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Ever since the introduction of computers in development 
and engineering departments,  design activities have been sup- 
ported by computer methods in a growing number  of design 
functions, in the interest of reducing development time and 
cost, and increasing the quality of the products. Computer  
Aided Design (CAD) a generic term for these computerized 
tools is recognized as a method for drastically reducing the 
development time of industrial products. 

CAD methods are currently being used during each of the 
various phases in the development activity. The introduction of 
these CAD tools for the various stages in the development 
cycle, however, was to a large extent effected in isolation, i.e. 
not as a "subset"  of an overall concept. Lack of such a concept, 
with its inherent disciplines and compatibility aspects, has 
given rise to sub-optimal efficiency and effectivity. To remedy 
this situation, a generalized architecture for CAD has been 
developed. This architecture drastically reduced the large variety 
of input methods, combines all product data in one well-struc- 
tured product file, supports all necessary design functions, 
assures the proper generation of technical documents,  and 
above all, facilitates maximum efficiency by integrating the 
processes for various stages in the development cycle. 

The essentials of A R C A D E  will be described in this article, 
together with how the system is designed. 

The " A R C A D E "  way and method of working in an organi- 
zation in which development, engineering, manufacturing, lo- 
gistic and documentation departments are concerned with tech- 
nical automation issues will, as such, be discussed. 

Benefits will, of course, also be elucidated. 
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1. The Evolution of CAD 

Computer Aided Design (CAD) activities were 
introduced in design and engineering offices soon 
after the introduction of the first industrial com- 
puters in 1951 [22]. The engineering environments 
which most benefitted by the advent of computer 
technology were the avionic and the electronic 
engineering environments. It became possible for 
these two fields of application to replace the tedi- 
ous and difficult hand-calculation methods with 
procedures and algorithms that could be solved 
using the first electronic computers, providing more 
accurate results than ever before. 

The avionic industry was the very first to be- 
nefit from CAD techniques by utilizing program- 
ming methods to calculate the loads and stresses in 
the essential parts of an airplane. The finite ele- 
ment analysis techniques [10] used in such calcula- 
tions thus became the backbone of many design 
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methods which would never have been applied 
without the fast calculation abilities of electronic 
computers. In the very same industry the analysis 
of structures was soon to be followed by the 
application of computer methods to model shapes 
and bodies of aircrafts [4]. The combination of this 
surface modelling technique with the structural 
analysis methods provided the basis for the fantas- 
tic speed with which the aircraft and missile in- 
dustry leaped forward. 

Not so much later, the first CAD techniques 
were modestly applied in the engineering disci- 
pline that had itself given birth to the means which 
were used by the avionic industry - electronics. 
The first methods were developed to calculate the 
behaviour of analogue circuitry. The advent of 
digital techniques soon led to the first simulation 
programs which could analyse the correct design 
of this type of product. 

Similarly to the development in the aircraft 
industry, other applications were rapidly intro- 
duced in the electronics industry. The publication 
of Lee's algorithm [9] opened the way to replace 
the tedious and time-consuming layout activities 
by computer-supported aids. 

The two examples cited above were put into 
practice in the very first 10 years of the existence 
of computers in industrial environments. In the 
decade that followed, the methods were refined, 
the algorithms improved, other application areas 
were developed, and the constant improvements in 
the speed and memory capacity of computers made 
the processing faster and more efficient. 

The development of computer graphics [17] ad- 
ded capabilities to the CAD methods to such an 
extent that CAD activities were no longer confined 
to laboratory type of work, but were even being 
introduced in drafting offices. 

And with the introduction of CAD into the 
drafting world, together with the subsequent 
success of the so-called "turnkey" suppliers of 
CAD-equipment, a small drama started. 

The orientation fixed on the possibilities of 
replacing conventional drafting methods with more 
(and sometimes very) advanced techniques created 
a culture which dominated (and in the opinion of 
the author still dominates) CAD practices far too 
much. It is not to be disputed that the introduc- 
tion of computer graphics into drafting practice 
yielded very striking results. But what happened 
was a degradation of the very essentials of the 

complete design process itself. Hence, all actions 
were directed towards drafting and detailing, and 
far too few CAD experts focused on the other 
phases in the design process. Thus we here itemize 
six important phases in the design process: 
- the specification phase 

the design synthesis phase 
the design verification activities 
the detailing actions 
the test and production-preparation work 
the composition of the product documentation. 
Each phase is equally important and regrettably 

the very essential phases of product specification 
and product documentation have hardly been con- 
sidered as CAD activities where at least as much 
can be earned in time and capacity, as is being 
earned in the detailing phase. 1 It may indeed be 
argued whether advanced and computer interpre- 
table specification techniques are defining the most 
important aspects of all that which is called CAD. 

The advent of the VLSI era will show that 
without considering CAD for the VLSI design 
process in its totality, the complexity of such cir- 
cuits will never be mastered. 

With this introduction the author has tried to 
describe the important aspects of CAD. Each of 
these will be referred to in the following sections 
and short explanations will be provided where 
necessary. 

2. Deficiencies in the Current CAD Approaches 

In the Introduction, six important phases in 
CAD were defined. Especially in the design verifi- 
cation phase, the detailing phase, and the activities 
that lead to data which can be used in the factory 
and the test departments, a large variety of CAD 
application programs have been created. In the 
electronics industry the number has grown to such 
an extent that an inventory and an appropriate 
classification of all the programs have virtually 
become impossible. In the area of simulators which 
simulate the electrical (or analogue) behaviour of a 
circuit alone, hundreds of programs exist. 

Most programs have been designed and devel- 
oped by the larger corporations. A fair number 

1 All drafting work, including the layout process in electronic 
engineering is classified as "detailing." This is done to 
maintain the same notation over a large number  of engineer- 
ing disciplines. 
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have been developed at universities and a number 
of those university CAD programs have been in- 
troduced into many industrial organizations. The 
most successful in this group of CAD programs 
are (per design phase) outlined below: 

in design verification 
ECAP [3]. SPICE [13], ASTAP [7] (electrical 
simulation), 
TEGAS [18], HILO, CASSANDRE [2], LASAR 
[14] (logic simulation), 

- in design detailing 
REDAC, APPLICON,  CV, SCI-CARDS for 
PCB layout [21] CALMA, GAEL1C [12] for LSI 
layout, 

- in test preparation work 
LASAR for test pattern generation. 

