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FROM THE EDITOR 

1 refuse to accept responsibilitv for the late 
arrival 'lf the last issue. It left Livermore 
12/4/76 and has not begun arriving through the 
mails as ~; 2/9/76. Undoubtedly the Christmas 
holida.'/S '.!ere related to some of the delay but 
agree witn you--this is unreasonable! 

Once more I would like to ask for contributions 
t~.this newsletter~-I have had limited input for 
tn1s issue, as you 11 soon discover. How about 
some volunteers to write session summaries for 
the upcoming DA workshop? How about book and 
paper reviews? Deadlines for copy arrival at 
my address (front inside cover) for the next 
few issues are: 

June (Vol. 6, #2) 
Sept. (Vol. 6, #3) 
Dec. (Vol. 6, #4) 

5/1 /76 
7/15/76 
10/1 /76 

I •:oul ~ like to thank Waldo Magnuson, now one of 
n1y :o-w~rkers at LLL, for permission to publish 
his recent report on European DA. Due to the 
length of the paper, we decided to divide it into 
two sections. The concluding portion will appear 
in the June Newsletter. 

Several issues of the Proceedings for early DA 
Workshops are no longer available. I have re
c~ived ~everal inquiries concerning papers pub
l~shed in them, and wonder if any readers would 
like to see specific papers reprinted in this 
Newsletter? Call or write, if you have inputs. 

I received one response to my Steiner tree chal
lenge: Mr. Yuk Y. Yang of Burroughs found se ve ra 1 
problems with our solution. His suggestions were 
appreciated, and it's back to the drawing boards! 

The notice reproduced below may be of interest to 
readers on other continents. 

SIG/SIC NE.WSIETI'ERS BErnG AIRSHil'PED 'ID 
EUROPE FOR FASTER DISTRIBUTION O\lERSFAS 

Since July, those SIG/SIC Newsletters which 
are mailed fran Headquarters have been air
shipped via KIM to Amsterdam for delivery 
to all countries outside the North Arrerican 
continent. Because of the fast Dutch mail 
service leaving Amsterdam, we are able .to 
achieve the follo.ving time savings with 
little increase in postal cost over standard 
U.S. surface printed matter rates: 

Europe 
No. Africa 
Rest of W:Jrld 

OID Wlf::l. 

4- 8 weeks 
6-10 weeks 
8.,-12 weeks 

NEW Wlf::l. 

1-2 weeks 
2-3 weeks 
3-4 weeks 

See you at the 1976 Design Automation Conference 
in Palo Alto! 

---~t-
R. J. Smith 



Dear Mr. Smith: 

I read with much interest your article (co-author C.V. Cao) titled "Generation 
of Steiner Tree Connections in a Barrier-Free Environment" appearing in the 
current issue of ACM SIGDA Newsletter. 

I was first introduced to the Steiner's problem back in 1970 while a graduate 
student at Columbia University. I have spent a f~ir amount of time on this 
problem but was not able to come up with a computationally feasible algorithm 
for its optimal solution. After I left Columbia, my interest on this problem 
is still strong, and I have tried to keep up with all published results on 
this topic. 

While reading the article in the Newsletter, I tried, as you suggested, to 
improve the solution of the 26-point example. However, after carefully 
counting the tree lengths, it seems that the total length of the Steiner 
Tree as shown in Figure 3 is 199, instead of 192. Moreover, the· Steiner 
Tree in Figure 3 can be improved quite easily to one with total length of 
only 196. I am enclosing a copy of the improved Steiner Tree for your ref
erence. 

To conclude this letter, I would be very grateful if you could send me a 
copy of LLL Report UCRL-76982, titled "Construction of Steiner Tree using 
the method of variable shortest connecting networks." 

Thank you very much. 

YYY/ah 

Enclosure 

- ---i-···- ~--·--

Yours sincerely, 

, ', / / 

(. /~u{?<· . (/~;r:· ." 
I' /. . / 

1 Yuk Y •. Yang '. 
VProj.Ut ~ine r 

Burroughs Corporation 
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I. INTRODUCTION 

This report is a summary of computer aided design (CAD) and 
design automation· (DA) stemming from a series of visits to universities, 
research laboratories, industrial companies and conferences during the 
past twelve months. In arranging these visits the primary contacts were 
with people engaged in applying digital computers as both an engineering 
aid and as a manufacturing tool in designing and building electronic systems 
and subassemblies. The visits were made throughout western Europe, with 
the United Kingdom, the Scandinavian coun,tries, Germany and Italy receiving 
the greatest attention. 

In Section II, I have given a rather superficial account of the 
development of CAD and DA, a brief description ·of the logic design process, 
and an indkation of the trends in DA. The presentation is brief, because 
to do it properly would require hundreds of pages rather than just a few. 
Also, it is short because the principal purpose of this r0port is to describe 
the status of CAD and DA in Europe. Although the emphasis is on design 
automation of digital systems, I have included research in CAD (network 
analysis, network sensitivity and optimization, etc.) in several places j·; 

the report. 

Each of the sections following Section Il begins with a brief summary 
of how I see the state-of-the-<irt in computer aided design (CAD) and design 
automation (DA) in the differen .::otmt1 i ;·s. Following these summaries are 
brief abstracts (almost l\eyword Jescriptions) of the main thrust of Ciw :c..nd 
DA at the different establishment; I vi o. 1 tc•(!. Then following these abstracts 
are longer reports. Many. of these longrr reports have appeared as European 
Scientific Notes articles during the past yc:ir, but most have been re-edited 
and, in some cases, have had details added for this report. 

II. CCA\tPLITER AIDED DESIGN AND DESIGN AUTOMATION 

A. The Development of CAD and DA 

One of the earliest applications of digital computers in electrical 
engineering was in the area of building computers. The repetition and 
sheer bulk of the design descriptions for digital systems led people 
early in the game to use computers to keep track of items such as parts 
lists, wiring procedures, documentation, cross reference lists, etc. The 
·~e of computers in the design and fabrication of digital systems has 

:iecome known as computer-aided design (CAD) and design automation (DA) • 
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For this report, a CAD system will ~ taken as a collection of software 
programs and the computers they run on that are utilized in the design 
of electronic systems; a DA system will imply software systems that parti
cipate in the translation of a design to a hardware environment; and a 
CAM system (computer aided manufacturing) as those software aids which 
generate output directly used in the fabrication of hardware. For example, 
the analysis of a metal-oxide semiconductor (}DS) chip geometry to obtain 
a time-domain response would be CAD; the automatic routing of connection 
paths on a printed circuit board would be DA; and the generation and use 
of a punched-paper tape for driving an automatic wiring machine would be 
CAM. The boundaries between CAD, DA, and CAM are rather diffuse, however, 
and often the terms are used with Imlch overlap in meaning. 

With the production of bulk quantities of transistors with controlled 
parameters and their subsequent use in the second generation of digital com
puters in the mid-19SO's, came the parallel entry and use of DA and CAD 
systems. The major computer manufacturers were, by the mid and late 1950's, 
already using computers in the design of computers. These early programs 
usually were limited to checking input data fields, physical layout (making 
sure two packages didn't occupy the same position), fan-out (overloading), 
and logic design rules, and generally were interfaced (via punched cards or 
paper tape) to automatic wire-wrap machines. 

As the market for computers grew and production increased, design 
errors and changes became more expensive. Increased attention turned to 
logic simulation to verify correct opeTation and to test sequence generation, 
i.e., the generation of input tests to detect and locate faults in hard-
ware during the checkout process. 

Superimposed on the pressures to design larger, faster, and more 
reliable digital computers, came the development of the Planar semicon
ductor process in the early 1960's .. The Planar process promised integrated 
functions on a chip. With the arrival of large scale integration (LSI) in 
the hands of designers in the late 1960's the expense of design changes 
reached the point where full computer-simulation of integrated circuit (IC) 
chips became a necessity. Simulators, mask layout programs, and test and 
diagnostic programs have become essential to the IC industry. 

As the size of systems being designed and built grew, the magnitude 
of the design automation programming problems increased many fold. Not 
only was storage (memory) capacity troublesome but the combinational 
aspects of many of the DA algorithms also caused proble.!15. 

B. The Logic Design Process and DA 

The design of digital systems can be partitioned into three phases: 
pre-construction design, hardware and packaging implementation, and final 
testing and error diagnosis. 

Prior to any construction of hardware the designer should have at 
hand items from the DA system such as a computer-generated logic schematic 
a report of design exceptions (possible errors), and an evaluation of the 
design via a sinrulator. Once he is satisfied with the correctness of the 
design, the next task is to specify the physical layout of the logic. 

Several tasks are required by the packaging programs; first, the 
logic must be partitioned into subsets for assignment to standard IC modules. 
In this process several constraints must be satisfied; for example, one 
objective function is certainly to minimize the cost (fewest number of 
components, lowest cost components, etc.) , but in addition ma.intenance 
considerations are often equally important. Connector-pin count is usually 
a fundamental consideration. In the partitioning process the design should 
be assigned to standard printed-circuit boards (PCB) and to standard IC 
modules. 

Once the design has been partitioned and assigned to cards, these 
cards must be placed in connectio.r positions within a card cage or similar 
hardware. Placement criteria could.be based on wire buildup, signal cross
talk, heat dissipation, ease of wiring, neatness, and so on. 

In designing both PCB's and !C's, the wire routing to interconnect 
signals continues to be a problem. Interaction graphics often are used to 
provide heuristics to solve routing problems, although considerable progress 
has been made in automatic routing algorithms. . 
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When a new system is still in the design phase (pre-i.q>lementation), 
it can be tested for correctness by using a s:iJmJlator program. In an analo
gous way we would like to test a system for correctness of operation after 
it is realized in hardware. To determine whether a digital system is per
forming properly, a sequence of inp~ts is applied and the outputs are 
observed and checked against the logic function intended. To overcome the 
combinatorial problem associated with testing all possible situations, 
schemes (algorithms) have been developed for efficient yet ;;uiequate testing. 
Test sequence generation continues to remain a problem, however, as technology 
develops in digital systems. 

C. Trends in DA 

Considerable progress has been made in logic s:iJmJlation, test 
sequence generation,. placement, ·routing and in the use and development 
of high level description languages. Part of this progress is a result 
of the large increase in computer power and part ie due to greater com
plexity in the systems being built. 

Many algorithms and much of the theory for the above processes 
have not been able to keep pace with the complexity growth. Thus, inter
active graphics have often been adapted to use human decision-making 
rather than an algorithmic approach to a solution. 

More effective change control procedures are needed. For example, 
after spending 100 hours of computer time generating a test pattern
sequence tape, let us suppose a minor change in the design is made,. How 
should the fault tape be changed? Is it necessary to repeat the entire 
process? Similarly, the translation from specification to design details 
(synthesis) finds practical solutions elusive. 

For the past few years it has been apparent that the correct approach 
is towards describing and analyzing systems at a higher level. The pay
offs in using high-level progranming languages have been repeatedly il
lustrated. In a similar way the specification and design of digital systems 
have been moving towards a higher level of description. With architectures 
for array, parallel, and associative processors becoming increasingly 
conunon, we can expect the trend towards higher level descriptions and 
automatic translation into hardware to continue. 

II I. CAD AND DA IN GREAT BRITAIN 

A. Sununary 

British universities and industries have had a rather loL:; 
association with CAD, but its present-day use is characterized by som,; 
good research at a few universities and limited use by industry. In my 
opinion, industrial CAD utilization as compared to that in the US generally 
lags by several years. Computer access, particularly convenient time
sharing terminals, is often quite limited. Conmitment to using and develop
ing new CAD techniques and DA facilities is limited to high pay-off areas 
(principally PCB layout), and little support is given for efforts towards 
developing DA systems for new teciu).ologies. As bright spots in universities, 
I would list the work of Bennetts at Southampton on test generation, Spence 
at Imperial College on interactive sensitivity analysis and optimization, 
Grey at Edinburgh on interactive integrated circuit (IC) layout, and Lewin 
at Brunel on s:iJmJlation and high level logic description languages. 

B. Great Britain Short Reports 

Imperial College, University of ~ndon (~. R. Spe~ce) . 
CAD work in computer graphic~, par~i~larly ~ studymg ~ fac~ors 

as they apply to interactive circuit design. Considerable work m sensi
tivity analysis and optimization going on. 

!CL, Manchester (Mr. G. Adshead) 
DA work is primarily aimed at production ~f Dlllti-layer ~·s. 

Also there is CAD work in test sequence generation, layout, routmg, 
s:iJmJlation, etc. 
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University of Edinburgh, Edinburgh, Scotland (Dr. J. Grey) 
Several CAD and DA research projects are in progress. Past work 

has been in PCB layout, routing, digi.tal logic simulation, DA languages. 

University of Southampton, Southampton, Hants. (Prof. K. Nichols) 
CAD work in electronic circuit analysis. Special techniques developed 

for using CAD programs on small computers. Emphasis on automatic test 
generation for digital networks. 

Mullard Ltd., Southampton, Hants. (Mr. D. Jarvis) 
· Emphasis has been on development of CAD programs for IC mask layout 

with supporting programs for circuit analysis, logic simulation, and 
test generation. 

Post Office Research Department, Ipswich (Mr. K. Clark) 
Uses CAD programs for PCB layout. Past work with programs for 

analysis and digital logic simulation. 

Heriot-Watt University, Edinburgh (Prof. F. Heath) 
Digital system design using interactive graphics system. Work 

based to a large extent on the LOGOS system. 

Brunel University, Uxbridge (Prof. D. Lewin) 
Research in digital system design automation, particularly high level 

simulation and testing. 

General Instl1.llllents, Glenrothes, Scotland 
"Turn key" operation of Applicon IC mask layout system. Additional 

CAD work in program development for logic simulation and MOS device modeling. 

Loughborough Univ. of Technology, Loughborough (Dr. M. E. Woodward). 
Logic synthesis via-stored program methods. Decomposition and re

dundancy effects in logic implementa~ion. 

Royal Radar Establishment, Great Malvern (Dr. F. E. Withers) 
DA system in operation with logic diagram drawing, design rules 

checking, logic simulation and PCB layout. No current CAD research or 
development underway. 

Portsmouth Polytechnic, Portsmouth (Mr. A. H. Evans) 
Hardware construction oriented DA system for digital logic wire wrap · 

boards. Input language, circuit diagram, layout documentation, card and 
backpanel wiring, and design error checking plus the data base, comprise 
the principal features.of the system. 

Sperry Gyroscope Co., Bracknell (Mr. A. Bayfield) 
PCB oriented.CAD aids. Wire-wrap and design information program being 

expanded and logic simulation program being developed. Minicomputer inter
active graphics system for drawing and PCB being planned. 

Plessey Teleconmunications Research Laboratory, Poole (Mr.. W. Brown) 
CAD work is directed towards digital systems, and emphasis is on 

PCB layout (both manual digitizer program aids and interactive computer 
graphics) and increasingly on logic simulation with corresponding appli~ 
cation to test sequence generation. 

C. Great Britain CAD and DA Reports 

Design Automation at Brunel University 

The stated objective of computer aided design (CAD) researcr• in the 
Department of Electrical Fngineering and Electronics at Brunel Un:versity 
is: "The group as a whole are concerned with the conceptual desig,,, veri
fication, testing and fault diagnosis of complex logical systems." Three 
academic staff, two support people (progranvners) and approximately tcn 
graduate students have been directing their research work towards de\·~lop
ing computer programs to assist in the design of digital logic system.; -
a sizable group in terms of university CAD research. 

