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ABSTRACT

Computer Aided Design, or CAD. is a powerful graphical tool used to produce detailed and
complex drawings and to carry out engineering analysis. The operator interprets tnese
drawings and attaches meaning to the entities within the CAD. Expert systems capture
expertise within a knowledge base in a specialised area. By incorporating an expert system
within the Cill system, forming an "intelligent CAD" system, the computer can manipulate
the information within th~ CAD system in a meaningful way. It can
become an on board co-assistant to the designer. The aim of the project report is to describe a
software structure which enables a CAD system and an expert system to interact and share
information.

The report discusses relevant issues which need to be taken into account. A Basic prototype
has been created using object oriented programming techniques with the C++ programming
language, Its main focus is to establish the functions of the various components and the type
of information that needs to be exchanged between them. It also looks at ways of structuring
the software into independent components which are reusable, easily maintainable and
independent from one another,

The prototype has highlighted requirements and weaknesses of "intelligent CAD" systems ..
Data representation is found to be extremely important. It involves the representation of
entities and the relationships between other entities. Messages are the means ot
cemmnnication between components and they enable components to be decoupled and
independent from one another.
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CHAPTER 1 INTRODUCTION

Background

In the next few years, South Africa plans to spend over 10 billion rand on providing electrical
power to the townships. Over half the costs are cabling costs. The Department of Electrical
Engineering at the University of the Witwatersrand, in conjunction with other interested
parties, is involved in the Computer Aided Reticulation of Townships (CART) project. The
projecc aims at constructing a Computer Aided Design system which is to be used to
configure the cabling in the townships. Computer Aided Design, or CAD, is a technical
drawing tool in which a user describes the design of a system in a graphical form. These
graphical entities, within the CAD system, are the pieces of data in the system which are
manipulated by the user.

Initially a plan of tli~ township is set up within the CAD system. This includes the layout of
hIe stands, the roads, the rivers and other physical entities located on the plan. Once this has
been completed, the configuration of the cables and other power items are positioned on the
plan of the township. Using the CAD system, the operator can optimise costs so that expenses
can be minimised. By cutting a fraction off cabling costs, millions of rands may be saved.
The CAD system must possess facilities for optimising the routing and thus reducing the
length of cable laid around the township and also choosing the most appropriate and
inexpensive cable, while still achieving adequate performance. The software must offer
facilities for simplifying the design, optimising costs, and choosing the most desirable type of
cable and IOOsteffective cable configuration.

Over and above this, the CAD system must act as an on-line assistant to the designer. Itmust
perform Integrity checks on the data entered by the user, alert of the existence of errors
detected, and possibly even take corrective action. The project report outlines a method of
structuring the software in such an intelligent CAD system. The object oriented approach is
used to create the individual software components making up the intelligent CAD. These
components. being independent of one another, can be moulded together to form the
intelligent CAD system, The object oriented approach is chosen for a number of reasons but
the principle reasons are those of reuse and maintenance. The basic components required in
an intelligent CAD system are: a graphical user interface, a list of entities in the CAD, and an
expert system.

In order to create an intelligent CAD system, it is necessary to integrate a CAD system with
an expert system. Chapter 1 and chapter 2 describe CAD systems and Expert systems.

1



Scope of research

The aim of the thesis is:

To identify and analysethe issues relating to intelligent CAD systems.
To formulate a conceptual frameworlc that supports the integration of expert
systems (or knowledge based systems) with CAD systems.
To propose a specific architecture that moots the requirements of the
framework.

The emphasis of this work is not to prescribe paradigms for intelligent CAD systems but to
provide Jb_;, necessary infrastructun 0 support interaction between expert systems and CAD
systems.

Structure of the project report

Chapter 2 provides a brief background to CAD systems. The facilities, advantages and
limitations of such systems are discussed.

Chapter 3 describes the basic architecture of an expert system. All expert system consists of a
knowledge base, an inference engine and a number of rules making up the knowledge base.
Each of these components is separately described. TIle chapter goes on to describe searching
strategies which may be implemented by the inference engine. Finally a frame based and a
blackboard approach of an expert system are described.

Chapter 4 describes the requirements of an intelligent CAD system. It further highlights
advantages and drawbacks that may exist in such systems.

Chapter 5 outlines some examples from the literature of intelligent CAD systems. The
techniques implemented and findings are briefly described.

Chapter 6 provides some ideas for an intelligent CAD system. It outlines the relevant issues
for creating an intelligent CAD system. A description is given of the interaction between the
different components of the intelligent CAD system.

/

Chapter 7 describes the software structure of a crude intelJigent CAD prototype that has been
developed. Each of the components making up the prototype. encapsulated Pi a class object,
is described. The chapter further explains how these objects interact with one another.

Chapter 8 provides the conclusions drawn from implementing the intelligent CAD prototype.
It highlights problem areas for such a system and gives suggestions for implementing such
systems in the future.

2
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CHAPTER 1 CAD SYSTEMS

Introductioo

CAD systems sre powerful toa1s uaed to ~ deligns in a graphical format. The user has
extensive capabilities to manipula1e and. modify the JB.Pbical information however he desires.
The grapbical iufOf'lD8ticn in the I)'!BIl may be mpteaenQ')(} by: text, points, lines, polygons
and CIIlWI.

When CAD syJ1e1DS·wem as ~ ooly highly qualified technical professionals were
capable of usina tbem.. n.y 11Il\ on ~ :main.frame machines, had limited capabilities
and were really ooly Cl'tIdc PlCi:zI&e& With the advent of more powerful machines
and ~ CAD ' ., ~ to a wider spectrum of people. The packages
ran OIl more powerfel.~ .. the software became more user friendly.

Even though C,Aj) ., ~ &:r easier and more flexible to work with than the
earliC'f ty!~, .., Itdmitall)'smms. CAD systems are used in a specific field,
such as: engi~~if.lt or muufacturing. First time users are faced with a steep
learning curve fat ......... f:'l rcuonJ:

t,' "

u.. ·W'lth a aJaalJow·.lrnowledge in the field are required ::0 increase their
.~ m that field.
U... c.o. lD learn what each symbol that is used in the CAD system
~ and understand its purpose.
Uzn tmlit lmderstand how the entities in the CAD system interact with, or are
~ to. one another.

CAD system! C8l1 put together complicated Z.' intricate diagrams. These diagrams may easily
model the probla:n donWn. CAD systems provide powerful tools to create detailed and
&CC1.i1'!Ue mawings. TIley provide tools to copy, modify and manipulate the entities in the
drawing.

(
1
i

By setting out the diagram visually on a computer, the designer can get a better understanding
of the problem. CAD is an excellent communication tool since graphical information can
effectively represent the information in the design. TIle diagrams are passed along to different
members of the team for scrutiny. The diagrams are easily understood by people fluent in the
problem domain, Haws may easily be picked up by team members.

As has been mentioned, CAD systems possess many useful features that has ensured their
popularity. They enable graphical and textual information to be manipulated in many different
ways. Some examples of CAD systems include MICRO STATION. CADDY, CATlA,
TIJRBOCAD and AUTOCAD. The next section looks in more detail at the abundance of
facilities that such systems possess and describes some of the tools incorporated in such
systems.

3



Featlu'cl

Gordon- describes AUTOCAD II a popular CAD system that is used on a personal computer
(pc). Thia plIdIqt • 1ft ~ of a typical CAD sys1eIl1 that is widely used in
~ ~ ~ ad many other fie1ds. CAD systems operate on
-.~ "" ... (fu::& .... PCh are ~ve systeIDI, contain an abundance of
Ie.... l11li ......•• 0-' trKliI.. They have been designed by the professional for the
pa.6cIIa.tt'.... c_~heIIic~ t1w CAD systemS possesses arc:

/i:i."rl1.'-i-" a COfJ)rnrmd1ttUCtUre. The menu system is laid out
~;·'t''''I~ 1\\)" any op1ioo U·..l/ailable when you need it. Pull down

u •• II"'f.,.. ..,. (~ keys), a :motUle and It digital tablet speed 'Up the
'i:i;~ _ opdooa.

H' J :aa.: ZI..\()IlJfld and panned into and out of, scaled- rotated about any
..,.., ~. sooved, grouped together to form mare compiex entities,
.-:bed Gt dtnmk, 8."tved and retrieved to and from disk and positioned
,~ w other entities.
".f__ y be intermixed with graphics.

_, ,~ fonts sud text styles may be selected.
l!bfties may be filled in with various types of fill patterns.
Different typeS of line types may be selected such as dotted, dashes and
cominnous.
Different modes of drawing may be selected such as free-hand and isometric
An entity, or entities, may be block marked. These marked entities may be cut
m::d paste or their attributes (such as line style) may be modified.
Entities in the drawing may be interrogated to extract meaningful information
from them such as:

* The midpoint and length of a line
* The angle between two lines
* The distance between two points
* Coordinates and other attributes of an entity

The attributes of entities can be modified.
It is possible to locate die closest point to a line within a search area.

A layering system enables entities to be placed in different layers. Each layer may be
manipulated individually or in conjunction with the other layers. There is a dra.wj~.q; layer,
hatching layer, structural grid layer, piping layer, electrical layer and a layer wiu, ~
construction guidelines.

CAD systems also have a macro facility to deal with repetitive operations. A series of user
key-strokes can be recorded to carry out a series of operations. The user's key-strokes may be
played back to redo the operations. This facility is extremely useful if the user is required to
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carry out many :manual and repetitive ~OOI. CAD ryste\J may c001l'inJ their own
programming language and may link in modules from <ld?,eT programming languages. These
languages enable algoo.thms, which carry out defined operations, to be used with the CAD
system.

CAD is a powerful~ ma,uipu18ting and working with entities. Entities are the shapes in
the CAD and am ' . ,by a. name, a. unique identity and attributes. An entity may be
made up eX ~ to form a complex entity. Complex entities may be manipulated
as e.uilyas simple ~

The entities is ... CAD ::ysr.m can be stored in a database. Entities relating to specific fields,
stiCh as the B.llCO.' iDdmIfey, CO!struction industry or any other industry can easily be created
and sUD'd in It ~ and retrieved into the CAD when required. Both complex and simple
entities do DOt nocd. to be redrawn from scratch, but can be retrieved from a database and
copied onto the IC1'f!leIl.

The CAD's da:tabale keep,- a permanent record of the design in progress. The information in
the databue e&n euily be analysed or modified. CAD systems can update or manipulate the
characteristics of entities with common names" identities or attributes. A relational search may
be perfOl'Illed to find and replace the characteristics of a specific type of entity. For example
all transfOOllel'8 may be changed from a blue outline colour to a red outline colour.

'The database enables CAD to oecome a complete and accurate documentation tool. The user
can keep track of the inventory in a design and print different types of reports on the
components in the system. A list of entities such as cables, transformers, etc can be kept in
the CAD database. Reports relating to the equipment such as the number of cables or the
types of transformers can be quickly printed out. By getting these detailed reports, accurate
costing of the prcjects and inventory control can be implemented.

Limitations

In a typical CAD system, entities are represented on the screen by a pixel map or a vector
representation. These entities have no meaning associated with them. It is the responsibility of
the USC?f to understand what individual entities represent and the relationship between them.

A user may modify these entities and their relationships to one another as he desires. He is
responsible for all changes made. There is no integrity check of his design decisions by the
system. It is probable that impractical and unrealisable designs are developed. Often
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impracticalities in ~ design are found in the construction phMe. Errors resulting from the
CAD have serious repej!Oc,1~~ionsin the financial costs. If these :rror! could be detected 1n the

• j

CAD system perhaps vasr SUulS of capital could be saved. t,

Present day CAD is a pictorial representation of the design. The CAD itself does not have
an] intelligence and puts the entire work: load and responsibility of the Cesign in the hands of
the user. CAD systems lack a problem solving capability. They are tools for representing
information in a pictorial form and storing the parameters of the lines and points of the
entities in a database. TIley are not application SlJ{',cl:fic.

In order to solve problems in a specialised application, complex algorithms need be
incorporated These algorithms must be hard coded into the system to suit the application. fur
example a problem may arise in the CART system which states that a transformer may not lie
within ten metres of a consumers stand. Thus whenever a transformer or a stand is located on
a drawing, ~;.procedure is rur which checks whether. it lies within the restricted area. It is
time-coasnming work and eri,Jrt needs to be expended in order to debug and solve these
algorithms. It is no trivial task. to update and modify these algorithms as an applications
requirements change.

Although relevant information b captured in the CAD system, each algorithm that
manipulates tOO data has to be explicitly coded. For the typical CAD system, very few
algorithms exist and so the data in the system is barely utilised. CAD systems do not provide:

Contextual pelp on the entities in the system.
A description ,of restrictions applicable to an entity.
The restrictions applicable to the attributes of an endty relating to the context
that the entity is in.
Dependency relationships that this entity has to other entities,
An indication of the maximum and minimum allowable values that the
attributes of an entity may have.

Thus the amount of interaction between the user and the computer is limited. The user only
has a tool to draw the entity on the screen and assign it attributes. The system performs a
limited check on the integrity of the system for out-of-bound conditions.

r
1
1
1
f

Conclusion

In the past decade CAD systems become more powerful, easier to use and inexpensive to
acquire. Today they are in widespread use by technical and lay people alike. CAD systems
are becoming more and more user friendly and advanced.

These systems need to be Simplified even further so that someone, with limited knowledge in

6
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the domcin of the CAD system, is able to work competently and effectively. What Is needed
is to reduce the learning curve of such systems so that they can be more widely sceepted in
the market-place.

There is no doubt that CAD systems are impressive tools for representing drawings. They
possess many powerful features which can simplify the task of the designer immensely. These
systems contain much useful information which is not, and could be, used to simplify the
design process for the user. Expert systems, which are described in the following chapter. are
perhaps useful tools for making use of this "unused" data in a CAD system.
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CHAfTER 3 EXPERT SYSTEMs

Introduction

Expert sysrems have been itl use for 0Vt\1" two dfIcades. However, in the past, they have
mainly beeIG UIed bY.~bcrt invDlved in the field of a:rti:fi.cial intelligence (AI). Expert
syatemI ha. alwaya ~ ·cxmWered a ibnn of AI and have been e-sociated with btlier AI
concepti Jl.'ICh as ~ I»tWIXb and fuzzy Iogic.

:&pe.rt •." .... __ tile.~ alpithmic approach toprogramming, Instead of
COh~,_ ~ .. ~ 1:t.t.iDa~ algorithms, the contl.11 of logic in expert systems
is Jri__ ,.~WC1:J. is stored in a apecial purpose database. called a knowledge
bale. _, .',•....•..•.~ 4\ ~.ba8e of domain specific knowledge. This

, •. ~ 1II .... 'bnn of rWes. For this reason expert systems are often referred
~d"~

~.·,·.to·~ ...·.~ qatems are well suited to deal with symbolic information, They
deal wi. tbo.~ of information using logic. The main languages used for expert.,..... _.,~.am1LiJp. Pr<.~log is really an exercise in programming in logic while Lisp
(~k·.~ of Liat Programming) is a means of programming with lists ofmf~'"
1'hia.dJapter SIIIiItVeI to describe the components of an expert system. These systems are used
at ~ ~ ktwwledge of an expert in a particular field in such a way that meaningful
information can be extracted from the system.

Basic architecture

Expert systems consist of three components (Browston"): Data memory, the set oj rules and
the iriferert.Ce engine. The set of rules and the inference engine ate described later in the
chapter. Data memory is the global database which represents facts and assertions about the
problem. Data memory stores the current state of knowledge during the problem-solving
process by holding symbols that represent facts about the domain world.

The state of the data memory is tile main control over the execution of the rule based system.
Control also depends upon the problem solving strategies of the inference engine. The
inference engine ls used to execute, or tim, the rules. It determines which of the rules are
relevant and which rule is to be tested next. Browston" notes three states that the inference
engine" must have: match rules, select rules and execute rules. Match rules determines which
rules are relevant to the specific problem domain and builds up all the rules into a rule set.
The rule set (also referred to as a conflict set of rules) contains all the rules that will be
executed by the inference engine. Often rules are repeated in the conflict set of rules. The
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conflict ~ of rulea it Pf:UJICCl to t.be next state, seleet rules. Thi.J state. us> g some selection
stta1iegy ~ wblch ruJ.ea will actually be executed. The inference engine transfers to
the third. ~t ~ rules, by executing the rules selected. Once the execution hi
con:Ip~ the ittf~ engine cycles back to the first state, rule matching where all the
rules _ raeed to be ~ 1.00 executed (a conflict set of rules) are determined and so the
procea.~. The rule interpreter is used to execute the rules by interpreting the
~·aDd actions of the rules.

,'l'I1e .~ .~ uses rules as the basic element of data that is manipulated. The structure of
the rnfc iI in the form: if <condition> /hen <result>. The conditional pan of tho rule is
~ 10 .. the left hand side of the rule, while the resultant part of the rule is referred toAI.'" >riPt hM:ld litfu of the rule. The IMt hand side of the rule usually contains a boolean
~ of chl.uleg., such as AND or NOT. A clause specifies a restriction on the value of
....... ~ that may be represented in data memory. The right hand or action part of the rule
••~ Ii lilt of modificarions to be made to data memory when the rule fires. The
•__ lilItUtlly add, modify or delete elements in data memory or even read or write data to
.. bcm an inplilt output device. For example given the rule:

W ,be car has a battery AND If the battery is dead
THEN the car will not start

Shou\d both of the 1F clauses be satisfied, then the THEN part or action part of the rule is
sfIII.:Ufied. The action part of the rule sets up the status value which might exist in data
memory to, for example, StatllsOfCar=SruCK.