The problem, however, is that each of the more 
widely-known programs, as well as many less 
well-known programs and programs, for example, 
developed in-house for specific purposes, exhibits 
unique features not present in the other programs. 
In quite a number of design departments it is also 
noticeable that the younger engineers introduce 
programs they learned to use in their university 
environment. In the author's organization this and 
the lack of applying proper data processing tech- 
niques created a situation in CAD that called for a 
drastic revision of the system. 

Both aspects will be discussed in the following 
subsections. 

2.1. The Gap between ( 'AD Users and CAD Pro- 
grams 

CAD programs are usually developed by per- 
sons who have had their education in "Computer  
Science"or  "Informatics ."  In general, a wide gap 
exists between the typical community of electrical 
a n d / o r  electronic engineers and those who are 
responsible for the creation of CAD programs. 
Despite the fact that the electronic engineering 
community (the users) has developed its own sym- 
bols and notations, as well as specific standards 
and norms, within many organizations when new 
CAD programs for the electronic engineering com- 
munity were developed, new notations were intro- 
duced. This was and still is commonplace. In 
many cases the standards laid down in the charts 
and tables of the IEC have practically nowhere 
been taken into consideration. This actually means 
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that on both the data entry side and the report or 
output generating side of the CAD programs, the 
contact with the real world has not been accom- 
modated - not even conceptually! 

This all results in the current tragic situation of 
tens (if not hundreds) of different input languages 
all serving the very same purpose: io describe the 
functions and interconnections of an electronic 
network. 

At the same time it must also be observed that 
our Standardization Institutes are too slow to reacl 
properly to the changes in technology. The "Tower  
of Bable" effect has been very visible ever since 
the introduction of computer languages and it was 
to be expected that a similar situation would evolve 
in problem-oriented languages. It was only in the 
specific area of Numerically Controlled (NC) 
Machine Tools that an early standardization effort 
prevented the emergence of a multitude of NC 
languages. 

As a consequence, it is impossible today to 
acquire a program where the input language can 
be called "standard."  And if an organization ex- 
ploits more than one CAD program, more than 
one input language (the exact number being the 
number of CAD programs) must also be intro- 
duced. 

On the output side the situation is slightly 
better when it concerns the production of draw- 
ings. The influence of International Standards has 
forced the manufacturers of CAD programs to 
adhere to those standards, albeit that these stan- 
dards are not always interpreted in the same way. 
When it comes to producing documents or results 
for which standard forms do not exist, or of which 
it is not widely known that standard forms could 
be applied, one observes the same chaotic situa- 
tion. 

Thus, many companies have been forced to 
write specific input pre-processors and output 
post-processors to work from a standard data-en- 
try format and to work to the internally existing 
output forms respectively. 

2.2. Deficiencies in CAD Program Structures 

As mentioned earlier, CAD programs have been 
developed for specific CAD functions in isolation 
and none of these programs is designed to receive 
or forward information respectively from and to 
other CAD programs used for different design 
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activities. In addition the way the information is 
stored in almost each of the existing CAD pro- 
grams has a properly designed data pool, in which 
all relevant design data and the results generated 
by the programs are stored in a well-structured 
way. 

This can be illustrated by the fact that data 
stored in a program which can perform the place- 
ment of components on a Printed Circuit Board 
(PCB) and has to be transferred to programs which 
need such placement data, i.e. for routing purposes 
or test purposes, must 

- either be transferred manually, or 
- must be transferred by means of a special pur- 

pose transfer program. 
The total design process, as indicated in the 

Introduction, exhibits many phases and it has 
been explained that each of these phases knows a 
large number of special purpose CAD programs to 
perform certain given tasks. In the event that it is 
difficult or even impossible to have access to re- 
sults that have been generated in a given program 
and stored in a non-structured way, the possibility 
of incorporating such a CAD program in the total 
design process is negligible. 

2.3. Deficiencies in the Software Engineering oj 
CAD 

One of the principles of software engineering, 
which is hardly ever applied in CAD itself is the 
"engineering" part, that is the approach of using 
standard software tools in the development of 
software [15]. That lack of appropriate software 
engineering in the development of CAD tech- 
niques and programs is most noticeably demon- 
strated through the total absence of the applica- 
tion of standard data processing techniques. This 
observation also holds for the fact that in many 
cases good programming practices are missing as 
well. 

Yet, many data processing techniques have to 
be applied, and close investigations of the very 
nature of a large number of CAD programs have 
indicated that as much as 60 percent of the total 
effort in constructing CAD programs is spent on 
the (renewed) development of certain techniques 
which were definitely already available. This actu- 
ally means that only 40 percent of the work in 
developing CAD programs was used in the con- 
struction of algorithms. The heart of the intelli- 

gence of CAD is embedded in such algorithms and 
it is deplorable that too much energy and valuable 
resources have been spent, and are still being 
spent, in reinventing the wheel! 

Some very useful examples of generally availa- 
ble data processing techniques and tools that could 
have been used by the designers of CAD-programs 
are: 
1. Language Processing Capabilities 
2. Graphic Processing Techniques 
3. Data Base Management Techniques 
4. Document Formatting and Composition Tools. 

These standard software engineering vehicles 
are discussed in what follows. 

2.3.1. Language Processing Capabilities 
A reasonable number of so-called problem ori- 

ented language processing programs are available. 
With such programs it is possible to easily define 
the syntax of the language (which is to be the user 
interface to the CAD program) and to construct a 
number of routines in which the semantics (the 
meaning) of the input language is defined and 
elaborated. Despite this, in almost all cases, CAD 
programs exhibit language processing features that 
were developed for the given program only. 

The proper use of a generalized language 
processor shows two major advantages: 
- The definition of the input language is rigorous 

and the development of the processor itself, at 
least an order of magnitude faster. 

- In addition, changes, i.e. on the request of the 
user, can be made easily and a new input 
processor is generated almost immediately. 
The disadvantage is often argued to be the fact 

that the input processor, created in this way, is 
slower. But, it should be borne in mind that the 
input process is only a minor portion of the total 
CAD job to be carried out by the CAD program. 
The most important function of almost every CAD 
program is carried out by its algorithms which will 
aid the designer in solving his or her design prob- 
lems. 