At the iiresent time, there are two systems of programs that members 
of the group have developed for computer assisted logic design, They 
are the HILO and the CALD systems. The HILO development, directed by 
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G. M..tsgrave, has been designed to simulate digital logic at both the high 
level (HI) and the low level (LO) of system description. At the high 
level, logic is specified at a system level in terms of information flow 
between the functional blocks making up the logic. For example, at the 
high level, registers and arithmetic functions· (e.g., adder, multiplier) 
are available, and combinational logic may be described as Boolean expres
sions, encoders or decoders or tn.tth tables. Low level descriptions 
include all of the basic gates and flip-flops . In addition, parallel data
paths up to 24 bits wide can be described by simple input statements. 

Part of the motivation in the design of the simulator was to be 
able to simulate large digital systems (40,000 logic gates or about 
equivalent to a minicomputer in size) in a concise way. By using pro
cedures like' partial tn.tth-table descriptions, the behavior of devices 
like encoders could be specified in two input statements rather than 40 
to 50 1'ines of input that would be required if a gate level description 
were used. 

The logic simulator allows gate propagation delays to be specified 
for single elements and for groups of elements. This control for delays 
allows the mixing of fast and slow logic families in the same simulation. 
HILO also allows initial logic levels to be specified for signals and 
signal buses. Before starting a simulation, HILO forces the network into 
some stable state which is consistent with the specified initial values 
and the network inputs. 

In designing HILO, not only were the requirements for good simu
lation considered but, and just as important,' the area of testing, both 
for fault-cover verification and diagnostic dictionary compilation was 
considered. Testing of digital systems and subsystems is extremely im
portant and often difficult and costly. .Automatic test equipment (ATE) 
is available for testing digital equipment quickly and accurately, but 
there is still the problem of what tests to apply. However, writing 
and checking a test program is expensive and time-consuming. 

At Brunel, thre.e approaches have been studied to generate test 
sequence patterns for detecting digital logic faults. They are manual, 
auto11'!atic and interactive test generation. The current emphasis is on the 
latter two methods. They hope to get something like 60% test coverage 
automatically for digital systems. So far they have been working only 
at the chip level in applications (they are closely working with industry 
in the development of the simulator) and have been getting about 85% fault 
coverage for 4000 gate LSI chips. Two approaches to automatic fault check
ing are being taken: Path sensitizing CD-algorithm) and a heuristic search 
technique. In the interactive test generation the emphasis at Brunel has 
been on fault detection and not on fault location. First, a test sequence 
is manually constn.tcted which detects a fault. The D-simulator algorithm 
is used to aid and check this process. Faul ts are introduced in parallel 
to speed the process. 

Next, starting with the Manually specified sequence, the user 
selects a fault, and the test generation routine tries to devise a set 
of input waveforms which will render the fault detectable at the network 
outputs. This process is repeated until most or all of the faults have 
been covered. Provisions also exist for allowing the system to take on 
inconsistent logic states so that sequences may be obtained for difficult 
faults by allowing the designer to make use of prior knowledge of the 
functional behavior of the logic system. 

In comparison to other high-level system description languages, 
HILO is not a pure registered-transfer level language. Although the system 
can describe registers, at Brunel they are not trying to use it as a design 
language but rather in a design verification (simulation) role. HILO differs 
from most other gate level simulators in that it allows a much wider range 
of primitive logic blocks. This, of course, makes it potentially more 
efficient in simulating a large system if portions of that system are de
scribed by such blocks. 

Over the past four years Prof. D. Lewin has led a team who have 
pr<;>duced a set of programs called CALD (Computer Assisted Logic Design). 
This work began while Lewin was at Southampton University and has continued 
at Brunel.. The CALD software, based on fundamental switching theory, pro
vides synthesis and minimization for combinational circuits and state-table 
reduction and assignment for sequential logic circuits for up to 20 switch
ing variables. 
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The early work has been expanded to investigate the development of 
interactive techniques (using graphic and teletype tenninals) for descrip
tion and evaluation of logic systems. The group are investigating aspects 
of extending the input specification language to CALD. They are presently 
considering the Iverson register transfer language, the PMS (Processor
Memory-Switch) and ISP (Instruction Set Processor) languages and such 
graph theoretics as Petri nets. The CALD system will produce a logic de
sign implemented in transistor-transistor logic (11'L). They are currently 
adding provisions for implementations in programned logic arrays (PLA). 
Within a year they hope to be able to describe a system using either a 
language or a flow-chart via an interactive CRI'. 

An ultimate object is to marry.the CALD and HILO systems to pro
vide a complete synthesis, sinti..lation and test sequence generation design 
automation system. 

MINNIE - AN INTERACTIVE GRAPHICS CAD PROJECT AT IMPERIAL COLLEGE 

Between 1968 and 1971 a small experimental interactive graphics 
project for electrical circuit design was initiated by Dr. R. Spence of 
the Electrical Engineering Department, Imperial College, University of 
London. The objective was to gain experience in interactive graphics and 
man-machine conmunication and to move away from the batch-made attitude 
in engineering use of computers. 

As a result of this early study, the Science Research Council (SRC) 
provided Spence funding to study circuit design via interactive graphics. 
This research grant (1971-1974) was directed at two closely-linked topics: 
(1) man-computer dialogue and (2) circuit analysis algorithms. The most 
obvious end result during this three-year period was the development of 
an interactive graphics circuit design facility called MINNIE (the name 
stems from the fact that a mini-computer, a Digital Equipment Corporation 
PDP-15, is being used in the project). The MINNIE system comprises a 
graphical input for discrete-component electrical networks, and a fre
quency-domain analysis which includes both large- and small-change sensi
tivities. 

The SRC made a continuation three-year award (1 July 1974) for 
approximately b90,000 ($216,000) to Spence to support research on 
"Dynamic Graphical Interaction in Electrical Circuit Design and t<k>delling." 
The grant provides for the acquisition of a new computer system (a PDP-15/76, 
Vf-15 interactive display, and cartridge disk system was purchased) and 
four full-time personnel. 

The directions and objectives for the project remain llllch the same 
as before: 

(1) The development of concepts and techniques for interactive 
graphic display, and of algorithms for network analysis. 

(2) Research in psychological, ergonomic and perceptual aspects of 
the interactive-graphic man-computer dialogue. 

(3) Development and evaluation of techniques to enable easier use 
of computers, 
Most of the effort to date has been in items (1) and (3). Some work has 
been done on (2), but. an emphasis on it awaits the appointment of a human 
factors specialist. 

The first version of MINNIE was "frozen" in early 1974 to permit 
the software to be installed at six different locations. Since early 1974 
the second version has been developing, and early this year it was also 
"frozen." The new version of the program had the following improvements: 

(a) A new corrunand dialo131-1e - which has been designed to have a 
"skeleton structure" by providing a simplified display with particular 
emphasis on preventing users from entering blind alleys when selecting 
options. 

(b) The ability to define a circuit property of interest - which 
builds in a--rrexibility by allowing users to defl.Ile element relationships. 

(c) The acce tance of res onse s ecifications - that is by allow
ing the input o a requency omal.Il e vior speci ication. 

(d) Tracking-sensitivity anal~sis - which allows global variables 
(temperature, process parameter, radiation, etc.) to be changed without 
an analysis for each new value. This is particularly useful for integrated 
cirruit design. 
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(e) Increased node and branch capacity - where the system now 
lcconmodates 25 nodes and 50 branches, it is to be expanded even further 
';hrough sparse matrix techniques in a future program version. 

(f) Model pessimization - which indicates to the user those parts 
of a device model which do not contribute significantly to the output 
parameter being viewed. 

(g) Co rehensive 
a superposition o grap 
graph values, etc. 

(h) Enhancement of existing facilities - in which an additional 
number of minor features will make the MINNIE system more stable, easier 
to use, and more computationally efficient. 

Considerable progress has been made in the development of new 
algorithms or refinement of existing ones for linear circuit analysis 
and design. Statistical sensitivity, differential sensitivity for large 
component changes, optimization and component tolerance assignment are 
just a few of the design features being actively developed by Spence and 
his team. From the beginning, the project has held the human-factors 
aspect of interactive graphics as equally important as the circuit analysis 
aspect. As part of the effort along this avenue, a seminar was sponsored 
by the group about a year ago (ESN-28-8; 285) on "Man-computer diologues 
for effective circuit design." The progress has not been as rapid as hoped 
in this phase of the project primarily due to the difficulty in obtaining 
a person trained in human factors and integrating that person into the 
project. 

The MINNIE project of Spence and colleagues is probably the most 
intensive research project in interactive graphics in Europe. The dual 
emphasis on circuit analysis and ergonomics is being meaningfully attacked 
by the group with reasonable success. 

On two points I feel the research program could be improved. The 
first would be to develop the programs in a less mKhine-dependent en
vironment. Often they resort to assembly language coding and to using 
system-dependent features which tie the program to the PDP-15 system more 
than is necessary. The ether short-coming is the recent decision to view 
the research in a more connnercial light, which will greatly restrict the 
distribution of the program and thus limit to some extent the research 
results. This second feature is in keeping, however, with the attitude 
towards software development done under goveTilffient and university sponsor
ship in Great Britain. 

Cw.f'lITER AIDED DESIGN PROJECT - UNIVERSITY OF EDINBURQ-1 

Dr. J. V. Oldfield has been director of the Computer Aided Design 
Project of the Computer Science Department, University o.f Edinburgh for 
several years. In August Oldfield left the University after 14 years 
for the position of second Chair of Electrical En2ineering at the University 
College of Swansea, Wales, and Dr. J. P. Gray became Director of the 
Project. My host for a visit in mid-July was Oldfield, and it was a 
very infonnative visit, indeed. My visit follows an earlier ONRL visit 
in 1972 by Franklin F. Kuo (ONRL-R-11-72), and I will attempt to describe 
the current research emphasis and the accomplishments since 1972. 

Funding for the Project is primarily from the Science Research 
Council, and approximately $960,000 has been expended since its inception 
in 1966. The average number of people on the Project has been about ten 
including staff, research students and visitors. They have been quite fortunate 
in having their own PDP-10 time-sharing system together with a coupled 
PDP-7 computer driving a DEC-340 display, as well as Tektronix T-4010 
and T-4002 storage tube displays. In early 1973 a conflict arose con-
cerning the possible sharing of the PDP-10 between the CAD group and the 
School of Artificial Intelligence. Over the objections of the CAD group, 
the conflict was resolved by expanding the PDP-10, placing the machine 
under a separate management (outside the CAD group) and having it serve 
both projects. The added load on the computer has had an adverse effect on 
the system response for interactive computer graphics. For example, in 
one demonstration of a printed-wiring-board layout program that I observe:, 
the response times (PDP-7 to PDP-10 connection) were as long as 40 secon<ls; 
clearly interactiveness was severely limited. 
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At present the CAD group 0fforts arc centered about two activities. 
John Gray is engaged in the dev<.:lopment of register transfer design auto
mation programs and John Eades, .Jeff Philips and Nigel Rose are primarily 
emphasizing the further development of Llyout programs. The work of Gray 
and his students has resulted in a suite of programs which form an aid for 
design when using DEC PDP-16 register transfer modules. The program suite 
(named ARTlllJR) chesks for logical errors, checks the operation of algorithms, 
produces a li5t of specific modules and the interconnections necessary to 
bui l<l harch-.-:11 c, and can produce flowcharts for a complete design. Gray 
anticipates f~rther work in this area, particularly in looking at higher 
language levels for describing digital systems. 

In the past the group has had a strong effort in printed-circuit
board layout. An early development (N. A. Rose and J. V. Oldfield, 
''Printed-wiring-board layout by computer," Electronics and Power, October 
1971) used an abstract topological model of the circuit 1n which first a 
planar graph was constructed after which a pseudoplanar graph was built 
in an attempt to both place and route (one side) a discrete component 
~lectrical circuit. 

A more recent project (July 1973) by A. K. Hope has nvolved the 
application of interactive computer techniques and graph-theoretic methods 
to printed-wiring-board design. This has led to the development of a two
sided digital integrated circuit board program in which graph partitioning 
is used in the automatic component placement and a stepping aperture ap
proach is used for conductor routing. Both the placement and the routing 
phases have proyisions for interacting via the graphic console. 

Another recent project (PhD thesis work by B. Dervisoglu) concerned 
computer aided design techniques applied to digital logic design. Basically, 
the work consis'ted of describing the logic components which realize the re
quired operations, making connections between their terminals (via a graphics 
screen), and then using a simulator to test the aesign. The rr1ethod used in 
the design philosophy divides the operations to be perfoI1!1ed by the target 
machine (the digital system) into two types, data and control, and components 
are defined to realize both parts. At this time it's not clear that work 
will be continued along the lines started by Dervisoglu. 

The Computer Aided Design Project has, in the past, maintained good 
contacts with industry. A collection of programs to assist in the design 
of integrated circuit layout is the result of one such relationship. The 
system, GAELIC, allows a user to specify integrated circuit layouts either 
by means of a launguage or via a digitizer and a rough sketch. tie can then 
interact with the data structure by means of a storage tube presentation. 
For example, a user can move or delete an instance of a shape, he can re
peat instances, he can define new shapes, etc. The ultimate products are 
production masks for integrated circuits. This is currently one of the 
most active projects. 

The strength of the Computer Aided Project has been in good facili
ties, good people and a continuation of leadership. Perhaps in the past 
printed-circuit-board layout has been emphasized a little too much, but 
the recent projects in higher level digital description languages a•11i inter
active integrated circuit mask generation have addressed themselves to use
ful, real-life problems. 

COMPUTER AIDED DESIGN AT THE UNIVERSITY OF SOUTHAMPTON 

The computer aided design (CAD) effort in the Department of Elec
tronics, University of Southampton is led by Mr. K. G. Nichols and Dr. 
R. G. Bennetts. Nichols has been engaged in using computers in engineer
ing design for several years and presently is overseeing the development 
of linear and non-linear electrical network analysis progr::urrs. Bennetts 
has been involved with computer assisted logic design in cooperation with 
Prof. D.W. Lewin of Brunel University. Bennetts'primary emphasis current
ly is in the automatic test sequence generation for testing compiex digital 
networks. 

The computer-aided circuit analysis work at Southampton has been 
done for the most part on a small computer. The turn to a small machine 
was prompted by rather severe problems of access and tum-around time on 
the University's central computing facility (an ICL 1907 with 96K words 
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of core). Nichols is of the opl111on that even when adequate large 
computing facilities are available, there is still a case to be made for 
providing some analysis and design programs on a small machine. Because 
of the emphasis on small machines, Nichols ahd his associates have de
vised a program development philosophy which can be SUJIBilarized as follows: 
1) All main analysis programs are written in FORTRAN II (for small machine 
compiler efficiency). 2) The main analysis programs each fit into 16K work 
of 16 bit store. 3) The main analysis programs are highly modular and 
hierarchical with exhaustive docl.llllentation. 4) Each main analysis program 
has a specific input program, and 5) All input is by means of a simple 
corrunands with free-fonnat fields. The computer they are using is a 
Honeywell DDP-516 with 16K of 16 bit words for memory and a 1M word fixed
head disk backing store. 

