril'!\ted Wiring Board hlitu..,. ·' " 
A.A. O;avis, Bell .:LaboratorieS;"'· 
9e,liver. ~ado ' ;,:~: }ii• 

I 

! 



Software Engineering II 
Tuesday, June 24, 9:30 a.m.-12:00 Noon 
Chairman: J.M. Galey, IBM Corporation. San 

Jose, California 
9:30-10:00 

10:00-10:30 

10:30-11:00 
11:00·11:30 

11:30-12:00 

"Current Trends in CAD Software 
Aspects" F-R. Valette, ONERA. 
Centre D'Etudes Et De 
Recherches De Toulouse. France 
"Program Function Test Def1n1tion 
Usmg a Three Value Simulation·· 
W Jean Sherman. IBM 
Corporation. San Jose. California 
Break 

'Problem Oriented Approach to 
the Design of Special Purpose 
Systems Based on Micro 
Programmable Processes·· 
Louise H. Jones. EJ. Dupont. De 
Nemours and Co., Wiimington. 
Delaware 

"The Software Engineering 
Techniques of Data Hiding as 
Applied to Mul1i-Level Model 
Implementation of Logical 
Devices in Digital Simulation·· 
E W. Thompson and N. Billawala. 
The University ot Texas. Austin. 
Texas 

Mechanical Design Automation 
Tuesday, June 24, 9:30-11:30 a.m. 
Chairman: 

9:30-10:00 

10:00-10:30 

10:30-11:00 
11:00-11:30 

J. Allan. University of Texas, 
Austin, Texas 
"Computer Aided Design of 
Industrial Control Systems" 
F. Prunet, 0. Flout1er and J.M. 
Dumas, Universlte Des Sciences 
Et Techniques Ou Lenguedoc. 
France 
"Computer Aided Plant Layout 
Design" A. De Mari, Fiat Direzione 
Automazione Informatica, Italy 
Break 
"Practical Results with CAOSYS" 
D.E. Whitney, Charles Draper 
Laboratory, MIT, Cambridge, 
Massachusetts 

Around the World With Design Automation Ill 
Tuesday, June 24, 1:30-5:00 p.m. 
Chairman: 

1:30-2:00 

2:00-2:30 

2:30-3:00 

3:00-3:30 
3:30-4:00 

4:00-4:30 

4:30-5:00 

M. Toml1anovic,h, Selenia, Italy 

"A Case Study of an Operational 
CAD System tor PCB Des19n" 
B.H. Phillips and G.L. Patterson, 
GEC Telecommunications. Ltd., 
Coventry, England 
"A CAO SyS!em for Unifled 
HardWare-Software· Design" 
Vaclav Rajl1ch, Research Institute 
for Mathemattcat Machines, 
Czechoslovakia 
"The Oesi9" ot the Integrated 
CAO-System REGENT" 
G. Enderefe and E.G. 
Schlechtendahl, I nstitut t~r 
Reaktorentwicklung. Germany 
Break 
"Logic Oes1gn Systefn in J&pan" 
Tohru Moto-oka, University of 
Tokyo, Japan. Tadashi Kurachi, 
Tokyo Shibaura Electric Co., Ltd., 
Tokyo, Japan, Tsutomu Shtino, 
OKI Electric Industry Co , Ltd., 
Masakatsu Sugimoto, Fujitsu. Ltd., 
Japan 
"Design Automation in Norway" 
P. Arneberg, Napensfabrikk, 
Norway, E. Aas, Norwegian 
Institute of Technology, Norway 
Panel 
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Testing and Testers 
Tuesday, June 24, 1:30-4:30 p.m. 

Chairman: 

1:30-2:00 

2:00-2:30 

2:30-3:00 

3:00-3:30 
3:30-4:00 

4:00-4:30 

Interconnection 

E.G. Ulrich, GTE Laboratories, 
Inc., Waltham. Massachusetts 
"A Statistical Method tor Test 
Sequence Evaluation" 
G.R. Case. Sandia Laboratories. 
Albuquerque. New Mexico 
"Random Test Generation Using 
Concurrent Logic Simulation·· 
D.M. Schuler. E.G. Ulrich, T.E. 
Baker and S.P. Bryant, GTE 
Laboratories, Inc., Waltham, 
Massachusetts 
"'Real Time Diagnosis Using Single 
Pin Probe" L.M. Zobniw. IBM 
Corporation, Endicott. New York 
Break 
"An Emulator for an Automatic 
Test System" P. Wilcox and L. 
Mccready, Bell Northern 
Research, Canada 
"Predicting Fault 
Dfstingtiishability in Digital 
Circuits - A New Tool in Design?" 
J. Fike, Southern Methodist 
University. Dallas, Texas 

Tuesday, June 24, 1:30-4:-30 p.m. 