2.3.2. Graphic Processing Techniques 
The same arguments as mentioned in the previ- 

ous subsection are also valid for CAD Graphic 
Processing, as graphic features are also frequently 
developed from scratch. But here also, a large 
number cd generalized graphic facilities ar availa- 
ble and can be applied. Especially the develop- 
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ments in the U.S.A. [5] and the German Federal 
Republic [6,8] which have led to the standardiza- 
tion of a graphic processi:ag system by the Interna- 
tional Standardization Organization (ISO) should 
not and cannot be ignored by all who are involved 
in the construction of modules in CAD which have 
to cater for the entry of graphics data and the 
output of documents that contain graphic figures 
or symbols. 

2.3.3. Data Base Management Techniques 
Here also, instead of using available data base 

management techniques a n d / o r  adapting the 
available systems to make them suitable for the 
use in CAD, many CAD programmers developed 
their own data base management and filing tech- 
niques. Especially in the specific area of generating 
data processing methods, a tremendous amount of 
redundant work has been and is still being carried 
out. The arguments that were used again focused 
on the issue of performance. Currently available 
data base management systems which were devel- 
oped for the specific "business". applications do 
lack a number of features necessary to exploit 
them successfully in CAD. First of all, large 
amounts of data that have to be searched for and 
retrieved as "bu lk"  information must be catered 
for. It appeared, however, to be easier and more 
efficient to adapt commercially available data base 
systems than to construct entirely new ones. 

2.3.4. Document Formatting and Composition Tools 
The result of any CAD process has to be docu- 

mented. Despite this, documentation has been an 
extremely neglected area of interest for the CAD 
author. The advent of word- and text-processing 
techniques has sidetracked many CAD pro- 
grammers into writing their own text-processor. 
And, it will not come as a surprise to the author 
that until the issue of document layout, creation or 
document-formatting is raised as an important 
issue for CAD, will attention be focused on that 
specific subject. Without the need for really doing 
so. Almost every manufacturer of advanced com- 
puting equipment can provide their users with 
good text editors and reasonably good document 
composition and formatting tools. Besides that, a 
fair number of reasonable to excellent document 
formatters are available and although the price of 
acquiring such systems may be high, the develop- 
ment of an own formatting system will be many 
times higher. 

2.4. A Basis for Further Activity 

Each of the observations made in the preceding 
subsections were important considerations for con- 
structing a CAD architecture in which an attempt 
has been made to avoid both the deficiencies in 
the preceding and to avoid duplicative efforts in 
constructing novel data processing techniques. 

3. An Architecture for Computer Aided Design: 
A R C A D E  

In the following a description will be given of 
the " A R C A D E "  concept and its practical realiza- 
tion. 

It must be stated at the beginning that 
ARCADE does not in itself contain so-called CAD 
programs or CAD tools. Thus, when referenced, 
the layout- or the simulation programs proper are 
meant. The concept of ARCADE is based on 
solving the deficiencies described in Section 2. 
ARCADE,  however, provides a general solution 
for employing each and every CAD program which 
is deemed worthy to be used in a given industrial 
environment. 

3. i. System Considerations 

Every information processing activity can be 
visualized as shown in the following schematic 
representation (Fig. 1), a stream in which input 
data is subjected to a process that converts the 
input data into data or information that must be 
outputted. This fundamental action, where the 
process can be seen as a " t ransformer"  of the 
input data, can have important features such as: 
- Storing and retrieving information in a special 

data archive; this data is not the output data but 
information that may be stored temporarily to 
be accessed and used later. 

- In so-called "human-machine interactive" envi- 
ronments the process can be interrupted and 
controlled by the human. 

In CAD programs this information processing 
principle applies also. Design data is entered in a 
computer; algorithms perform certain functions 
and transformations on this data; information is 
stored in a file for later or suspended use; the 
designer may add information or control the trans- 
formation process ineractively and the process is 
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concluded by generating an output stream which 
can be printed or displayed ("hard"  and "sof t"  
copies). 

In what follows, the generalized approach to 
the A R C A D E  input, output and processing aspects 
is discussed. 

3.1.1. ARCADE Input and Information Storage 
Every CAD process starts with the preparation 

of the design data that will make it possible to 
walk through the earlier mentioned design phases. 
The basic information for electronic design is the 
definition of the network of the circuit or system 
being designed. The network manifests itself in 
two ways: 
- The functional network, i.e. the way electrical or 

digital functions are denoted and connected (for 
example, a network of NANDs),  and 

- The network of the product, i.e. the way compo- 
nents are positioned and interconnected on a 
Printed Circuit Board. 

Both representations are depicted in Fig. 2. 
The most important of these representations is 

the "functional" manifestation of the network. 
The various nodes (functions) in the network are 
location-independent.  The importance is the 
unique definition of the function (transistor, 
NAND,  flip-flop) and the interconnections. This 
information will be used by every CAD process, 
be it layout, simulation, test pattern generation or 
documentation. The "product"  manifestation is 
important  for the actual realization of the circuit 
or system. 

Together with other important  parameters the 
functional and product network descriptions de- 
fine the input part  of the A R C A D E  system. This 
input is now uniquely defined in the A R C A D E  
input process. 

Two modes of entering this information in 
A R C A D E  are available within the Standard 

PROCE55 

A R C A D E  Interface Language (SAIL): 
1. Textual. An alphanumeric problem oriented in- 

put language, based on a concept developed at 
Stanford University [19], is available for al- 
phanumeric text. With this input language which 
is a subset of SAIL, called the Network De- 
scription Language (NDL), the network de- 
scriptions can be coded and interpreted by a 
SAIL language processor. The information is 
then converted into a specific format that can 
be used by other processes in the ARCADE 
system. 

2. Graphical. In SAIL graphical mode, the desig- 
ner can digitize a hand-drawn schematic dia- 
gram and enhances this "network"  information 
with additional parameters -- through the use of 
interactive displays or work-stations - that can- 
not be easily entered with digitizers. The infor- 
mation entered in this way is also converted to 
that same format mentioned under Point 1. 
The " fo rmat"  referenced to the two input modes 

is a part of what in A R C A D E  is called the POLI- 
interface. The Problem Oriented Logic Interface 
(POLI) contains a number of standard formats. 
The information in the network (functional and 
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product) is converted to the POLI-format  by a 
program. Since this program converts the network 
data into the POLI model it is called the Network 
Model#ng Technology program. (In subsequent 
parts of this paper the notion "Modelling Technol- 
ogy'" will appear again.) 