Two fully developed network analysis programs have been used for 
several years by a nl.llllber of undergraduate and postgraduate students in 
connection with a variety of projects. The two programs are ICAP which 
is a small-signal ac analysis program and ITAP which is a non-linear de 
and transient analysis program (K.G. Nichols, "Computer-aided analysis 
of electronic circuits on a small machine," AGARD Conference Proceedings 
No. 130, Lyngby, Denmark, 21-25 May 1973). The primary d1stll1ct1on of the 
two programs is the fact they are operational on a small computer and in 
doi.ng so, the prograrruning has used some very clever storage compacting 
techniques, all within FORTRAN. The group are working further on sparce 
matrix schemes with regard to computational speed and accuracy in a small 
machine environment. Nichols, at this point, feels that sparce matrix 
storage will save little in storage with the problems they are working 
with, but the potential gains will be in speed. In all of the analysis 
program developments, the emphasis has been on economic use of the pro
grams in the sense of efficient algorithms for a restricted set of 
problems. 

Past work under Nichols' supervision has been in automated pattern 
drawing for generating integrated circuit masks, automatic layout of 
printed-circuit board, and automatic circuit synthesis procedures. 

The automated pattern drawing work involved the simultaneous de
velopment of hardward vector generators to control a laser mask-making 
machine and the development of a high-level mnemonic-language for de
scribing mask patterns. The first language (LASMASK) was rather con
ventional in that corrunands for lines, rectangles, step-and-repeat of 
patterns, etc., were incorporated. More recent program development has 
been towards a program (PATTERN-MASTER) that retains the principal 
features of LASMASK but also provides extended features with appli
cations such as printed-circuit board and electronic circuit schematics 
in mind. 

The recent work in printed-circuit board layout is similar to the 
directions being taken by others who are developing layout programs -
namely, making the programs more interactive by means of visual display 
units. The basis of the Southampton layout program is a topological re
presentation of the interconnections and components (dual in-line inte
grated circuit packages) in the fonn of a graph. Rather than a full 
software approach to a placement and routing, they are pursuing a de
velopment which allows the designer to use his experience in component 
ordering as a means of reducing computing time and memory requirements. 

The work in design automation by Bennetts and his students is 
leading-edge research in test sequence generation for testing logically 
complex digital networks. Bennetts believes that the gap between the 
test s~quence generation (tsg) theoreticians and the tsg practitioners 
is due to the "opaqueness" of some of the papers, i.e. , these papers are 
not solving the major problems as seen by the practitioner, rather the . 
papers are concerned with more esoteric and academic problems. He feels 
that the way to solve the problem of developing an algorithmic tsg for 
large networks is to partition the networks. A modular approach (R.G. 
Bennetts, et al, "A modular approach to test sequence generation for large 
c'·igital networks," Digital Processes 1, No. 1, 1974) to tsg is probably 
the principal research emphasis of the-group. Bennetts states that techni
cally, the modular approach, may be said to be an application, at the system's 
level, of the sensitive patch concept. Basically, the method consists of 
(1) partitioning a large network into separate sub-networks, (2) then by 
using existing algorithms, determining the tests for each module, and finally 
(3) matching the test outputs from one module with test inputs until "for
ward" matching reaches an observable output and "backward" matching reaches 
actual inputs. They have written programs for the second and third steps 
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and are evaluating the software. They have yet to identify the criteria 
for partitioning netl\Urks into a suitable set of modules, feeling that the 
range of applicability of the inter-module test chaining 1111St be evaluated 
first. Their early exaJll>les have been very promising for the method. They 
feel that the modular approach has the potential for overcoming many of 
the problems that have beset automated tsg. 

Bennetts is also involved with a program of research to study the 
relationship between circuit design procedures, final implementation struc
tures! and final testab~lity. In particular they are looking at hoped for 
solutions to the following: 1) What features contribute to a circuit that 
is testable? 2) How may these features be included in design algorithms? 
3) What extra logic, if any, will enhance the circµits testability? 

Most of the computer work by Bennetts and his associates has been 
on the University's central ICL 1907 computer. Some work is also being 
performed on a Varian 620/L minicomputer system. 

The University of Southampton is scheduled for one of the ICL New 
Range computers sometime during the next year (a 2970 (P3) system). 
Bennetts anticipates a lot of his work will be done on the new machine. 
Nichols has accomplished nruch within the confines of the small and slow 
Honeywell computer, however, I believe the work could be profitably ex
tended to encompass a nruch wider set of problems by moving to a larger 
and faster machine. It was not clear whether or not Nichols is going to 
move his work onto the ICL 2970 system when it becomes available. 

My general impression of the research at Southampton in both the 
digital and analog CAD is very favorable. They maintain close contacts 
with both industry and other universities. In addition, their attitude is 
to tackle problems which are problems to practictioners rather than to 
theoreticians. 

DESIGN AlITCMATION AT LOUGHBOROUGH UNIVERSITY OF TErnNOLOGY 

Dr. M. E. Woodward of the Department of Electrical Engineering is 
investigating switching circuit design at the sub-system level. W00tlward 
and his research students have been studying stored program implementation 
of switching functions rather than implementation by means of discrete 
logic gates. Their inve:>tigations can roughly be divided into the main 
areas of: basic theoretical design concepts using stored program modules, 
computer-aided design techniques, and applications to arithmetic functions 
and digital filtering. The advent of semiconductor read-only memories 
(RCM) has given rise to the economical realization of sequential machines 
as stored-program switching systems. However, theory has not kept pace 
with the hardware technology. Most all of the established design tech
niques for the design of switching systems (minimization, assignment, etc.) 
are applicable only to discrete gate level digital design and are not 
appropriate to system or sub-system level design. Woodward and his asso
ciates are studying techniques for the decomposition of stored-program 
sequential machines into non-loopfree structures. The techniques they have 
developed yield near uniform structures with little redundancy in storage 
requirements ("Realization of stored-program sequentia~ machines," Electron 
Lett. 10, 246, 13 June 1974). They have developed a computer program which 
generates the set of ·all closed partitions of the states of a sequential 
switching system (Electron. Lett., to be published). They have also ex
tended the application of these techniques to the hardware implementation 
of digital filters using stored program modules. Another problem they are 
currently investigating is the effect of redundancy on RCM storage, that 
is, how RCM storage bits is. a function of the way a system is decomposed; 
for example, in some cases a parallel partitioning leads to the minimum 
structure, whereas in other cases, a serial decomposition is minimal. 

DESIGN .AJJrCMATICJ'.1 AT INI'ERNATIONAL CGfPUTERS LIMITED 

Design Automation (DA) at International Computers Limited (ICL) is 
spread across the three main design facilities located at Manchester, 
Kidsgrove and Stevenage. Approximately 150 people are engaged in DA 
out of sa:ie 30,000 employed by ICL. The 150 are split aJOOng engineering 
application programmers (25%), "technicians (43%) and computer operators 
(32%) • At Manchester 25 engineers and progranmers, 15. t:cmucians ~. 
20 computer operators are in the DA sector. The technicians are princi
pally used for the coding of input, che~ing nms, and providing ~rogrammer 
assistance, and the operators nm the five computers that_ar~ dedicated ~o 
DA work. Mr. H. G. Adshead is manager of the DA. sector within ICL and his 
responsibility encompasses all three facilities. ~shead ~s my host on 
a recent visit to Manchester and provided a full, informative and very 
worthwhile visit. 
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A rough breakdown of the types of DA work at the three facilities 
is as follows: 

Manchester - Design of large central processors. lbere is a precision 
JIU.lltilayer printed circuit board plant, and DA is concerned mostly with 
nrultilayer ·boards and backplanes with some microcircuit and LSI work. 
Two computers (ICL 1906A and ICL 1906F) are operated by the DA people. 

Kidsgrove - Design of terminals, disk controllers, etc. lbere is 
a nrultilayer plant and machine assembly facilities. An ICL 1903S is 
operated by the DA group, with most DA work devoted to nrultilayer board 
design. 

Stevenage - Design of Slh.ill processors, peripheral controllers, etc. , 
but no manufacturing. Two ICL 1903S computers are used mostly for nrulti
layer board design and layout. 

As perhaps gathered already, by far the major effort and emphasis 
of the DA "MJrk centers itself on the design of nrultilayer printed circuit 
boards. lbe current DA system (known as SYSTEM 71) consists of approxi
mately two million instructions (almost entirely in ~ssembly language) 
and represents an investment of approximately $4. 5 ~l. About six boards a 
day are currently being designed at the Manchester facility. Typical boards 
have 16 layers and up to 2400 wires, and the rate of uncompleted paths on 
a board is less than 1.5%, with over 60% of the board~ resulting in 100% 
completed inter-connections. For the most part !CL design is being used, 
and the routing programs perform the appropriate transmission-line design 
rule checking. 

For an accepted design, several items of production data output are 
produced inc.:luding NC tapes for art-work, drilling and assembly operations, 
-full production doctm1entation, testing tapes for continuity an~ ft.mctional 
testing, logic drawings, modification instructions, tapes for diagnosis 
and docwnents for production control and forward ordering. Over 4000 
magnetic tapes are stored on past completed designs, and the program 
implements design changes in a way so as to minimize modifications. 

The present utilization of DA at ICL is very closely tied to pro
duction payoff, and consequently, of the many processes that could lend 
themselves to automation, tracking has received the bulk of attention. 
Over the past eight years a succession of tracking (; routing) algorithms 
have been implemented. They found from early studies that heuristics 
rarely achieve a success greater than 70%, Lee's algorithm with Acker's 
modification yield tracking successes of about 95%, while cellular wiring 
(first reported by Hitchcock in 1969) averages 99.6% and has proven the 
most successful of the tracking algorithms implemented by ICL. Channel 
assignment, line search, stepping aperture and other techniques have not 
appeared attractive, although up to 98.5% tracking successes have been 
achieved (see H. G. Adshead, "Optimizing Automatic Tracking of M.Iltilayer 
Boards," AGARD Conference Proceedings No. 130, Copenhagen, May 1973). 

In looking to the future, Adshead sees the next possible development 
in DA at ICL in the area of logic system simulation, particularly coupled 
to test pattern generation. 

ICL has a considerable investment, extensive comnitment and a strong 
group in design automation. If they have a weakness, it is perhaps, that 
their development of techniques is too closely coupled to immediate payoffs 
without enough research on future DA investigations. lbis is not completely 
surprising in view oE the financial position of ICL which has not been 
especially strong, even though they are ntnnber two in size in the digital 
computer field. 

MICROCIRQJIT DESIGN AT GENERAL INSTRUMENI', GLENROTHES, SCOTLAND 

The General Instrtnnent Microelectronics Group (GI) at Glenrothes, 
Scotland, is one of three GI integrated-circuit MOS plants (the others 
being located in New York and Naples) and has capability for applications 
engineering, design, mask making, diffusion; assembly, test and quality 
control. 
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Currently, GI is taking a rather pessimistic attitude towards 
custom integrated circuit (IC) design. Before a custom design is started, 
the predicted sales must be greater than 200 K items for the first two 
years. This is in contrast to the trencl in Europe and UK where IC manufac-
turers have been movin~ towarrls more custom work after finding the 
competition with US semiconductor houses tough in standard product 
lines. Perhaps GI knows something the other manufacturers don't. It 
was disclosed, however, that new product developments must have the 
approval from company headquarters in New York. 

I was particularly interested in the use of computer aids at 
Glenrothes for two reasons: With the parent company in the US, would 
the UK concern simply use computer aids developed in the US, or would 
they develop their own aids, and additionally, on what scale would 
computer aids be used in a relatively small company (approximately 20 
engineers of 300 employees are actually engaged in MJS IC design)? 

GI uses mostly US developed software, although they do have a 
few people working in this area. They have written a logic simulation 
program which is interesting in that the simulator has a direct relation
ship with the transistors which are described in terms of ic chips lay
out geometries as opposed to most simulators which make use of logic 
gate descriptions. Furthermore, the simulator is operational on a 
company-owned minicomputer (a Digital Equipment Corporation PDP-11/05). 
Also available on the minicomputer is a MJS P-channel transient analysis 
program. Th.is program uses the physical dimensions of active device 
models and the geometry layout to include the effects of stray capac
itance in calculating the time response. The use of geometry descriptions 
for active devices appears to be the general trend in transient analysis 
programs for MOS design as opposed to discrete component descriptions 
which has been the rule in past network analysis programs. Because of the 
computer's speed and size, the circuits must be partitioned into 20 to 30 
transistor subgroups for analysis by this program. Whereas the simulator 
program has been designed and programmed by the people at Glenrothes, the 
transient analysis program (named CIRC) was developed at the University 
of Utah under a contract bet'•een the University and the Xerox Company 
(fr0;~ whom GI obtained the program). 

The IC layout is designed on a purchased "turn-key" graphics system 
also developed in the US. The Applicon Design Assistant System was 
purchased approximately one year ago by GI. The heart of the Applicon 
System is the PDP-11/05 computer. (Applicon did about $6 M of business 
last year and have installed over 800 systems since their first delivery 
in 1970.) General Instnnnents have sent a programmer through the Applicon 
software school, and they intend to do their own probram maintenance, 
program extensions, and future program developments. 

After the layout is completed, further programs developed at Glen
rothes do design rule checking (mask overlapping, spacing between 
conductors, loading) and write the individual mask layer patterns onto 
magnetic tape cassettes. Up to 16 mask lavers can be handled although 

only five to seven are usually used. The cassettes are then used to 
drive a Gyrex Photo-head plotter to produce the master masks. 

Future computer-aided design plans at Glenrothes are aimed at 
providing more design documentation and to further develop their logic 
sinulator. 

The design of MOS chips at General Instruments is centered about, 
and completely dependent on their computer aids. Although they have 
a small force maintaining and developing software, their designs appear 
to go smoothly through the facility, and they seem to have the flexi
bility to match computer desi~ aids to design and production require
ments. 

INTEGRATED CIRCUIT DESIGN AlITCMATIOO AT M..JLLARD S001HAMPTON 

The Integrated Circuit (IC) Development Division at Mullard. 
Southampton is comprised of four sections: The MJS group, the Bipolar 
Transistor Design group, the Constuner group, and the Computer Aided 
Design (CAD) group. Mr. D. B. Jarvis is leadei: of the CAD group which 
consists of ten men and operates a medium-size ICL 4130 computer. Al
though the plant produces components (resistors and capacitors), tran-
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sistors, dicxles, vacuum tooes, and l.SI chips, the effort by Jarvis and 
his group is pr:illlarily in support of the metal oxide semiconductor inte
grated circuit (t.l)S IC) effort, particularly ~ memories. Until a 
year ago the principal effort was in transistor-transistor logic ('ITL) 
designs, but since then, a majority of the new designs have been in 
~memory devices. I was told by Jarvis that the Southampton plant is 
the main diffusion facility in the UK for semiconductors. 

The philosophy in the development of CAD IC techniques at M..illard 
has been to aid the designer rather than to replace him with fully 
automated programs. Often, according to Jarvis, CAD systems have been 
developed which try to re-structure the design problem so as to reduce 
the number of degrees-of-freedom, and thus, to make possible the use 
of exhaustive search algorithms. In doing so, the programs often tend 
to be tied to a particular technology, which shortens their useful life
times. Frequently they also tend to be inferior in performance to al
gorithms allowing hlBllBJl judgment. 1'illlard has placed the emphasis on 
allowing free intervention by the designers. 