Chairman: 

1:30-2:00 

2:00-2:30 

2:30-3:()(> 

3:00-3:30 
3:30-4:00 

4:00-4:30 

J.G. Brinsfield, Bell Laboratories, 
Whippany, New Jersey 
"Computer Aids for Multilayer 
Printed Wiring Board Oe$ign" 
J.G. Brinsfield and S.R. Tarrant, 
Bell Laboratories, Whippany. New 
Jl!rsey 
"P11!rOuting AnillYSis Programs" 
J.C .. Foster, Bell Ll)boratories, 
Whippany, New Je<Sey 
"The.Automalic.PrintedWire 
Routing System of BACKIS" 
G.J. Miron and S.R. Tarrant, Bell 
Lat>Oratories, Wt>ippany; New 
Jersey 
Break 
"A System for Solu!ion of the 
Placemeni Pmblem'.' 
P.L. Ciampi, Ray1t1eon company, 
Bedford, Massachusetts 
"An Algorithm tor Automatic Une 
Routing on Schematic Drawings .. 
R.J. Brennan, Bell Laboratories, 
Holmdel •. New JE!fSElY 



Archll~tur8l Design "-utOmaliO~ · · 
Tuesd.Y, Jurie 24, 1:30-5:00 p.m .. 

g::~~ 
1:30•2:0C! :,: "cpmputer·:~~iii<i·~~~~~~'.;;; :: 

e. Tei,ChOIZ,H!lf'l,ar 9ivet 
°9amlll'idga; 'Masiiiclu•us ;,·: 

2:00•2:30 "Data Structures for 
Environmenbll Design,''."'. 
J.M. Hamer and C. Reeder, 
Morganelli.Heumanil &. 
AssociateS; Los Angeles, 

2:311-3:00 

3:00·3\30 
3:30'4:00 

California · · 

"Integrated Oes~rs At:tlvl\y 
Support Syst~ for Ar;c!l~(l,'<e" 
Hideo 1)4atSUka. ,loshihiro Kawai. 
and Sakae Uno: Ti:>kye ScieilliflC. 
Center. IBM. Japan 
Brear. 
"CAMS: Comptll#r Augmente!l 
Mapping.·Systl!IM~; . 
R.W. Hessdorter. :'. · 
BundesforschangsanS\alt fur 
Landeskunde und Raur'nordnting, . 

4.110"4:30 

4:30·5:00 

Germany· . . 
"CompulerAided Des\g'n in·the 
Department of Public Works of the 
Go-nment ol Canada'.·' 
K, Robertson, Department of 
Public Works. Ottawa.Canada 
Panel ' 

Wednesday, June 25 

1:30 a.m .• 9:30 a.m. " " . " 
"Interactive Graphics in Automatl!!d Design·" A 
Tutorial" S; Pardee, Bell Laboratories, Whlppany,('lew 
Jersey 

Partitioning and Placement .··. . , 
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Placement and Assignment of 
Integrated Circuits" 
D. Schmidt and L Oruffel. 
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DOLLARS AND SENSE 

-A SEMINAR-
and 17th Joint Annual Meeting 

Presented by the 

ENGINEERING DATA MANAGEMENT 
and 

COMPUTER AIDED DESIGN 
SECTIONS 

of the 
Technical Documentation Division, 

AMERICAN 
DEFENSE PREPAREDNESS ASSOCIATION 

~ 
STATLER HILTON HOTEL 

BOSTON, MASSACHUSETTS 

APRIL 23, 24, 25, 1975 

1975 MEETING 
EDMS/CADTS 

AMERICAN DEFENSE PREPAREDNESS ASSOCIATION 
BOSTON, MASSACHUSETTS 

WEDNESDAY, APRIL 23, 1975 

Session Chairman: Lorna Burns, Hughes Aircraft Co. 
Session Secretary: Richard E. Knob. Sperry Gyroscope 

0900 WELCOME - ADPA AIMS AND PURPOSE 
Colonel Robert D. Worthen. USA (Ret), 
Assistant Director. APDA Advisory Service 

0910 ANNUAL REPORTS: 
Joseph R. Meitz. Chairman. Engineering Data 
Management Section. General Motors Corp. 

Arthur Thomson. Chairman. Computer-Aided 
Design Technology Section. 

0930 KEYNOTE SPEAKER: O.C. Griffith, Chief 
Administrative Engineer. Ai Research 
Corporation. Phoenix. Arizona. "FROM THE 
OTHER SIDE OF THE FENCE". 

1000 COFFEE BREAK 

TECHNICAL SESSIONS 

1015 "WHAT SORT OF ENGINEERING DRAWING 
THE U.S. GOVERNMENT NEEDS?"-William 
W. Thomas. RCA Corp. - A re-examination of 
the defense and space engineering drawing in 
design, evaluation. manufacturing, disburse
ment and logistic support. 

1100 "THE PHYSICAL CONFIGURATION AUDIT - A 
KEY ELEMENT OF TECHNICAL DATA 
PACKAGE IMPROVEMENT"-Horace R. 
Lowers, Chief Engineer, U.S. Army Missile 
Command - Planning and conducting a typical 
Physical Configuration Audit (PCA) will be 
detailed. including the role of both contractor 
personnel and Government team. Results lrom 
several Army PCA's will be analyzed 

1145 COMFORT BREAK 

1200 LUNCH 

Session Chairman: Gerald F. McDonough. Caterpillar 
Tractor Co. 

Session Secretary: Joseph V. Symanosk1e. E Systems 
Inc .. Mel par D1v1s1on 

1330 ··A SECOND GENERATION PC BOARD-CAD 
SYSTEM"-H .G Marsh. Manager. Product 
Support Function. Raytheon Co .. Equipment 
Development Lab. The comparison of a batch 
mode and interactive PC board CAD system is 
made Hie rational. sav1n\JS and thruput times 
are analyzed. 