The information in the network, converted in 
this way to the POLI-format,  can then be stored in 
the ARCADE data base for later usage• It is 
important to stress that the POLI-format is a 
well-structured format which constitutes the back- 
bone of ARCADE.  The network POLI description 
can be transferred to the data base in such a way 
that all parts of that information can be accessed 
quickly and easily. This means that the POLI-for- 
mat, which consists of a serial string of data 
elements and their interrelations will be converted 
from POLI-format in a differently-structured data 
base format. 

The representation of Fig. 1 is now more pre- 
cisely visualized in Fig. 3. 

3.1.2. A R CA DE Processing 
The actual processing in AR C ADE is executed 

by the already existing CAD application programs 
such as SCI-CARDS, PRINCESS, PHILPAC, 
LASAR, GOAL, etc. 

To this end existing CAD programs are ex- 
tended with a program that can read the network 
information in POLl-format  and convert it into 
the format of the particular program that will be 
executed. The reverse process can also be carried 

out. In addition, the information generated by the 
various CAD programs can be translated into 
other sections of the POLI-format.  For example, 
the information about the analogue electrical be- 
haviour of a circuit, as can be calculated with 
PHILPAC, is translated by a "analogue behal~iou- 
ral modelling technology" program into another 
section of the total POLI-format definition• The 
various CAD programs will thus accept a n d / o r  
generate POLl-formats depending on the respec- 
tive CAD functions which they perform. 

To be even more precise, the extra software that 
makes it possible for a layout program to execute 
its process in an ARCADE environment, must be 
capable of handling the network modelling tech- 
nology and the "'layout modelling technology ". The 
latter translates the geometric information gener- 
ated by the layout program to the part of the 
POLl that handles geometric information in a 
special format. Hence, the program that links a 
layout program such as SCI-CARDS to ARCADE 
must be able to read and write a number of 
modelling technologies in POLI-format.  

At this point a new notion will be introduced. 
As discussed, POLI handles information which 
can be identified as "character-string" oriented. In 
the example above one is suddenly confronted 
with graphic (or geometric) information. For that 
reason the Logic Interface is subdivided into two 
related interfaces: 
1. POLl, already introduced, and 
2. Graphic Oriented Logic Interface (GOLI).  
Instead of referring to the graphic oriented for- 
mats as a part of POLI, GOLf-formats  have been 
categorized as an extension of POLl. The reasons 
for doing so will be explained in this section• 

Programs which will only use the POLI-format 
are, for example, the simulation programs• The 
PHILPAC-Iink program must handle the network 
modelling and the analogue behavioural modelling 
technologies. That is to say, the PHILPAC-Iink 
must read the related POLI-formats and translate 
these into PHILPAC network statements. The re- 
sults of PHILPAC must be converted by the 
PHILPAC-Iink program into the POLI-format  that 
handles the analogue behavioural modelling tech- 
nology data. 

If, however, PHILPAC had been equipped with 
the ability to generate graphic pictures (e.g. histo- 
grams) that information would have to be con- 
verted into a special GOLI-format .  
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For logic simulators and test-pattern genera- 
tors, a digital behavioural modelling technology 
and a related POLI-format is required. 

The now complete ARCADE operations and 
functions are shown in Fig. 4. 

When all available CAD programs have been 
"l inked" to ARCADE in the way described above 
a very powerful system has been created. Of course 
data can only be transferred via the POLI-GOLI 
concept, but that can as such be seen as the 
"CAD-Bus".  

In addition the links may have to be extended 
to accept information other than "network model- 
ling technology" information. A router which is 
more advanced than its predecessors should be 
able to accept routing information stemming from 
them for further processing. Hence, such router 
programs should also have the facilities in their 
link-programs to read and understand "layout 
modelling technologies." 

A final observation is justified at this point. 

Much conversion has to be carried out in the 
various link-programs. However, if the POLI- 
GOLI is well established and well accepted, the 
new developments in CAD software can use the 
formats of POLI and GOLI directly in their input 
and output modules. A large amount of processing 
dedicated to translating the POLI-GOLI formats 
back and forth can then be avoided, 

3.1.3. ARCADE Output and Information Retrietgal 
In the previous section, how the POLl and 

GOLI interface is capable of handling various 
"modelling technologies" has been elucidated. 
Each of these technologies exhibits parts of the 
information about the circuit or system under 
development. When sufficient tools (CAD pro- 
grams) are available and linked with ARCADE, 
the total information about the product is nearing 
completeness. 

This information will be passed to a data base 
where one part contains all the data for one specific 
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product. This being the case the possibility of 
generating documents for and about that product 
(Technical Product Documentation, TPD) using 
the now available information, has become reality. 

What is needed next is a documentation output 
station that is capable of extracting information 
from the data base. Powerful text- and graphic- 
editing programs must be supplied to model or 
remodel the information, to include illustrations 
(available in the data base) in the text of the 
document and to insert references to extensive 
bibliographies of reports, articles, standards and 
procedures. 

With appropriate document composition and 
formatting tools, the required documentation can 
be made. To be more precise, it is anticipated also 
that texts relating to the product that is being 
developed will be added to the data base. Such 
text will have its own "text modelling technology" 
format in the POLI. A work-station consisting of 
an alphanumeric and a graphic visual display unit 
will be equipped with local intelligence to edit 
whatever text or design data is available in the 
ARCADE data base or add text at the station 
itself. The same features are to be available for 
graphics. 

The documentalist, having access to the design 
data and having the ability to edit this data and 
compose other data can build the files for the 
documents he or she is preparing. A formatting (or 
document layout) program can then compose a 
document for a printing (or typesetting) instru- 
ment for the production of a hard copy (e.g. paper, 
film, etc.) of the document. 

The documentalist will have the freedom also to 
specify in what form the document will appear. 
This can be in a predefined layout of a book, a 
manual or the Standard Philips TPD form. 

Since the Philips TPD is an essential standard 
in which the products of the Philips' group of 
companies are described, the POLI and GOLI  
interface will be equipped with a "page set modell- 
ing technology" to support the TPD, the page set 
structure, and its contents not only in the inter- 
face, but also to make it possible to have the TPD 
composed gradually, piece by piece in the 
A R C A D E  Data Base proper. 

For the text-editing facilities of the documenta- 
tion work-stations, use will be made of the locally 
available text and graphics editors. The graphics 
editor is one being constructed within the 

ARCADE project. Finally, the files which contain 
the text and graphics information have to be com- 
posed into a document. Special commands must 
be provided, for example, to insert files in the 
documents, insert figures, make provisions for the 
proper subdivision into chapters, sections, subsec- 
tions, and to create the required facilities for refer- 
encing to other material. 