Kaowledge representation

9

'The knowledge of an expert is captured in the rule base in the form of rules. Rules may be
far.tual. rules of thumb or even non-precise. For example if a car will not SlRIt a number of
reasons for this. may exist:

---
1) IF 'the ca.T.'has no enqi:ne 'I'HENthe car will not sta:rt
2) IF. the car has no petr<Jl "~~HENthe C:lr ;-vill not start
3) IF the car has no battary '!HEN the car will not start
4) IF the battery is dead THENthe car will not startl

If'i_gure 1 An Example of Rules in a Rule Base

It may be found that reasons 1,2,3 are false. The ear has got all the necessary equipment, i.e.
an engine, petrol and a battery, but somehow it will not start. Aft .. analysing rule 4 it is
found to be true that the car will not start because the battery is dead. This simple example



conflict set of rules is passed to the next state, select rules. 'This state, using some selection
strategy determines which rules will actually be executed. The inference engine transfers to
the third state, execute rules, by executing the rules selected. Once thv execution is
completed, the inference engine cycles back to the first state, rule matching where all the
rules that need to be selected and executed (a conflict set of rules) are determined and so the
process continues. The rule interpreter is used to execute the rules by interpreting the
conditions and actions of the rules.

The expert system uses rules as the basic element of data that is manipulated. The structure of
the rule is ill the form: if <condition> then <result>. The conditional part of the rule is
referred to as the left hand side of the rule, while the resultant part of the; rule is referred to
as the right hand side of the rule. The lefl hand side of the rule usually contains a boolean
combination of clauses. such as AND or .!'JOT.A clause specifies a restriction on the value of
some: entity that may be represented in data memory. The right hand or action part of the rule
is generally a list of modifications to be made to data memory when tde rule fires. The
actions usually add, modif; or delete elements in data memory or even read or write data to
and from an input output device. For example given the rule:

IF the car has a battery AND If the battery is dead
TIIEN the car will not start

Should both of the n=<' clauses be satisfied, then the TIffiN part or action part of the rule is
satisfied. The action part of the rule sets up the status value which might exist in data
memory to, for example, StatusOfCat-=STUCK.

Knowledge representation

The knowledge of ?11 expert is captured in the rule base in the form of rules. Rules may be
factual, Tilles of thumb or even non-precise, For example if a car will not start a number of
reasons for this may exist:

I

I

w-F the car has no engine THEN the ca r will not start
2) IF thQ car has no p.trol. THEN the car will not startl 3) IF the car has no battery THEN' the car will not start
4) IF the battery is dead THEN the car will not start
,-,----

Fi_9'ure1 ,A,nExample of Rules in a Rule Base
It may be found that reasons 1,2,3 are false. The car has got all the necessary equipment, i.e,
an engine. petrol and a battery, but somehow it will not start. After analysing rule 4 it is
found to be true that the car will not start because the battery is dead. This simple example
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shows nnw the expert system analyses a series of rules and so manages to pinpoint a solution.
If condition 3 was found in be true, ("th~ car hes no battery") condition number 4 would not
have been. evaluated at all.

AlI knowledge captured in the rule base is useless without an. inference engine. The rule base
it just a collection of lcr.owledge in a. rule like term, In the above example the resultant part
of the rule :is "The car will not start". The conditional part of the rule is one of the bold
c1a.Uf,cs,in figure 1, JUth as "the car has no engine". The expert system needs an inference
engi;;le to search far a :rule, find the matching rule and infer an sdditional rule.

/i

Fc~ sta~ that expert aystems form a natural way to express knowledge. They are a
coo1~ between a complete declarative but inefficient representation of knowledge
(wi1C--e.k:r.IowkJdge is defined explicitly) and a procedural representation that cannot be
EJla(f.lpu.la.re.d by prognum. In an expert system, knowledge is relaed to oilier knowledge and
. 11 also relared to procedures which manipulate this knowledge. For example, if a rule
condition iIsatisfied, then -.\dd.itional facts and assertions on the data in the system may be
establisb-oo. and additional rules .he knowledge base become candidates to be checked. The
knowledge accumulated so far may be modified by procedures which manipulate this
knowledge. '"

Rules

Lucas" notes that expert systems offer a simplicity of control. All facts are stored in a similar
form. Since the knowledge base and control is independent of one another, rule based systems
can cope with unanticipated situations.

LUCP'sl5 describes rules as being modular, thus additional rules can be easily added, with few
side effects- This simplifies the creation, addition and maintenance of the system. Rules are
easy to explain because they represent separate packets of knowledge. Their modularity makes
knowledge descriptions easy to update.

It is possible to keep a history of which rules have been selected and which have fired
successfully and which have not. The trail of reasoning which leads to a conclusion may be
logically followed and understood.

According to Lucas 15, expert systems are advantageous when the rules are unordered and may
not be organised as sequenced instructions. They should be used when:

The knowledge to be programmed naturally occurs in rule form.
The program's control is extremely complex.
The program is expected to be significantly modified over time.
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Rules may be ~'tI.1'J.1Od in a variety of ways. A common approach is a tree hierarchy
(Lucas1S). As rule ecmditi.ou are satisfied, the inference engine works at a higher or lever
level of the rule ~ ~g 00 the type of search strategy being used.

Inference

An inf'ereDce ~ is used to manipulate the rule base to extract more meaningful
information from it. It readfJ in a rule and determines whether the conditional part of the rule
is satisfied.. If it ~ It modifies the facts and assertions of the data in the system and from this
infers the ~ fI.lle. If the rule is not satisfied, the result is that the condition is untrue and it
looks up ~ type of role in the rule structure. It continues to infer roles until a result is
found or DO :rank can be fcund.

The i.nfe:1"ence engine needs a parser incorporated in it to compile the information from a ruie
and put it in a format with which the inference engine can work. The parser should be able to
deal with rules that are laced with multiple AND and OR conditions and pass each of these
conditions that is being tested to the inference engine.

The inference engine performs tht. zollowing functions:

Recognises immediately achievable goals
Expands goals that are not immediately achievable Into simpler sub goals
'rakes the necessary action to achieve primitive goals.
Backups the solutions of the subgoals to yield the solutions of their super
goals.
Maintains a goal tree to store the explanation of the decision making process.

Search strategies

According to FOX20, Rule-based systems are an extension of a searching strategy. In an expert
system rules are organised towards a solution. If a rule condition is satisfied, the solution
process is focused to other rules which may then be tested, A solution is finally obtained by
finding the rules which lie closer and closer to the solution. Rules may thus be thought of as
search operators. After a rule condition is tested, the solution space is reduced. The inference
engine continues to test rules which are closer to the final solution. Rather than having a
small set of rules which generate a large search space, a large set of rules generate a small
search' space. A rule' s condition is specific enough to identify the problem and generate a
search space which is much smaller while still containing a solution.

Generally speaking the narrower the domain of expertise, the fewer rules are needed to
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capture this know1:edge of the domain. As the domain of expertise gets more detailed it
becomes more difficult to encapsulate the expert's knowledge. Expert systems work:
exceptiooally wen fat sinJp1e syB1emSwho's expertise can be effectively captured in a
knowledge bale. Ii

ne ~ ~ ~ by the inference engine may be either forward or backward
cllsinitc or a ~ of both. Both hflckwal."d$ and forwards chaining use various types
o{.~ ~ IG ISem:Cb a tree structure of rules in a knowledge base. According to
~# ..... _ bar baIi£ methods that can be used to search the tree: breadth first
I~\, ~;/#t'IIi IlfHlI'dt;, ~g methods and heuristic guidance methods. Depth first
~ ~ ~ each branch to its furthest depth. Breadth first searching involves
~. III.. lievel before moving to lower levels of the tree. With the bounding search
~ _ ~ is ~ of bow well the search is progressing. This solution is
ued kt ~ ...... m the lJe&t'Ch space so that certain solutions need not be investigated.
He~ ~ :timits the search space by applying approximate principles or rules of
th.umh __ ~ information in the system. .

F~ cIKd:ning involves trying to determine a goal by hypothesising on existing facts and
~ in the system to prove the goal. The inference engine compares the facts and
aaaertions in the system with the rules and determines if the result is satisfied. It works
downwards from the top of the knowledge tree to the lower levels. The matching of the
inference engine has no effect on the state of the data memory. i.e, read only access to data
memory. For example from figure 1 the rule states: "if the battery is dead then the ear will
-,not start". Forward chaining examines the conditional part of the rule, i.e, "the battery is
dead". If the conditional part of the rule is found to be true, then the resultant part (If the rule
is satisfied, i.e. tithe car will not start".

Powers" states that an advantage of working forwards is that detailed evaluation is often
possible since the preceding states are known. The search can be reduced further by using
bounding methods, which has been described earlier. The major limitation is that the search
may not lead to goal states and hence effort is lost. Additionally, the initial states may be
many and hence a large search space results.

Backward chaining

In backward chaining the right hand side or resultant part of the rule is used for matching.
The rules that can achieve the goal are sought during the matching process. If the rule
conditions are not immediately true, the conditions may be used to establish new subgoals,
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Goals are broken down into subgoals until the result is a collection of goals which are
attainable. Backward chaining involves trying to prove a result by stating that if the goal is to
be satisfied, certain conditions have tD be met. Thus it works upwards from the bottom of the
knowledge tree. For example, from figure 1, it is known that the car will not start (the
solution). Working backwards it is necessary to check all the reasons that the car will not
start. Since the car has an engine, petrol and a battery, each of these components need to be
tested further. It is then found that the battery of the car is dead. Thus the car will not start
because the battery is dead.

Powers" mentions that the advantages of working from the goal state to the initial state, using
backward chaining are:

All paths end at the goal state.
No paths are wasted by generating states that do not end at the goal ..tate.
It is the only method that can be used when the initial state cannot be defined
explicitly.
The isolation of control knowledge makes the rules easier to understand and
explain.

The disadvantages of this approach are that detailed evaluation of the steps preceding the
current state are not yet known. Backward chaining has less flexibility than forward chaining
systems.

Blackboard systems

A blackboard approach is a system architecture that employs a database of memory that is
common to several processes, where each is a knowledge source. The knowledge sources are
unaware of one another but they all share the centralised, global data area called a
blackboard. The blackboard stores the current state of the solution. Typical state data that
may exist on the blackboard includes input data, partial and final solutions, hypotheses and
control data.

Each knowledge source updates this common database. The knowledge sources contribute
information that will lead incrementally to a solution. Each knowledge source is responsible
for knowing under which conditions it may contribute a solution. Thus with the combination
of all the knowledge sources having a background in a particular area of knowledge, they all
combine to solve the problem.

Blackboard architectures, of an expert system, use multiple knowledge sources and multiple
lines of reasoning according to Alty". Each knowledge source is a set of rules used by an
individual 'expert' to tackle a particular aspect of a problem. When a knowledge source is
activated, it creates a new hypothesis which it writes to the blackboard. A scheduler controls
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which knowledge source to activate next If two hypothesis are in conflict the scheduler
determines which knowledge source to activate.

Frames

Frames 'Provide a fonnaIism for grouping the properties of individual entities. A frame is a
data st:ructuie which represent3 an entity type. A frame's properties are described by fields or
slots. The knowledge is organi.';ed hierarchically in a frame hierarchy or frame taxonomy.
Frames are organised into an inheritance taxonomy. with the subclasses inheriting from their
Superc1JUI~.

In a frame approach, the eyIlem tries to find values to fill the unfilled slots (if a frame. The
properties of the slots which are known are used to select a candidate frame. If inappropriate
values are found then aootber candidate frame must be selected. A frame is not found if
insufficient knowledge if. supplied. In effect the system tries to find a frame which best
matches the known properties of ell entity. When a sufficient match is found, the system can
infer the existence of an entity type represented by the frame.

Slots may be filled by values or by pointers to other frames. When the slots are filled or
partially filled. a frame is said to be instantiated. Frames may be used to represent an entity
from different points of view Slots may have the following characteristics:

Contain generic, i.e. preset values, which occur in every instantiation of that
frame.
Take on default values if 110 other values are known.
Have conditions where their values might only lie within specified ranges.

Frames may be linked to other frames in various ways. A slot in one frame may be filled 'by
another frame. Brolio" mentions demons or procedures which are executed when data field
values are given to slots. These procedures, which are attached to a slot, may be invoked if a
certain condition is not satisfied for the slot. For example the proce-dure may request input
from the user for a particular slot value. Frames are used for inference and for checking a
body of knowledge for inconsistencies and omissions.

Capabilities

Expert systems offer a number of advantages which make them more attractive compared to
conventional programs:

Provide pennanentIy available human expertise.
Have greater accessibility to this expertise.
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Offer the possibility for the human expert to get a second opinion.
Explore different alternatives through the use of 'what if' questions.
Have the capability to solve problems requiring a great deal of knowledge in
situations where data is incomplete and expertise is unavailable
Offer the opportunity to solve problems that cannot be solved as well as
hl.llllaUS or conventional data processing techniques, such as cases where a large
number of cases must oe explored.

Limitatkms

Expert systemI have serious limitations mainly because they are in the early stages of
development. They have a number of problems;

Knowledge can be difficult to represent.
It is difficult to establish the degree of confidence in the outcome of facts or
conclusions.
Rules are restrictive as a form of knowledge representation for common sense
knowledge and implicit relationships.
Rules have a surface knowledge only (heuristic knowledge) but do not have a
deep knowledge, i.e. a knowledge of principles, structures, or the functions and
behaviour of objects.
It is a laborious and difficult process to extract knowledge from experts.
Data acquisition is the bottleneck in the building up of the knowledge base.

Conclusion

By capturing the rules that an expert uses and by having a mechanism that C'I:Jl deal with
these rules, it is possible to come out with a prognosis which would compare favourably with
an expert's. Expert systems should not be thought of as something which might completely
replace an expert, but as a tool to assist a less knowledgeable person who has much less
experience than the expert.

Alty30 mentions that the power of an expert system depends on how knowledge is captured in
the rule base and how effectively the inference engine can manipulate the data in the rule
base. An expert's knowledge and even experience can be captured in a knowledge base. This
knowl~.dge can be used by non experts in the field.

The rules within expert systems are not placed in the program code of the application. Rather
the application reads the knowledge from a knowledge base external to the program. TIle
knowledge base may be changed at any time, even during program execution. The control of
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the system can be varied by changing the logic in the knowledge base (Browston~ rather
than digging inro the acmal code itself. Control can also be varied by modifying the way the
inferenee engine loub 1IlProles S1 run time. This makes expert systems very attractive to
work with.

Expert ~)~ ~ ia the form of rules which are stored in a knowledge
base. There are a ~ of advantages in structuring the information in the form of rules,
Since the ru.b., sOt hmd wired into the program's internal structure, a flexible system is
achieved. ~ expert sys1lem8are difficult to debug, a programmer with less technical
expe:rtiIe may !Ie eapebIe of doing so. For an algorithmic approach the program needs to be
recompiled wi1tt C'WJty cbmF ~f;. In order to debug a program. it is necessary for the user
to have a ~ 'WOddng knowledge of the programming language that the algorithms were
V(rlUl:fl in. ~M:, to debug a knowledge base, less technical expertise is necessary because
the usee dJJioJ .. ~ to bocome entangled in the programming language. He only needs to
undem1wd kJw _ imortruttion is structured in the knowledge base and have a good
underI~ of the information structure of the knowledge base.

Typically, expert systems consist of the current state of the data in the domain. the
information I1:l'UCtm'ed in the form of rules, and a control mechanism used to read these rulesand··.addltioonl rules to be looked up. The control mechanism (or inference engine)
matcbet the rule, ~lects the rule and then executes the rules. This process continues until the
l'Ille Ilaa been satisfied, or the rule has been proven to be false.

The expe1! system needs to evaluate multiple conditions which are logically related to one
a.notbcr, with the AND and OR logical operators. A parser is needed to evaluate a string of
multiple AND and OR conditions which are grouped together. This parser is part of the
inference engine of the expert system.

Expert systems possess the capability to extract useful information from a system. Expert
systems could be used in conjunction with CAD systems to extract meaningful information
from the entities in the CAD. The following chapter describes how expert systems can be
used together with CAD systems to create an intelligent CAD system.
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CAD ,,__ poae8I many remarkable features. These systems could become even more
prcdac:IiYe" ~ them with "intelligence".lnteUigence enables the CAD system to
extrICt ._daaftd and useful information from the system. This information can be passed
on to ~ \'IlIff' K) Worm him of any incongruencies in the design.

mad"- CAD pl'O"Iides the CAD system with additional features that makes the CAD more
..... 6iadl'y 110 wcri.: with. It is as though the user has an on board assistant to guide him•

.AI. ~ CAD system can be achieved by giving entities in. the CAD additional features
aM. .. ~ rules to these entities. These rules determine the constraints and limitations
d dtD cmdtiea. In an intelligent CAD system, entities have a whole set of attributes associated
with ~ Bach entity is capable of checking whether it is in an invalid state by virtue of the
~ that its attributes have.

~ an entity ill a CAD system is manipulated, the system verifies if the entity has caused
.. i!.walid configuration in the cte~:;n. Each entity must be able to check tha; all the
reIadoosbips that it has to other entities are valid. In this way the system can ensure a more
mbust deSign using CAD. In typical CAD systems this is the responsibility of the user.