1400 "ASPECTS OF ENGINEERING SPECIFICATION 
PREPARATION AND JUSTIFICATION FOR 
STANDARDIZED FORMATS''-Frank L Lint. 
Consultant. Specification Branch. Technical 
Data Div .. Naval Weapons Center. China Lake. 
CA. The differences of various standards. e.g .. 
DSM 4120.3M. MIL-STD-490. and the individual 
practices that are imposed by different govern
ment agencies will be discussed. 

1430 "DATA BASE MANAGEMENT OF 
ENGINEERING DATA"-Don L. Edmunds. 
Martin Marietta Data Systems. will deal with an 
Information Management System llMSJ data 
base technology to manage Engineering and 
Contigurat1on Management functions of 
Planning. Scheduling. Requirements Identi
fication. Part List generation. Cost savings ad
vantages will be stressed. 

1500 COFFEE BREAK 

1515 "PRODUCTIVITY OF COMPUTER DEPENDENT 
WORKERS"-Harry Richter. IBM Corp 

1545 "DESIGN AUTOMATION FOR DIGITAL 
CIRCUITS"-Richard J Summers. West111\1-
house Defense and Electronic Systems Center, 
Systems Development D1v1s1on - An operational 
system ot software packages used to lower the 
cost and increase product1v1ty tor the design. 
manufacture. and test of d1g1tal circuits. 

1615 "THE NEW IMPROVED MIL-D-1000A AND 
MIL-STD-100B"-Chester Naz1an. FrankiorcJ 
Arsenal - a frank discussion of the why and 
wherefores of these documents. 

1645 AuJOURN 

1830 INFORMAL RECEPTION-COCKTAILS 

1930 BANQUET - SPEAKER WILL BE ANNOUNCED 
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THURSDAY, APRIL 24, 1975 

TECHNICAL SESSIONS 

Session Chairman: Robert A. Timlin, Martin Marietta 
Aerospace 

Session Secretary: Charles W. Gedney, Hydro-Space 
Challenger. Inc. 

0830 WORKSHOPS (2) 
(A) "IMPROVING DOCUMENTATION 
TECHNIQUES"-D1scussion Leader. Robert 
Franc1ose. General Electric Company & 
Chairman ANSI Y14 Committee Suggested 
topics for discussion (but not limited to): 

Time saving Tec~rn1ques 
Documentation Requirements 
Metric Training 
Microfilm Applications 
Specification Relationships 

(B) "USING THE COMPUTER TO IMPROVE 
PRODUCTIVITY"-Discuss1on Leader. Arthur 
Thomson. TRW Corp. Suggested topics for d1s
cuss1on (but not l1m1ted to): 

Conf1gurat1on control 
Justification of the Computer as a data 
tool 
Computer Aided Design 
Displays vs Hardcopy 

1030 COFFEE BREAK 

1045 "INDUSTRY PANEL-REGARDING MIL-D-1000A 
& MIL-STD-100B"-Leader, Richard Graefe, 
McDonnell-Douglas Corp Ted Golmis, Hughes 
Aircraft Corp. Joseph Meitz, General Motors 
Corp . Delco Electronics Division 

1115 "USAF PROJECT ACQUISITION COST 
EVALUATION"-Lt Colonel Norris Krone. 
USAF. Assistant for Acqu1s1t1on Cost Evalu
ation. Hqs Air Force Systems Command 

1200 LUNCH 

Session Chairman: 

Session Secretary: 

Charles D. Fisher, RCA 
Government Communications 

James D. Kay, Northrop Corp., 
Aircraft Division 

1330 "CONTRACTORS' VIEW ON MANAGEMENT OF 
MAJOR WEAPON SYSTEMS ACQUISITION"
John F. Wood, Administrator, Business 
Practices, IBM Federal Systems Division A 
!rank discussion of the acquisition process for 
ma1or weapon systems. 

1415 "IMPACT OF SI METRICS ON DATA GEN
ERATION"-Valerie Antoine, Director. Metric 
Planning, Litton Data Systems. This presen
tation will provide an overview of why U.S. 
metrication is inevitable; and will outline how SI 
Units are used in engineering data management. 
The frame-of-reference method of learning SI 
Units will be explained. 

1500 GOVERNMENT PANEL - AN OVERVIEW -
"COST STUDY OF UNREASONABLE CON
TRACT REQUIREMENTS"-Donald R. Mitchell, 
OASD (l&L). Chairman - Panel members to be 
announced. 

1530 CRACKERBARREL-Anonymous Questions -
Answers 

1600 ADJOURN 

INQUIRIES: Inquiries concerning this meeting should 
be addressed to 

Mr. L.B. Linsky, Raytheon Company. Equipment 
Development Labs, Box AA3. Wayland, Mass. 01778 
(617) 358-2721, Ext. 403 

Mr. R. Barta, IBM Corp., Avionics Systems (102B579) 
Owego. New York 13827 (607) 687-2121, Ext. 2547 

Col. R D Worthen. U.S. Army (Ret.), American 
Defense Preparedness Association, 819 Union Trust 
Bu1ld1ng, 740 15th Street, N.W., Washington, D.C. 
20005 (202) 347-7250 



WORKSHOP ON DATA BASES FOR INTERACTIVE DESIGN 
September 15-16, 1975 at University of Waterloo, Ontario, Canada 

N E W S R E L E A S E 

The Workshop on Data Bases for Interactive Deisgn, sponsored by the.ACM 
Groups SIGDA, SIGGRAPH, and SIGMOD is shaping up nicely. Papers and referees 
reports have been coming in and we can now predict an interesting symposium. 