Such a command language is now being defined. 

3.1.4. ARCADE Configu~'ation Management 
So far, none of the available CAD programs is 

suitably equipped with administrative functions. 
And, what is more, the especially important facili- 
ties for conducting an appropriate Configuration 
Management Procedure within CAD are abso- 
lutely non-existent. 2 

When all design data is contained in one prod- 
uct data base; when, in addition, much of that 
data has been generated at different times and has 
undergone changes and revisions; and further, 
when the data has been invoked by different CAD 
programs (within the ARCADE concept), it is not 
unlikely that certain major difficulties may occur. 

These difficulties may comprise the following: 
- design data has been lost 
- design data reflecting obsolete input data has 

been used 
- the particular design data to be used has not yet 

been released officially for use by other desig- 
ners 

- the particular design data is stored under differ- 
ent names 

- data that has been generated by CAD programs 
is related to slightly different designs of almost 
the same article in one department,  etc. 
To avoid such difficulties ARCADE is equipped 

with powerful Configuration Management func- 
tions and capabilities. 

Products may consist of assemblies or sub-as- 
semblies and these may consist of parts. A part 
can be a PCB, an LSI, a connector, a transducer 
etc., and all these parts belong to the same 
(sub-)assembly. It will be recorded in the system 
which parts belong to what (sub-)assembly and 
also which (sub-)assemblies belong to what prod- 

2 The  a u t h o r  refers  to the C A D  p r o g r a m s  which  are  c o m m e r -  
c ial ly  avai lable .  
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uct. In addition, during the design time, modifi- 
cations in the design of parts, (sub)-assemblies and 
products will receive new edition numbers, and the 
manager of the design department may even create 
new versions of the parts, assemblies, etc. This is 
done while maintaining the editions and versions 
of older designs. The design manager may also 
combine parts into a new part, he or she may 
delete editions or versions and may authorize cer- 
tain designers or design departments to have access 
to the data of the design of certain parts only. 

When defining a version of a specific product it 
is thus possible to combine various versions (or 
editions) of all the parts into a version (or edition) 
of a (sub)-assembly and also combine these assem- 
blies into a product. 

Full control of the configuration of a system 
can in this way be achieved. Also the dates of the 
final creation of the parts or (sub)-assemblies can 
be recorded, and the name of the persons who are 
authorized to provide further information. 

The Configuration Management Data must be 
added to the Input Data of SAIL, processed by 
the SAIL language processor and contained in a 
"configuration modelling technology" format of 
POLI. A special program (Configuration Handling 
Input Processor) called CHIP, will keep track of 
the editions and versions of parts, sub-assemblies 
and products in the data base. The link programs 
of the CAD tools, attached to the ARCADE sys- 
tem will have to provide ARCADE with the 
specific Configuration Data and the CHIP module 
will then locate the required data and determine 
whether an authorization exists to pass that infor- 
mation to the CAD program that requested it. 

Summarizing, it is impossible to access or store 
information without the CHIP knowing about it, 
and consequently it will also be impossible for any 
program to participate in the ARCADE structure 
without handling Configuration Information. 

3.2. Data Processing Techniques in ARCADE 

It has been argued in Section 2 that one of the 
deficiencies in the existing CAD situation or one 
factor in the current crisis (if the word is ap- 
propriate) is the absence of software engineering 
principles in the construction of CAD application 
programs. The various methods that can be em- 
ployed in order to create a system which can be 
regarded as an appropriately engineered system 

have also been elaborated on in Section 2.3. 
Only the software engineering tools applied in 

ARCADE will be mentioned in what follows. Full 
descriptions of the techniques can be acquired in 
the literature or other reference material, as indi- 
cated in the short overview that is presented now. 

3.2.1. Language Processing Techniques 
The processor of the SAIL input language was 

defined and constructed with the aid of POLPAC 
[20], a generalized input processing system, devel- 
oped at the ISA department of the N.V. Philips ' 
Gloeilampenfabrieken in Eindhoven. POLPAC 
accepts a BACKUS-Iike description of the syntax 
of the language statements that one wants to use~ 
and converts these into tables. The elements in the 
tables can be read, and specially constructed little 
programs interpret the elementary data and subse- 
quently generate the POLl-format, 

When one wants to change the syntax of the 
language it is often sufficient to change the syntax 
rule and generate a new processor. When the 
semantic meaning of the statement(s) change(s) as 
well, the programs supporting the translation pro- 
cess have to be altered. Changes are, however, 
carried out much more easily than in specifically 
developed language translators. 

3.2.2. Graphic Processing 
The highest level of graphic processing takes 

place in the actual application, the lowest level is 
that of representing the graphic pictures on a 
screen or a pr inter /plot ter  device. 

The user will perform the graphic actions by 
manipulating graphical objects, which is available 
in the system through a specific "model"  of such 
an object. The user can steer or control the graphic 
process by means of control functions, often avail- 
able as "menu"  options on the display; the user 
can build graphic representations by using elemen- 
tary graphic symbols (e.g. the representation of a 
NAND-function, or Philips logos), and can also 
define the carriers for the graphic information 
(forms, viewports). ARCADE offers the user a 
general purpose graphic editor which will enable 
him or her to easily manipulate and use the func- 
tions and items mentioned above. This way of 
working is achieved with three distinct Graphic 
Software Modules: 

- The representation and manipulation of the ob- 
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jects is carried out by the General Purpose 
Graphic Processor (GPGP). The main features 
supported by the GPGP are: representation of 
electronic networks, assigning graphic layers 2, 
issuing the graphic information to defined car- 
riers, making provisions for the page mechanism, 
etc. The GPGP also translates all input, output, 
control and graphics information in a standard 
set of subroutines, as defined by the American 
CORE Standard [5]. 

- The collection of subroutines is next handled by 
DI-3000, a product of Precision Visual Inc., 
which among other functions transforms all 
graphic real coordinates into normalized coordi- 
nates. DI-3000 is also capable of transforming 
and manipulating graphic text symbols and it 
can scale pictures to other sizes, etc. Most im- 
portantly it provides for an interface to the 
device drivers, that will accept DI-3000 output. 
It also creates device oriented information that 
enables a device to generate the required pic- 
tures on the screen of a VDU, on a plotter, on a 
matrix- or laser printer, etc. 

The set of graphic processing techniques ena- 
bles the engineer to generate additional graphic 
input- and output-modules and add them to 
ARCADE via the GOLI-interface. 