Their work has developed along six lines: (1) Mask design and 
fabrication, (2) Electronic circuit analysis, (3) Digital logic simulation, 
(4) Test sequence generation, (5) Test data analysis, and (6) Large 
logic circuit design system. In using the mask design program, a design 
can be described with an input language, can be digitized directly, 
or can be input using a graphics display. All three of these methcxls 
of program input are in general use by other companies who make IC 
masks , but Millard is perhaps t.mique in having all three in one program 
with easy transferability among the three. Their circuit analysis is 
accomplished using two programs: CAMJS and PHILPAC. The CAMJS program 
can compute the de and transient response for MQ5 circuits (p or n channel 
and enhancement or depletion devices). The transistors are described by 
the geometries of the diffusion masks, and the program calculates capaci
tance by using the geometries of the nodes (conductors). Networks with 
up to 100 MJS devices can be accommodated on the ICL 1430 computer being 
used by the CAD group. The PHILPAC program is a development of Philips 
Inc., Eindhoven (Mullard is a UK subsidiary of Philips), and is used 
at Southampton via a teletype and telephone line to the Philips IBM 
370/195 computer. The present limits for the program are 200 network 
nodes, 170 components, and 50 transistors which is similar to other 
programs (CIRCUS,SPICE, ASTAP) with nruch the same analysis capabilities. 
PHILPAC can perform non-linear de, linearized ac, and non-linear transient 
analyses. The non-linearities are limited to the transistor and dicxle 
JOOdels and to the input sources. The program is considered proprietary 
and is not expected to be released to users outside the Philips family. 

Logic sinulation and test sequence generation is via a program 
(l..51V) written by M..tllard Southampton. The logic simulator can deal with 
both static and dynamic logic and can be nm in two JOOdes. The time mode 
of simulation gives the most detail about circuit response. Each gate 
is modeled as an ideal logic element followed by a delay whose value 
depends on th.e signal transition direction. All changes in logic value 
are assl.Diled to occur instantaneously, but the delays make it possible to 
model propagation of signals, spike generation (glitches) and race condi
tions. For efficiency, new values at gate outputs are computed only when 
changes at inputs occur. Undetermined states are also dealt with, so 
network initialization can be handled without problems. 

The other simulator mode, the code mode, simulates 10-20 times faster 
than the time mode but only gives the network equilibrium values following 
each input change. The program converts the network description into an 
equivalent set of Boolean equations which are solved for each set of inputs. 
Gate delays are ignored. Program provisions avoid recursion of bistable 
loops but allow the modeling of internally generated pulses. A limitation 
of the code simulation mode is that undetermined states cannot be dealt 
with. The simulator can accorrmodate up to 3000 gates, but most problems 
nm on it at Southampton are in the range of 50-500 gates. 

Functional test sequence generation is done with the aid of l..51V 
simulation program. Engineers prepare proposed test sequences, and logic 

output values are computed by simulation. The test verification portion 
of the simulator next automatically adds single faults and resimulates 
the network. Stuck-at-one and stuck-at-zero faults for each gate input 
and output are introduced, and a defect is noted in each case where the 
faulted network output is different from the unfaulted. Output from 
LS1V is a list of defects not detected for the pattern under consideration, 
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1he test generation portion is rather straightforward with no strategies 
for automatic;:ally generating test patterns and nothing, for example, like 
parallel sillRllation for checking several sequences simultaneously. Con
sequently, the test generation probably will not be able to accOlllllOdate 
large systems in either a simulation or test sequence pattern checking 
modes. 

Another program developed at M.lllard Southampton is for designing 
intergrated injection logic chip mask patterns. The program, DAISY 
(Design Automation for Integrated SYstems), is normally used in con
junction with the logic simulator and the circuitmask program. DSAISY 
was designed with emphasis placed on producing small area-efficient chips. 
In test, the program utilizes about 10% more area than a fully optimized 
manual layout. The interconnections are specified for DAISY in the same 
network description as for the LS1V simulation program. The use of DAISY 
for layout is basically a manual process of placement and routing, but a 
fully interactive display system is operational with the ICL 4130 computer 
system. An important function of DAISY is the check made against design 
rules such as interconnection capacitance to insure the layout conforms 
to the logic network. It is anticipated that DAISY will be extended to 
the design of MOS devices. 

With the system of programs in use at Mullard Southampton, a high 
level of confidence in designs is achieved. Good design coordination 
is provided by the fact that one engineer takes a design through the 
complete cycle. About two to four designs are started each week, al
though less than 100 go into production in a year's time. Records 
are kept on the final device tests, and a statistical data reduction 
is run on the ICL 4130 to aid in process control, design verification, 
and model parameter determination. 

DESIGN AlITCMATION AT PLESSEY, POOLE, DORSET 

Four years ago the computer aided design (CAD) activity at 
Plessey Teleconmrunications Research Laboratory, Poole, Dorset, was 
visited by F. F. Kuo from this office. At that time the CAD work 
centered on extending the CALD system (ESN-29-6; 268), developing a 
high level input processor language and on interactive computer graphics. 
Today, the CAD effort is principally concerned with two problems: 
printed circuit board (PCB) layout and PCB testing. 

·In PCB design they use three methods for the layout of approxi -
mately 150 new board designs each year. Besides the continued use of 
manual layout, they use a combination of manual-digitizer layout in 
which several digitizers are time-shared on a minicomputer. The 
digitizer makes use of a·rather complete menu of layout patterns held 
internally in the computer. The computer also provides a fair amount 
of feedback in the way of messages during the placement and routing 
phases. PCB' s are also designed using the Redac PCB system on a PDP-
15 computer equipped with a graphic console. They have had the Redac 
program for a little over a year and are finding that new and larger 
board designs are pushing both the computer and software. They are 
seriously looking at modifying the software and may be forced into 
doing future board designs on their larger ICL 1906A computer. 

Coupled with increasing larger .;md more complex PC boards, the 
problem of testing the boards is becoming of serious concern. Mr. W. 
Brown, leader of the digital CAD activity, said they have been particu
larly worried with the testing problem and are placing an expanding 
effort in developing CAD ai4s for test generation. To this end, they 
have developed two digital logic simulators; one a three-level simulator 
capable of acconmodating networks up to 1000 gates (too small for their 
newer PCB's) and the other a two-level parallel simulator. They are also 
concurrently investigating algorithms for test generation to be used 
with the parallel simulator plus further developing and extending the 
simulator itself. 

Although considerable earlier cooperation existed between the CAD 
activities at Brunel University and the University of Southampton and 
Plessey, they now appear to have considerably' less joint cooperation. 
As a consequence, I feel they have not progressed as rapidly in the sim
ulation and testing areas as they would have with a continued close 
association. Likewise, the work in interactive graphics, while at one 
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time quite active and advanced, now is absent (at 17ast in CAD)· It 
didn't appear that interactive CAD! with ~e exception of the Redac 
system, is likely to become an active pro)ect soon. 

Brown sees a continued emphasis on PCB layout and testing but does 
not see Plessey developing digital design aids for logi~ synthesis, 
assignment, or partitioning. Similarly, bec~use they_find comput7r 
costs expensive (and hence simulation of logic. expensive), he b711eves 
that prototype construction will remain the primary mode of design at 
Plessey. 

IV. CAD AND DA IN SCANDINAVIA 

A. Sumnary 

The most striking featt.rre of CAD and DA in Denmark, Finland, 
Norway and Sweden is the enthusiasm and attention companies are giving 
this field. Electronics technology is receiving considerable emphasis 
in all four countries with quite visible signs of new buildings, equip
ment, and computing facilities. At most companies a small but determined 
CAD effort exists. Usually these are directed at aspects of automation 
closely coupled to manufactt.rring and production (PCB and test sequence 
generation (TSG)). For the most part, there is a heavy reliance on 
software developed outside Scandinavia (for example the British Redac 
PCB system and the US TEGAS TSG system). Thus, in general, industry 
here lags in comparison to U~ CAD usage by several years. However, it is 
moving much faster than Great Britain in this field and I believe will 
surpass it in a few years. University relationships with industry are 
very good. Tordhol at the University of Trondheim, Kjelkerud at the Royal 
Institute of Technology, Stockholm, and Lindberg at the Technical Univer
sity of Denmark all have excellent CAD and DA research projects which 
would compare favorably with US university research. 

I found a very high degree of cooperation among universities and 
companies in regard to CAD planning and sharing of programs. This was 
pa~ticularly true in Norway as well as in Finland and Denmark but not 
so prevalent in Sweden. This cooperative effort was not nearly as obvious 
elsewhere in Europe, and in fact, universities in Britain seem to be 
viewing software development with an eye towards commercial exploitation. 

B. Scandinavia Short Reports 

SWEDEN 

1M Ericsson, Stockholm (Dr. C. Jacobaeus) 
Several programs for filter synthesis, analysis, and optimization. 

Current work directed towards PCB layout and testing. 

ASEO-HAFO, Vallingby (Mr. H. Berg) 
CAD and DA programs for custom MJS-LSI design include circuit analysis, 

logic simulation, and MOS artwork layout. 

SAAB-Scania, Linkoeping (Mr. B. Magnhagen) 
CAD/CAM system exists for digital electronics and includes application 

programs for wire list and NC tape production, logic diagrams, PCB layout, 
and logic simulation. 

Philips Teleindustri, Jarfalla (Mr. L. Fransson) 
CAD work is currently limited to interactive graphics PCB layout 

and evaluation of digital test pattern generation progra»IS. 

Royal Institute of Technology, Stockholm (Dr. E. Kjelkerud) 
Primary CAD research on logic simulation, fault simulation, models, 

and test generation for digital circuits. Current emphasis on parallel 
fault simulation and testing. 

FINLAND 

Nokia Electronics, Helsinki (Dr. P. E. Ahonen) 
CAD being used in filter design and PCB layout and in microprogram 

simulation, logic simulation, wirewrap production and test generation for 
ATE. 

17 



Technical Research Center of Finland, Helsinki 
Just beginning a survey of CAD program availability and suitability 

for Finland's industry. 

Helsinki University of Technology, Otaniemi (Prof. V. Porra) 
Extensive CAD program development for microstrip circuit development. 

Transistor modeling, circuit optimization, transmission line analysis, 
stability analysis and hybrid circuit layout programs have been developed. 

DENMARK ---· 
Elektronikcentralen, Horsholm (Mr. P. Stangerup) 

Analog circuit analysis program development, also some work in filter 
analysis and reliability modeling by computer. 

Technical University of Denmark, Lyngby (Prof. E. Lindberg) 
Linear and nonlinear circuit analysis program research with emphasis 

on sparse matrix techniques and fast integration methods. DA work in inter
active (storage tube) PCB layout and logic simulation. 

NORWAY 

Kongsberg Vftpenfabrikk, Kongsberg (Mr. P. A. Arneberg) 
Printed circuit board program development (both interactive graphics 

and automatic placement and routing), projects in digital logic simulation 
and test sequence generation for ATE. Some work in data base development 
for DA. 

Norwegian Defense Research Establishment, Kjeller (Mr. H. Schi,Stz) 
Digital logic sinrulation program development. Microprocessor 

simulation at system level (instruction simulation), gate level, 
and also cross-assembler development. Some program development for 
wire-list generation and PCB layout. 

Electronics Research Laboratory, Univ. of Trondheim, Trondheim (Mr. H. 
Tordhol) 

Digital logic sinrulation and test generation studies (TEGAS pro
gram), PCB layout including placement and routing, and high level sys
tem simulation. 

Central Institute for Industrial Research, Oslo (Mr. A. Landmark) 
Current work is directed to developing a comprehensive data base 

for digital logic DA. 

C. Scandinavia CAD and DA Reports 

CCMUI'ER AIDED DESIGN IN KONGSBERG, OORWAY 

Although the translation of A/S Kongsberg Vftpenfabrikk (KV) is 
"Kongsberg Small-arms Factory" (Kongsberg is a small town 53 miles south
west of Oslo), the company is diversified and serves both civilian and 
military markets. Administratively, it has five product divisions: 
defense products, automobile parts, gas turbines, electronic systems, and 
computers. A little over 6800 people are employed by KV. 

The company nas maintained a strong development capability, and to 
aid this, a Technology Section was established a few years ago. Per A. 
Arneberg heads this section, which evaluates new technology and brings it 
to the attention of other groups within KV. However, the primary emphasis 
of their work is in computer-aided design (CAD). Arneberg has divided 
his people into three groups: 1) a CAD group which mostly does printed
circuit-board (PCB) layout, 2) a prototype PCB group and 3) a development 
group for CAD problems. 

Up l.Dltil a year and a half ago, KV had an on-site IBM 360/40 computer. 
Since that system left, a computer-service company in Oslo has been the 
source of computer time. An IBM 370/158 and a Univac 1110 system are both 
available through a remote batch terminal. The present arrangement is 
awkward in developing a CAD capability, and Arneberg stated that he believes 
they will soon have a local computer. 
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Arneberg does most of the initial coordination in new technology 
transfer within the coqiany, and a recent exanq>le is their experience 
in testing of printed-circuit boards (PCB's). They made a 12-month 
projection of the number of PCB's that would need to'be tested. In 
1974, about 20,000 boards were tested, conprising about 150 to 200 
different types. If testing were to be done the same way as in the 
past, KV would have to hire 5 to 15 new people just to write test 
programs. In the past and currently, the PCB' s in use at KV have 
contained 30-35 dual in-line integrated circuit (IC) packages. lhere 
is a very marked trend towards using larger boards (up to 150 IC's). 
It is an almost inhuman task to write test sequences manually for 
testing 150 module boards, hence a new method was needed at KV. 

A project was started in conjunction with the Royal Council on 
Scientific and Technical Research (NINF) to find out what is available 
in the world today for generating test pattel11S Jll)re efficiently. lhe 
study concerned only computer programs for test generation and did not 
include a study of test equipment. lhe principal programs which were 
evaluated included the following: CAPS (General Radio), FLASH (Membrain), 
FLOG (Time-Sharing Ltd.), FAIRTEST (Fairchild Semiconductor), TESfAID 
(Telpar) and TEGAS (Comprehensive Computing Systems and Services). 
The net result of the investigation was that NrNF and a group of Norwegian 
concerns (including KV) acquired the TEGAS (Test Generation and Simulation) 
programmarketed by CCSS, a company based in Texas. According to Arne
berg, this program was chosen, for several reasons, among them being the 
fact that TEGAS has one of the most advanced and fastest simulators avail
able and.additionally it does test-pattern checking in a parallel fault 
simulation mode. This parallel simulation means a speed gain in checking 
patterns equivalent to the word-size of the computer on which the program 
is being run (a factor of 32 for an IBM 360 or 370 system for example). 
The program is written entirely in FORTRAN and has several sinulation and 
testing modes. It also has provision for describing digital systems at 
different levels (gate level to complex functional module level) (S. A. 
Szygenda, "TEGAS2 -- Anatomy of a general purpose test generation and simu
lation system for digital logic," Proceedings of the Design Automation 
Workshop, Dallas, Texas, June 1972). 

lhe TEGAS program has been operational on the IBM 370/158 in Oslo 
since December 1974, and at mid-January only a medi1.Un-cornplexity test 
program had been run. The program used 76 seconds to analyze 40 input 
test patterns yielding an 80% fault coverage for the 27 IC (150 gate) 
network. The real fault coverage for the hand-generated patterns for the 
same network was not known at the time of my visit, but was the next item 
to be checked. It is a recognized fact that rarely is the fault coverage 
known for hand-generated test pattel11S • 

. Although the move towards automatic test pattern generation re
presents the next step in CAD at KV, there are two areas that are con
stantly used at the present time, So far, the distinct CAD .steps have 
been in: 1) PCB layout and 2) Canputer produced tapes for semi-automatic 
wiring machines. · If wire-wrap teclmology is being used in a design, the 
engineer collects the data and writes the wiring list for the usr program. 
The program, which is run on the Univac 1110 computer in Oslo, produces 
the punched paper tape to control the wiring machine and a wiring schedule 
printout for system doct.nnentation. This program has been in use for 
several years, and because it neither interfaces with a data base nor 
provides the engineer with design infonnation, it has not had llllch effect 
on the design process. 