On the first day we wjll have invited talks by well-known speakers in the 
field to set the tone for the meeting. This session will be followed by 
sessions of refereed papers. These papers cover many aspects of design and 
corresponding data-base requirements and problems. Suggestions for enhance
ments and solutions are given. Graphical techniques and the relation of 
graphics to data-bases are discussed. 

As well as refereed papers, there will be a session for informal presen
tations covering some of the most recent research work. Some people have 
contacted us and asked if they can give such a short informal presentation, 
and we will make available an opportunity for other participants who have 
some interesting results to report to do so at the meeting. Please send me 
a description, one paragraph, if you wish to give an informal talk and bring 
material (slides, foils, etc.) to the meeting. 

As soon as all the papers have been reviewed we will inform the authors 
as to which papers have been selected for the symposium and we will publish 
the technical program. 

Meanwhile plan on coming to Waterloo in the Fall, bring your ideas and 
results, and take part in this worthwhile symposium. 

Robin Williams 
Program Chairman 
IBM 
K54/282 
Monterey and Cottle Roads 
San Jose, California 95193 

Information on making reservations and the detailed program 
will be sent out later to each SIGDA member. 
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CALL FOR PAPERS 

~\i'_~·kshop on Computer Hardware Description Languages and Their A_pplicatJons 

September 3-5, 1975 
New York City, New York USA 

increasing interest and attention have been given to the areas of computer-aided logic/ 
sy . ..:;tem design and documentation. A good computer hardware description language 
(CHD L) can be used for describing, documenting, simulating and implementing digital 
systems. The 1973 and 1974 workshops have been held in New Jersey, and West Ger
many respectively. The Third Workshop on CHDL will be held the week before the 1975 
COMPON (September 9-11, Washington, D. C.) 

Papers in the following and related areas will be considered: 

1. New concepts for description languages 
2. Constructs and mechanisn:s in computer descriptive languages 
3. Comparison of languages 
!. Applications of languages in documentation, simulation and hardware implementation 
5. Hardware compiler (translator) implementation 
6. System simulation 
7. Computer-aided logic synthesis, logic synthesizer implementation 
8. Experience on using languages, simulators, translators and logic synthesizers 
9. Analysis of Digital Systems 
10. Different levels of CHDL 
11. Future prognosis 

Information regarding the Workshop can be obtained from: 
Professor Stephen Y. H. Su 

Workshop Chairman 
Department of Electrical Engineering 
The City College, City University of New York 
New York. N. Y. 10031 
Telephone: (212) 62l-2392 

(212) 621-2248 (secretary) 

You are invited to ~mbmit 3 copies of the paper in 10 to 20 double-spaced typewritten 
pHgt:s to: Professor Donald L. Dietmeyer 

Department of Electrical and Computer Engineel'ing 
University of Wisconsin 
Madison. Wisconsin 53706 
Telephone: (608) 262-3890, 262-3840 

The deadling for submitting the papers is March 1, 1975. The papers will be tevicwed 
by 1 h::_; referees. 
'fherc will be a session for presenting the most recent results. Authors who woulci like 
to tall<: in this set>sion should submit two copies of the summary to Dr. Dietmeyer by 
.June t. 1975. Papen for this session will not be published in the Proceedmgs. 
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Call for Speakers 

Workshop on Methods of Verification in Design Automation or 
Is the Design Correct'1 

October 8 - I 0, I 9 75 

Michigan State University. East Lansing. Michigan 
Co-sponsored ·by IEEE Computer Society Technical Committees on 
Design Automation and Fault Tolerant Computing 

The rapidly increasing complexity of digital technology has made it 
mandatory to verify the correctness of a design before committing to 
manufacturing. This need has, in turn, placed new demands on design 
automation. Thus. this year's workshop will focus on new methods 
of verification which have been or are being developed. The following 
sessions are planned: 

Architecture and Logic Verification - Functional simulation. 
gate level simulation, Boolean comparison, architecture (RTL) -
to - logic verification, etc. (Chairman: Steve Chappell, Bell Laboratories) 

Microprogramming - Symbolic verification of microcode, interactive 
debugging/testing systems. verification via comparison to specifica
tion, etc .. (Chairmen: William Carter, IBM and George· Leeman, IBM) 

Implementation Verification - Delay and Timing analysis, logii.:al - to -
physical checking, shapes checking, etc. (Chairman: Paul Losleben, NSA) 

Manufacturing Verification - Testing - DC Tests, AC Tests, verification 
of manually generated test patterns, testing of arrays, macros, etc. 
(Chairman: Gernot Metze, University of Illinois) 

User Session - How are the programs actually used; e.g .. for simulation, 
how are input patterns determined, how does one know when to stop 
simulating. etc.')What are the future requirements on DA for verification') 
(Chairman: Eckhard Schulz, Itek) 

Speakers are asked to give a prepared but informal talk of about 30 to 
45 minutes length, but a written paper is not required. For information on 
speaking or attending, contact: 

Dr. Roy L. Russo 
IBM T.J. Watson Research Center 
Post Office Box 218 
Yorktown Heights, New York 10598 

Tel: 914- 945- 1643 
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COMPARATIVE ROUTER PERFORMANCE 

by 

Michael F. Kelly 

The following draft describes proposed research to be performed by the 

author, who is working toward a Ph.D. in Electrical Engineering at the 

University of California, Davis. 