'1'bI:te are It number of factors which need to be traded off for intelligent CAD systems. A
~y coupled system leads to a less maintainable system than a weakly coupled one. A
weakly coupled system is slower than a strongly coupled one. A system can be thought of as
a eollection of black boxes, with each performing a specific function. For a strongly coupled
1)"I'tem these black boxes interact a lot with one another and hwe much interdependence. In
mda to make a change in a single black box of a strongly coupled system. it is necessary to
change other black boxes which have a dependence on the modified black box.
Maintainability of the software may need to be traded off for speed and efficiency.

Requirements of Intelligent CAD

Latombe's" objective in using an expert system in computer aided design is to blend the
designer and the computer into a problem solving team so that design problems ~'1 be
tackled more efficiently than working alone. The design task is allocated between the designer
and the computer according to their capabilities so that each of them draws benefits from the
work of the other. This frees the designer of a number of chores in the design of the "]stem
and so gives him more time to expend efforts in the problem definition stage of the design
process. The computer should perform design automation on a subprocess of the design
process that can be efficiently represented by the computer. The difficult aspects of the design
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process, which are difficult to program, may be more proficiently perfrA\.:"'i by designers.
CAD systems could be used to bring new kinds of resources into the system and to help to
achieve a better working team between the designer and the computer.

CAD and Expert systems are completer, different from one another. CAD systems display
graphical i"lfOilll4tion upon a screen while ...xpert systems interpret textual information in their
knowledge hues to come up with a logical conclusion.

In order to integra1e 1m expert system with a CAD system. it is necessary for the CAD system
to share tbeflinf()['Jl)l.t:iOll ;~---.~ entities with the expert system. The expert system should be
able to verity me in.fornh- ,;1)1repre seated in the CAD database. Should the expert system find
that all entitY ~ an invalid configuration, then it should pass 1! message to the CAD
system, The·t1AD systenl should be able to deal with the request and may respond by
displaying .a WliU'Dini message on the screen, highlighting or even deleting the offending
entity.

Each ~t of the CAD system should work separately and independently from the ot~er
pam of the CAD. The drawing part of the system should be completely unaware that it is
ful:eg:rated with a rule base. By separating these functions, the system becomes easier to
maintain because a change to a module is not propagated through to other modules. The
expert system should not even know that the graphical interface exists. All it needs to know
is that it is fed facts. which it analyses and comes up with results which it returns. Some way
must he found to integrate the drawing part of the system and the expert system so that Cley
may work independently of one another.

Role of CAD

CAD systems need to become more applic 'n specific. It is necessary to store more than the
pixel or vector representation of the entities. The CAD system must be more than just a
collection of entity names and attributes gathered in a database. Entities should be given
meaning. They should have attributes associated with them. These attributes should
automatically be determined when the entities are created, manipulated or destroyed,

Entities may have relationships to other entities .. These are set up when the entit!r is created or
manipulated or when an entity needs to know of the existence of relationships with other
entities. These relationships should be filled in or removed dynamically during the execution
of the program. The system should be able to reason with entities which ale explicitly or
implicitly related to one another. Entities have explicit links if they are related directly to
other entities, such as a cable may be connected to a transformer. Entities have implicit links
by virtue of implied relationships to other entities, for example all cables and transformers
which are enclosed by a stand, have a belongs to relationship with the stand entity.

In conventional CAD systems, if an entity is in an invalid state, then it is up to the user to
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validate that it is not the cause of an error in the design. For example if only one end of a
cable is connected and the other end not connected, it is completely up to the designer to pick
up the non terminated end I.,r the connection. A cable should really know if it is in an invalid
state and should inform the user of it or carry out some predefined action to rectify the
situation. The system should be able to check its own integrity.

Both conventional CAD and intelligent CAD consist of entities which contain attributes. A
difference between the two is that intelligent CAD also contains a set of relationships to other
entities. Thus an entity may have a relationship or a number of relationships to many other
entities.

Role of expert systems

Expert systems offer an ideal solution for capturing knowledge about entities in a particular
domain. For example cables or transformers may hsve specific rules attached to them. All tl
could be captured 11l a knowledge base. Each entity in the system should have a whole set 0,
rules attached to it. An example of fl. rule which pertains to both a cable and a stand is: "a
high voltage cable may not pass through a residential stand". This rule is satisfied if the two
objects which are related to one another are a stand and a cable. The cable has a voltage
attribute value of high voltage and the stand has a type attribute of residential. Either the
cable entity or the stand entity uses this rule to check if it is in an invalid state.

Capabilities of intelligent CAD

If an algorithmic approach is used, the complexity of the control structure in a program
increases dramatically. By having much of the structure of the program encapsulated ill a rule
base, a more easily maintainable program results. The sequence of events of an application is
decided at run time, while the complexity remains constant.

CAD systems can become more evolutionary to use. Knowledge can be represented by a
collection of data which can be relatively easily updated.

CAD systems can be useful tools for solving very new problems. The difficulties in
descrit '~'-'; the knowledge in the system may reveal the designers misunderstandings and may
suggest «ew knowledge to be collected. The designer can spend more time at the problem
definition stage of the design process. The description of the problem knowledge allows him
to tellthe computer what he wants without having to be concerned with the details of
attaining it.

The expert system forces the designer work to in a more constrained environment. Thus he
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hal! less flexibility than he would have before, which reduces the margin for error. Errors in a
projpct may be picked up quite ....arly in the design stage, rather than in the construction stage.

1'I1Iere .. a """ ~ ,-Jl:tiDa from combining CAD ",1th expert systems. The principle
one is that ~ ~ .. ~~d to ~ new rules into the system and to maintain the
~ulu.lf~t the ~5 uf information iri a rule like fOI'1DP.t offers many advantages.

// )_')

~~ ~ ",~ tIeoome incorporated into the CAD system it is necessary to
~ .., ~1II.tIIiM* tfllese entities and to append additional rules, concerning theseM~to_~. __
Modi~. __ baa are necessary. The cost of maintaining the knowledge base may
be hip.1t_.1r.!ed 110 be modified and edited with changing requirements in time. With
the ~ rL1ilIfW _tities into the system, additional rules need to be added to cater for
tbiI.

" The ~ _ ~ validity is captured in the rules. Thus roles which are ambiguous oi

~ .. , il'UUlt in errors.

The ~_ t:I!Ibn SO evaltulte rules may be large. ntis would cause the intelligent CAD to
extlCU1!e 1tJC) dowly In be practical for an on-line. real time system. A way must be found of
~ th:e processing of the system so mat. the system is practical to work with in real
ti:rne, wfli1e It the same time able to perform all the necessary system integrity checking. In
,!Xder to accomplish this it may be necessary to carry out some of the processing in an
overnight batch run or on another machine on the network.

COUdUOD

It is highly desirable to use expert systems with CAD systems. Very crude intelligent CAD
systems can provide great assistance to users. However the price is great in developing and
maintaining such systems.

Intelligent CAD systems provide each entity with the facility to validate its own integrity
when it is created or manipulated in the CAD system. This enables the designer to locate
errors -early on in the design process.

In the past much research has gone into finding ways of combining CAD systems with expert
systems. The following chapter describes a few approaches fr It others have taken.
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CHAPTER 5 EXAMPLES OF INTELLIGENT CAD SYSTEMS

Introduction

The previous chapter has discussed what an intelligent CAD system is required to do. This
chapter examines what other researches have implemented in order to achieve a similar kind
of an intelligent CAD system. Relevant issues ere brought up such as: entity representation,
knowledge representation and the different types of knowledge that can be incorporated into
an intelligent CAD system.

Representation of knowledge and entities of the CAD system

For the design of knowledge based systems in CAD. Bncarnacao" suggests that tile following
problems need to be solved: entity and knowledge representation, system control and
knowledge acquisition.

Entity representation and knowledge representation involves the representation of the entities
(with their geometry and graphic structure) and the representation of the knowledge about the
entities. Knowledge is associated with each individual entity as well as with reladonships to
other entities.

System control concerns the man machine interface, graphic dialogue, access to the methods
manipulating the data in the domain, the methods needed for the problem solution, and
implementation of the inference between the knowledge, the problem description, and the
related entities .

Knowledge acquisition is concerned with building up the knowledge data base. The data in
this knowledge base should be structured so as to minimise redundancy, limit ambiguity and
maintain consistency.

Encanacao" states that the implementation language and the corresponding graphics interface
should be able to interact with one another. This could for example be an interface between
Prolog and GKS (Graphics Kernel System), OKS is a graphical standard that many CAD
packages use in the display of their graphical output.

A User Interface Manager (UIM) handles all the interaction between the user and the
application. The knowledge acquisition and User Interface Manager (DIM) needs to be set up
so that the Uset Interface Manager and the dialogue component of the knowledge base may
interac-t with one another, This enables the task of building up the knowledge base to become
interactive. It is important to be able to easily and effectively build up the knowledge base,
which controls the flow of program execution.
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The system comprises a knowledge base, data base and methods base. The knowledge base
contains the rules of the system, the database contains the entities in the system and the
methods base contains the procedures that use the information in the knowledge base and
from that modify the entity information in the database. These databases, with User Interface
Management support, need to Ix. integrated. so that the system may work. with the information
in the different databases.

RePleIileRtatioB aDd lIIfln:h of data

Powers11 ~ ttJat J..two ba.Iic fea.tu:res of problem solving are representation and
Iwdt of the·~. ta ttIe ryatem. H:i8 paper discusses the different types ({
I.... ~_ ... ~ A well structured representation results in a small search
apace. His· ,,!Ult.btl beeIl ~ develop an efficient method for looking for the solution in
the ~ ....... ~ solecm Powers mentions three general representations; state-
1~""'121'''''', ~tions representations, and theorem-proving representations.
Sw..~ .,...~ imtolves searching from an initial state to a goal state. In
~.~ is broken down into smaller subproblems so that the original
~ ~ 110at _ at tIivi~ problems. Theorem proving representation makes use of
bcoleaa ~ I!) aoIYe problems. Powers examines each of these representations and
di.~.~ pilCI m.td cons.

In .... ~ rept'8lUltation. operators cause a transition from one state to another. Each state
is c~:in terms of attributes associated with it. Operators determine if an attribute of
a Itate hal tl!e proper value to pass on to the next state. The states making up the state space
form a tree like structure. The operators determine if a lower down state in the tree satisfies
tho~ltate.

Wb:en aolvmg a problem by decomposition, a large problem is broken down into a number of
i11'laUerproblems. Each of these subproblems is logically tested using the AND and OR
loik:al operators. The principle of "divide and conquer" is implemented by solving the logical
conditions of the subproblems that make up the decomposed problem. The solution of the
system is the result of the subproblems combined in such (~way that they are ANDed and
OReel with one another resulting in the solution of the problem.

Predicate calculi..<l can be used as a language for problem solving. It uses boolean algebra to
represent information, The AND, NOR, NOT and other boolean operators are used. Set theory
is used to group common information together and the UNION and INTERSECfION
operations may be applied to the sets of information. This approach offers uniformity in
representation and uniformity of searching in the problem space.

Chapter 3 discusses the various types of searching strategies that Powers recommends, i.e.
breadth first search, depdi first search, bounding methods and heuristic guidance methods.
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wu 00Ill3truCted which determined the configuration of computer
......."'.... W'ele placed within them. Tibbett and Bergeron found that_tftIfl by the system which made it impractical to work

'MIre DOt part of the physical world and were thus unlikely to
'tIle IYltem. Tibbert and Bergeron believed that the intelligence

be improved if obvious mistakes were detected in real time by the
••••• ,..... 1"wo modes of operation were used: an interactive mode and a.
___ lAiti ••• Simple rule conditions such as "disks of type Y must be within 15 feet

~ ••••• 1Udlittle processing and were easily incorporated into the interactive
R.llles which were far more complex took longer to solve and so

_ •• 'flUI.~on module. The configuration module contained the list of entities
__ ri... td {18 be validated. This module contained more complex rules which took longer.1M._ ft!Dd were solved at configuration analysis time. Configuration analysis was a
••• tS'~_tJ.procedure which operated when all the users were out of the system. Each
..,..,. ...~. was placed in the configuration module was tested and validated. A report was
,. tlMeld by the batch program. which ran for several hours. This report contained a list of
aDh emtltieB which were in all invalid configuration.

_l ••• r- __ ,...__ a CAD application ought tl" incorporate knowledge-based
__ • t ••• ,mxma at an application as easily as analysis modules have been

.I_MIL The raccess of combining analysis moduleswith graphic
...., tIilo ability to logically separate those functions.

(~I

'1& 0Ji'de't to produce a flexible interactive program that is capable of utilizing a knowledge
'ba.Ie. it is necessary to address two major aspects of the design: the interaction handler and
the latt:;wledr ..~base. The interaction handler organises the visible predefined areas on the
tcreen, including menus, prompts, command name, title and sketch area. Figure 2 shows the
bask: structure of such a system with the knowledge base in between the interaction handler
and the dat '.ase.

The interaction handler is implemented as e finite state machine. The transitions to a new
state is determined by input events, where input can come from either a user or the
knowledge base. Its current state determines what action it is to take. From the information
returned from the knowledge base or the user, the interaction handler can transfer to another
state. The interaction handler determines the current state the system is in and displays the
response or course of action to the user. As has been mentioned earlier in this chapter,
Powers" uses a state space representation where operators determine if a transition is made to
the next state. Fimte state organisation was adopted tl) allow the knowledge base to guide thl~
interaction.
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DataBase
Interaction
Handler

i'~~:& Integrating the Interaction Handler,
Knowledge Base and Database
(Reproduced from Tibbert and Bergeron19)

Knowledge baR ~ succeed or fail. When a function fails, the reason for failure is also
returned. ".rbe ~ base consists of four distinct components: a set of facts about the
daUlba3s. Ii set oi jt1t:ts about the interaction program, &. set of rules and an inference engine.

The ltnow1ec1p bale must have two kinds of facts about the data base. 'The knowledge bas?
must be able to eccess the information in the data base (entities and attribute values applied to
entities). I1must also have knowledge about the data base information, the kinds of entities in
the data base and hew to access information about those entities, The knowledge base must
have knowledge about the fundamental functions w}.;_;.cbcan be invoked by the interaction
handler. It need not know the semantics of these commands and r')w to invoke them.

The rules provide two basic types of constraints: consistency and completeness. Consistency
rules prevent data base:updates that cause a rule to provide the incorrect result. Completeness
rules guide the user in the information acquisition proces-, These rules relate the state of the
data base to the interaction handlers commands in order to direct the user to enter needed
data. Every rule field includes a response field which is returned to the interaction handler in
the event of a failure as a result of processing a rule.

The inference engine interprets the rules to determine if consistency or completeness
violations have occurred and to indicate to the interaction handler the results of the rule
processing (via the response portion of the rule).

The knowledge base does nothing to change the flow of control of the program, beyond
reporting errors. The knowledge base searches the data base for the first unsatisfied condition
and returns the command which will satisfy that condition as well as the associated response,
Adding new rules or revising rules only requires changes to the knowledge base. The
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interaction handler or the zapbics proa.ram do not need to be modified if no new basic
objects of program c.omnwlds are u.tiliaed in the new rule.

In typical menu dtbee tbe ~, rnenuJ and help have a statically defined
relationship. 1"' JelIf:II'OU have attac:hed a knowledge base to the menu system
making the tneD.lt •.~ ~ny avWble and 50 the system becomes more friendly for
the user.

This itl1e)ij ~ a knowledge of which pieces of information are important,
and needs ~: teD direct the graphical program to acquire this critical
inf~ "',.,., .. ~ 1t1f'.lI:HlI it wI)Uld be useful for a designer to be able to specify
the details fJI • ' .~ using \)nlditional interactive dialogue and then to switch
to a . ,Ii ,; ..•.,... -'. fa 1IlI~ the ~\lUD would guide the interaetion and focus thedesi...,.;, " . ' •• 'iarueI as defined ,by an expert in the field.

y_ '''''' ',',' ,~J~:'r'<-,
nbbcrt~ ~·r" XGRAPH system shows a working example of the use of knowledge
en~ ~ with interactive graphics. It provides two major functions: to enforce
data ""1.~'~ts and to provide a knowledge guided interaction dialogue.
0..... ".... , CCIaltraintl simplifIeS adding information into the knowledge base since it
is ~.to ,.", - hlfurmation that is stored in the database graphically. Any additional
ruleI ..... IdIIIcd,intn the knowledge base are tested for their consistency and validity. This
~ .,. ~on placed into the knowledge base is checked. Knowledge guided
intm' ..... ~ aims at attaching a knowledge base to the user interface so that menus
~ ccmtextua.lly sensitive. The user interface is greatly improved by having a menu
system'dIN CIm adjust itself automatically to the context that it is in.

T_ Tropic intelligent CAD system

The '1i'Opic system is an example of a computer aided design system that incorporates an
Olcpert system. With his Tropic system, Latombe" finds that a general purpose expert system
~ problem solving and knowledge representation.

Problem solving is concerned with finding solutions to problems for which no straightforward
soluuon process is explicitly known before-hand. Knowledge representation is aimed at the
representation of facts, laws, actions or judgemental statements so that they may be
e:fici~ntly used by other components of an intelligent system. Due to the complexity of the
problems encountered by the Tropic system, it has been realised that traditional algorithmic
techniques that require every particular case to be explicitly described, are inadequate for the
complexity of these problems.