3.2.3. Data Base Management Techniques 
Instead of creating a special Data Base Admin- 

istrator and Management System whithin the con- 
straints of the project development, RAPPORT 
(developed and marketed by Logica Ltd. in the 
U.K.) was acquired. RAPPORT was enhanced to 
properly cater for the performance limitations of 
this DBMS. Like many Data Base Management 
Systems RAPPORT could not handle the search 
and transfer of "bulk"  data in an efficient way. 
Special routines were developed together with 
Logica Ltd., and added to it. RAPPORT is being 
used to store, retrieve and administer the informa- 
tion which is stored in the data base and which is 
delivered by the POLI interface. 

The latter function also demonstrates another 
importance of POLI. In case RAPPORT has to be 
replaced by another technique (e.g. a Hardware 
Data Base System) only the programs that trans- 

3 A g r a p h i c  l ayer  is a col lec t ion  o f  geomet r i c  i n f o r m a t i o n ,  

wh ich  c o m b i n e d  wi th  o the r  g r a p h i c  layers  def ine  a d r a w i n g  

- or  a ce r t a in  p a r t  o f  a d r awing .  

late POLI into the structure of the RAPPORT 
DBMS have to be changed. If the CAD programs 
had been connected directly to the ARCADE Data 
Base all those links would have had to be replaced. 

For information which does not need the struc- 
tured way of storing data, CADABA a portable 
sequential filing system is used. CADABA was 
developed at the Research Laboratories of Philips 
in Eindhoven. 

The CHIP module administers that which is 
stored in RAPPORT, as well as that to be handled 
with the use of CADABA. 

3.2.4. Document Formatting Systems 
The document formatting tool which is cur- 

rently used in ARCADE is the SCRIBE system, 
developed at Carnegie Mellon University and 
marketed by Unilogic Ltd. [16]. SCRIBE is cur- 
rently able to integrate the generation of text and 
pictures within one document. It is therefore re- 
quired that the document producing equipment, 
i.e. a printer or a plotter, can 
- print or plot textstrings, and 
- plot graphic illustrations. 
The text is entered via the available text editors 
and the illustrations, via a graphic editor. The 
latter has been developed within ARCADE with 
the engineering tools mentioned under Section 
3.2.2. 

3.3 Hardware Considerations 

All essential functions of ARCADE have been 
described in general, but hopefully in sufficient 
detail for the concept of ARCADE to be under- 
stood. 

The system is implemented on the VAX 11-780 
computer and the software developed is written in 
Concern Standard Fortran. Almost all the engi- 
neering tools (SCRIBE, RAPPORT, POLPAC, 
CADABA, GPGP, etc.) are either available on 
IBM equipment or they have also been written in 
the type of Fortran that can be implemented on 
IBM equipment rather easily. As such, a high 
degree of compatibility between DEC and IBM 
equipment has been achieved. 

It must, however, be observed that many so- 
called CAD tools are not so easily interchangea- 
ble. SCI-CARDS is not available on IBM and 
similarly, the layout programs of Computervision 
and REDAC (to be attached to ARCADE) are 
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implemented on various non-IBM equipment. 
This means that, although it is possible to 

transfer the management part and the interfaces of 
ARCADE to IBM, it is less likely that the total 
operation, including the typical CAD programs. 
will ever run on equipment other than DEC equip- 
ment. 

However, where physical connections between 
DEC hardware, Computervision hardware, and 
IBM hardware are available it is possible to transfer 
data via the POLI-GOLI formats from DEC to 
IBM and vice versa. As a consequence, it is im- 
portant to remark that this specific interface will 
serve as the main interface between the Philips' 
CAD systems and possible non-Philips CAD im- 
plementations. In addition the POLI-GOLI can 
accommodate the connection of ARCADE to 
other, i.e. material management systems, on a 
variety of computers, provided that the POLI- 
GOLI is implemented on such hardware. 

4. How ARCADE Can Be Used 

The ARCADE System provides the various de- 
velopment departments with a powerful and uni- 
versal CAD development system to which many 
modules can be added and to which interfaces can 
be attached that will secure the immediate transfer 
of design data to other systems. 

However, ARCADE is also flexible in the sense 
that there is no specific recipe for how the system 
is to be used in a specific real environment. Fur- 
thermore, in accordance with what has already 
been stated, nor should there be such a recipe. 

What follows, then, is only given to the reader 
as an information aid to comprehending one possi- 
ble way of working with the ARCADE system. It 
is assumed in the following that the organizational 
departments are the Commercial Department, the 
Electrical Development Laboratory, the Engineer- 
ing (layout and detailing) Department, the Pro- 
duction environment and a Documentation Centre. 
By "Development  or Development Departments", 
is meant the Electrical Development Laboratory 
and the Engineering Department. The responsibil- 
ity for running and administrating ARCADE is 
assumed to rest within Development. 

With those assumptions the following way of 
working is possible. 

4.1. Commercial Department 

Although it is not yet foreseen that the Com- 
mercial Departments will use ARCADE inten- 
sively, their information about the type of prod- 
ucts that will have to be developed can ensure that 
those products are assigned a name that can be 
used in uniquely defining that product. The prod- 
uct name, as such, will be entered by the data base 
administrator and all (sub)-assemblies or parts 
that will be designed in the range of the product 
will be attached to that name. 

Later, when completely defined and accepted 
specification methods become available, the Com- 
mercial Department will have to enter that data 
into the ARCADE product data files as well. 

4.2. Electrical Design Laborator~ 

The Electrical Laboratory is responsible for the 
design synthesis and the design verification. Up till 
now they provided the engineering, grosso modo, 
with the schematic diagrams and determined the 
type of components - together with the engineer- 
ing department - that were to be used in realizing 
the circuit or system (or its relevant (sub)-assem- 
blies or parts). 

With or without the involvement of the com- 
mercial department the product that has to be 
designed will be subdivided into a number of 
(sub)-assemblies and within the (sub)-assemblies 
the parts, i.e. the circuits, will be determined. All 
the (sub)-assemblies and the parts will be given 
unique names (or code numbers). The names of 
the parts are related to one or more (sub)-assem- 
blies, and the (sub)-assemblies will be given names 
that are attached to the unique name of the prod- 
uct. In certain situations it is of course also possi- 
ble that the (sub)-assembly be related to more than 
one product. The naming conventions are essen- 
tial, first, in order to administer all the work in a 
laboratory or development department and sec- 
ond, in order to assure that the configuration 
management aspects are properly incorporated in 
the design activities. 