The PCB layout system has had more of an impact. KV purchased the 
Redac Software Ltd., Tewkesbury, England software and a PDP-15 computer 
system fran Digital Equipment Corporation. To date, the system has kept 
pace with PCB layout requirements, but as with the requirement for test 
pattern, Arneberg is faced with increasing this capability by a factor of 
three. 

About two and a half years ago, KV started a project in which they 
evaluated the potential for using a computer system for electronic circuit 
schematic drawing. They defined specifications for what they would like 
to see in such a system, but the analysis showed such a system would not 
be econanic compared to their manual drafting process. · During the specifi
cation process, they started sane cooperative work with Redac which, however, 
was discontinued at an early stage. Redac continued the developnent of the 
software and have recently announced the availability of a logic schematic 
program which is usedin conjtmction with their PCB software system. .At 
this time, according to Arneberg, KV does not intend to acquire the soft
ware, because of the more pressing' problems of testing and PCB layout. 
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In the process of technology evaluation, KV has been conducting both 
a time and cost study and an operational analysis on the electronic design 
of digital products. The purpose of these studies is to look for priority 
areas in which to take the next steps in using computers in design. Cer
tainly one area under consideration is to connect the CAD steps for sc~ematic 
drawing (now manual), PCB layout (on the PDP-15), test pattern generation 
(TEGAS program), wirelist generation (on the Univac lllO) and simul.ation 
(TEGAS program) • At present, each of these programs has separate input 
descriptions and data procedures, and there is no feeding of infonnation 
from one process to another. A:lneberg believes the central part to tie 
these together is a data base. To this end KV has been looking at ac
quiring a CAD system (data base system) rather than continuing with the 
development or purchasing of single unconnected programs. They will probably 
evaluate what is available in CAD data bases as the next step in CAD system 
development. A:lneberg feels that the adoption of such a system will 
radically change the design process. Where now each designer works in 
a step-by-step way with little effect on other stages of the design, a 
data: base will force an interdependence. Designers will have 'tO get much 
more involved with computers, and will probably have to do a lot of the 
data preparation themselves. 

KV is taking an aggressive attitude towards incorporating CAD 
technology into their design process. They are doing it in cooperation 
with other Norwegian concerns, thus being one of the few united efforts 
in European countries in this respect. 

ELECTRICAL ENGINEERING AT TilE NORWEGIAN DEFENCE RESEARCll ESTABLISHMENT 

The Norwegian Defence Research Establishment (NDRE) is located fif
~een miles east of Oslo in the small town of Kjeller. The facility reports 
'" the Defence Ministry and is engaged primarily in development and research 
·,ctivities for the military forces. The establishment is organized along 
:;everal technological lines including electronics, weapons. and materials, 
toxicology, explosives and underwater acoustics. Approximately 400 people 
are employed at NDRE and the largest division is electronics with 150. 
This Division is probably Norway's mos.t significant effort in military 
electronics R&D. Even so, much of its work is unclassified and is generally 
made available to official visitors. 

The Electronics Division hascgroups working in general circuit design, 
software development, computer design, electro-optics, conmunications an<l 
radar. I visited H. Schif/ltz who is engaged in digital h1l.rdware design and 
is leader of the digital design group of ten persons. Auout half o this 
group have university degrees and the remaining have teciurlcal training 
They both support and do engineering design. 

Schif/ltz also has been closely coupled to NDRE's use of computers in 
electronic design. The computer aided design (CAD) work is not a formal 
laboratory effort nor is it being done by any particular group, but ratbcr, 
computer aids are developed in conjunction with normal research projects. 
Schif/ltz became interested in CAD while on a fellowship leave at National 
Semiconductor, Incorporated, California, about three years ago. While 
there he designed and programmed an initial versiu.:i of a digital logic 
simulator. A revision of the program, called LOGSIM, was made when he 
returned to NDRE and'a user's manual was written. Subsequently, a soft· 
ware company in Oslo obtained marketing rights to the program and has 
·offered it on their computer network to subscribers. Data SAAB in Sweden 
is one foreign user of the program. Some problems with the secor.d version 
of the simulator remained, however, in both storage and run inefficiency, 
and in general, the iisers· at NDRE could solve only a subset of their problem;;. 
A decision to revise the simul.ator was made and about one year ago an 
engineer programmer at NDRE was assigned the task of completely rewriting 
the program. Special attention was gh-en to speeding up the simul.ation 
mode and in economizing the storage of data. The newest version became 
operationai on the NDRE computer in January, 1975, and Schi,Stz finished 
the accanpanying user manual in late February. · 

Basically the program is a t\\'o-lavel (true-false), gate-level logic 
simulator. The program makes use of a library which contains physically 
available integrated circuits. At present, the library contains descriptions 
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for about 60 of the 11'L logic family devices (7400, 7474, 74193, etc.), a 
few 10,000 series ECL logic devices and a rapidly growing number of CMJ.5 
integrated circuit modules. Read-only-memory elements are treated like any 
other logic element. During use the stored pattern is specified. When 
modules .are added to the library, r!lther than describing them at a logic 
gate level, they are generally expressed as FORTRAN functions (subroutines). 
The simulator program is written in FORTRAN, and the use of FORTRAN express
ions to describe the function of a logic module is very efficient at program 
nm time. The manual supplies enough information so a user can write and 
add to the library for his particular nm. 

Input to the program is relatively simple with essentially two pieces 
of information required: (1) The end connections between all pins in the 
circuit listed in the format: module type, module serial m.nnber, pin m.nnber; 
and (2) The input signals with their level as a ftmction of time (standard 
pulse generators are a part of the library). This input is generally pre
pared on ptmched cards and read through a remote batch-energy station onto 
disk at the computer center. Some checking, although not extensive, is done 
for syntax and semantic errors for the input data. 

When CMOS logic devices are employed, the program uses the supply 
voltage specified by the engineer (or 5 V by default) to calculate the 
nominal gate delays for individual devices. Another interesting and 
useful feature available during nm time is the ability to set flags sen
sitive to simulated logic levels. These flags can be used like an oscillo
scope sweep trigger to start printout action or to printout when a specified 
condition occurs. Normally,. thirty channels of output are displayed (listed) 
in a multi-column fashion. When the number of requested outputs exceed? 
thirty, the program automatically goes to a single coll.llIUl format and sixty 
output signals can be acconunodated. If sixty is exceeded, there is auto
matic switching to a tabular format. 

The size of a design description is limited by the amotmt of computer 
memory available, of course; but because each signal string is equivalenced 
to the same memory location, relatively large designs can be acconnnodated. 
Fifty memory locations are used for each signal string (electrical node). 
For most circuits this results in a JIX)dule cotmt of approximately one
thi"rd the number of module pins, or expressed in another way, a 1000 gate 
network will require about 50,000 storage positions. 

Two other simulators have been developed at NDRE, and their integra
tion into a design project is worthy of mention. A register transfer 
language (RTL) slinulator arid microprocessor ()IP) system simulator were 
written. Both simulator programs were specif"ically for aiding in the de
sigh of a µP developed at the Establishment. The RTL simulator was written 
explicitly to test the operation code set of the )lP after it had been fully 
simulated at a gate level by the LOGSIM program. Different instructions 
(for example, the hardware multiply and divide) were exercised to insure 
correct operation. After the architecture of the µP was fixed, a higher 
level simulator was designed which effectively simulates the )lP as a com
ponent in a system. This program, MICPROC, and the µP component (a FORTRAN 
subroutine) is used to develop systems in which the )lP is used (e.g., a 
radar control sys.tern). On a Control Data Corporation Cyber-74 computer 
system, simulation ratio for MICPROC is 70:1. 

The µP itself is rather interesting. Design objectives were most 
heavily influenced by the high speeds required by the applications for 
which the µP was intended. For example, some specifications include: 

250 nsec instruction cycle time 
75 instructions 
16 bit word length 
memory up to 64K 
hardware multiply and divide 
optional index register 

The tmit consists of four TTL logic LSI modllles which were designed 
at NDRE. The )lP is available as a conunercial product (by AaJS, Oslo, 
together with an assembler and a high level language compiler (writttn in 
Sil\ULA). The assembler is in FORTRAN and is running on a Cyber-74, a 
Univac 1108, and IBM 360-70, and a Honeywell 6000. The )JP is currently 
being incorporated in several NDRE projects as well as being used by the 
Norwegian Research Cotmcil and SAAB, Sweden, in the -Viggen fighter. 
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The other effort at NDRE in c:c>q>uter aids for electronic design has 
been the development of a wire-list program based on the standard wire
wrap <;ards and. bin system in use at the Establishnent. The wlrelist pro
gram ~s operational on.a K~sberg Vapenfabrikk SM3 ~omputer, and the pro
gram.i~ rather conveJ?-tional m that module, or card, positions are first 
specified. and then signal strings are specified. The program computes the 
end coordmates.f'?r e~ry wir~ ~groups the wires according to length 
J;>ut doe~ no optllllization of wiring path. Very little design infonnation 
is provided as output by the program. 

At present, printed circuit boards are laid out manually and then 
digitized. They are limited to nio-sided boards with plated-though 
holes; although they anticipate going to lllJlti-layer boards soon. At 
present though, no program development for rultilayer boards is planned. 

They have a few network analysis programs operational on their 
Cyber-74 (CIRQJS and ECAP are nio programs available), but these are used 
very little. The design methods have been moving very rapidly away from 
discrete component designs to digital designs using LSI logic modules. 
There will probably be no CAD group set up at NDRE, but rather program 
developments will continue to be done by interested individuals. The 
Norwegian C.ouncil for Industrial Research (NCIR) does have a project in 
which the CAD effort is being coordinated in Norwegian industry by means 
of a conmittee which meets on a regular basis. NCIR has a small number of 
people and funding and is taking early steps towards developing and 
exchanging CAD programs. 

ELEKTRONIKCENTRALEN - ~LM, DElf4ARK 

Elektronikcentralen (Danish Research Center for Applied Electronics) 
is an independent non-profit organization under the auspices of the Danish 
Academy of Technical Sciences and was established in 1966 by the fusion 
of three electronics-oriented research institutes that date back some 30 
years. Funding is both from the Danish Scientifc and Technical Research 
Council and from contract project work on an individual and multi-client 
basis. The staff numbers about 80, of whom approximately 30 to 35 are 
graduate electronic engineers. The main areas that the Center is engaged 
in are: systems engineering and circuit design, electro-magnetic noise 
and interference engineering, reliability studies and environmental testing, 
and component and materials technology and development. 

The purpose of a recent visit was to assess the Center's use of com
puters in engineering design. My contact for the visit was Mr. P. Stangerup, 
who is principally involved with the development of programs for computer
aided design of analog circuits at the Center. The computing resources 
at the Center take two forms--via a rather recently acquired Digital Equip
ment C.orporation PDP-11 minicomputer and via a telephone link to the C.open
hagen -based GE Mark I timesharing service. To date, most program develop
ment has been in BASIC on the Ge system, but currently the programs are being 
rewritten in FORTRAN and transferred to the PDP-ll computer. Stangerup has 
developed several small linear analysis programs for filter design and ampli
fier response calculations. One of the more interesting recent programs he 
has developed is one that uses y- and s-parameters as the basis for the 
mathematical models for transistors. This work is reported in AGARD Conference 
Proceedings No. 130 on C~ter Aided Desifi for Electronic Circuits, 

LYngby, Denmark, 1-27 May 1973 (" mear Transistor MO<Iels m 
HF Network .Analysis. Adaptation Between Measurements and Analysis by 
Computers," by P. Stangerup, p. 10-1 to 10-22). 

· Another very interesting program Stangerup has recently work~ with 
has concerned the thermal design of satellite Nied batteries for the 
European Space Research Organization. Fran a modeling of the electrical, 
physical (dimensional), and heat transfer properties, Stangerup calculates 
the temperature profiles as a function of electrical load and time. A 
resistor-capacitor network analog is used in which the cross-sectional 
area is modeled by a mesh of resistors and capacitors. With the program, 
battery failure modes and reliability have been analyzed, and several 
potential design weaknesses have been uncovered and design modifications 
suggested. · 
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The use of computer-aided engineering design at the Center has involved 
mostly small-signal linear nen.urk analysis programs. The success in the 
use of these programs has come about because of their application to well
defined problems and to problems of i.nnnediate concern. To date, they have 
not used any ccrnputer aids in the design or fabrication of the digital 
system they build. It was surprising to see that all of their digital 
system backpanels were being wired entirely by hand and without any aids 
from the computer such as wire-lists, signal cross-reference lists, parts 
lists, etc. because this has been one area where there has been a demon
strated economic payoff. 

CCM'lITER-AIDED CIROJIT ANALYSIS AT lliE TErnNICAL UNIVERSITY OF Dfill.1ARK 

Computer-aided circuit ar,:tlysis has been an active research area in 
the Laboratory of Circuit Theory, Technical University of Derunark (JJrn), 
Lyngby, Derunark, since 1963 when Prof. E. V. Sorensen developed a program 
for ac analysis of linear networks. Presently Prof. Erik Lindberg has the 
responsibility for analog circuit analysis program development. Both 
Sorensen and Lindberg were my hosts on a recent visit to the Institute of 
Circuit Theory and TelecormTiUilication at the University. The Lyngby campus 
is a modern appearing attractive university located <• •:hart 15 minute train 
ride north of Copenhagen. There are approximately 300il students, 600 scien
tific staff members, 140 post-graduate students and 700 assistants on the 
single campus at Lyngby. 

Since 1969 special courses in computer-aided circuit analysis have 
been arranged as a postgraduate course in cooperation with privat.e firms 
and engineering societies in Denmark. In addition each year such a course 
is offered as an optional graduate course within the Laboratory of Circuit 
Theory. Two circuit analysis programs (ANP3 and NAPZ) are being used the 
heaviest, each over 1000 times per month, and have been added to the Lyngby 
IBM-370/165 monitor system due to their heavy use. Besides the ANP3 and 
NAPZ programs, users also have· several analysis programs available that 
have been developed elsewhere. These programs include CORNAP, ECAP, ECAP II, 
GOSPEL, LEANS, LISA, NASAP, and SNAP plus ANPZ and NAPl--a very wide selec
tion of programs indeed. 

The first program developed by Sorensen in 1963 (ANPl) and its successor 
(ANPZ) were based on the topological tree expansion method. These two pro
grams, although excellent for teaching network topology theory, were too 
slow for analyzing networks of larger than modest size (:;-15-20 nodes). 
Consequently, ANP3 (Analytical Network Program) was developed. 