Database management should be performed by the computer to represent the mood and to
access large amounts of data. Database systems may be manipulated by expert systems to
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provide common sense reasoning capabilities. The computer may maintain a context for each
problem or subproblem which is used. to restrict only the relevant information to be accessed.
This approach is similar to Tibbert and Bergeron's", mentioned earlier in this chapter.who
suggest the use of an expert system together with an interaction handler in order to determine
a context so that information pertinent to that context may be freely eccessed,

In the Tropk: ~ _ WIer describes the problem by stating the domain in which it lies
sad. the ~ ~~ be adlieved in the solution. The task of the system is to solve the
~ ... irii'i~, 'The steps that lead to the solution can be viewed and analysed.
'lbI!l Tropk: .~\_ .~ among several alternative steps by correlating their anticipated
effects _ .. -.._ be achieved. The system can also correct its bad choices and return
to ., poiIJt_ ~ a ~ approach has been taken.

The ~'.,._ ai:mI at design automation, man machine interaction and database
~atat. In tieIlp. automation the computer is used to assist in all possible subprocesses
of the ... ~ The man machine interaction allows the computer and user to carry out
t!le ~ .. ~ are most efficient at and thus reduce the work load of the user. Database
tl'W\I.ptIltfAl'J:£ ~ the most efficient way of representing information relating to the CAD
and 'lila expmt aystem.

'I'be Jllain OOjective of the Tropic system is to determine what type of knowledge
repreBelllation is required to solve design problems.

Strucmre or Tropic
The overall structure of the Tropic system is shown in the data flow diagram of figure 3. It
contains a knowledge selector, a design problem solver. a store of the relevant knowledge, the
domain, problem and problem solving knowledge, the model data and the control data.

The Tropic design problem solver contains the structural problem solver (SPS), the numerical
problem solver (NPS), the model data and the control data, as shown in the data flow
diagram of figure 4. The structural problem solver and the numeric problem solver produce
an analysis graph, from the MPR's (model production rules), that they use to analyse the data.
This analysis graph is generated in the form of an AND/OR tree called a model production
tree which is part of the control data maintained by the system. The solved and unsolved
decision points, achieved and unachieved constraints and gathered solution means are
recorded in the Control Data. A representation of the state of the current solution is
maintained. This model produced so far is stored in the Model Data.
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The Tropic System Design
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Figure 4 The Tropic Design Problem Solver
(Repr-oduoed from Latombe16)
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In tOO Tropic design problem solver, activities are coordinated by the coordinator: The
coordinato calls the structural problem solver for achieving the structural constraints, and
then the numeric problem IOl~ for achieving the numerical constraints. When one of these
programs encounters lit fail point, it calls diagnostic programs (identifies a decision point to
return to). The coordinator is responsible for returning to this point and making the necessary
updatings.

At each stage in the top down stmtegy, the coordinator (of the design problem solver) calls
the know1edp se1ec:tor, ·1eO fipre 3 of the diagram of the overall Tropic system. The
knowledge se1ee1Q' ~ koowJ.edge from either the domain knowledge, the problem
knowledge or tho ~ solving knowledge. This knowledge is described in the next
section. "fbe ~ smecoor ma.tclles the conditional part of the rule, i.e determines if it is
satisfied. The kBow~ ~ takes the user's description of the knowledge .•the model
data and the COlltml data IS inputs and returns its output into the relevant knowledge, which
is used by the probb:n IOIver. The independence of the problem solver to the knowledge
selector enables the designer to modify his description of knowledge during the problem
solving activitic:; of the system.

In the Tropic system!6, knewledge is divided into three areas: domain knowledge, problem
knowledge and problem solving knowledge (See figure 3)" These different knowledge sources
are used in conjunction to focus on the knowledge which h; pertinent to the problem on hand

Domain Knowledge determines the solution space of the system. This knowledge is collected
from the domain in which the problem lies. It contains details and concepts of the entities
which exist in the problem domain. As has been stated by FOX20, (in chapter 3 of the report)
the search space in which the solution lies is reduced by having a large enough number of
rules which describe the domain information of the system.

The problem knowledge describes the design constraints of entities in the system. Each entity
may have limitations imposed upon it. An entity may be restricted to have values in a certain
range or limited to take on specific values. Problem knowledge determines the goals to be
achieved and a feasible region of the solution space. This knowledge provides additional rules
from a different perspective, which reduce the search space in which the solution lies.

The problem solving knowledge is made up of advice intended to guide the solution process
devised by the system. The solution space is divided into a feasible region and an infeasible
one. Tropic attempts to find the solution lying in the feasible region. Heuristics, based on
experience and intuition, is called "problem solving knowledge". It contains pieces of advice
which guide and speed up the search process by reducing the search space of the relevant
knowledge even further. Problem solving knowledge contains designer's advice on the way to
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attain a iOlution in that feasible way.

Problem solving r..Howledge. treated as a set of secondary constraints, enables the expert
system to choose paths whtch IR ll'Xft iDly not to lead to a fail point (point at which the
system is stUCk and nnabJe CD .:ome to 8. ~). Oooe an error has been encountered, the
sysan "leams" to avokt ., path thIt ooaId k:ad w that fail point end ensares that the same
error CI!UIOt be ~" .._._.~ ~

ProbItm ..~ ... !,[~ .. problem solving knowledge are required to solve
tho desip problaaL .~ ••~ •••'" ~ ..shou1d: accept problem, domain fLqd problem
sotriaJ know ,=~." JIfJM' aM aecept the means of the solution from
this .... ' ~ ~ ~ of the system so that the user ran easily
....., _· ·•• ' spr0cet8.

Items of ~ .•tQ tie ~ are gathen~ into four sets: model production rules, anatysts
schemat4, die ~ 10 the problem knowledge and the pieces of advice to the problem
solvUrl ~ Nodcl production rules and analysis schemata correspond to domain
knowkdp. 'llst~.tsapply to the problem knowledge. The pieces of advice correspond
to r.ttc flIDh- ~~ kDowiedge.

~,t '

Tire ~. t(~ l?rtxluction rules is to provide the system with data so that it can gather
in~.~ ..... te models. Model Production Rules (MPR's) describe entities in terms of
attr~ '<*.1" a.'Uities and links between entities. MPR~s produce auxiliary data to be used
for ~!HI'\y J.t1PR's. MPR's have a context and will only trigger once a condition in the
MPI. is ~\ 1hus an MPR' s condition may only be executed much later on in the
~ of tbe'program.

Jbdt eodty in the Tropic system is represented by a name, a typ~ and a number of attributes
dUcribing the characteristics of the represented entity. The attributes may be structural,.'fin. Ii !let of predefined values, or they may be numerical. Entities may be linked
hierarchically, inheriting properties from the higher level entities, or associatively, having
relationships to other ent'ries which are not hierarchical.

The values of the numerical attributes of the entities in a model are not usually independent.
Changing one may result in modifying others, If one entity is related to another then by
adjusting an attribute in one entity may have the effect of modifying an attribute of the other
entity. The purpose of the. analysis schemata is to provide the system with a description of
these interactions. Each analysis program represents the procedural means to compute a
numerical attribute of the same or other entities. The left side of the schema describes the
applicability conditions of the program. The schema and its corresponding algorithm are
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invoked when these conditions are satisfied by the nniel procb.lr.ed so far by the system. This
allows for a procedural lepreaenwion in the system.

!_?

The constraints describe .. ftJq!1i=IJeDta tUt must be aatisfied in the final model. The left
side of a constraint ~ dIt.;,~ uodeI' which it must be actiy:,~ Its right side
repl"e$COiS the ~ ~ ..•by._ ~ Ib'eump~ It :true may state "the losses in
a tranlf011llet · 'fIIJ.lfA,XWA1TS MIll", Tbe left hand side describes the item
being :.U'1U'Uf_.IQi".~{~,""1id8p.es tlw resttktion on the transformer that its
lOsses Ill1l!t "'._ •• ~"'Aft'I....
In the 'coone Qt'~ a ~ ., expert system must often choose among several
alternatives' ". .•........ :.'.;. ~ U) • aohttioo. An exhau!Jtive search would be time
CO!lIDIIlirta.W' it~tld to focus the search. A plece of advice is a user's
j~: di:Mcrlbed in It form similar to a constraint, For example a
cable Witk. . . .. _,. _'ft very thick cables connected ro it These general
heuristic ~·· • ..,tll'f ... by allowing more likely paths to be searched first Even if
the piCI:e ... ··~f. tiel it tfoes DOt prevent the system from searching for a solution.

Tropic ..... _ u.eeur.es each step of a solution process that produces a solution of the
problem ~ is stated in the knowledge description. Tropic uses a state space searching
~ ·wIIere the information which may be accessed depends on the current state of the
system. n.c I)'Item carries out a number of actions, which transforms the current model from
one ItMt imo aaother. The solution process consists of a sequence of these actions. At points
in the dIrdsion process, decision points, Tropic must choose among several alternatives. Often
it ~ the problem solving knowledge to choose the best path. To get from state to state,
~ and. structural constraints must be satisfied.

Art expert systems may make errors. The system determines an error when it reaches a point
caned I fail safe point. where some constraints are unachieved while no local alternative is
available. In order to recover from a.'l error, it must backtrack to a previous decision point
when: the solutioo process can be earned on with another alternative. Backtracking consists of
choosing the decision point to go back to and undo the effects of the withdrawn alternative.
Backtracking is a time consuming task that is used to undo the actions previously executed
which cause the error. To get around thie, the backtracker uses heuristics to pick out the most
likely point at which an error occurred.
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A top-down strategy is Ci. powerful technique of in~ ',,;;.aig new levels of detail in stages.
branching down in a tree like structure. A top-down strategy also allows decision making
programs to operate inmore and more detailed abstractions defined. by the descriptlon vf the
knowledge, and use tbe final state of the solution attained in one abstraction as the starting
state in the next abstraction. Each successive stage can be tackled by the decision making
programs. The system maintairul a precise trace of the sequences execmed 80 far. At each.
stage of the top down It:r'a.tegy> the currently evoked domain knowledge defines an abstraction
of the solution'spaoo..

The new =m ~ at each stage of the top down strategy is used to update the set of
evoktxl ~ 10 be considered at the next stage. Thus as lower Iev~ls of the hierarchy
are l'CICJaed ~ P.more detail is determined about the problem. The' final state cI the
soltUion att:aiae.d becomes the new state in the top down strategy. The ton down strategy
~ tbc problem inw simpler problems which can be tackled ttl ;}c .!~y. Powers"
was ~ earlier in the chapter as suggesting the use of a decompositio., representation.
This type of lepr:~tation reduces the problem into a set of simpler problems which may
easily be dved"! ,

In'order to detemline the outcome of a rule, the Tropic system applies a top down strategy,
evokei the k:OOwledge, achieves constraints (structural 9!:1d numeric) and recovers from errors.
For more detail 00 a top down strategy, refer to Larombe".

An Expert system in a pipe-work management system

In Newell's17 pipe management system, the CAD system comprises three components: a
computer aided drawing system, a rule base and an inference engine. The rule base contains
the rules of the allowable relationships between entities within the application. The roles are
stored in a data base. The inference engine provides a mechanism for looking up ruleu and
returning the results obtained from the rules.

The system contains a language processo.; action routines, database routines, and graphical
output routines. The language processor permits the complex flew of control of the drawing
program to be described separately from the program itself. The language processor deciphe~'S
and checks for legal user syntax, It conr=ts the system by making calls to the action m:..l:ines~
the database routines, and the graphical . ntpu; routines.

The application contains a set ef action routines that are called by the language processor.
The action routines carry out some predefined operation and communicate with one another
by sharing common areas of data.
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The database and graphical output routines are general purpose while the action routines are
application specific. 'The graphical output routines draw the entities onto the screen. The
database routines retrieve information from the data base. The database interface isolates the
action routines from the detailed mechanisms of the storage of information. The action routine
passes the attributes of the elements to the database routine. The database routine, having a
list of allowable attribute values, checks if the request is invalid.

Further work in artificial intelligence, graphics and databases

Stevens" describes a sophisticated computer aided instruction program which makes extensive
use of graphics to show steam plant operation, Fein22 describes a project to provide a graphics
capability to an automatic authoring program. In dealing with re-planning Nasa space
missions, Sc~, and with configuring computer systems. McOennott24, show the potential of
using graphics with artificial intelligence. Work on graphical desig« leading to an automatic
redimensioning of parts by GOSS25 leads from graphics to artificial intelligence.

Neal26 reviews recent work integrating data bases and computer graphics. Such systems are
beginning to u artificial intelligence. techniques to assist in graphical display of data base
information. Garett and Foley" have developed a system to dynamically update: the graphical
display resulting from interactive updates to the data bas ...

Knowledge bases are particularly useful for providing data base protection by:

Enforcing data base integrity eonstraints.
Eetecting when a critical piece of information is missing and no sensible
default can rye assumed.
Answering the designers question "what next?"

The major cifference between a data base and a knowledge base is that a data base antains
facts and relations whereas a knowledge base contains facts that are organised towards a
solution. The knowledge base contains a representation about what it should contain and how
to go about acquiring these facts.

Concluslon

This chapter has identified important concepts for an intelligent CAD system, A good
knowledge representation is crucial to the effectiveness of the CAD system. The knowledge
base needs to contain data which is organised towards a solution. Different types of
knowledge can be represented in the knowledge base. The problem can be solved by using
the different types of knowledge in the solution process.
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These examples of th~ work of previous researchers have pioneered the way for further
development in intelligent CAD systems. However there are many obstacles that need to be
overcome before such systems are practically realised. The next chapter describes the author's
proposal for an intelligent CAD system.
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CHAPTER 6 A PROPOSAL FOR INTELLIGENT CAD

Introduction

After having analysed previous implementations of intelligent CAD systems in chapter 5, a
number of important issues have been raised, This chapter develops some of the ideas
mentioned in the previous chapter,

An intelligent CAD prototype is developed. The main objectives of such a prototype are
outlined. A brief description is given of the architecture of such a system.

Entities have a major role in intelligent CAD systems. The chapter describes the type of data
they encapsulate and the functions that these entities perform,

A major factor in getting an expert system to work is making it possible for the expert system
to understand and interpret the structure of the data thar it works with. Thus the data must be
structured in such a way that it is easy for the expert system to manipulate it

Objectives of the prototype

Each entil,'! in an intelligent CAD system has a set of rules associated with it. The rules
determine the constraints of the entity and the relationships it may not have with other
entities.

The prototype has been constructed to solve a specific problem. The problem involves the
validity of a relationship between 'bIVO entities, a cable and a stand. A cable iR represented by
a straight line and has attributes such as type, rating or voltage, A stand is represented by a
rectangle and has a type, i.e, residential or commercial. A rule describing an invalid
relationship that exists between a. cable and a stand is described in the knowledge base. If this
rule is satisfied then the system is in an invalid state. The appropriate action must be taken by
the system or the user must be informed of the troublesome area in the design. The rule states
"a cable with a voltage rating greater than MAXVOLTS volts may not lie on top of a
residential stand". Although this rule is extremely basic it is no trivial task for the computer
to solve it. Much processing and logic is necessary. The rule is invoked either when a cable
or a stand is created or manipulated within the CAD system. Once an entity is created or
modified, the system checks if the rule applies to that entity.

From the prototype it should be possible to establish what the problem areas are fer an
intelligent CAD system. This can help others find ways of getting around these problems. The
prototype looks at dealing with entities which are linked to or have a relationship with other
entities. It examines when an entity should check its validity. Certain relationships to other
entities need to be determined when the entity is created while others need to be determined
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during the testing of a rule condition. Rules must be defined for the entities in the CAD
system to ensure that the system can check their integrity.

The prototype aims to find out what and where the problem areas are in intelligent CAD, and
how the system reacts to getting stuck and dealing with incomplete information. The system
should be: able to find out any information that is lacking.

The representation of informatiqn is extremely important. The prototype looks at how the
entities in the CAD system are represented and how the rules within the knowledge base are
s.tructured so that they may easUy be interpreted by the inference engine.

The prototype a.i.ms at finding a basic framework for intelligent CAD systems and the
strengths and weaknesses of such a system. The prototype must be able to locate all the rules
relating to an entity and verify !that such an entity is in an invalid configuration by testing out
each rule condition with the information represented in the CAD. It needs to compare all
valid relationships between eMities and to check that these attributes in the relationships are
satisfied. The prceotype abo looks at what other technologies can be introduced in order to
make such sysrerns more effective, efficient, reliable and practical

System architecture

Intelligent CAD should be composed. of independent objects which interact with one another.
These objects are the inference engine, the graphical interj'ace, the list of shape entities in -;1Ji,
CAD and the knowledge bases. These objects should work independently of one another and
carry out the necessary actiens, For example an inference engine knows how to access the
knowledge base and come up with the rule condition or nag that no more rules exist in the
knowledge base. The main problem is finding a way to integrate these separate parts so that
they can ell work independently and at the same time mould together to form the intellige nt
CAD.

The expert system and CAD system should be completely separate and independent from one
another. By changing the implementation of the expert system or the CAD system should
have no effect on the other modules. The prototype should be created so that it can become a
reusable and maintainable system that can be easily improved by changing only the relevant
objects or deriving new objects from existing ones. The components should be able to interact
with one another and extract meaningful information from each other. For example,
information such as a particular type of relationship between the current entity and other
entities in the CAD may be determined.

The CAD system and expert system components in the intelligent CAD system are not very
diff:"'~nt from a conventional CAD and expert system. The only difference is that the
intelligent CAD system allows these components to interact and exchange meaningful
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information with one another.