Because of widespread interest in interconnection routing, this work 
may be of interest to SIGDA members. Reactions to and comments concerning 

the proposed research would be appreciated. 

The author is currently with the Design Automation Project, Electronics 

Engineering Department ( L- 1 56), Lawrence Livermore Laboratory, P. n. Box 808, 
Livermore, California 94550. 

I . INTRODUCTION 

Much ·has been written about the printed circuit board interconnection or 

routing problem. Ever since Lee's paper in 1961 [l], there has been a 

quest for new techniques to meet the increasing demands of the electronics 

industry to put more components on a single PC board. 

Several factors contribute to this density pressure. With the drop in 

the cost of IC's, the industry has gone to a throw away or depot main

tenance philosphy. The trend in minicomputer packaging is representative. 

Consider the DEC PDP-11/05: on-site maintenance consists of swapping 

one of four cards, which in aggregate contain the entire CPU and memory. 

Another factor related to increasing component density is lower power 

dissipation per IC package e.g., CMOS, which allows higher density 

packaging without heat build-up. 

Recently, the advent of the multi-function calculator and the micro

computer would seem to reverse this trend by incorporating large amou:,cs 

of discrete logic into a single chip. However, just as changes in 
minicomputer packaging moved the routing problem from the backplane to 

the PC card, this latest trend merely moves the classical routing pro

blem from the PC card to the chip substrate. Boards containing micro

processor chip sets still require potentially difficult interconnections. 

There is one clear trend throughout these advances - routing constraints 

are increasing with technological advancement. In the past, economic 

considerations dictated whether routing would be done manually or the 

resources would be expended to automate the process. In many cases, 

today's routing problems are surpassing manual capability, making automated 

routing a technological necessity. 

12 
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A multitude of automatic routers has been described in the literature, 

ranging from the original Lee's router to qraph theoretical routinq 

techniques. They can be conveniently divided into four broad cateaories: 
l) maze-running routers 

2) line probe routers 

3) channel routers 

4) topological or graph theoretical techniques. 

Lee's router and Hitchcock's cellular router [2] typify the first 

category. Hightower's router [3] is a well known category 2 method. 

Hashimoto and Steven's router [4] for ILLlAC IV control boards is a 

category 3 router. The fourth category encompasses many techniques [5], 

for example the method of Akers et al [6], [?]. Still other techniques 

seem at first consideration to fall into none of these categories. The 

stepping-aperture methods of Lass [8] may be viewed as a solution improve

ment technique or a hybrid router, and hence falls into none of the 
categories suggested. 

In view of this multitude of routing techniques and increasing per

formance demands, an important issue would seem to be router perfor

mance. However, little or nothing of any detail has been published on 

this topic. Thus, one finds that the question of which router works 

best, or, more realistically, which router works best in what situation, 

remains for the most part unanswered. The proposed research will 

investigate this question of router performance. 

To begin to attack such a complex problem, several assumptions and 

simplifications will be made. Based on presently available literature, 

it seems safe to assume that there exists no single best router for all 

problems. Furthermore, one could hypothesize that as interconnection 

problems became more diversified (as well as more complex), it is 

unlikely that any existing algorithm will outperform all others in even 

a significant portion of cases. To simplify the investigation to 

manageable proportions, a suite of routers will be selected as repre

sentative of existing routers; a meaningful set of performance criteria 

will be defined and a collection of representative problems will be 

chosen. 

The proposed research would first characterize PC board interconnection 

problem parameters. Next, an attempt will be made to correlate problem 

parameters with the anticipated performance of the members of the router 

suite. Next, a series of experiments will be conducted to determine the 

actual performance of the router suite on the representative problem 

collection, to test the validity of the correlation. Undoubtedly, these 

experiments will suggest modifications to the performance criteria, the 

problem parameters, or both. Finally an independent collection of 

routing problems will be used to test the significance of the modified 
cr~teria and parameters. 
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The underlying motivation for this work is to develop a system which, 

when given a routing problem, will automatically identify the character

istic problem parameters, select the most appropriate router, route the 

problem, and measure the performance criteria. If a less than satis

factory solution is obtained, this partially interconnected solution 

could then be automatically rerun as a problem. However, the system 

development itself is more a software engineering effort than engineer

ing research. Hence this thesis will establish the fundamental relation

ships between routing technique and router performance necessary to this 

effort. 

II. THESIS 

1) Router Suite Selection 
A serial router can be divided into three major parts: 

l) Signal set decomposition, 

2) Wire layout, and, 

3) Clean-up. 

Signal set decomposition involves transforming sets of electrically 

common pin connections into a single set of node-to-node connections or 

from - to's. Track layout is the process of actually routing the wires 

between the nodes. Clean-up reviews the results and attempts to correct 

errors and improve the overall quality of the route. 

Signal set decomposition can be further divided into two processes: 

a) from-to generation, and 

b) from-to ordering. 