ANP3 is designed for the frequency analysis of active RLC single-input 
single-output circuits. The first version was coded in ALGOL IV for the 
Danish GIER computer, then recoded in ALGOL V for the RC4000 system, and 
finally in FORTRAN IV for first the IBM-360/75 computer and the now current 
IBM-370/165 system. ANP3 is based on a two-sets-of-eigenvalues approach. 
The circuit specified is transformed into an equivalent active RC network 
by gyrator simulation of all inductances, and the indefinite admittance 
matrix is formed. From this matrix the network transfer function is derived. 
An extension of the program finds the first and second order sensitivity 
functions and worst case network values. 

The other analysis program in heavy use is the Nonlinear Analysis Pro
gram NAPZ similarly developed at urn. At present the program performs a 
rx: and Transient analysis of systems in which diodes, bipolar transistors, 
and field effect transistors are modeled by nonlinear built-in models. Non
linearities can be specified by means of tables, built-in functions or 
FORTRAN subroutines. In addition the user is allowed to build his own 
nrultilevel nested subcircuit models. NAPZ is coded in FORTRAN IV and is 
based on a hybrid foI11U1lation of the network equations and on sparse matrix 
techniques. For nonlinear circuits the Newton-Raphson iteration method is 
followed by a variable-order, variable-step implicit integration scheme. 
Besides the de operating point and large-signal time response, the following 
types of outputs are available: Any driving -point response or transfer 
function, auto-scaled tables and linepnnter plots, histograms of Fourier 
analysis, noise analysis and specified combinations of response. 

In designing both the ANP3 and NAP2 programs, special attention has 
9een given to making the programs very efficient. For example, an analysis 
hy ANP3 of an equalizer circuit with 23 nodes and 47 elements took 1.66 
seconds of IBM-370/165 time. An allalysis (OC and TR) by NAPZ of a 741 
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op-amplifier (19 transistors, 13 resistors, 1 capacitor and 3 sources) 
required 38.20 seconds of computer time. 

Both of the analysis programs represent well-designed and extensively 
debugged systems. They are both available for a handling charge only, and 
the authors are ready to discuss problems con~erning the implementation on 
other computers. 

I also visited the Laboratory for Pulse and Digital Techniques while 
at D'IH and talked to Prof. Ole Lading concerning the Laboratory's use of 
computer aids in digital design. In the 1960's they had a layout-simulator 
program nmning on a Danish GIER computer, but solution times were very 
long (12 hours or more for the layout of a 32 integrated circuit board) 
and the programs were never used very much. In the past couple of years 
a different approach has been taken for layout. An interactive scheme has 
been developed using a Tektronix 4012 storage tube display connected to a 
Texas Instrument TI-960A minicomputer which is, in turn, coupled to a 
RC4000 multi-progranming system. Via a keyboard input, stored patterns and 
language, they are able to place and route a printed circuit board. Post 
processing by the RC4000 computer produces documentation and control paper 
tapes for layout and drilling. They next plan to add automatic routing 
using a modified algorithm for the initial layout. Following that, they 
anticipate developing a logic simulator based on a functional description. 
Lading and the staff and students working with him are developing computer 
aids in support of a research computer being designed and built in the 
Laboratory. The progranming tasks are aimed at real problems, and they 
appear to be taking a well-thought out approach to software development. 

CUSTOM LSI SEMIOONDUCTOR DESIGN IN SWEDEN 

The major producers of 1~. rge scale integrated (LSI) semiconductor 
circuits have progressively moved towards large-volume quantities and 
standard product lines. Consequently it has been increasingly more dif
ficult to obtain custom LSI designs for low-volume special applications. 
Thus, it was inter<C'Sting to find a company, HAFO in Wllingby, Sweden, 
which is offering a custom metal-oxide semiconductor (MJS) LSI design 
senrice. 

HAFO (Instituet ftlr Halvledarforsking AB, i.e., The Institute of 
Semiconductor Research Inc.), after being a purely research and develop
ment company since its foundation in 1954, announced in 1969 that it was 
to become a producing company with the manufacturing of thick film cir
cuits and electro-optic components. In 1972, under licence from RCA, a 
production capability in ms processing was established. Sweden, which 
up to 1972 had been completely dependent on foreign semiconductors 
manufacturers, now not only has its own, but one offering a custom 
s~rvice - a service difficult to obtain nowadays. 

The basis for successful ~ LSI design is a computer-aided design (CAD) 
system. Mr. Helge Berg joined HAFO in 1969 and has been in charge of 
the CAD development and of the circuit design. About 15 engineers are 
engaged in ms circuit design and two to four in CAD software development. 
The heart of the CAD system is a Digital Equipment Corporation (DEC) PDP-15 
computer system with 56 K word corestore, floating point hardware processor 
and two 260 K word DEC disks plus various peripherals (magnetic tapes, 
graphical display, printer, etc.). 

Running on this computer system (24 hours a day, seven days a week) 
are several CAD programs, the most important being: 

1) de and transient nonlinear network analysis 
2) sequential and combinatorial logic simulator 
3) ms artwork layout 
4) ms layout rules check 

By means of the de and transient analysis programs, the nonlinear 
behavior of ms transistor cells can be studied in terms of impurity con
centrations, oxide thickness, diffusion profiles, dimensions, temperature, 
etc., for single transistors. The transient behavior for IDS and bipolar 
integrated circuits for circuit sizes up to 100 network nodes, can also 
be obtained. In this case the active device models are nonlinear four-pole 
models. A state-space analysis is used together with a variable-step in
tegration method. Emphasis has been placed on convenient input and output 
provisions as is the case for SLtilar programs elsewhere. 
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To complement the design, the sinrulation of the logic behavior is 
achieved with a program having basic buil4ing blocks of AND, OR, NAND, NOR 
gates and provisions for grouping these blocks into subcircuits (flip-flops, 
adders, etc.), to any ntunber of levels. The limit for the program is 600 
gates which is rather restrictive for MOS designs which typically may con: 
tain 2000 gates and are heading towards 10,000 gates on a chip. 

The MOS artwork layout relies on a simple high level language in 
which the geometrical dimensions of rectangles and polygons are specified. 
Patterns may be stored and later recalled, and the usual provisions for 
grouping, rotating, mirroring and dimensioning exist. Berg stated that 
although they have the Redac interactive M:JS layout system, they have found 
that the language approach using plotter output and a batch system has been 
more successful. They have been doing about ten designs per year in this 
way. They do use the Redac software for printed circuit board layout. 
About 100 two-layer boards are designed per year using this system~ 

Berg said their biggest current problem is the lack of computer time 
•. or the m.unber of designs they are doing. For the future he hopes to 
.eplace the PDP-15 with the more powerful PDP-10 CCJDputer. In tenns of 
.oftware development, he has been looking at automatic placement and 
.. JUting, as these operations presently require the 100st design time. 

Berg and his group have developed, in the past five years, a rather 
sillq;>le and straightforward but CCJDprehensive set of CAD programs for ~ 
design and layout. They rely on manual intervention and translation be
tween steps, contrary to that of 100st other· systems that use a data base 
to bridge operations. They have concentrated on CMJS and Pf.U) tut are 
presently extending their efforts to include integrated injection logic. 
As the only semiconductor design and fabrication facility in Sweden HAR) 
is building an :important service for their country's electronics ~try 
and they are doing it well. 

'.he remainder of Waldo Magnuson's comprehensive report will be coming to you 
in Vol. 6, Number 2 of the SIGDA Newsletter. 

- Editor 
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RECENT PUBLICATIONS. 
=================== 

compiled by 

W .11. vanCleemput 
Digital Systems Laboratory 

Department of Electrical Engineering 
Stanford University, Stanford, California 

1. PH.OCEEDIUGS OF THE NINTH ASILOMAR CONFERENCE ON CIRCUITS, SYSTEl·1S, AND COMPUTERS. 
Pacific Grove, California, November 3-5, 1975. 

A Uinimal Reduction of Cyclic Prime Implicant Tables by a Graph-Theoretic method 
(V. Pichai and S.P. Chan). 

The Multilayer Layout Problem: Some Necessary and Sufficient Conditions. 
(B. Ting and E.S. Kuh). 

Topological Consideration in the Wire Routing Problem. (H.C. So). 
Use of Steiners Problem in Suboptimal Routing (J.H. Lee and N.K. Bose~ 
A Computer Program to evaluate the Quality of a PC Board Router (H.H. Loomis). 
On Boolean Difference, Partial Boolean Difference and Stuck-At-Faults in Combinatio

nal Networks (S.R. Das). 
RYSOGN: A Fault Isolation Approach for Digital Circuits (S.J. Rice). 
Fault Detection, Test Generation for Sequential Logic by Heuristic Tree Search. 

(R.A. Rutman). 
The System Design Laboratory (D.L. Small, J.D. Moreno, J.G. Noel and P.A. Santoni). 
Computer-Aided Test Program Preparation for S-3A Avionics (R.C. Pegg). 
Computer-Aided Sensitivity Analysis: An Essential Industrial Design Tool (P.B. Weil). 
Development of Design Automation Codes Using Software Engineering Methods (R.J. Smith) 
Program Verification by Subgoal Induction (B. Wegbreit and J. fiorris). 
An Approach to Program Verification (R.T. Yeh). 
Techniques for Automated Test Case Generation (C.V. Rar.iamoorthy, W,D. Chen, Y.W. Han, 

S. F. Ho) • 
CACD - A Multifarious Reality (M. Kelly). 
Some Influences of Numerical Techniques on Advanced Device Modeling (P.B. Weil). 
A Complementary SOS/MOS Device Modeling (J. Bastion). 
SLIC - A Comprehensive Nonlinear Circuit Simulator Program (H. Kop, P. Chuang, 

A. Lachner and W. Mccalla). 
New Results on the Stability of the BDF Integration Hethod with Nonlinear Stepsize 

and Order (H.P. Strohband). 
Transistor !1odel Parameters as Related to Structural Parameters for Geometrical 

Dissymetry and Nonuniform Impurity Concentrations (G.l-1. Glasford) 
Lump Partitioning of Bipolar Junction Transistor Models for High-Frequency Applica

tions (N.N. Chan, J.G. Linvill and R.W. Dutton) 
Effects of Parasitic Circuit Elements on HOS Memories (D. Beecham and H.C. Poon). 
A survey and Evaluation of the Bases for Software Reliability l1easurement 

(R.W. Curry) 
A Structural Calculus for Program Analysis and Testing (H.A. Ikezawa). 
Interactive Graphics for Large-Scale System Analysis (R.L. Wendt). 
Partitioning of Separating Edges - A New Approach to Combinational Logic Design 

(K.E. Staffers). 

2. PROCEEDINGS OF THE EIGHTEENTH MIDWEST SYMPOS IUI-1 ON CIRCUITS AND SYSTEMS. 
Concordia University, Montreal, P.Q., Canada, August 11-12, 1975. 

DC Network Sensitivity Computation, A Broader View (D.A. Zein). 
Computer-Aided Analysis of Distortion in Ultralinear Solid State Devices (J.C. Eachus). 
APSYM - An Advanced Interactive Program for Designing Analog and Digital Filters 

(M.S. Abougabal). 
Algorithms for an APL Filter Design Package (T.G. Marshall,Jr). 
A Polynomial Representation for an APL Filter Design Package (F.C. Liu, T.G. Marshall) 
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On Sparse llatrix Computation of Critical Frequencies (Y .H. Wong and c. Pottle). 
Digital Systems Simulation Assistance Program (P. Arndt and J.E. Barbay). 
Computer Aided Design of I.F. Transistor Amplifier (A. Baghdadi, F. Abulela and 

F.H. Saleh). 
Automated Drawing of Planar Circuit Layout Graphs (W.11. vanCleemput). 
Embedding Linear-Terminal Components into an Electronic Circuit Layout (G. Cottafava 

and O. D'Antona). 

3. COMPUTER-AIDED ANALYSIS OF ELECTRONIC CIRCUITS: ALGORITH!-1S AND COMPUTATIONAL 
TECHNIQUES • (L.O. Chua and Pen-!!in Lin). 

Published by: Prentice Hall, Englewood Cliffs, New Jersey 07632.; 1976; 737 pp. 
Price: $ 24.50 

4. DIGITAL PROCESSES. 
Volume 1, Number 1 , Spring 1975. 

Published by: Georgi Publishing Company, Switzerland, 1975. 

A Modular Approach to Test Sequence Generation for Large Digital Networks 
(R.G. Bennets, D.C. Brittle, A.C. Prior and J.L. Washingtbn). 

Further Results in Fault Detection for Combinational Circuits (M. Fridrich and 
W.A. Davis). 

A digital Systems Simulator - HILO (P .• L. Flake, G. Musgrave and I.J. White). 

5. DIGITAL PROCESSES. 
Volume 1, Number 2, Summer 1975. 

Published by: Georgi Publishing Company, Switzerland, 1975. 

Some Aspects of Testing Logic Circuits (D.F. Blunden, A.H. Boyce and D.J. Lawson). 
A Heuristic f.1ethod for Solving Weighted Set Covering Problems (M. Servit). 

6. PROCEEDING OF THE 1975 INTERNATIONAL SYMPOSIUM ON COMPUTER HARDWARE DESCRIPTION 
LANGUAGES AND THEIR APPLICATIONS. 

Available from ACM. 

On Structured Digital Systems (S. Patil). 
Directed Graph Models for Hardware/Software Design (F.T. Bradshaw). 
Comparison of Graph Models for Parallel Computation and Their Extension (S.Y. Foo 

and G. Musgrave) • 
Updating AHPL (F.J. Hill). 
LALSD - A Language for Automated Logic and System Design (S.Y.H. Su and M.B. Baray). 
A l-1odel Approach to the Description of Hardware Systems (E.W. Vogel). 
DIGITEST II: An Integrated Structural and Behavioral Language (F.J. Rarnrnig). 
APL*DS: A Hardware Description Language for Design and Simulation (W.R. Franta 

and W.K. Giloi). 
The M.!3DEL/LINDA Design Automation System (I. Lewis and A.l-1. Peskin). 
A Hardware Compiler for Interactive Realization of Logical Systems Described in 

CASSANDRE (Y. Bressy, B. David, Y Fantino and J. l-1errnet) • 
Applications of an ISP Compiler in a Design Automation Laboratory (M.R. Barbacci 

and D.P. Siewiorek). 
The Use of Two CHOL Systems, PMS and DIDL, in the Design of a Fourier Transform 

Processor (A.M. Despain) • 
A Language for the Specification of Digital Interfacing Problems (A.C. Parker 

and J.W. Gault). 
Fault Test Generation using a Design Language (B.M. Huey and F.J. Hill). 
A CDL Compiler for Designing and Simulating Digital Systems at the Register Level 

(J. Bara and R. Born). 
A Position Paper on. Extensions to the Computer Design Language (L.R. Stine and 

F.J. Howle). 
Segmentation Constructs for RTS III, A Computer Hardware Description Language Based 
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on CDL (R. Piloty). 
Simulation of Switching Circuits by SS?-1 - A New Harqware Simulation Language 

(W. Goerke and H.J. Hoffmann). 
The HILO Logic Simulation Language (P.L. Flake, G. Musgrave and M. Shorland). 
LASCAR: A Language for Simulation of Computer Architecture (D. Borrione). 
Computer Structure Language (CSL) (D.R. Smith). 
A Structural r-1odeling Language for Architecture of computer Systems (R.I. Gardner, 

G. Estrin and H. Potash) • 
OSf.1 - Microprogrammed Hardware Structure Description Language (R.W. Marczynski, 

W.T. Pulczyn and J .r-1. Socha-ki). 
On Three Valued Element Simulation (l.1. Mor) • 
LCD - Language for Computer Design (B. Agule, G. Goertzel and H. Ofek). 
Some Applications of Hardware Description Languages in Real-Time Digital System 

Development (S.J. Chang). 
Digital Systems Education (DISE) Committee Report (R.P. Voith)·. 
On Gray Box Descriptions of Microprocessors (G.J, Lipovski). 
The Status of the Implementation of ERES (R. Klar) • 
Multilevel Description using Petri Nets (P. Azema, M. Diaz and J.E. Doucet}. 
A Quasi Parallel Hardware Language Emulated by a Host High Level Language 

(G. Noguez}. 