Importance of data representation

Datl~representation is extremely important because both the CAD and the expert system need
to b.1eable to un.derstand and manipulate the information that they are presented. Both systems
neei,1i sccess to one another's data and so may be integrated to interact with one another.
~~ledge representation :is cracial to dIe effectiveness of an intelligent CAD system. This
~. been i~y tmphuised by Powers11 and Latombe" in chapter 5. The manner in
~~ knowJ.edce fa represented determines the extent to which it is communicated and
~/fe:rB1ood. A.ooording to Fox i9~ a good representation scheme reduces the amount of
rei~ of information, enhances the shareability of the data, and allows basic concepts to
~I~ in an unambiguous manner.

Ii
~h.owiedge representation concerns symax and semantics. Syntax involves structuring the

~
il-in • bm which·· •. ' c.ooveys meaning. Semantics involves describing relationship between
p.ow~ tv other Iorow1edge (Lucas"). The semantics utilise an is_a link to define
Ixonomic relll.tionsof knowledge to other knowledge. Knowledge may be represented in a

~~erarchkal network forming a semantic network. Another approach to representing links
~~tween k::ncwk;Jge is by use of frames as mentioned in chapter 3. A frame partitions a
sI~manticnetwork into easily identifiable concepts. The semantics of the representation
~~temrlne the generality of the knowledge.

AA~conling to Goodman", the choice of a good primitive which is conceptually rich and able
to. span the set of concepts germane to the application, allows the construction of a shareable
knowledge representation. Generality, accessibility and euensibility are also necessary. For
generality, the representation should support more than one function such as activity planning,
scheduling, question answering, simulation and graphics. For accessibility the representation
should be easily perused and altered and easily and unambiguously understood by the user.
For extensibility the representation system should easily aCkLptto representing and organising
information in new ways. Ultimately the level of intelligence a system will display may be
limited by the representation.

Goodman" states that reasoning occurs at many levels of abstraction. The complexity of a
problem can be resolved by working at the appropriate level of detail.

The basic unit for representing entities. processes, and ideas etc, is the schema, which consists
of a schema name and slots associated with it The schema encapsulates information about the
concept. The schema is related to other schemata in the knowledge base.
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Knowledp repr.at.aiion

A, has been mentioned.in chapter 4,. the lmowlldp ~tarlon determines how well the
expert system is to work and whether It iIto work at aU. Tbia Ilcctioo describes how
knowledge should be reprcsen1ed in order 10 entble the expert By1tem to understand and work
with this information.

As has been lJleI1tioncd in cbapIa':5 •.~. (:-.AD !WIt be able to represent explicit and
implicit relationah.<pa. .,. objects are self evident such as a cable is
conne<"tr!:d to:A be¢weet'l objocts need to be z,~ru1ated, such
as: ell the __ ~ to the atand entity. The CAD system
neec!•• '._ lICiheIms and determine both explicit
and·'.~

tm1i~ must be designed so that rules can be read in and adoitional rules can
... 1!'1_ existing rules. It should be able to ascertain if a rule is successful or if it is

.• ~ItII1JM_1ttillQtle state never to be evaluated. The expert system should be able to respond'''bb' ·~~dle:1I8 of the outcome of the rule evaluation.

8IlQ _ ~ in sucb a way that the inference
lIP ._~Jliladditiorud rules, One of the aims of
... ~L·l:I m hia Xgraph system, is to maintain the

._.Blt'eU in the knowledge base. Bncamacac" suggests
~g mechanism whereby the validity and

tbe rule base is checked. Rules should be easily and
taowlcdge bare should be structured in such a way that new

__ dynamically at run time. At the same time the system
_ICY of the data 8.8 the rule! are appended into the rule base. Rules
_pity muat be bighlighted for the users attention. If the result of a__* this should be recorded in a log. Thus the user may be
that are ambiguous or unreliable in the system. A useful feature is

:rules while the system is running. This allows knowledge to be entered

"" irItelligence of the system is captured in the rule base. It should be carefully structured so
that rules can easily be added on or modified. When rules are added into the rule base their
validity should be checked with rhe existing rules in the rule base. A duplicate rule should not
exist in the knowledge base and the newly appended rule should not cause an ambiguity or
conflict with an existing rule. The added rule should not cause the same rule condition to give
conflicting results.

According to Latombe's" Tropic system it is worthwhile to record the decisions taken by the
expert system so that the logic that has been implemented can be followed.

37



The i.nference enline Jhould a1Jo coow.n It det1criptionfacility, 10 that an explanation can be
displayed 00 how a pctlcula:r result WIll achieved from the informa.tion in the rule base. The
flow of losic can be followed and ~ for a part:icu.lar result. Thus, once a series of
rules ba"., fired, the user Ihould be able 10 go·through a report and follow the reasoning of
the inference engine.

Rules involve the re~ ~.mti.ties which have attributes having specific values.
Rules in the :prorotype ~ _, ,deal with entitiea which have a one to one relationship
with one another. P« ~ tlle s,-.n IIunable to handle a rule of six or more
t:ra11If'ormetI DOt ~.~ ... .,. ~ to a power outlet of It certain type (while five
Of leu tr8J1Jformcn ..,). 1!U ·af one to many relationship adds much complexity to the
evahtdoIt _ dID ~ of the prototype .

lI"fira~ approach is a powerful technique for structuring information. Classes are_.at tangible items as well as ideas or concepts. Classes contain data relating_i••• ~.dtons which perform operations on their data. Classes offer a high degree of
___ !II.' An instance of a class is called an object.

•. "., tb8t rekMu:n information may be easily and
_0IlU!M.it~ that the aearch space be made as small as

~ to the problem being analysed. The rules_tties tr.W3tbe arranged so that only the relevant rules relating

,...,..-.m properties characterise an object oriented philosophy (Booch'): er-apsuiation;
~e and polymorphism. Encapsulation encompasses unique data and functions. The
~Q1!Mf manipulate the data :)1 the class. Thus a high degree of abstraction is possible
mte'ldng the system highly maintainable and reusable. Being able to work at varying levels of
abstmction makes the object oriented approach very attractive.

Inheritance involves deriving child classes from parent classes. The child classes inherit the
data. and functions of its parent. Over and above this, derived classes are more specialised
than parents because they contain additional data members and functions.

As has been mentioned in the discussion of the Tropic system in chapter 5, it is advantageous
to decompose the structure of information so that the computer can work at the required level
of detail, Inheritance enables the data to b~ represented as an abstraction at various levels.
The attributes are stored at different levels in the inheritance hierarchy. Entities should be
able to return specific values of their attributes even if the attributes are at different levels in
the inheritance tree. For example the cable Glass is inherited from the line class which is
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inherited from the shape class. "l'be Ih&pe claD contains the details of the points and lines of
the shape, while the cable clus contains the attributes of the cable such as voltage, current
etc. Thus when an i.nmnce af the cable class is asked to return the number of points (the
number of points in the cable:), the cable looks within the cable object for this attribute. If this
attribute is DOC fotmd. the cable 100b foc this attrihute value in its parent class, class line. If
this attril:x~ is not found in the .line class, it is searched for in the parent class of the line
clalt~\ i.e.. tbe ~ dati. 'DIe abape c1ua which contains the number of points attribute
retmnJ • ~ »d1e able ella which roturnB this value to the class object requesting this
~'. TJIW·"~ .... g object is capable of accessing information in any level of its
bictald\1..... ~ information at a different level of detail.

_ •• _ llfi&mnent of one name or symbol to an action that iii shared up
~_ltliy. t w.I:th each class in the hierarchy implementing the action in a
~. ~ is used to allow objects to manipulate thernselves._~'Q,llly. Regmi1ess of the entity that is being manipulated, the entity

_ ..... to apply the manipulation meaningfully to itself.
{"I: }~,~t~,~;;ti~"'-~];~:~{?>":~,i<.,~,.._~~ object oriented facilities in combination, classes can be
....... ~. ~ a way that they can take care of themselves independently of the other
,.. •.., .... mn. This is desirable in the CART system. Object oriented systems are
IfdIr ~le systems therefore it is worthwhile to introduce such a technology in the
~ .•yatMl, which is expected to change much over time.

Message passing is the facility that allows objects to interact with one another while at the
same time being completely unaware and independent of each other. It is the means of
communication between objects. In Hirakawa's" iconic programming, objects instances modify
other objects by sending messages to them to change and update their dimensions.
Hirakawa's" message passing involves functions and data. If the class instance reccgnises the
messages it receives, the relevant function of the class instance is executed. If the messages
are not found then the search continues in the other levels of the inheritance hierarchy. An
icon may accept only certain types of messages (acceptable messages). Icons may transfer a
message from one icon to another, These are called transmittable messages. When two objects
are connected, one is active and the other is passive. Acceptable messages are compared to
transmittable messages in the object where the function icon belongs. If common, the relevant
program module is implemented. If no message is found, the search continues further along
the class hierarchy.

For example in the CART system, one object should be able to retrieve a specific attribute
from another object, A me, Je is passed to the object which returns a specific data member
value. The object that has been passed the message knows how to find the attribute being
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requested, even it exist! at It higher level in the inheritance hierarchy.

Bart' ~ .. whim the graphical instance is created, the application supplies a key
to idcDtffy 11m ~ 88IOcla:ted with the graphical instance. This approach has been
adopII4 i!_(!At) ~. Far the CAD prototype, when an entity is to be created, a key
wtddl is 1b: .~ ...~ is associated with the created entity. That entity can be indexed
and. 10 ~ .a manipW.a:ted by referencing on the entity number.

BIIr.t't...... b.CIUte an instance of the entity, components are recursively created and
~ 1mb. _ fiJled in. An entity may be linked to other entities in such a way that by
~. ~ til one of the other entities changes the value of the current entity. An
entity may ~'~ up of a cowl,>inationof other entities, forming a composite entity. When a
~ ~ wboIe attrlbutt..l have dependency links to the attributes of the other entities
is CfiDflad, _ ~ lattice H;traversed to compute the attributes which need to be
~ Tbe CIIltity is displayed. To delete an instance of an entity, the inverse process is
CI4'iId 0It. But:ities are erased-from the screen and dependency links are severed. In the
1it¢ I',Y1ItMIl entities may be linked to other entities hierarchically or associatively. When
~ a particular part of the entity, the entities which are linked to that entity are also
~ and refreshed.

Whan an entity is created in the prototype, the system checks if certain types of relationships
emt with any of the other entities in the CAD system. Should such a relationship exist
between two entities, a description of the relationship and the index to the other entity in the
relationship is recorded for each entity.

TIle existence of relationships between entities may also be determined when the validity of a
rule is being checked. Often in the validation of a rule, there may exist incomplete
information about a certain type of relationship between entities. In order to determine if
these relationships exist, it is necessary whilst testing the current entity. to check whether it
has such relationships to the other entities in the CAD.

When creating a graphical entity, the composite structure of the entity and dependencies to
other entities must be defined. Thus when an entity is drawn. dependency relationships to
other entities are recorded. When the entity is deleted. these dependency links are removed. In
the CAD prototype, when an entity is created, the relationship links to other entities are filled
in and 'when an entity is deleted or moved the relationship between the two entities no longer
exists and so the relationship links are removed.

Extensions or changes to the attributes of an entity are made by the methods. The entity is
modified by sending "change entity" messages to the entities. The entities contain instructions
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;;.' __ 10 dJL ~ of the sysrem. Entities need to be structured
·car m:.di1gfull,. extract useful information from one another. The

lIP \!IIIIU'J( ~ data famji:iar to it 10 that it too can manipulate and extract

lC~11ftJfJ~:bofft.n powerful and flexible features which make it appropriate
l'(l__ objectI am be created by building inheritance tree hierarchies .

.Ii object o:r.itmted programming, information can be encapsulated in
the syllle'.m. more maintainable because problems are located to specific

., dDht dIe ~y of the object. This also ensures that the system will be
••• ~ te and reunble than conventionally structured programs .

. ~ paradigm, each class object encapsulates a concept. By abstracting•••'.* 1bc clauea, each class is only concerned with the concept that it represents. It
~ .. Deed 'EO concern itself about matters which it does not understand.

'he i~ CAD system is made up of separate components which work together to
~ a :required level of intelligence"

't1te entities in the CAD need to work at the level of detail depending on the types of rules
daat are being evaluated. They need to access rules in the rule base to check their integrity.
The manner that this it to be achieved is discussed in the next chapter.
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CHAPTER 7 IMPLEMENTATION OF THE PROTOTYPE

Introduction

A system which ~ a llm8Il CAD system and an expert system was written. The C++
progra!Dming ~. was used. Object oriented features were implemented to maximise re-
usability. The ~ was developed to test out a number of concepts in order to determine
the requhe .... ta. .,lMaem! CAD system, Once a basic intelligent CAD system has been
dcwloped. mill~.cid tyItelllS can evolve from these.

The Pfi*JtYPI.I,1"-,_ ~ an expert system and a CAD system so that they co-
open1B to -alttII_ Je b design process. The functionality of the CAD is limited, only
beinl able' ..... operations such as drawing shapes and storing these shapes in a
tist 'J."br .~ ia only able to solve simple rules. The prototype is constructed
to ~.. m mr.elligent CAD systems and to highlight concepts which should
be .. qsfemS. By careful determination of the infrastructure, more complex
and ~~ CAD systems can be developed,

'!'be ~;fJ'WIai_ ai four separate ~ut integrated modules: a graphica! user interface, a
&r of .)t.~, a hwwledge base and an inference engine. These separate components

\) , ~ .... _ ~ to form the intelligent system.

Useful __ have been extracted from the literature to achieve an effective intelligent CAD
lyA'l1& ~:~ ideas have been introduced to tie up the loose ends. The project
report .~ 1\ software architecture which allows the main parts of the system to be
ca'-'..-l"into an intelligent CAD system.

11':dt8 ~ explains how the attributes of an entity are determined when the entity is
.~ manipulated or destroyed. The entity does not exist in isolation and SO it must contain
tbe infonnation indicating the links and relationships that it has with other entities. The
~ describes the different types of entities that are used in the prototype and the various
attribures tlr at they have.

Mention is made of the importance of entities needing to be aware of the existence of other
entities. A clsss, called the picture class, has been created to iterate through all the entities in
the CAD. The characteristics of the class and the motivations for creating such a class are
discussed. This picture class makes particular u~p.of polymorphism, encapsulation and uses
other object-oriented features.
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Shape class

The shape class is derived from the gview class. A shape entity has all the characteristics of a
view, i.e, it has left, right, top and bottom extremes. It is bounded by a reetangular.irea. All
geometric objects which are represented on the CAD are deriveC. fro!r. the shape class and
they inherit the attributes and member functions of the shape class.

Shape Entities contain lines and points which dI \ibe the dimension of tbe enm». Shape
Entities can create, destroy and modify themselvt, ...·'Shape entities draw themselves by
individuaIly drawing all the lines and points making up the shape. Should the dimensions of
an entity be changed in any way, the dimensions ofthe lines and paints making up the sl.ape
are alae updased. An entity carries out att operation '~pon itself after receiving a message that
ia passed to it The type of operation it performs depends on the message it receives.

A shape entity contains a relationship slot This data member describes the type of
relationship that it has with another shape entity and provides an index to the other shape in
the relationship. Each shape in the CAD system has a unique index number,

A shape entity knows how to take care only of itself and is unable to manipulate. any other
shape entitlesin the C.W. An entity in the CAD is aware of all its own characteristics and of
the existence of relationships to other fmtities.

Triangle, rectangle and line classes are derived from the shape class. These' subclasses are
derived further to become transformers, stands and cables respectively. The subclasses inherit
all the characteristics of their super-classes, However they do contain additional items in the
form of data. members and member functions. They are specialisations of their super-classes.
The Booch diagram in figure 5 shows the class structure of these classes. A triangle
represents a transformer, a rectangle represents a stand and a curve represents a cable.

Cables have a diameter and are made cf a certain waterial, have a maximum rating and have
a certain cost/metre associated with them. Transformers have a number of outlets, a maximum
rating per outlet and have a cost associated wi~. them. Stands have dimensions and may be of
a certain type. e.g residential or commercial.

Once a shape entity is drawn, certain attributes are automatically determined such as type of
entity or rating. Other attributes are later determined when requested by the rule: base or Lie
user. The entity itself cannot determine if it related to other shape entities. It can check the
state of its relationship slots. which describe any relationships that it may have with other
entities. An entity can set and return these values of a relationship.
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Shape entities are completely unaware that there is a world of other shapes around them.
Booch' states that a class represents absttaction., of objecu or concepts in the real world.
~.lel!e objects Ollly know how ft) tab cam of tbemad~ and deal with messages which are
passed to tha1i Objects are im~from the worid 81"OOll:1 them !dI!ce they may only
operate on the hlformatioo that they ~. All that an entity n(6ds to know is that 1t
exists somewhue, in space and tUne and bas a ~ set of attribute values. Since a shape
et1tity is completely una'lt'fll'e !hat it • ~ to other entities it j~ necessary to fill in the
relations~ip slot of the ,hape enti1J 1D tAU it that it doea indeed hav~ "arelationship \\:Ji
another eintity. The shape ~' ,~ J10 meaning to this rela~hip slot and performs no
operations ()I\ this slot but,,"', ' .....,.:. end RItUm me relationship slot values.

... ... ... ;,'_ ;:~:'&." >i ','_ -:

fo t.Ida' emities. For example an entity rnay be on t3p CJf, be
_IIU~. Once an entity is drawn, the explicit

CAD are detmni.ned. The relationship is filled into the
.. which shape entity it has a relationship "filili and

the entity is created (explicit relationships) while other
requested by a rule or the user (implicit relationships). For
might be determined when an entity has just been created

-111.... I.dry lying OC: top of the other entity). Alternatively a relationship
lQlt-e •__ I.tdly determined when the rule base requests to find all entities that

__ of the current entity. This would not have previously been
aced to be evaluated .

• ;i••• 11ttlat an entity is related to another entity? The picture object determines
r:Iadon.ships between shape entities. it keeps a list of all entities in the CAD
It contains a set of member functions that determine whether a particular entity_--hip 1'.0 any other entities in the CAD system.