Two well-known forms of signal set decomposition are derived from the 

definitions of minimum spanning trees and Steiner trees. The algorithm 

for generating a minimum spanning tree in a barrier-free environment is 
straightforward. However, there is no known algorithm for minimum Steiner 

Tree generation. Hence, to keep the conclusions of this research as 

general as possible, the minimum spanning tree algorithm will be used in 

from-to generation. 

Parallel routing techniques, i.e., techniques that route point-to-point 

connections concurrently rather than one after another, have not yet 

been shown applicable.to production PCB layout problems; thus this 

research will be concerned only with serial routers. Most serial routers 

include a method for determining the order in which from-to's will be 

routed; many ordering schemes have been proposed [9] and the topic is 

somewhat controversial [10]. This research will use several ordering 

methods, comparing the results obtained using various combinations of 

ordering and wire layout algorithms. Typical ordering methods use from

to characteristics s.uch as rectilinear distance, primary rectangle area, 

and track width. 
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As discussed earlier, there are four general categories of routing 

algorithms. The first three categories contain the most widely used 

algorithms, while category 4 contains algorithms of a developmental or 

theoretical nature. To keep the scope.of this investigation practical 

but pertinent, the suite of routing algorithms will be restricted to one 

programmed implementation of a technique from each of the first three 

categories. One purpose of this study is to correlate routing perfor

mance with distinct routing technqiues, so no hybrid or "multi-stage" 

routers will be included. 

Lee's algorithm is the basis for the techniques included in category l. 

A straightforward implementation of the original algorithm would be 

prohibitively expensive in terms of computer time and memory -- which 
are important performance criteria. Hence, an implementation of the 

eel lular technique w:, 1 be used since this method appears to improve 

performance in these areas while preserving other basic properties of 

the Lee algorithm. 

Hightower's line search technique is the best known category 2 method. 

Hightower's technique has none of the fundamental performance drawbacks 

of Lee's. Other line-probe techniques have been described [11], but 

they use the same fundamental technique. Therefore, this study will use 

a Hightower line probe router. 

In category 3, Hashimoto and Steven's channel router algorithm is 

restricted to rather limited component placement geometries, namely, 

those with highly regular arrays as on ILLIAC IV control boards. Other 

channel routing algorithms have been described for I.C. mask layout [12] 

but these too are restricted to regular component geometries and, even 

further, to groups of identical components. Since a variety of PC board 

geometries will be used in this study, a practical extension of the 

original channel routing algorithm will be used to lay out boards with 

relatively arbitrary geometries. 

This study emphasizes basic router performance; therefore only a limited 

attempt will be made to improve the quality of board layouts produced by 

the router suite. 

Following common practice, routing algorithms will be restricted to 

rectilinear or "Manhattan" routes, and all from-to routings that fail to 

connect will be entirely deleted from further consideration at the time 

of the failure. Further, no attempt will be made during clean-up to 

reduce congestion, to make Steiner connections or to improve the overall 

cosmetic condition of the layout. 

However, each of the algorithms selected has inherent shortcomings that 

are manifested in the geometry of the resulting layout. It is recoqnized 

that any board layout system using these algorithms should incorporate 
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methods to deal with such shortcomings. For this reason, the clean-up 

processor used in this study will attempt to eliminate unecessary wire 

turns and vias. 

In summary, the router suite will be composed of: l) a minimum spanning 

tree signal set decomposition algorithm with a collection of ordering 

methods; 2) three routing techniques - a maze-runner, a line-probe and a 

modified channel router; 3) a turn and via elimination procedure. 

2) Performance Criteria Selection 

Router performance may be viewed from two perspectives: economic and 

technical. Economic performance criteria are generally based on the 
cost of an automatic wire layout compared to the cost of a manual layout 

of the same routing problem. This cost is reflected in both the resources 

expended to generate the layout and the production cost of the board 

itself. This study will include economic cost factors such as: 
1) Number of non-completed connections. Connections that must 

be completed with insulated wire rather than etched lands 

add another manufacturing phase and hence increase expense. 

2) Number of vias or feed-through holes. V~as add expense to the 

board drilling process and possibly to quality control of 

higher reliability boards if plated-through holes must be 

checked optically for defects not detected during continuity 

testing. 

3) Computer time charges. This cost is measured in CPU time 

plus I/0 time at the amortization rate of the computer system. 

The study will assume a rate of $1200 per hour of CPU plus 
I/0 time on a CDC 7600. All experiments will be conducted 

using a single hardware/software system to minimize environ

mental side effects. 
4) Computer memory requirements. This cost is actually reflected 

in the amortized system costs but since it does impact the 

minimum system size that can run a router it will be used to 

weight the computer time charges. 
5) Land distribution among layers. A radically uneven distribution 

of lands among layers causes warping of the broad during 

soldering and reduces yield. 

While economic performance is measured in dollars, technical performance 

is difficult to quantize. Hence, the technical criteria will be pre

sented in physical units with only qualitative statements about their 

impact on the electronic quality of the layout. Factors which will be 

considered include: 

6) Wire length. Obviously, wire length should be short to 

minimize signal degradation and noise. 
7) Wire density or congestion. Wire spacing should be maximized 

to suppress crosstalk. 

16 

I 



8) Number of wiring rule violations. Wiring rules qovern 

such parameters as minimum track width, minimum wire spacing, 

minimum via size, etc. The rules are dictated by the desired 

electronic properties of the particular circuit and no enqineer

i ng judgments will be made about the implications of the 

violations. 