The situation with the ARCADE provides the 
Electrical Laboratory staff with the opportunity to 
enter the functional description of the circuit im- 
mediately into, the ARCADE system. "After having 
done so, they can execute the appropriate simula- 
tion runs. An analogue simulation program will 
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Fig. 5. A R C A D E  in the Electrical  Laboratory.  

pass the analogue behavioural data to the 
ARCADE system and a logic simulation run will 
do the same with digital behavioural information. 

After having evaluated the results of the simula- 
tion(s) programs, it is possible for the laboratory 
to change the design of the part and again perform 
one or more simulation runs. The changed part 
has to be identified. It is thus possible to add a 
new edition of the circuit to be designed and also 
add the new edition number to the results. The 
latter is of course necessary to define uniquely 
what data belongs to exactly what part. 

It is also possible to delete older editions of the 
design, or at some point in time introduce a new 
ve?sion number. At what points in time during the 
design process such new versions are being issued 
is a matter of the management of the laboratory. 

At the end of the Electrical Laboratory design 
cycle the data base contains the data as given in 
Fig. 5. The same figure identifies the input 
processes that may have been used and the type of 
programs that were used to generate the behaviou- 
ral information. 

At the end of the work carried out in the 
laboratory, the Engineering Department will con- 

tinue, using the data which is now available in 
ARCADE.  

4.3. The Engineering Department 

The first action to be performed by the 
engineering group is to check what the name of the 
product is, what are the names and code numbers 
of their (sub)-assemblies and what are the names 
a n d / o r  code numbers of the parts. Let us assume 
that a PCB has to be made for a certain part. For 
that part, the functional information is already 
available in the data base and at the same time it 
is known what edit ion/version of the part has to 
be realized in hardware (e.g. a Printed Circuit 
Board). 

The Engineering Department will first of all 
add the product data of the A R C A D E  System (as 
stated in the previous subsection this is done in 
cooperation with the Electrical Laboratory). Since 
all of the network information - both functional 
and product - is stored in the ARCADE system, it 
is possible to start the execution of all other rele- 
vant CAD processes. 

The engineering group will do the layout based 
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Fig. 6. ARCADE in the Engineering Department. 

on the information in A R C A D E  and can employ a 
placement program and a routing program to 
achieve the goal. If  it appears that, after having 
obtained a first result, changes have to be made to 
the layout, without the necessity of changing the 
functional description of the part, a new edition of 
the layout can be generated. If changes have to be 
made to the functional data as well, then new 
edit ions/versions will also have to be issued by the 
Electrical Laboratory. 

The layout information is also stored in 
A R C A D E  and if the Engineering Depar tment  is 
responsible for generating test jobs or generating 
the production data (driUtapes, tapes with infor- 
mation for insertion machines, etc.) then more 
CAD processes can be initiated by the engineering 
group which will result in data that will be added, 
again with the appropriate edit ion/version num- 
berings, to the A R C A D E  data base. 

In the environment of the author, the Engineer- 
ing Department  is responsible for the creation of 
the Technical Product Documentation. Again, 
programs will be available that can create the 
assembly drawings, the schematic diagrams and 

other types of documents which belong to the 
TPD set of documentation. 

In each of these cases the Engineering Depart-  
ment can initiate a run that wil yield the required 
results. The results will always be added to the 
A R C A D E  data base, no matter whether or not 
immediate drawings or documents are obtained in 
the current process. 

Thus, at the end of the engineering phase (Fig, 
6 shows the CAD processes used by the Engineer- 
ing Department)  the results of the programs indi- 
cated are now available in ARCADE.  

4.4. The Product ion Unit 

It is highly feasible that the manufacturing 
departments  will have the possiblity to access the 
A R C A D E  information directly. They can be 
authorized to do so in order to create the necessary 
factory documentation by using whatever TPD has 
already been generated in the de9elopment phase. 
A powerful work-station with which such editing 
can be carried out is foreseen in the A R C A D E  
concept (as previously stated). 
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In those instances where the production unit 
will have to generate or regenerate production 
data (drill information), an immediate access to 
ARCADE may be useful. However, as indicated 
already at the beginning of this section, such access 
is not mandatory. It may well be that in specific 
organizations the Production Department will have 
to use the Technical Product Documentation as 
issued by the engineering group and work from 
there. Nevertheless, such data will most certainly 
be available in the form of computer files and the 
translation by production will be carried out by 
computers instead of humans. AR C ADE will play 
an important role in establishing the appropriate 
interface between development and manufactur- 
inR. 

It is important to note that the Production 
Entity will never add or modify data in the released 
versions or editions of the ARCADE data base. It 
will either retrieve the essential information, or 
start processes that will operate on AR C ADE 
data. It is not anticipated, in the current philoso- 
phy also to add newly generated information to 
the ARCADE Data Base. However, the ability is 
not excluded to add specific manufacturing data 
or specific information on the quality of the design 
data or actual designs as special product informa- 

tion files to the A R C A D E  Data Base. 
With the further introduction of programmable 

equipment in the factories special post-processors, 
will be able to use the ARCADE information with 
the objective of generating data which can control 
the particular automated functions. In the future it 
is likely that this information will be added to the 
ARCADE Product Files as well. 

The involvement of the Production Unit in 
ARCADE is visualized in Fig. 7. 

4.5. The Documentation Department 

All relevant information on the parts, (sub)-as- 
semblies and the entire product is at some point in 
time available in or available through ARCADE. 
It is more than likely that the Documentation 
Departments responsible for the installation man- 
uals, the user manuals and commercial books and 
brochures will have access to this product informa- 
tion. The documentation work-station concept will 
give the Documentation Departments the possibil- 
ity to work on the ARCADE information, without 
changing it in the ARCADE environment proper. 
However, if it appears to be important for the 
total product description to also add specific docu- 
ments to the ARCADE data base then it may be 
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worth considering doing so. It has at that time to 
be established clearly who will be responsible for 
the contents of those documents and for the fact 
that these are indeed residing in the ARCADE 
Product Files. 

4.6. Other Departments and ARCADE 

In the last two subsections it was conjectured 
that the Manufacturing Department and Docu- 
mentation Groups will have access to the informa- 
tion contained in ARCADE. Of course this also 
holds for all the other departments that may have 
an interest in the ARCADE data. 