~~ object is really a specialised container class. It can iterate through a list of shape
~ IlGdCO!l1lp8.Ie the attributes of the different entities with one another. For example to
~S1U1c if one entity overlaps with another entity, the picture object iterates through the Hst
of .. entities r.nd compares each line of each entity with these of the current entity. It then
~ for each line of each entity in the list of shape entities, whether it intersects with
the current entity. If the lines of two shape entities intersect then obviously one shape lies
above or below another. There are two techniques tilat can be usee to determine which entity
li~s on top of the other entity. The entity that has been created or moved more recently is
obviously on top of the other entity. Alternatively, wh: -:'l an entity is created or manipulated,
it might be desirable to date and ::.me stamp the entity. Thus the entity that was created
earlier would lie below the newly created entity and visa versa.
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Pt;ure 5 The Shape Objects within the CAD

~igur.6 The Picture Object
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~igure 5 The Shape Ob;ects Within the CAD

riqur~ 6 The Picture Object
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Once an ej'lti.~ is drawn and the entity has a relationship wim another entity, the relationship
slots of both entities are filled in. When a shape entity has been created. it is stored in the
picture's shape entity list.

The picture :Object determines inter entity relationships such as on top of, within a certain
distance of ere, It sends messages (i.e. the values of the relationship slots) to the shape
entities involved. The entity uses this information to set the values of its relationship slots.

It is imporutnt to bear in mind that:

a shape may have multiple relationships with other shapes,
Relatioo.4Jhipsmay be dynamically added and removed during the manipulation
of the shape objects within the CAD.
A shape entity may not know of all the relationships it has with other shapes,
since not all the different kinds of relationships arc determined when the shape
is created.

The rule base may require the picture object to find a particular type of relationship between
the current entity and the other entities in the CAD. The picture object is then used to iterate
through all the entities in the CAD and find which entities satisfy the relationship requested
by the rule base.

When an entity is modified in any way it is necessary for the picture class to determine if all
of its relationships of the entity are still valid. If a relationship is no longer valid for an
entity, me relationship slot is removed, For example an entity may have the relationship that
it lies on top of another entity but when it is moved, it no longer satisfies this relationship.
This means that whenever an existing shape is modified, it is necessary to re-evaluate all the
relationships that this shape has with other shapes.

In order to call the functions of the entity at run time, polymorphism is used. Depending on
the particular shape entity that is being manipulated, the program dynamically calls the
relevant member function to manipulate the entity. Thus even though a number of different
shapes may have a member function all with the same name, the correct member function
belonging to the shape entity is called. The picture object can select a specific entity in the
list of shape entities and by means of polymorphism can call any member function relating to
that entity.

Knowledge base

In the prototype three sub knowledge bases make up the rule base of the expert system: The
object knowledge base, the relationship knowledge base and the attribute knowledge base.
The inheritance hierarchy of these knowledge bases is described.
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The knowk.'dge base contains a collection of rules which describes relationships which must
or must not exist between entities. For example a typical rule that exists, states: Itahigh
voltage cable may not pus over a residential stand". This rule must be described in such a
way that the infuremce engine can easily interpret and check that the entities in the CAD
~~ rJ..4) not sadIfy this rule. The inference engine must be able to locate all the rules which
~ t() It ~ entity being tested. Thus if cable rules need to be fonnd, all the rules
:relatiDI to It ~. ~t be mdexed and easily retrieved.

, I)

11» ~.,.~ ... ewnritlll expertise, in a particular field, which is captured in a rule like
~ ~ 7 ~ the inheritance hierarchy of the knowledge base class. The FiLookUp
objIct it e,t_-Wruc ~l of the hierarchy and is the base class for the RulcList object The
P'~~_ca record from a file.

l

Figure 7 The Inheritance Hierarchy of the Knowledge Bases
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The parent class for the knowledge bRsesjs the RuleList class. The RuleList can search for.
read and find a rule from a knowledge base. It is a specialisation of the FiLookUp class, but
it reads a file having the format of a knowledge base file.

The Rulel.ist class is specialised into an object knowledge base class, a relationship
knowledge base class and an attribute knowledge base class. Each knowledge base, except for
the attribute knowledge base, refer to rules found in one of the other knowledge bases (figure
8 represents how the rules found in one knowledge base relate to those found in another
'knowledge base).

The object knowledge base contains a list of relalton~hip rules which are found in the
relationship 1nowledge base. The object knowledge base is a dictionary associating a set of
relationship rules which pertain to a specific entity in the CAD. In figure 8 the object
knowledge base contains no object rule which provides a reference to a rule in the
relationship knowledge base, i.e. rule number 6. Each relationship rule has a conditional part
and a resultant part. Should the conditional part of the relationship rule be satisfied, then the
resultant part of that rule is activated, The resultant pan of the relationship knowledge base
contains a list of rules which are found in the attribute knowledge base. If in figure 8,
relationship rule number 6 is satisfied, then the relationship rule refers to attribute nne
number 7. found in me attribute knowledge base. Each rule found in the attribute knowledge
base contains a conditional and a resultant part. If the conditional part is satisfied, then the
attribute rule is satisfied. In the case of figure 8, if relationship rule number 6 is satisfied and
if attribute rule number 7 is satisfied, then the object rule is satisfied and an invalid
configuration exists in the CAD.
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Figure 8 Indexing Rules From the Knowledge Bases
The knowledge base objects do not interact directly with one another in any way. They obtain
information from their own knowledge base and keep track of which is the current rule that
needs to be checked in the other knowledge base that they relate to. They read in a record
and store the relevant data from the knowledge base in their class's data members.

In the Tropic system, a rule may be structured over three levels in a tree like graph. The
highest level contains the description of the type of entity and the structural and numeric
limitations of tbe values of the fields of these entities. The next level describes the
hierarchical representation of the entity. The lowest level describes inter relationship links
between entities. A similar approach has been used ill the prototype. However the hierarchy
of the entity does not need to be described in a knowledge base because it is explicitly
described from its inheritance hierarchy from its parent classes,

The object knowledge base, contains a list of all the entities that are in the CAD. Each entity
in the CAD has a list of relationship rules associated with it. The relationship rules are
grouped together by the M'U and OR logical operators. The A..'JIID logical operator means
that if a rule is satisfied, the next rule must be checked. However if a rule is found to be
invalid, then the AND condition need not be evaluated because the result is false. The OR
condition indicates that if anyone of the rules is satisfied, then the rule is successful. A
parser, as mennoned in chapter 3, is necessary to check the validity of the combination of
AND and OR operators. A parser was not developed in the prototype since it would
complicate the basic inference engine.
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Structure of the knowledge base

The structure of the knowledge base greatly influences how the rules are to be solved. Here
the expert system is used to determine if undesirable relationships exists between entities.

Once an entity is manipulated or created in the CAD, it is the purpose of the inference engine
to find all the invalid types of relationships that exist between the entity that has just been
created (current entity) and other entities in the CAD system.

The following are some examples of object rules represented in the object knowledge base:

f)bject Name Relationship Rule No.

cable
stand

17
11&12&101&5

Tile labels "cable" and "stand" indicate the types of entities that the rules apply to. For
example "cable" has a single relationship rule, i.e. rule number 17, while "stand" has a
number of relationship rules associated with it. PO!' the stand rule to be satisfied all the
relationship rules, i.e. the relationship rules 11,12,101.5 must be satisfied since they all have
the logical AND (&) condition associated with them.

Each entity in the object rule base has a list of rules p ..ted with it. This list of rules
refers to rules that exist in the relationship knowledge ease. The relevant relationship rule :is
referenced in the relationship knowledge base by matching on its rule number. The following
are examples of some relationship rules represented in the relationship knowledge base:

Rule Objectl Relati(,)nship Obiect2 Attribute Rules

17 cable ontop
101 stand ontop

stand
cable

8&22&41!
44&33

The number in the rule column is the number of the relationship rule, i.e. 17 or 101. This is
the relationship rule referred to from within the object knowledge base. This rule states that a
cable entity may not lie on top of a stand entity.

Object! column refers to the name of the first entity to which the relationship refers, i.e.
cable or stand. Relationship refers to the inter relationships between the two entities, Qbject2
refers to the inter related object, i.e. the stand or cable. The attribute rules refers to the rules
that are referenced LI1 the attribute rule base. For this relationship rule to be satisfied, the
logical OR and AND operator, applied to the attribute rules must also be satisfied,
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If a first entity satisfies the given relationship with another entity, then that o';her entity
number is added to the list of entity numbers that satisfy the current relationship. This list of
numbers is called the conflict set and contains all the entities in the CAD which, Sf; ~~

satisfy the relationship with the entity currently being checked.

The relationship knowledge base reads in a relationship rule and stores the relevant values
into the fielas of the relationship object. Each relationship role has a set of attribute rules
associated with it The relationship knowledge base object contains an index to the current
attribute rule which needs to be checked.

For a relationship to be satisfied, each attribute rule needs to be evaluated. The rules in the
attribute knowledge base are represented as follows:

Rule Object TW Attribute Operator Value of At.ribute

8 cable current > 400
22 cable voltage < 400
44 stand type = commercial

The Ru1e column heading refers to the number of the attribute rule. The attribute rule is
indexed from the relationship knowledge base. The object type column refers to the type of
entity that the attribute rule refers to. The Attribute column identifies the field that is being
tested in the object, such as current, voltage and type. The Operator column refers to the
comparison operator on the attribute value of the object. The value of the attribute. refers to
the value to be used il.\ the test. Attribute rule 8 is satisfied if the entity type is a cable end if
the current attribute is greater than 400 units.

Itmust be borne in mind that the complete list of entities that are candidates for satisfying a
relationship are stored in the conflict set. All the entities in the conflict ' )t which are of the
object type given in the attribute rule are evaluated, If their attribute'; value does not satisfy the
rule, then their entity numbers are removed from the conflict set

The relationship is made up of a combination of attribute rules which are ANDed and ORed
together. The relationship rule is satisfied when the combination of these attribute rules is
satisfied. The next relationship rule indexed from the object knowledge base may then be
evaluated. If rl .:conflict set; which contains the list of shapes satisfying a relationship is
empty, then the relationship rule has failed.

The attribute knowledge base is passed a message containing the attribute rule to read from
its knowledge base. T'ie attribute rule contains a condition which a field in the entity being
validated must satisfy. The attribute knowledge bas: reads a record from its knowledge base
and retrieves the values of the attributes into the attribute object, The attribute rule contains
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the allowable thresh-hold values that the attributes of an entity may have.

Each knowledge base object contains data members which store the fields of each knowledge
base record. These data members store all the information which is relevant to the current
rule being evaluated. They contain the conditional and resultant parts of the rule. the rule
number and any supplementary information which is relevant to the rule (such as an
explanation of the rule, the time the rule was created, who created the rule etc).

Inference engine

The inference engine is the navigator through the rule base. It determines which rules are to
be looked up in the rule base, what acV:>fl is to be taken if a rule fires successfully or fails.
Additional information is obtained from the rule base thus determining if further rules need to
be looked up.

The inference engine needs to understand the syntax of the rule base so that it can interpret
the meaning of the rules. The list of all the necessary rules "iliatneed to be looked up is stored
in the separate object, relationship and attribute objects. The inference engine determines
which type of rule it is to look up next It contains a scheduler so that it can determine the
priority of rules, i.e which rule in which knowledge base is to fire next A relationship rule is
fITSt checked, followed by each attribute rule belonging to the relationship rule. This process
continues until the rule fails or all the relationship rules have been tested.

The purpose of the inference engine is to provide the mechanism for scanning the rules. The
validity of the rules me tested, additional rules are searched, and additional rules are inferred.
The inference engine controls the look up of the rules and determines the next type of rule
that is to be looked up, regardless of whether it is an object rule, a relationship rule or an
attribute rule. The method of searching for the rules is briefly explained.

Figure 9 shows the control structure for determining the outcome of a rule. The inference
engine first locates the entity to be tested from the object knowledge base, looks this up and
so gets a list of the relationship rules for this entity. The object knowledge base indexes the
first relationship rule to be checked. ITthe entity is not found in the object knowledge base
then the rule checking process ends. The first relationship rule is looked up in the relationship
knowledge base. If the relationship rule fails then the next relationship rule number is fetched
from the object knowledge base and is looked up in the relationship knowledge base. If no
more relationship rules exist in the relationship knowledge base, then no rules have fired
successfully and the process ends.

If the relationship rule is satisfied, a list of all the entities that satisfy the relationship are
placed in a list. called a conflict set, containing the shape index number of each shape entity
that satisfies the relationship. All the attribute rules relating to the relationship are in turn
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Figure 9 The Control structure for Dete:t:mining t:he Outcome
0'.1.';' a 'Rule
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l(l<'JkeJup. If no more attribute rules are found and there are still shape index numbers in the
conflict set, then the relationship rule is satisfied for the shape numbers in rl)e conflict set.
This 1$ recorded and the next relationship rule may be tested. if an attribute rule has failed
and the conflict set containing all the shapes satisfying a relationship is empty then the
relationship rule has failed and the next relationship rule. ~ tested.

The object knowledge base class instance contains an index to the next relationship Me that
is to be looked up. The next relationship rule is indexed, looked up and this process is
repeated until no more relationship rules are found. When finished with this rule checking
process, all the relationship rules and their corresponding attribute rules that were successful
are recorded, Once the inference engine has finished with the process of looking up rules, it is
re-initialised me. ready to be called upon to evaluate another set of rules,

Structure (.If the shape controller class

The shape controller (ContShape) class is used to tie all the components together into an
intelligent c.:\D. The requirement for this cla.s is that it should allow all the different parts of
the CAD sysem to communicate and work with one another. The shape controller class,
shown in figtlIe lO, contains an inference engine, an object, relationship and attribute rule, a
list of numeric indices to shape entities which currently satisfy a relationship rule. a picture
object, the current shape entity name and number that is being checked. The ContShape
object allows the shape entities in the C';,) system to interact with the knowledge base. Thus
entities can check their Validity to see whether they have caused an invalid configuration in
the design.

rigure 10 The Shape Controller Class
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The inference engine object returns conditions tvhlch need to be evaluated. It keeps track fif
the next rule that has to be looked up iIt the objac~, relationship and attribute knowledge
bases. The ContShape obiect requests theinference engine lJbject to look up 3. rule in an, of
the knowledge bases.

In order to draw an entity in the CAD system, the user first selects a shape to be drawn. He
then goes about placing the vertices in the work area window. When the last point is placed
with the mouse, the entity is created and added to the list of entities that currently exist. The
entity draws itself on the screen.

The ContS'l1ape object passes the name of the entity. which is involved in the relatlonsbip, to
the inference engine. The inference engine looks UP. in the object knowledge base, the
relationship rules belonging to this entity. The first relationship rule of the entity is looked up
in the relationship knowledge base. This relationship rule is passed from the inference engine
object to the ContShape object. The Contshape qt..: ' jends a message to the picture object to
find all the shapes in the CAD which have the ~ .....~&l relationship with the current shape.

In determining a relationship, the ContShape pbject uses the picture object to iterate through
the list of entities in the CAD and determin- 1 j~ the specified relationship exists between the
current entity and any of the othe- entices In.C(,. ...AI: jstem, Should the picture object
determine that there are entities that satisfy tI.,· .~,1.11.ati\jnship,these shape entity numbers are
stored in the NUf1IList object. The NumList object contains the conflict set of endties which
satisfy a relationship,

The shape controller object checks whether the NumList object is empty. If it is empty, then
no relationship rules are satisfied between the current shape being drawn and the other
shapes in the CAD. The next relationship rule may be checked,

Should the ContShape object have items ill the NumList object, it then goes about evaluating
the attribute rules relating to the relationship rule being tested. The ContShape object requests
an attribute rule from the inference engine. The expert system then returns the attribute rule
that needs to be tested. The attribute values ill the attribute rule base are compared to those
values of the entities in the NumList list or with the current entity. The picture object iterates
through the NumList list of shapes to check whether the attribute rule is satisfied for eacu
item in NumList. If the attribute is not satisfied in the Nunilist object, the entity's index
number is removed from Numl.ist, The attribute values of a rule are also compared to the
attributes of the current entity. This process of checking the attribute anu t, .'onship rules
continues until the rule is satisfied or the rule has failed The rule is satisfk..); when a
relationship rule with all its attribute rules is satisfied. The entity numbers remaining in the
NumList object contain the entities causing an invalid relationship with the current entity. The
rule fails when the attribute rules are not satisfied for the current entity, or the NumList
object is empty.

Once the result of the comparison on the enti.'y has been completed, the ContShape object
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passes a message to the inference engine object to either return the ~~xt rule from the specffic
knowledge base, or to tell it that the rule has failed. If the tested rul~\condition has failed, the
inference engine resets itself. .

Should tm. inference engine fiad that a relationship rule, with all its aI.tribute rules, has been
tested, it advises the ContShape object. The ContShape object informs the user of the error
and of the entities causing the error. Itmay even indicate t~.. necessary action to take to
correct the problem. See figure 9 for the logic that the ContShape object uses to look up the
different rules in the various knowledge bases.