This list should not be considered complete, since the study itself is 

expected to indicate additional significant performance criteria. 

3) Identification of Problem Classification Parameters 

Problem classification is concerned chiefly with the physical geometry of 

the printed circuit board and its components. This study concerns 

interconnection routing, so component placement will be invariant for 

a particular problem. (See for example [13] and [14] which treat the 

influence of placement on restricted types of routers.) 

One of the main purposes of the research is to identify problem character

istics relevant to router performance. The parameters listed below 

represent a partial enumeration of problem descriptors thought to be of 

interest. Admittedly, the list is probably not complete. 

l) Board dimensions 

a) horizontal and vertical dimensions 

b) shape 

c) routable or unobstructed area 

d) number of layers 

2) Number of edge connectors and test points 

3) Number of components 

4) Regularity of placement 

5) Number of component package geometries 

6) Number of active pins and nodes 

For this parameter, it may be useful to distinguish between nodes 

in a data path and those in a control circuit, since it appears 

at this time that data nodes are easier to route than the 

usually more randomly distributed control nodes [15]. 

7) Node distribution (clustering) 

8) Ideal wire length distribution 

Clearly, these parameters differentiate board-component configurations, 

yet some of them may have no correlation with routing technique or 

performance. Nevertheless, these parameters will be used as a starting 

point for the study, to determine which problem parameters do correlate 

technique with performance and are sufficiently sensitive to distinguish 

problem classes. 

4) Selection of Representative Problems 

The study will be conducted at the University of California Lawrence 

Livermore Laboratory, so most problems will be selected from existinq 

LLL boards and new designs. It is quite probable that no single one of 

these boards is representative of a particular manufacturer's routing 
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problems. However, a wide variety of boards is available at the laboratory 

and a large number will be used in the study to represent a cross section 

of problems. 

The Laboratory is not engaged in production of large numbers of identical 

electronic devices. Typically, only a few boards of each new design are 

produced. These devices span the entire scope of applications from 

control to data processing and communications. Hence, the Laboratory 

has developed a standard library of pre-loaded boards and the capability 

to produce custom boards. The available collection of board designs may be 

non-representative to the extent that less than 10% are single layer 

boards and less than 1% have four or more layers. Since the majority 
of industry boards are multi-layer [16] and most of these are two layer 

boards, it does not seem unreasonable to consider only two layer boards 

in this study. If it is determined that the initial selection is non

representative, the problem collection will be augmented to include 
single layer boards and multi-layer boards from other manufacturers. 

During the proposed study a spectrum of boards from this collection will 

be investigated; most will have been manually routed. These problem 
boards will be re-routed using the suite of routers discussed previously, 

and the resulting layouts will be compared with each other and with the 
original designs. 

5) Correlation Experiments 

This study will attempt to determinine which problem-related characteristics 

correlate with routing technique performance. Each of the three areas 

involved (problem characteristics, performance criteria and routing 

technique), is not rigorously defined. The literature abounds with 

references to items in each area, but actual definitions (if indeed 

given) vary from author to author. 

Perhaps the best defined area is that of routing technique. However, 

there are many variations on each basic technique and the performance of 

each.variation certainly depends on its hardware and software environ

ment. To limit ambiguity in definition, the routers used will be 
fundamental but still perform well enough to make the results of the 

study pertinent to the work of professionals in this field. In addition, 

some of the more important router parameters, e.g., from-to order and 

primary rectangle size, will be varied to determine the gross effects of 

parameter changes on router performance. However, it should be emphasized 

that it is not the purpose of this study to develop high-performance 
routers. 

The question of hardware and software environment impact on router per

formance is a complex one; the proposed study deals with relative 

performance, so a uniform environment throughout the research avoids 
most of the effects of this problem. 
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Some router performance criteria such as computer run time, memory 

requirements, wire length and number of vias are widely accepted. 

Others are mentioned occasionally and some will be developed during the 

study. It may be difficult to define universal criteria since engineer-

ing goals and economic implications vary widely from problem to problem. 

The study thus will not deal with the relevance of criteria but will 

define as many reasonably meaningful criteria as possible, to make the 

results relevant to as many economic and technical situtations as practical. 

No significant work is known to have been reported in the area of problem 

classification. This is surprising, since it is quite difficult to 

discuss router performance without reference to routing problems. The 

study will atterrrpt to define a set of characteristic problem parameters 

which distinguish particular problems. Hopefully, these will at the same 

time correlate with routing technique performance observations. Each of 

the routers previously discussed will be used to process a selection of 

problems exhibiting a range of classification parameters. The results, 

expressed in terms of performance criteria values, will then be mathe

matically compared with the values of problem parameters for each router. 

Correlations between performance criteria and problem parameters will be 

sought. Hopefully, these correlations will depend on the router used. 

(The absence of correlation may be equally important; see [10].) A 

second, independent selection of problems will be processed using 
measurement and classification criteria revised after the first series 

of experiments. This phase of the study will seek the verification of the 

old criteria and the discovery of new ones. 

It is difficult to hypothesize at this stage what the results might be. 

Some of the most likely findings are: l) a low connection completion 

rate for the channel router applied to problems with irregular placement 

geometry; 2) high via count for the line-probe router for problems 

having irregular placement geometry; and 3) high computing costs for the 

maze-running router applied to problems with a high active pin density. 