7. SPATIAL SYNTHESIS IN COMPUTER-AIDED BUILDING DESIGN. ( C.H. Eastman). 

Published by: Applied Science Publishers·Ltd, Ripple Road, Barking, Essex, England; 
1975. 

8. COMPUTER AIDED DESIGN. 
Volume 7, Number 3, July 1975. 

Published by IPC Science and Technology Press, 32 High Street, Guildford, Surrey, 
England GUl 3EW. 

Interactive Computing applied to linkage balancing (K. Oldham}. 
ICON: the interactive creation of NASTRAN data. A system description (A.P. Armit and 

H.U. Lemke}. 
Design of recursive digital filters with optimized word length coefficients 

(J.W •. Bandler, B.L. Bardakjian and J.K.H. Chen}. 
Generation of all possible trees of a graph in independent groups (R. Hashemian 

and M.S. Bakhtiar}. · 
The method of LP-search for the optimization of multiparametric and multicriterial 

problems in engineering design (I.I. Artobolevski et al.). 
A c.a.d. procedure for radial and mixed flow compressors (F.J. Wallace, A. Whitfield 

an.d R. Atkey) • 
A data structure for the elimination of hidden surfaces by patch subdivision 

(J.G. Griffiths}. 
Interactive computer programs for the analysis of linear microwave circuits 

(B.G. Marchent}. 
Research in progress: The Architecture l-1achine, Massachusetts Institute of Technology, 

U.S.A. (N. Negroponte}. 
Interactive graphics for mask design (J.S. Gatehouse and R. r.tcGuffin). 

9. PROCEEDINGS OF THE FOURTH TEXAS CONFERENCE ON COMPUTING SYSTEMS. 
Austin, Texas, November 17-18, 1975. 

Available from IEEE Computer Society 

Testing Impact on the Future of Software Engineering (L. Stucki}. 
Automated .Software Testing System ( W. Howden). 
The Art and the Theory of Program Testing (E. ~.Uller). 
Validation and Global Optimization of Programs (L. Fosdick and L. Osterweil). 
Computer Aided Design of Computer Software Systems (W. Riddle). 
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10. PROCEEDINGS OF THE THIRD ANNUAL SYHPOSIUM ON COMPUTER ARCHITECTURE. 
Clearwater, Florida, Januari 20-21, 1976. 

Available from the IEEE Computer Society and ACf.1. 

An Extended PMS Language for Performance Evaluation Hodeling (H. Kerner and 
W. Beyer le} • 

A Design Language Oriented to the Description and Simulation of a System of 
Interconnected Units working in a Parallel and Asynchronous Uanner (M. Moalla, 
G. Saucier, J. Sifakis, !4. Zachariades} • 

11. PROCEEDINGS OF USA-JAPAN DESIGN AUTOMATION SY!-1POSIU!1 '75. 
Tokyo, 19 75. 

Cosponsored by the IEEE Computer Society. 

Distributed Computing in Engineerinc Design Processes (F.A. Hess and D.K. Egel}. 
Systematic Development of Automated ~ngineering Systems ( A.S. Kawaguchi, 

L.C. Carpenter, L.J. Peters, L.L. Tripp). 
A Digital System Design Language Using Functional Block (M. Uemura, T. Watarai and 

Y. Anraku}. . 
On a Structured.Development of LSI DA System (T. f.1izoguchi and Y. Koui}. 
A Technique for Automatic Digital Test Generation for Improved Fault Symptom 

Resolution (C.H. Salzmann and R.A. Cooper). 
Software for Tests, Data Debugging and Fault Isolation in Computer Controlled Test 

Systems (J. McCarthy}. 
Automating Software for Automatic Testing (N.S. Prywes). 
Theoretical Analysis and a Test M~thod for Automatic Wiring Check ( Y. Koga and 

I. Sasaki}. 
Aircraft Design Automation-Goals-Requirements-Tools (R.E. Miller,Jr). 
The Pratt & Whitney Aircraft Interactive Turbine CAD/CA!-1 System (E.N. Nilson} 
Aircraft Strength and Stiffness Design Automation (R.M. Thomas, B.F. Backman, 

F.D. Flood, F.P. Gray, H.B. Hansteen, C.R. Pratt-Barlow, S.O. Wahlstrom}. 
Program for Automated Search and Parametric Analysis (S. Uehara and T. Obata}. 
Effects of Interactive Graphics on the Aircraft Design Process (S.H. Chasen, 

D.L. Bouquet and D.R. Scarbrough}. 
Computer Generated Three Dimensional Drawing with Hidden Line Discrimination 

(J.S.L. Wong). 
Routing Program for Multichip LSis (Y. Sugiyama, K. Ueda, K. Kani, H. Teramoto). 
A Placement Program for Printed Circuit Board (S. Goshima, Y. Ishibashi and 

A. Osawa}. 
OSACA: A System for Automated Routing on Two-Layer Printed Wiring Boards 

(A. Sakamoto, T. Chiba, I. Shirakawa, H. Ozaki, s. Sugita, T. Kurimoto and 
. I. Nishioka) • 

DA for Multilayer Printed.Backpanel Interconnection (K. Hasegawa and T. Shiozaki}. 
Design Automation System for Manually Routed Circuit Board (A. Inao, s. Ueda and 

T. Kurachi). 
A Technique for Automatic Preparation of Engineering Change Data of Printed-Circuit 

Boards (t-1. Suzuki and u. Honda} • 
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$10.00 
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COMPUTER SCIENCE PRESS, Inc. 
4566 Poe Avenue 
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The Journal of Design Automation & Fault Tolerant Computing is concerned with those 
branches of computer science and computer engineering related to computer system reliability 
and the use of computers in the design of digital systems. The journal will cover the subject 
areas of digital system design automation, diagnosis, testing, and fault tolerant computing and 
will feature the following topics: 

• Test Generation and Automatic Test Equipment (ATE) 
• Simulation and Design Verification of Hardware and Software 
• Fault Tolerant Design 
• Physical Design: Partitioning, Placement, Routing and Packaging 
• High Level Design Languages 
• Interactive Design Hardware and Techniques 
• Data Base 

Papers describing actual systems and solutions to practical problems, as well as theoretical 
results of potential practical significance will be emphasized. 
All papers will be refereed to ensure a uniform high standard of quality. 

Features: 

• Algorithms and Programs: Many algorithms and programs to solve problems are 
already in existence. The journal will serve as a central source for publication for 
such algorithms and programs. 

• Standards: There exist numerous heuristic solutions for many of the important 
problems of Design Automation & Fault Tolerant Computing. However there are 
no standards by which such solutions can be judged. The journal will serve as a 
central source for the publication of prototype problems which can be used to 
judge the effectiveness of proposed heuristic solutions. 

• Current Events: Material relevant to Design Automation & Fault Tolerant 
Computing is currently spread over numerous conferences and journals. The 
journal will include a current events section featuring reviews and descriptions of 
relevant publications, (including theses and foreign journals), conferences, and 
commercially available product developments within the aforementioned subject 
areas. (A limited amount of advertising for such products will also be accepted). 
Thus the journal will serve as a central source of information within these areas 
and enable its readers to keep track of these dynamic fields much more easily than 
is currently possible. 

INFORMATION FOR CONTRIBUTING AUTHORS 

Manuscripts for publication should be sent directly to the publisher, Computer Science 
Press Inc. All manuscripts must be in English and three copies of each manuscript must 
be submitted. Authors will be notified of acceptance, rejection or need of revision usually 
within 10 weeks. Illustrations and Computer Programs for accepted papers must be provided 
in camera ready form. Papers for l'he first issue (October 1976) must be submitted no later 
than January 31, 1976. 
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McMASTER UNIVERSITY 
HAMILTON, ONTARIO, CANADA LSS 4L7 

Telephone (416) 522-4971 Telex 021-8347 

FACULTY OF ENGINEERING 

Group on Simulation, Optimization and Control 

I enclose some literature indicating some of the activities of 
our group. In particular, please note the av~ilability of d~cumented pro~ 
grams relevant to computer-aided optimal design. If there is any mechanism 
for making known some of these activities to readers of the SIGDA News
letter please feel free to use it. 

JWB/bp 

Catalog 

Yours sincerely, 

~ 
J.W. Bandler 
Professor of Electrical Engineering 
Coordinator, G-SOC 

AVAILABILITY OF INTFRNAL REPORTS 

A free cacalog of SOC reports including abstracts, descriptions of 

contents ~nd indication of related work is available on request. 

To offset preparation, printing and distribution costs the charges as 

attached must be made. 

Ordering 

Any numher of these reports may be ordered~ Cheques should be made out 

in U.S. or Canadian Dollars and made payable to McMaster University. 

Requests must he addressed to: 

Dr. J.W. Bandler 
Coordinator, G-SOC 
Faculty of Engineering 
McMaster University 
Hamilton, Canada L8S 4L7 

Reports wi 11 not normally be sent out until payment is received. 

Restrictions 

Some reports may be temporarily restricted for internal use only. Some 

may be revised or ultimately superceded. Availability, descriptions or 

charges are subject to change without notice. 

* Special reduced rates will be quoted for multiple copies. 
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DISOPT - A General Program for 
Continuous and Discrete Nonlinear 
Programming Problems 

The Effect of Sampling Frequency 
on Discrete Time Series Models 

Analytical Integration of 

log(a + Ix~) 
Minimal Realization of Transfer 
Function Matrices 

Modelling a Permanent-Magnet 
Stepping Motor for Control 
Applications 

On-Line Identification of a 
Dual-Input Heat-Exchanger System 

Computer Control of Turbo-Alternators 
Using Optimal Low-Order Models 

llcsign of J(ccursivc !Jigital filters 
1dth Optimum lfor<l Length Coefficients 

Some Imp! ications of Biquadratic 
Functions in the Tolerance l'roLlcm 

Modelling an Educational System 

Adaptive Control using Stochastic 
Approximation 

On-line System Identification 
using Stochastic Approximation 

A Generalized Pseudoinverse 
Algorithm for Unbiased Parameter 
Estimation 

Efficient, Interactive Semi-automated 
Optimization of Models and Designs 
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J,D. Wright 
and D.W. Bacon 

J.W. Sandler 
and P.C. Liu 

N.K. Sinha, 
A. Sen and 
R.H.Y. To 

F, Gruyaert 
and C.M. Crowe 

T. Prasad 
and N.K. Sinha 

R.T.H, Alden 

J,H.K. Chen 

J.F. MacGregor 
and H.M. Hong 

W. Kinsner 

Oct. 1973 

Oct. 1973 

Oct. 1973 

Nov. 1973 

Dec. 1973 

Dec. 1973 

March 1974 

March 1974 

April 1974 

N.K. Sinha and April 1974 
P. Rozsa 

N.K. Sinha, April 1974 
A.R. Elliott and 
R.C.S. Wong 

A. Sen, N.K. Sinha April 1974 
and J.D. Wright 

P.J. Nolan, N.K. April 1974 
Sinha and R.T.H. 
Alden 

J .w. Sandler, April 1(174 

!LL. Sardakj ian 
and J.H.K. Chen 

J,W. Sandler and 
P.C. Liu 

N.K. Sinha and 
C.D. diCenzo 

N.K. Sinha and 
T. Prasad 

A. Sen and 
N.K. Sinha 

A. Sen and 
N.K. Sinha 

J.W. Sandler, 
W.Y. Chu and 

J.R. Popovic 

Apr i l l ~'7·1 

April 1974 

April 1974 

April 1974 

May 1974 

May 1974 



SOC-43 

SOC-44 

SOC-4S 

SOC-46 

SOC-47 

SOC-48 

SOC-49 

SOC-SO 

SOC-Sl 

SOC-S2 

* SOC-S3 

SOC-S4 

SOC-SS 

SOC-56 

SOC-57 

SOC-58 

SOC-59 

SOC-60 

SOC-61 

SOC-62 

SOC-63 

* SOC-64 

Convergence Acceleration in the W. Kinsner June 1974 
Numerical Solution of Field Problems 

Sensitivities of Large Interconnected P.J. Nolan, June 1974 
Power Systems N.K. Sinha ana 

R.T.H. Alden 

Decoupling and Pole Placement in 
Linear Multivariable Systems: 
A Direct Algebraic Approach 

Modelling and Optimization of 
Magnetic Bubble 'Generators 

An Efficient Scanning Technique 

Decoupling of a Power System 
Using Low Order Models 

Worst Case Network Tolerance 
Optimization 

The Formulation and Reduction of a 
State Space Model for the Dynamic 
Behavior of a Non-Adiabatic Packed 
Bed Catalytic Reactor 

P. Rozsa and 
N.K. Sinha 

W. Kinsner and 
E. Della Torre 

W. Kinsner and 
E. Della Torre 

P.J. Nolan, 
N.K. Sinha and 
R. T.H. Alden 

J.W. Bandler 
P.C. Liu and 
J.H.K. Chen 

June 1974 

June 1974 

June 1974 

July 1974 

July 1974 

A. Jutan, Aug. 1974 
J-P. Tremblay, 
J.F. MacGregor and 
J.D. Wright 

Optimal Tuning of Digital Controllers J.F. MacGregor, 
of Arbitrary Form Using Dynamic- J.D. Wright, and 

Aug. 1974 

Stochastic Models H.M. Hong 

Bubble Memory Using Parallel-Bar 
Circuits 

Magnetostrictive-Piezoelectric 
Bubble Detector 

Magnetic Bubble Domain Light 
Modulator 

Sonic Magnetic-Bubble-Domain Sensing 
Device 

Channel Bar Bubble Domain 
Propagating Circuit 

Minimal Realization of a Transfer 
Function Matrix in Canonical Forms 

Bubble Cutting Circuits 

A Successive Extrapolated 
Relaxation (SER) Method for 
Solving Partial Difference 
Equations 

Modelling and Optimization of 
Magnetic Bubble Devices 

Canonical Forms for Linear 
Multivariable Systems 

The Tolerance-Tuning Problem: 
A Nonlinear PrAgramming Approach 

Identification and Direct Digital 
Stochastic Control of a Continuous 
Stirred Tank Process 