Interaction between the graphical interface and the user

The user communicates with the. : .Iplication via the graphical interface. The graphical
interface records the keystrokes and mouse selections. These parameters are passed as
messages to the various parts of the application. The applieazion then carries out the necessary
actions to deal 'With these messages,

The graphical interface also presents the applications output to the user by means of written
messages onto the screen. These inform the use!' of any error conditions, the level of progress
and indicate what action he should take or advise the user.

The reason for isolating the .graphical interface from the application is to simplify program.
maintenance. Thus when changing the graphical interface. it is not necessary to moilify and
update the applic-tion. Even though the graphical interface is quite simple, it can easily be
enhanced withou ...rewriting or restructuring the existing modules.

Interaction of shape entities

The entities may not interact directly with one another. They interact with one another only
through the picture object. The picture object contains the entities represented within the
CAD. Thus if an entity wishes to find a shape entity with which it intersects, the list ot
entities is iterated through to find an entity which intersects with the current shape being
modified.

The picture object carries out the following functions:

Determines if one entity is related to other entides.
Detenniue the value of an attribute of an entity,
Retrieves and sets the values of the relationship of the entity

56



In order to test i. -latkmship between two entities, the picture object, compares the attributes
of the two entiti, ~ [0 one another and from that determines the relationship between the two
entities. For example the picture object determines if one entity lies on top of another, by
checking if any two lines of the twc entities being tested intersect one another. While one
entity has &1 "on top of' relationship, the other entity has a "below' relationship. In a similar
way the picture object can test the attribute values of a particular shape.

Interaction between the entities and the inference engine

The shape entities and the inference engine interact with one another indirectly through the
ContShape o1:5~ctThe ContShape object requests the current relationship or attribute rule
from the inference engine. Depending on which rule is returned from the inference engine, the
ContShape object checks the validity of the rule. Figure 11 shows the interaction of the
Cont3hape object with the inference engine and the rule bases.

If the rule returned from the inference engine is a relationship rule, the ContShape object calls
upon the picture object The picture object builds up a i:;t of atl the entity numbers which
satisfy the given relationshipdnto a conflict set (the NumList object) with the currently drawn
enn:.y in the CAD. If the rule returned from the inference engine is an attribute rue, the
ContShape object earls upon the picture object to return the attribute value of each entity in
the NumList object, and compare that value with the allowable value advised from the
rrtribute rule. If the anrib.•te rule fails then the entity humber is removed from the NumList
object, otherwise the entity number remains in the NumList object.

Once the Contshape class has checked the relevant :rule, it requests the next relationship or
attribute rule from the inference engine. In th~sway the process is repeated. Thus the
ContShape object is the means of interaction between the inference engine and the picture
object, and so the entities in the CAD system.

Interaction between the entities and the rule base

As. discussed in chapter 5, According to Tibbett and Bergeron", the knowledge base should
check the validity of the rules and return the results to an interaction handler. The interaction
handler is passed a function \I. hich it then implements to deal with the invalid situation in the
system, Thus it is necessary for the knowledge base :0 know about the different types of
functions that the interaction handler can implement. This approach strongly links the
knowledge base to the interaction handler, resulting in a less maintainable system. However,
the idea of returning a value from the knowledge base, of an unsuccessful rule, to the
interaction handler which then deals with the returned value is an attractive one.
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Figure 11 Interaction Between the ContShape Object and the
Inference Engine and the Picture Object
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The ContShllpe object carries out a similar function to the interaction handler in Tibbert and
Bergeron's" system. It is preferable to return a string. instead of a funcdon, to the ContShape
object to deal with. This string can be used to place a message on the screen to indicate the
error condition of the shape. Figure 11 shows how the ContShape object passes a strilllg, of
the message to be displayed, to the Screen object which is responsible for displaying this
message. In this way the knowledge description (knowledge base) would not need to know
about the internals of the ContShape object. If it were desirable to carry out some user
defined function in the ContShape object. then it would be necessary for the knowledge base
to know of the different types (If functions that the ContJhape object can evoke. The required
function would be returned from the knowledge base to the ContShape object which weald
then evoke the function. This results in binding the knowledge base more closely to the
ContShape object which makes the system more strongly coupled and less maintainable and
less reusable. If at all, only a few general functions should be implemented so that the
coupling between the knowledge base and the ContShape object is minimized, Such functions
would, for example, be: delete entity, place a message onto the screen etc.

The picture object, list of entities within the CAD. and the rule base never interact directly
with each other. Th" picture object is completely unaware of the existence of the rule base. It
only knows how to iterate through all the entities and compare them to one another.

The picture object and the rule base interact indirectly with one another. The inference engine
reads the rules from the knowledge bases and returns the rule just read in to the CofitShape
object. The ContShape object requests from the picture object to find all the entities that
satisfy a relationship (if a relationship rule needs to be checked). If an attribute rule needs to
be checked, the relevant attribute values of the entities are returned. The Contshape object
compares the values of the entities with the values of the rules.

Interaction Between the inference engine and the rule base

The ContShape object decides which knowledge base the inference engine is to access next,
The inference engine contains the object, relationship and attribute knowledge bases class
objects. Each knowledge base object looks up its own rules and indexes the next rule to be
looked up in one of the other rule bases. The inference engine is really a scheduler. It selects
the knowledge base, i,e. the type of rule that needs to be tested next. The knowledge base
then returns the rule to the inference engine which returns the rule to the ContShape object.

When the inference engine requests a rule to be looked up from one of the knowledge bases,
the .knowledge base returns the relevant rule but also increments the rule pointer to point to
the next rule that needs to be looked up in Its knowledge base. Each knowledge base object
knows how to look up rules in its specific knowledge base. They do not interact with one
another directly, although they index a rule contained in another knowledge base. See figure
11 for the interaction between the inference engine object and the knowledge base objects.
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As has been mentioned, the knowledge bases are related to one another. The object
knowledge base indexed rules in the re1mionship knowledge base. The relationship knowledge
base references rules which exist in the attribute knowledge base. To look up a rule in the
relationship knowledge base, the inference engine retrieves the current relationship rule that
needs to be looked up from the object knowledge base. In a similar way an index to an
attribute rule, relating to a relationship rule, is found in the relationship knowledge base.

Interacting between entities and the role base

Tibbett and Bergeron" suggest that the knowledge base should interact directly with the
entities in the CAD. The knowledge base compares the values of the entities in the database
with those in the knowledge base in order to test the relationships and attributes of the
entities. The knowledge base needs to have a working knowledge of the information in the
database, i.e. its structure and the means of accessing it. The validity of the role is found by
comparing the values Ui the knowledge base with those in the database. It offers many
advantages to allow me knowledge base to have the database in its scope so that it may easily
and directly access the information in the database. However: this results in tightly coupling
the knowledge base with the endues in the CAD.

The ContShape object interacts with the entities via the picture object. The ContShape object
interacts with the knowledge bases via the inference engine object. Thus the entities interact
with the rule base indirectly by means of the ContShape class. Figure 11 illustrates this.

By allowma the entities to have indirect communication with the rule base, the entities are
decouple, "om their rules in the rule base. Thus adding additional features to either the
entities or the rule base does not affect how the one interacts with the other.

Conclusion

Although entities need to store information concerning themselves, they also need to store and
retrieve details of relationships with other entities (Further detail about their relationships is
irrelevant).

A picture class is introduced. It contains a complete list of entities in the CAD system. It
enables entity's attributes to be compared to one another and it can pass on messages to the
entities to manipulate themselves.

The relationship data member of a shape entity has no meaning to the entity itself. It defines
the current state of rek-tionships to other shapes. The shape object can return the existence of
a relationship with other shape entities, the type of relationship, and the identification of the
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entity that it is related to. As the shapes are created or manipulated the attributes are .tOted
and evaluated.

The system consists of highly Independent parts whicb all work together and form. an
integrated whole. Each part only needs know hc>wto manipulate itself and how to deal with
messages that are passed to it. This is the concept embodied by the object oriented paradigm.

By allowing the objects to interact indirectly with one another, enables tte objects to be
decoupled and thus makes the system more maintainable and reusable \,iytr time, Changes in
one area of the code do not affect the other parts of the program.

An object oriented philosop; ../. using: inheritance, polymorphism and encapsulauc» enables a
powerful maintainable and reusable system to be created. Inheritance allows additional classes
to be added onto the class hierarchical tree, without having an effect or changing the
implementation of the existing classes in the tree. The new class can be derived from one of
the existing classes. For example an underground cable may be added ac a new entity in the
CAD. This added entity does not cause the implementation of any of the other entities to
change in any way. The picture class. a container class, is unaffected because it uses
polymorphism to select the desirable member function to be called, so that the relevant entity
uses it own member function to manipulate its data.

The chapter has explained how the knowledge base is structured. The knowledge base is
decomposed into three knowledge bases which encapsulate different typt.~ of information
relating t") the entities in the CAD. The object knowledge base is really a dictionary of where
to find the relationship rules belonging to the entity being looked IIp. The relationship
knowledge base contains a description of the types of relationships one entit!' may not have
with another entity. Should the relationship rules be satisfied, a list of attribute rules which
relate to the current relationship rules is given in the relationship rule. The attribute rule
contains the values that the entities in the relationship must have in order for the relationship
rule to be satisfied.

This structure represents relationships between entities and the allowable values that these
entities may have. The advantages of such an approach is that rules cat, be quickly and easily
located, and relationships between entities having certain attribute values can be effectively
represented. Rules are used to check relationships between entities or the attribute values of
entities. It is easy to add or remove rules because rules represented in one knowledge base are
linked to rules represented in other knowledge bases. To delete a rule, it is only necessary to
remove the indexes to rules in other knowledge bases and to add a rule it is necessary to add
any rules which do not already exist and to index the rules from the different knowledge
bases. This structure offers a uniformity of approach so that tools can be created to assist in
the maintenance of the knowledge bases. The disadvantages are that to view a single rule it is
necessary to view the rules in each of the separate knowledge bases and it is necessary to
maintain three rather than a single knowledge base.
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Data representation is extremely important for the knowledge bases. It determinea whether the
system is able to work with the expertise which is encapsulated in the fonn of rules, The
inference engine must be able to read in the rules represented k:. ,the knowledge bases and
infer additional information from the knowledge bases. The rules must be structured in a
familiar format so that the inference engine may effectively manipulate the information
contained in the knowledge base. The rules are represented as objects and these are
manipulated. by the inference engine. The inference engine and Its knowledge bases in the
prototype have managed to achieve these goals.
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CHAPTER 8 CONCLUSION

Importance of Intelligent CAD Systems

CAD systems are important tools which are in widespread use today. What previously could
have taken months to accomplish can now be achieved in a fraction of the time. They offer
facilities to rapidly cteii..:e complex entices, from a combination of more simple entities, which
can be rapidly retrieved into the CAD system.

However CAD systems have great potential to become more advanced. Many more useful
features can be added to enhance the performance of CAD. The functionality of the CAD
system call be greatly enhanced by providing it with very basic intelligence.

The major benefit an intelligent CAD system offers is that it uses the computer more
efficiently to share the work load of the designer. The computer may perform much of the
tedious and monotonous work thus a! ling the designer to spend his time more usefully.

I

Lessons learned from the Prototype

The object oriented approach enables each component of the CAD system to be created. and
maintained separately from the other components in the CAD system. The components are
decoupled frcm one another, A change to a component does not effect the other components
in the system,

The ..:,bject oriented facilities of inheritance, polymorphism and encapsulation enable a
powerful, maintainable and reusable system to be created. Inheritance allows additional
classes to be added onto the class hierarchical tree, without having an effect or changing the
implementation of the existing classes in the tree. The new class can be derived from one of
the existing classes. For example an underground cable may be added as a new entity in the
CAD. This added entity does not cause the implementation of any of the other entities to
change in any way. The picture class, a container class, is unaffected because it uses
polymorphism to select the desirable member function to be called, so that the relevant shape
uses it own member function to manipulate its data.

The basic system presented herein may easily be modified to add much more capability. The
expert system, rule bases, graphical interface and the picture object may easily be improved
and extended without having an effect on the other parts of the program. The objective here
has been to create a simple prototype which demonstrates that the basic goals of intelligent
CAD call be achieved. Starting with an infrastructure, components which are strongly
decoupled from one another, permits a more advanced and powerful intelligent CAD to be
derived.
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Expert systems isolate the control of the system from the program. Instead of the program
control being carried out by algorithms implemented in the program, control is driven by the
data that is represented in the knowledge 'J';:S';,l1. The mechanism. of contrel may be modified,
by varying the way information is represented. Thus by isolating the knowledge from the
internals of the program, the system become .. 'more maintainable. It is not necessary to dig
into the code and spend hours debugging the changes.

Two types of relationships exist in the system: implicit and explicit rules. Explicit
relationships neea to permanently exist for an entity and are determined when an entity is
created or modified. Implicit rules, which are subtle, need to be determined at run time. They
are determined when requested by the program. These two types of relationships need to be
separately catered for in the intelligent CAD system.

Data representation is extremely important. Each shape entity in the CAD should be able to
store all the relevant attributes associated with it. It should be able to store relevant
relationships to other entities in the system. The shape entities in the CAD should be
structured in such a way that they may easily pass their attribute and relationship values to
the objects requesting this information. The representation of the information in a rule-like
format is crucial to the efficiency and effectiveness of the system. Effective representation
enables the computer to manipulate the data easily, almost trivially, and it facilitates
maintainability and extendability.

This system would be efficient with configurations with few entities. However the
performance would reduce in proportion with an increase in the number of entities in the
CAD. Performance also depends on the time it takes to determine a relationship and the
number of different types of relationships that need to be determined, The performance could
be optimised by introducing efficient searching strategies and algorithms for evaluating
relationships. However depending on the mentioned factors, it might not be feasible to carry
out the configuration checking during program execution and a similar approach to Tibbert
and Bergeron'? (in chapter 4) may need to be adopted where the configuration checking is
performed overnight in a batch run.

Both a frame based and a blackboard approach (two approaches of implementing an expert
system mentioned) to solving problems in an expert system are good techniques for
encapsulating expertise and for finding the result to a series of rules. It is not critical which
type of approach is implemented, because in either case the expert system may be modified,
without affecting any other part of the program. However, a frame based approach generally
offers a better representation of the data in the knowledge base and is generally more widely
used than a blackboard architecture.
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Recommendations "'''\t" future worlt

The basic rules met. .ffi. 'the prototype cannot deal with one to many relationships. This means
that in order for the zule condition to be satisfied, more than one entity must simultaneously
satisfy a relationship with the current entity. For example an invalid situation may exist if
three transformers lie upon a single residential stand. The prototype requires more
sophisticated algorithms to deal with this situation.

A rule dictionary or a. relational database needs to be used to optimise the search for rules in
the knowledge base. This facility speeds up the rule matching process. Additional information
could also be Incorporated in a rule such as the dare and time the rule was created.the person
who created the I '.oleand a. help message explaining the relevance of the rule in the context in
which it is called.

To overcome the difficulty in capturing the relevant rules to be used by the system, the user
should be allowed to dynamically type in the rules and test them during program execution.
In this wayan expert can capture the rules in the system in an iterative and interactive way.

It is undesirable for the operator to wait for the integrity of the system to be checked, The
process of checking the validity of the action of the operator may take considerable time to
evaluate. In the absence of adequate computing power, the expert system need not necessarily
be a real time system which informs the operator of invalid conditions dynamically. Possibly
the entire process of checking for errors could be performed overnight and run in a batch
mode. An error report could be sent to a file to be later analysed by the designer. It could
point out places where a design decision is flawed. and possibly suggest corrections. The
results of all the invalid or non optimum solutions could be collected during a session in a
file and be viewed later.

Alternatively ~e »on active time of the computer can be used to check the integrity of the
system. While the 0i'~rator is thinking the expert system could be carrying out its evaluation.
It would be advantageoes to time slice the work of the CAD.

Another approach is to execute tile CAD system and the expert system as separate programs.
The programs can run on the same ~achine in a multi-tasking environment or even on
different machines over a network. These programs may communicate with one another by
sharing common data files. The expert system can be left continuously running and checking
the validity of the CAD database. With every update, the CAD can pass the new information
onto the concurrently running expert system and request the expert system to check the
Validity of the newly created entity. Should the expert system find that an invalid
configuration exists, it can send back a message of the error in the system to the common
data area used by both programs. This error can be retrieved up by the CAD system which
can then inform the user of the undesirable design condition in the system. An object oriented
approach enables components to be incorporated together within a single program or to be
implemented as separate programs quite easily.
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By working with the CAD in this type of multi-tasking enviroament, it could perhaps be
feasible to :'UIl the system in real time. Each new design decision could be placed at the end
of a queue to be evaluated later by the expert system. Thus after an item has been processed
on a queue, the next item i~the queue would be processed. If the entity on the queue is
found to be invalid, the operator is informed of the bad decision. Thus soon after drawing on
invalid configuration, a message could inform the designer of what the invalid design decision
was, which entities were affected and what action to take.

It is important for the CAD system to be able to communicate effectively with the expert
system. Messages that are passed between these two systems should have a common
structure. This strucnire needs to be formally defined so that all the information that is passed
between these two systems is complete and fully understood. By allowing the separate and
independent components to communicate with one another, enables them to be integrated
together.