6J__JCBJerimenta l Results 

The most significant results of the research may be expressed in terms 

of the problem feature/router performance correlations discussed above. 

However, certain factors which might influence the results will not be 

studied exhaustively; therefore these issues must at least be investi

gated; some qualitative conclusions concerning them should be reached. 

Two such factors will illustrate this aspect of the work. 

The size of the problem sample and the number of samples is not yet well 

defined. Ten to fifteen reasonably diverse problems should be enough to 

insure that each sample represents a wide range in classification parameters. 

The number of samples, however, will depend on early experimental results. 

If correlations are immediately obvious and consistent across samples, 

the research can be concluded. But, if there is little correlation or 

consistence, the research will have to continue until either consistent 

findings are produced or lack of correlation is demonstrated. 
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The variation of router performance with router parameters is an issue 

the study seeks to avoid. Establishing a clearly defined suite of 

routers at the beginning and using them throughout the research will 

eliminate route parameter effects, but not avoid the issue of their 

potential impact on the research results. This question could be viewed 

as a relevant follow-on research topic, to be based on the findings of 

the proposed work. Due to the interrelationship of the two topics, a 

preliminary investigation of algorithm sensitivity to parametric variations 

will be pursued toward the end of the proposed work. At that time 

several important route parameters for each programed router will be 

varied. The effects both on router performance and on problem character
istic will be reported. 

7) Modifications 

Modifications to both the problem parameters and performance criteria 

will be considered after the initial problem selection has been processed 

and the results have been studied. Appropriate modifications to both 

parameters and evaluation criteria discussed above will be included in 

the following series of experiments. 

8) Significance Tests 

The significance of the research results will depend on their relevance 

to the general problem of routing. Relevance in turn depends on ~he 

solution of representative problems, the definition of practical per

formance criteria and the consistency of results. 

The problems will encompass a range of parameters broad enough to make 

the study of interest to others in the field. The performance criteria 

selected for initial study include those suggested by a survey of 

relevant literature; others are thought to be measures of anticipated 

routing difficulty. Criteria will be added as their relevance is 

indicated by the ongoing research. Consistency of results must be 

established by obtaining similar correlations from selections of differ

ent problems with similar parameters. 

The issue of router significance or relevance is difficult to treat at 

this time. Whether or not the performance of one router is important to 

the designer of another router can only be determined by comparing the 

actual structure of the routers. Since detailed structural features of 

routers are not often discussed in open literature, a comparison with 

existing "production quality" PC board routers is not practical. 

Rather, the structure for each of the routers used will be developed in 

a manner generally consistent with the descriptions available in tech

nical references. In addition, the experiments related to variations in 

router parameters should indicate how representative the algorithm 

implementations may be. 
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Ill. CONCLUSIONS 

The proposed research would be conducted in three phases. First a suite 

of routers would be selected and programed. This phase would also 

include definition of performance criteria and the identification of 
preliminary problem classification parameters. 

During the second part, the selection of a representative set of existing 

problems would occur. These problems would be routed using the suite of 
routers, and a correlation analysis would be performed to compare 
router performance with problem classification. 

During the final phase, modification and extension of the problem 
parameters and performance criteria would occur, as indicated by the 
phase 2 analysis. The phase 2 routing experiments would then be repeated, 

this time using an independent selection of problems. A comparison of 

the new results with previous ones would be used to check consistency. 
If the results of phase 3 are not conclusive but otherwise look promis

ing, phase 3 experimentation may be continued, with still further 
revision of parameters and criteria being tested on yet.another problem 
collection. 

An estimate of the time required for the study is necessarily approxi

mate, especially for the final research phase. Substantial work has 
already been done on the first phase, with approximately four more months 
until completion. The second phase should take about two months and the 

third phase at least three months. An additional month to two months 

will be necessary to compile the results in final form. Hence, approxi

mately 10 to 11 months would be needed for the study. It is premature 

to anticipate the results of the study but the outcome of carefully 
planned and documented experiments will undoubtedly be of great interest 

to the design automation community. Increased technological demands on 
routing capability and the economic constraints of the industrial environ
ment make the proposed study both timely and unique. Extensive computer 
facilities, a comprehensive design automation support system [17], and a 

broad spectrum of existing board-component geometries, all available at 

LLL, make the study possible. 

The relevance of the study becomes clearer if one takes an overall look 

at current routing efforts. Interconnection routing is now an art 
rather than a science. Much ongoing work in the area of topological 

routers seeks to develop a systematic approach to the problem, but it 
appears that little emphasis is placed on the scope and character of the 

problems to be solved. Most board routing programs now in use are 
judged by performance on a very narrow spectrum of problems. Emphasis 

appears to be placed on developing a router implementation for a par

ticular geometry, with the geometry being used in a large number of PCB 

designs. 
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Of course, there are many reasons for standard geometries beside the 
expense of router development. There are, however, situations in which 
standardization is not desirable or perhaps not even possible. This 
study seeks a correlation between the performance of currently available 
routers and a well defined, represenatative set of problems. This 
correlation could then be used to implement an adaptive, multi-stage 
router capable of processing a variety of geometries. Further, the 
correlation and the multi-stage work would easily lead to the develop
ment of better versions of existing techniques and possibly better 
routing algorithms. 
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