Universal Bubble Cell for RAM 
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E. Della Torre Sept. 1974 
and W. Kinsner 

w. Kinsner and Sept. 1974 
E. Della Torre 

E. Della Torre Sept. 1974 
and W. Kinsner 

W. Kinsner Sept. 1974 
and E. Della Torre 

E. Della Torre Sept. 1974 
and W. Kinsner 

p, Rozsa and Sept. 1974 
N.K. Sinha 

w. Kinsner, Sept. 1974 
E. Della Torre 
and R. Hutton 

E. Della Torre Sept. 1974 
and W. Kinsner 

W. Kinsner and Sept. 1974 
E. Della Torre 

N.K. Sinha Oct. 1974 
P. R6zsa 

J.W. Bandler and Oct. 1974 
P.C. Liu 

H.M. Hong and Nov. 1974 
J.F. MacGregor 

W. Kinsner and Nov. 1974 
E. Della Torre 



SOC-65 

SOC-66 

SOC-67 

SOC-68 

t SOC-69 

t SOC- 70 

t SOC-71 

SOC-72 

t SOC-73 

SOC-74 

SOC-75 

t SOC-76 

SOC-77 

SOC-78 

SOC-79 

SOC-80 

SOC-81 

SOC-82 

SOC-83 

t SOC-84 

Practical Design Centering, 
Tolerancing and Tuning 

Application of Hybrid Computation 
to the Study of On-Line Identifica
tion Techniques 

A Critical Evaluation of On-Line 
Identification Methods 

Necessary Conditions for 
Minimax Optimality 

CANOP2 - Interactive Cascaded 
Network Optimization Package 

MINOPT - An Optimization Program 
Based on Recent Minimax Results 

Extrapolation in Least pth 
Approximation and Nonlinear 
Progranuning 

In-Memory Code Converters Using 
Magnetic Bubbles 

Block Output Subroutines 

The Impact of Bubble Memories 
on Computer Systems 

Adaptive Nuclear Reactor Control 
for Minfuel-Weighted Absolute 
Error and Minimax Criteria 

An Algorithm and a Program for 
Network Routing Problems 

Magnetostrictive-Piezoelectric 
Detector for Bubble Domains 

Nonlinear Programming Using 
Least pth Optimization with 
Extrapolation 

On-Line Estimation of the 
Parameters of a Multivariable 
System Using Matrix Pseudoinverse 

New Results in the Least pth 
Approach to Minimax Design 

Acoustic Bubble Detector 

Optimal Choice of the Sampling 
Interval for Discrete Process 
Control 

Channel-Bar Bubble Propagating 
Circuit 

FLOPT2 - A Program for Least 
pth Optimization with Extra
polatiun to Minimax Solutions 

35 

J.W. Bandler, 
P.C. Liu and 
H. Tromp 

N.K. Sinha, 
A. Sen and 
M.Y. Tang 

N.K. Sinha and 
A. Sen 

J.W. Bandler 

J.W. Bandler and 
J.R. Popovi~ 

Nov. 1974 

Nov. 1974 

Nov. 1974 

Nov. 1974 

Dec. 1974 

J.W. Bandler, Dec. 1974 
C. Charalambous and 
J.H.K. Chen 

W.Y. Chu Dec. 1974 

W. Kinsner and Jan. 1975 
E. Della Torre 

W. Kinsner Feb. 1975 

V.T. Peltz and Feb. 1975 
E. Della Torre 

N.K. Sinha and Feb. 1975 
G.T. Bereznai 

W. Kinsner Feb. 1975 

W.S. Ishak Feb. 1975 

J.W. Bandler March 1975 
and W.Y. Chu 

A. Sen and March 1975 
N.K. Sinha 

J.W. Bandler, March 1975 
C. Charalambous, 
J.H.K. Chen and 
W.Y. Chu 

W. Kinsner and March 1975 
E. Della Torre 

J.F. MacGregor March 1975 

E. Della Torre April 1975 
and W. Kinsner 

J.W. Bandler April 1975 
and W.Y. Chu 



NOVA SERIES OF INTERNAL SOC REPORTS 

No, SOC-NOVA- Title 

1.00 Dual Processor Real Time Disk 
Operating System 

2.00 Digital Computer Control 

3.00 Generalized Operating System 
Executive (An Opcom Package) 

4.00 Floating Point Matrix Subroutine 
. Library 

:f Superceded by SOC-29 

* Temporarily for inte?Tlal use only 
t Include FORTRAN listings 

soc Number Price Per Copy 

1 . . . . .. . . . . . . . . . . . . $5.00 
2 . . . . . . . . . . . . . . . . . $5.00 
3 . . . . . . . . . . . . . . . . . $5.00 
4 . . . . . . . . . . . . . . . . . $5.00 
5 . . . . . . . . . . . . . . . . . $5.00 
6 . . . . . . . . . . . . . . . . . $2.00 
7 . . . . . . . . . . . . . . . . . $2.00 
8 . . . . . . . . . . . . . . . . . $2.00 
9 . . . . . . . . . . . . . . . . . $2.00 

10 . . . . . . . . . . . . . . . . . $5.00 
11 . . . . . . . . . . . . . . . . . $5.00 
12 . . . . . . . . . . . .. . . . . $2.00 
13 . . . . . . . . . . . . . . . . . $5.00 
14 . . . . . . . . . . . . . . . . . $5.00 

t 15 . . . . . . . . . . . . . . . . . $15.00 
t 16 . . . . . . . . . . . . . . .. . $5.00 
t 17 . . . . . . . . . . . . . . . . . $15.00 

18 . . . . . . . . . . .. . . . . . $2.00 
t 19 . . . . . . . . . . . . . . . . . $15.00 
t 20 * • 0 I o •• o • • e o o o o o o $15.00 

21 . . . . . . . . . . . . . . . . . $5.00 
t 22 . . . . . . . . . . . . . . . . . $30.00 

23 . . . . . . . . . . . . . . . . . $5.00 
24 . . . . . . . . . . . . . . . . . $2.00 
25 . . . . . . . . . . . . . . . . . $5.00 
26 . . . . . .. . . . . . . .. . . $5.00 
27 . . . . . . . . . . . . . . . . . $5.00 
28 . . . . . . . . . . . . . . . . . $2.00 

t 29 . . . . . . . . . . . . . . . . . $30.00 
30 . . . . . . . . . . . . . . . . . $5.00 
31 . . . . . . . . . . . . . . . . . $2.00 
32 . . . . . . . . . . . . . . . . . $2.00 
33 . . . . . . . . . . . . . . . .. . $2.00 
34 . . . . . . . . . . . . . . . . . $2.00 
35 . . . . . . . . . . . . . . . . . $2.00 
36 . . . . . . . . . . . .. . . . . $5.00 
37 . . . . . . . . . . . . . . . . . $5.00 
38 . . . . . .. . . . . . . . . . . . $2.00 
39 . . . . . . . . . . . . . . . . . $2.00 
40 . . . . . . . . . . . . . . . . . $2.00 
41 . . . . . . . . . . . . . . . . . $2.00 
42 . . . . . . . . . . . . . . . . . $2.00 
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soc 

t 

* 
* 
* 
* 
* 

* 

t 
t 
t 

t 

t 

t 

Authors Date 

J.D. Wright Jan. 1975 

F. Gruyaert Nov. 1974 

J.P. Tremblay ~larch 1975 

J.D. Wright April 1975 

Number Price Per CO[!Y 

43 .................. $30.00 
44 ................. $5.00 
45 ................. $5.00 
46 ................. $5.00 
47 ............. ·-· .. $15.00 
48 ................. $2.00 
49 ................. $5.00 
50 ................. $5.00 
51 ................. $2.00 
52 ................. $15.00 
53 ................. $15.00 
54 ................. $15.00 
55 ................. $15.00 
56 ................. $15.00 
57 ................. $2.00 
58 ................. $5.00 
59 ................. $2.00 
60 ................. $2.00 
61 ................. $5.00 
62 ................. $5.00 
63 ................. $5.00 
64 ................. $15.00 
65 ................. $5.00 
66 .................. $2.00 
67 ................. $5.00 
68 ................. $2.00 
69 ................. $60.00 
70 ................. $15.00 
71 ................. $30.00 
72 ................. $2.00 
73 ................. $15.00 
74 ................. $2.00 
75 ................. $5.00 
76 ................. $15.00 
77 ................. $15.00 
78 ................. $5.00 
79 ................. $5.00 
80 ................. $5.00 
81 ................. $2.00 
82 ................. $5.00 
83 ................. $2.00 
84 ................. $30.00 



1976 DESIGN AUTOMATION CONFERENCE 

JUNE 28-30, 1976 

JACK TAR HOTEL 

SAN FRANCISCO, CALIFORNIA 94101 

TIME SESSION DESCRIPTION NO. PAPERS 

MONDAY A.M. 

MONDAY P.M. 

TUESDAY A.M. 

TUESDAY P.M. 

WEDNESDAY A.M. 

WEDNESDAY P.M. 

HIGHLIGHTS: 

TUTORIAL 

1 
2 
3 
4 

TUTORIAL 
5 
6 
7 

8 
9 

10 

11 

TUTORIAL 
12 
13 
14 

15 
16 
17 

Data Bases 
Introduction and Keynote 

Structural and Mechanical DA 
Digital Logic Simulation 
Mature CAD Systems Renewed 
Interactive Graphics 

Interconnection 
Modeling and CAD 
Architectural DA 
Interconnection 

Placement and Routing 
Testing and Testors 
Fault Mechanisms and Fault 
Tolerant Design 
Data Bases 

Software Verification 
Design Rule Verification 
Software Engineering I 
Computer-Aided Documentation 

IC Layout 
Software Engineering II 
Software Reliability 

1. Seventy-one papers in 17 sessions. 

2. Papers from Canada, England, France, Germany, Italy, Japan, 
Norway, Romania, United States. 

3. Three Tutorials: One each morning between 8 a.m. and 9 a.m. 

FOR ADDITIONAL INFORMATION WHEN AVAILABLE CONTACT: 

Donald J. Humcke - General Chairman 
Bell Laboratories 

Room lF-214 
Holmdel, New Jersey 07733 
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6 
5 
3 
3 

4 
5 
4 

6 
3 
3 

3 

5 
4 
3 

6 
2 
4 



IFIP W.G. 5.2 
WORKING CONFERENCE 

ON 
CAD SYSTEMS 

February 12, 13, 14, 1976 
Austin, Texas, U.S.A. 

DIRECTOR: 

111 Dr. John J. Allan , P.E. 
Associate Professor of 

Mechanical Engineering and of 
Computer Sciences 

ASSOCIATE DIRECTOR: 

Dr. Walter S. Reed 
Assistant Professor of 

Mechanical Engineering and of 
Computer Sciences 

The organisers have invited 48 people including the paper authors from 16 countries 
to participate in the Conference. The proceedings will be published by North-Holland, 
Amsterdam under the title 'CAD Systems'. 

Part I - EXECUTIVE SYSTEMS 

Techniques For Processing Interactions in Fortran 
Geoffrey A. Butlin··, U.K. 

A Software System for Computer Aided Activities 
Mamoru Hosaka, Takeshi Matsushita, Fumihiko Kimura, and 
Naotake Kakishita , Japan 

A Way to Computer Supported Systems for Integrated Design and 
Production Process Planning 

F.L. Krause and V. Vassilakopoulos, Germany 

Artificial Intelligence in Computer-Aided Design: The "Tropic" System 
Jean-Claude Latombe , France 

The Design of Systems for CAD 
R.G. l~ewell , T.L. Sancha, R.M. Williamson and J.O. Hiles, U.K. 

The Regent System for CAD 
K. Leinemann and E.G. Schlechtendahl , F.R.G. 

Part II - COMMAND LANGUAGES 

A Text Analyser and Text Generator for Interactive Command Languages 
in CAD 

Keti l Bj!\ , Norway 

Design Automation Systems (With Special Reference to Discrete Microelectronic Units) 
M,A. Gavril6v , U.S.S.R. 
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High Level Non-Graphical Interaction in Computer-Aided Design 

John S. Gero and Warren G. Julian., Australia 

TQe Possibility for the Automatic Production of Command Languages 

E.A. Warman , U.K. 

Some Requirements on Command Languages in the Field of Design 
Karl vJerler, G.D.R. 

Part III - DATA STRUCTURES 

Oata for Health Building 
R.H. Goodman and M.A. Meager , U.K. 

Modelling By Computer 
Martin E. Newell and David C. Evans, U.S.A. 

Application of Suitable Data Structures for CAD in Machine Tool Industry 
W. Eversheim, u. Pfau , and R. Rothenberg, F.R.G. 

Relational Uata Handling Techniques in Computer Aided Design Procedures 
Giorgio Valle , Italy 

Part IV - HARDWARE 

Interactive Graphic Hardware for Practical Use in CAD 
J. Hatvany , Hungary 

Interactive Graphics as a CAD Tool at Mullard Research Laboratories 
D.J. Burnett, R.W. Clarke, B.M. Jones , H.R. Sethi and J.A. Weaver, U.K. 

Raster-Scan Graphics in CAD 
Wi 11 i am H. 11ewman , U.S.A. 
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NEWS RELEASE 

The Sixth International Symposium on Multiple-valued Logic will 

be held at Utah State University, Logan, Utah, during May 25-28, 1976. 

The Symposium will feature tutorial, invited and research papers as well 

as panel and informal discussions. Invited speakers include Dr. G.J. 

Massey, Y.H. Pao, and L.A. Zadeh. 

Engineering, logical, mathematical and philosophical aspects of 

multiple-valued logic and its applications as well as related areas will 

be covered in the Symposium. The Symposium is co-sponsored by the IEEE 

Co puter Society, ACM, The Office of Naval Research and Utah State Univer

sity. 

After the Symposium, there will be sightseeing tours in the national 

parks during the Memorial Day weekend. 

''Since the technology has moved into MSI and LSI areas, we are facing 

the pin limitation problems,'' said Dr. Stephen Su, the Symposium Chairman. 

"For the same amount of information transfer, multiple-valued logic allows 

us to use less pins. Furthermore, the concept of multi-valued logic has 

recently been found to have applications in many areas such as design of 

digital systems, software, artificial intelligence, etc. As a result, 

increasing interest and attention have been given to this area." 

Everyone is invited to attend the Symposium. The deadline for sub

mit ting abstracts to the Chairman is April 15, 1976. Further information 

can be obtained from Dr. Su in the Electrical Engineering Department, 

Utah State University, Logan, Utah 84322. Telephone number is (801)-752-

4100 extension 7806. 
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PROCEEDINGS FOR 9th, 10th and 11th DA WORKSHOP 

The following is the rate schedule as agreed to by SIGDA and the 
DA Technical Committee of IEEE. 

1 ) 

2) 

3) 

JOIN 
SIGDA 

COPIES SIGDA & ACM All 
Members Others 

9th DA Workshop Proceedings 
(1972) @ $10.00 376 Pages 

$10.00 $16.00 

10th DA Workshop Proceedings 
(1973) @ $10.00 288 Pages 

$10. 00 $16.00 

11th DA Workshop Proceedings $12.00 $20.00 
(1974) 379 Pages 

Member Number TOTAL = 

Please send your order prepaid to: 

ACM Inc. 
P.O. Box 12105 
Church Street Station 
New York, New York 10249 

Make your checks payable to Association for Computing Machinery 
(an added charge is made for billing). 

JOIN 
SIGDA 

JOIN 
SIGDA 

JOIN 
SIGDA 

JOIN 
SIGDA 

JOIN 
SIGDA 

JOIN 
SIGDA 

Amount 

JOIN 
SIGDA 

Name ( p 1 ease type or print) 
Annual membership dues 
are $3.00 for ACM members 
and $5.00 for others. 

Affiliation 

Mailing Address 

City State Zip 

Enclosed annual dues. 

Please send more info. 

Mail to SIGDA 
ACM INC. 
P.O. Box 12105 
Church Street Station 
New York, NY 10249 
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