The departments which will certainly exhibit 
such an interest are the various Logistics Groups 
and the Administrative Departments - the former 
since ARCADE will certainly contain data im- 
portant for the appropriate planning of develop- 
ment and manufacturing, the latter since ARCADE 
will also contain information about the product 
itself that can be used to perform certain admin- 
istrative calculations. 

As with production and documentation, the 
data will be accessed, but never changed by such 
departments, and in specific cases it may be con- 
sidered whether the ARCADE product data in the 
ARCADE data base can be enhanced with data 
generated by other departments. 

5. The Economics of ARCADE 

The Computer Aided Design programs which 
have been used in various development depart- 
ments have most certainly brought about impres- 
sive savings and related benefits. The lead-time of 
the product under development has decreased 
especially drastically in those environments where 
one could eliminate the so-called "breadboarding" 
and replace this breadboarding by simulation 
models and techniques. This is also true for the 
more successful applications of layout systems. 
The reduction in the number of draftsmen and 
layout personnel required contributed to yet 
another range of savings. 

What has never really been calculated is the 
economic benefit that CAD contributed through 
the drastically increased quality of the product, as 
well as the 100 percent reproducibility. 

Savings in the use of expensive materials is yet 
another aspect that should not be underestimated. 

Especially in the electronics industry where copper 
and gold are important ingredients, the savings in 
such expensive materials through better optimized 
layouts and a reduction in the number of proto- 
types that have to be made have become im- 
portant factors. 

Of course there is another side to all this. 
- Expensive equipment has had to be installed and 

maintained. 
- Training and retraining of the development en- 

gineers and draftspeople has become a necessity 
today. Retraining becomes even more important 
with the quickly growing changes in technology 
itself. 
Organization structures have had to be changed, 
and working environments adapted. 

- The introduction of "software" experts has in- 
creased the "loads" on yearly budgets most ob- 
viously. 
This quick overview of the economic pro's and 

con's has to be viewed in the context of how CAD 
is currently introduced and used. In the present 
situation the advantages are not exploited fully 
because of (he lack of the required integration in 
the use of CAD in the Development Departments. 
This in turn manifests itself in a situation that is 
based partly on automation and that has partly 
retained conventional methods of working. This 
has led to difficulties in communication between 
departments and department employees, but par- 
ticularly in the manual processing of data and the 
manual transfer of information from one process 
to another. Because the system is only partly geared 
to automatic processes, the introduction of errors 
because of the lack of the necessary skill and a 
conventional way of working, has no doubt in- 
creased. It often happens that a layout that has 
been produced does not coincide with the verified 
circuit that should have been represented in this 
layout. This also means that various iteration oper- 
ations are carried out before a product is in line 
with its specification. 

When the improvements that ARCADE can 
bring about are fully exploited, an additional num- 
ber of benefits and savings can be realized. It 
should also be noted that introducing the neces- 
sary improvements does not mean that a propor- 
tional amount of new equipment has to be 
purchased. Generally speaking, that equipment is 
already available and only needs to be adapted or 
extended. 
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The following is a list of savings and benefits 
that can yield a reduction of as much as 15 percent 
of the total development costs: 

1. Saving in the development of in-house, local 
CAD software, especially intended for input, 
output, graphic and data base management 
sections of such software. 

2. Savings as a result of greatly simplified train- 
ing and education of designers. They have to 
learn only one input method and input lan- 
guage. 

3. Savings as a result of the automatic generation 
of technical product documentation and the 
simplified modification of this documentation. 

4. Savings on searching in data handbooks and 
libraries, once these have been added to 
A RCADE in electronic form. 

5. Savings in the coupling of CAD programs 
with one another. 

6. Savings in the storage of design results of 
components and parts and (sub)-assemblies, 
due to the handling of an electronic in place of 
a drawings file. 

7. Savings due to simplified communication of 
data between development and factories. 

8. Savings in modification operations by the use 
of adequate initial design data. Those savings 
may become gigantic after the introduction of 
appropriate product specification methods 
[111. 

9. Savings due to a greatly reduced maintenance 
of CAD software. 

10. The A R C A D E  approach leads to the develop- 
ment of a CAD culture which will itself lead 
to increasing the use of CAD, resulting in an 
increased productivity per capita. 

11. The introduction of a consistent architecture 
with standard input, output, storage and inter- 
face methods has a beneficial effect on com- 
munication between designers, design depart- 
ments, manufacturing, quality control, service, 
material management, and logistics personnel. 

12. Faster adaptations to the changing require- 
ments of CAD methods become possible. 

13. Improved standards in the development and 
introduction of standard data elements will 
have a positive effect on the various company 
functions. 

14. The shortening of lead-times lowers the inter- 
est loss on outstanding development funds. 

It must be observed that all of these savings and 
benefits require a strong desire both for a more 
disciplined approach in working, and for more 
advanced standardization practices. 

6. Concluding Remarks 

CAD has been introduced in this article. The 
introduction was followed by a number of 
observations on the actual state-of-the-art in 
applying CAD. These observations revealed a large 
number of deficiencies. ARCADE attempts to re- 
medy those deficiencies. This is discussed at length 
in Section 3. One exemplary way in which 
ARCADE can be used has been described, as a 
practical aid to understanding ARCADE con- 
cepts. In closing, the possible benefits that 
A R C A D E  can bring about were enumerated. 

However, a systems approach, and this is also 
true for ARCADE,  will never yield the objectives 
and anticipated results if the whole of the Com- 
pany is not strongly in support of its introduction. 
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8. Abbreviations 

A R C A D E  
CAD 
CAM 
C H I P  

DBMS 
DEC 
G K S  
G O L I  
G P G P  
IBM 
IC 
IEC 

IFIP 

ISO 

LSI 
PCB 
POLI 
SAIL 
SCI 
TPD 
V D U  
VLSI 

Architecture of CAD for Electronics 
Computer  Aided Design 
Computer Aided Manufacture 
Configuration Handling Input Proc- 
essor 
Data Base Management System 
Digital Equipment Corporation 
Graphic Kernel System 
Graphic Oriented Logic Interface 
General Purpose Graphic Processor 
Internation Business Machines 
Integrated Circuit 
International Electro-technical Com- 
mission 
International Federation of Informa- 
tion Processing 
International Standardization Organi- 
sation 
Large Scale Integration 
Printed Circuit Board 
Problem Oriented Logic Interface 
Standard Arcade Interface Language 
Scientific Calculations Incorporated 
Technical Product Documentation 
Visual Display Unit 
Very Large Scale Integration 
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