The situation may arise that the system has insufficient information to fire a rule. It would be
useful to have a mechanism whereby the evaluation of a rule could be temporarily paused.
Subsequently when sufficient information is determined, the rule may be applied from the
point it is paused and verified further. To cater for this situation, it is useful to have a date
flag in each entity that indicates that the entity is in the process of being validated in a rule,
and that a particular attribute of the entity must be determined in order for the rule to fire,
Every time this entity is invoked to perform some operation, it could check if the particular
date flag field has a value. If it does then tbe rule could be triggered to continue from where
it left off. This requires a record to be kepc of the current steps that have been invoked, i.e, a
history of the rules which have been called for each entity. This approach offers many
possibilities in dealing with rules that have incomplete information, They can be allowed to
fire later on in the future. If they never fire, the user can be informed that a certain rule has
not fired due to incomplete '. :~ormation. The user can then check to see why the Validity of
the shape could not be checked.

Conclusions

Factors such as the growing complexity of engineering systems and the increasing
sophistication of user requirements demand the introduction of greater degrees of intelligence
int.o modern systems (0 cope with the need for higher levels of self checking and analysis.
The prototype presented in this project report hints at the potential benefits brought about by
increasing the overall intelligence of CAD systems.

Nevertheless expert systems should be used appropriately in intelligent CAD systems. The
efficiency and effectiveness of their operation must be based on their usefulness and
functionality. It is important to build on small successes and make incremental gains. We
must be concerned with automating the tasks that we know how to do well.
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The trend may arise in the next decade where CAD systems may have intelligent modules
imbedded within them. The integration of knowledge processing capabilities with
conventional computing facilities will usher in a new era of computing. The demands and
impact that this synthesis will make on computer architectures, hardware and software are not
generally well understood. A system approach such as the one adopted in this work will be
vital in managing this new generation {)f intelligent computing.
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APPENDIX A CLASS STRUCTURE OF, ')HE PROTOTYPE

The class structure of the prototype is shown in the Bcoch' diagram. of figure 12. The arrows
indicate inheritance and the lines with open circle indicate membership to a class.

Figure 12 Class Structure of the User Interface for the CAD
Prototype

Class Sortable is derived from the Object class from Borland's C++ container class. A
container is a structure that can contain elements of other data types or classes. The sortable
base class contains elements which are arranged in a predefined order.

Class Item, derived from Sortable, is an individual element which may be arranged in a sorted
container.

Class gviev, derived from Item, is a rectangular area which defines the area a window or a
shape entity is enclosed by.

Class -swindoVJ) derived from gview, acts as the base class for the various user interface
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windows. Four types of windows are derived from gwindow. A gmessage wmdow displa¥~
messages i1'1 its window which indicates the status of the program to ~je user. A gcoord
wadow displays the X and Y coordinates of the mouse. A gmenu wi~kbwcontains menu
items. A gmenuliteral and a gmenuicon are a specialised menus. A gmenuliteral deSC1'1Oesthe
menu items with strings while a gmenuicon displays menu t)PtiOllS using icons,

A gworkarea window, derived from gwindow, is the user window where the user draws the
shape entities. The gworkarea. class contains the contshapes class.

The contshape class controls the interaction of the expert system with the entities in the CAD
system. Thi 1is where most of precessing in the CAD system occurs.

The screen class is the interface between the user and the application. it contains the
gworkarea, gmessage, gcoord and ~nu classes which are windows which display
information »n the video terminal. The screen class contains the msmouse class which handles
all the input into the system and the mouse _status class which describes the current status of
the mouse.
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APPENDIX B HEADER FILE.:~OF THE PROTOTYPE

The header files are included here to describe the structure and approach taken in the
prototype ..The "'.cpp files containing the implementation of the member functions of the
header files have been omitted; ,

II
II
!.l
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******~*********~**********.***********~*****************~*********.~*****,~***********.**********~***.**
Jlrelationship ~ule clast
.ifnd.f AttRuleT ..plate
'define AttRuleTemplate

'include "rulelist.hpp"
class AttRule : public RuleList
I char objName[15];

char field[15r
char oper[511
char val.ue(15);
ch~r outcome[15);

public:

virtual
virtual void

ch1r*
char*
char*
char*

AttRule'

AttRule 0 ! RulaList ("relll:iips.asc") ('
AttRule(char *fill : RuleList(fJ.1) {}
~AttRule () !l
bufFc~t(void);
objName_(void)
field (void)
oper _lv.lidl
value (void)
opere€&,-(const AttRule'l;

{return
Ireturn
Ireturn
{return

objName;}
field;}
oper;}
value;)

I;

'end1f AttRuleTemplate
******************.****.***********~******************************************************~.*******.****
Ilcontshape class
Ilcontrols access to the inference engine and the list of shap ••
#ifndef ContShapeTemplata
'define C':'.lt5hapetUlplate
'include "picture.hpp"
tinclude "infeng.hpp"
tinclude "nwnarray.hop"
'include "relrule.hpp"
'define NOFIELD -5
'define OBJFA!L -4
'def.l.n& 1oTTRFAII. -3
'define R£LFAIL -2
'define NOTFOUND -1
'define F.!'.IL 0
'define SAT1SFIED 1

lidifferant outcomes for a rule

class CcmtShape
(

picture th.pict;
InfEng I_E;
N~rray numlist;
int ,;urshnum;
char curshn.~.[15);
RelRule rel$hRule;
AttRule attdbRul.;
char attribval[15J;
cha':'oper[3);
ch~r fldval[15);

public:
ContShape () {I

II a list of shapes
Ilinf.renee engine
Ihist of ahapes aatiafyir.g a relationship
lithe cur rant; shape being In'ilpulated
Iinam. of the shape h1ting Il'a;;ipulated
Ilrelationship ruJ,e dat.a type
Ilattribute rule data type
Ilattribute valull of an attrilJute rUle
Ilcomparison operator of attribute.
lithe; field value returned by th. ah.'pe

~ContSllape(! 11
void put (NUJIIltEII1I&;tnUem); Iladds an item onto the list of ahape numbers
voi.d evom:handJ.e (void); IId~als with mesllllgea passed to this object
void ~heckatt1· (void); IIcompates the attributes of rule base with that of

11th" ah.:-p.using opera ton .,<- etc
int cornpAttr(c~ar*); ·j",,:r.paresattrubutel'l, returns O(false) Qr 1(true)
voJd ite:nRernova(ir.t);lhemoves an item from the list of items
lnt listEmpty(voldl; Ilr~tutn. 1 if a list is empty
void rulesChk(int.; Ilehacks the val.idity of the shapes drawn with

lithe rule baSIl
RelRule& relatRule(void);
int ~ttrGet{vcid):
void flndRelat10nll (void) ;
int chkAttr (IT(lid);

Ilgets the attribvtes from the shape list
Ilfinds specific relationships which axist in
Ilin the picture lJst of shape.
IllTalidates the attributes of a shape in a rcJe

} ;

'en~f ~ontShapetemplate
****************k*****_*****x*****~w****.*'**********************.****************~************.**.*****
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IIEVEN! clan
'1t Idetine~(£VENTS)t~efine £VENTS

'include <¥tring.h>
fdefine ComBl.nk 0%0000tcM.tLe C_Ou1t . Olt01OO
fdefine ComPrawTrienq Ox010lfdefine ComDrawRact 0&0102
fdefillR COIIIDralilC\U'1I'1t0x010l
Hef1ne 'C~~.ni ...J19 (ldlOt
fct.fin .. CCIIIII(:r"1:liIill"'iIt~lO,j
'tJafill8~~II%J... ~010G
tct.fbt. c..... (":0120

llmacros for Cedmanda available toIlgraphical user interface

cl.e.. &vat'
I

Ilx,y value. of the mouse

{)

II

***••**.*••*••• *••• *.*'**kw*****************.*****~******.***p****i'~********************.**.********.***
II 111.l~ cl•••
II~ ... ~ntial file
.Hlldef n~bte
.define 'J.ooluIp1'emnlau
.include <letream.l>
'l~oluda<ioatreaa.h>
cl... J'1Looktlp
{

~f.tream th~tile:
char ouffer l199J ;

publiCI
I'I.z.ookO;o () { i
r1LookUp (char!!* fill
~riLookUp () /!
void fir.trec(void)ist;:eam& .eadl!ne (void;tnt r.adlineCchar*):char* blltf(vo1<l.)

: theFileCfUl 11£ (Ithei11e) cout « "an err...r has occurred\n";)ItheF11e.close():1Itl...File.lI8ekq(0,los: Ibeq)II(return {theril••qetline(buff<tr,4~»11 /Iread a line from oil fU.
{return buffet II

),
f.nd1Z FlookupTer.,plllte
*~*.*.************~~*******************************************************i~*********~************.****Ilclass qmenuwi~dIIDerived from ~La_s gwind. A MRnu is a windowIlwhich when 8el~cted becomes hlqhliqhted to show it is selected
II and aets a cammand flaq.
tinclude "winJow.hpp"
Unclude "shape.hpp"
finclud~ <Btrinq.h>

class qmentlwinct: public qwindow
{

tnt -::ho.sen, 111s always 0 but 1 w· "then menuitem is chosen
unsiqne,i int mcommand; Ilmenu command .iro

public:qmenuwi.nd() : chosen (0)r mcomrnandtComBlllnk) {}

..
"

72



qmenuwlr.d(int xl,int yt,int xr,!nt
unaiqnad int ischosec(Yoid)
void astcho.Rn(int bool)
virtual void select (void) I}
v~rtual void deselect (void) {I
void Betcommand(~nsiqnad int com)
unsigned illt gatcCXIUIlAnd(void)
virtual vo:.d eventh&ndle (void) I)

yb,U~Bign.d int c~~O) I qwindow(xl,yt,xr,yb,lj,mcommand(coa) II
{return chosen;}
(chosen-bool; )

11.~lect a menu item/lde••lect a menu item
{lIIcommarld~cOll1~}
(return IIIc~ndl1

1·.,
Ilafter this menu i... el~ct, proc.,ss the e'lent

claSB gmenulit: : public qu.enuwind
I char I1ttQral(lOI; llmenu command litteral (e.g. move)
public:

gmenul! tr () II
gmenulltr(int lef,int top,int rl,l~t bot,cnar* lit, unsigned int com)

I qmenuwind(lef,top,rl,hot,com)
I strcpy{litteral,lit);

message(litteral);
I

virtual void select (void) lint col·getcolor();
se';color(RED);
satcholSen(l);
messaqe(litterel);
setcolor(col);
test.puteommd(q.tcommand(»;
Ivirtual void deBelect(void) lint col-qatcolor();
setcolo~(KHITE);
setchosen{O);
mesaage(litterell;
set color (col);
test.putcommd(ComBlenk);
)

};

------------.--- ------------------cless qmenuieon ; pu~lic gmenu~ind
I

gshepe* icon;
unsigned int comname;

p~bl1c=
qrnenulcon () I)
gmenuicon (int le, int to, int r1, int co, g.hap.' IIh,unaig'Jed int com)

; gmenuwind(le, to,ri,bCJ, C.~l~)
I
icon-uh;
leon->lIhow (};

)
virtual void select (vold)

1nt col-getcolor();
seteolor{REO);
.latchosen(l);
icon->aelect o ;
se~color(col);
test.p~tc~Nnd(getcommend()};

)
virtual void desolect(troid) (

int ~ol-gQtcolor();
setcC'lor(WHITE);
setchosen(O);
icon->deselect(l;
setco;.or (col);
te.vt. putccnlllld(ComBlank) ;
I,;

class qmenuli.t I p~bllc qm~nuwlnd
I qmenuwind* menu[5);

lot nu:nltems;
pl>bl1c:

qmenul1st () : numitems (0),qmenuw~ nd(O, 0, getmaxx (),30)
Iat.owI);
rnenl~[l1umitems++ )-new gmenaB tr (getmaxlI:()-40 ,15, gatmaxx 0 , 30, "qui t..,comQllit) ;
menu[numitems.+)-new gmenulitr{g.tmaxx()-80,15,qetmaxx('-40,30,"mov.",Como~ove);
menu [numitems++) -new gmenuicon (0,0, 40, 30, "new gcurve (38,S, 7,25) ,Com:;'raWCurve,;
menu(n~~items++)-new gmen~icon(40,C,80,30,*new qtriangle(60,5,~4,25,76,25),ComDrawTrieng);
menu [~.umitemB+t} -new gmenulcon (80, 0, 120, 30, "new qrectanql.e (90, 5,110,25), CCY.4DreWRect);
}

Virtual void sel$ct(void) II
virtual void degelect(void)!}
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vlr~ual void eyen~b.ndl.{void)1

*~**~****.*************~*.*ff*******k**.*********** ••••******.**.************************~***************
II'f'iew cla ..
tf~ view 1~ • rac~.nq~l.r are~ in ~hich the objec~ derived fr~ it lies.
tl£ l~flned(G1'Inl'dell _ WID

tinclude "it ... ~~"'include ••~~.~.

cl ••• F1"" ~ pllbUa It_
(

II....,~.
Ilextrsmas (edges) of the view
Ilpresent status of keys plessed or menus .elected

/Ireturns true if the view has been .elected
Ilwhen control i. given to this view, it handles the class

.. * ***•• *****;.* ••**************~****~·r**************.*******************************************
~Ilob.- rOlL'.b(euaoe tmqiM control
1/
fit_at %~~U
f_f$M~te

f1Ml ~.~1.!
01 :ttIteoat1:"01 l ~li('
I

~ o~jll~J1
ckat ~~~4a{1511
obH ftelllY4l[lSJ I

'I p1Wl1Ct

InfEnq
/lather object in tll'. re1ationllhip

Ildescription of the rel~~~on.hip
lIthe field value of the attrib\·,te typed in by the user

void
vote!
int
int
void
int

InfControl () iI
-InfControl() II
contro1(); Ilcontrols the looking up of the InfEng
J.nputReli"dd); II type in the re~ationship and object
":0lIl1'1''11 (Void) : IId9termines if a relationship is satlafied
attrGet(void); II~et. and t~sts all the attribute rules
i~putAttr(goid);II:eads in the attribute values from the user
cOlUpl~t'tr(vol.d); Ilcompares the rule attributes with those input by the user

1/ iAf.,enc,.. engine ,'.1.••••
IICOfttrob the lCh)kinq up of rules in the knowledge bases
f1fndef lnflCnqTaaplat8
t_Una 11\t&n9'!'~pla1:e
t1nclu.,. "00jrule. hpl'"
flnclcl:f.t"a~trule.hppn
'lnclul!e "r",lrule.hpp"
cl... :rnfEnq
I

Objltula t:lleObject;
AttRule theAttribl
RelRu1. theRdaticln:

publiCI

lIthe object knowlN'.ge base
lIthe attribute knowledge base
lIthe relationship knowledge base

InfEng () • theUbject ("~Jles.a8c"), th'3Relation ("relships. asc'" ,\
thOlAttrib ("attrib.a"c~)
II

-InfEnq II II
objGet(cha!' ");
relGet(char ");
attrGet(char .);
curObjRu1{void);
relsh (void):
onj 2 (v('!."/:
curRelRullvoid!;
field(void):
value (void) ;
oper (void) ;
nextObjRul(void);

int
int
int
char'
char'
char'
char"
ch,r"
chl!.r~
char"
int

Ilgetll the list of .::elationlhip rulu relevant fl:)rolinobject
Ilgets the list of attribute rules relevant for ill relation
Iisets up the field for the attribute rule ba&e
Ilreturns current object rule indicating a relat,l.onshlp r1.:le
;/re~urn the relation
Ilreturns the other object
Ilreturns the attribute rule to be looked up
Ilr..turns the field of the current attribute rul.e
lIre terns the value of the field
Ilreturns the operator of the current attribute rule

Ilreturn the next object rule refering to a rala'l:ionsh!p
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);

1nt naxtRelRul(v01d); Ilreturn the next relation rule no
RelRuJ.a& retRel (void) : Ilreturn the relet ions hip rule
AttRule& retAttrib(vo!d); Ilreturn. the attribute rule

fen«iif In.fEngTemplate

#en«iif InfContTdplata
***'~*W**********~**~***************W*************.****.***********************_*******ns****************
lIi1:em.hpp
Ildllri\'ed from tl'.esortable object. is used as the hllse class for objects
Ilblllonqin'1 to a container object
fifndef ItamTemplate
Idefine Ite~T_plate

finclmie <iostr'alllll.h>
finclude ".ort~)le.h"

class Item : pubUc isortable
{
II _, Public and pr.)tected Member Functions (i.15. Interface Operations) --

public::
Item () II
It.m(int xl value (x) II
virtual -ttem() II II destructor
virtual void printOn( ost.ream. ) const
viJ;tl·"l clallB'l'ypaisA () const; ;
v: lint i.Equal ( conat ObjecU ) conat t
v .1 int isLe~8Than{ const Object' ) const
'1L ~l char *nameOf (J const; ;
virtual h~j&hValue'l'y... hllshValue () const
virtual int i8Sort.~le{) const;

inU val (void):
private:

int value;
);

lendif ItemTempla,e
***.*~*************************,~**********~*********.***~*********************************j***********.*
IIIte~~rray class
IIItell'container claBS. Contains any number of items or objects derivod
IIfrom items
fifndef JtemArrayTemplate
'define ItemArrayTsmplate
I!fincl',ds <Sortarry.h>
'include <array.h>
finclude Hitem.r~p"

clallS CtemArray
{
public:

publ.tc Array IISortedArray

Item&

ItemArray ();
ItBmArray(1nt,int.in~);
-ItemArray ();
operator[} (int);

virtual
I;
feud!! ItemArr.ayTemplete

Ilitem list claBs
Ilcontains the item container alasD
!Icontains ~ list of items
finclude "item.hppr.
finclude Hitemarry.hpp"
clasB ItllmI.1st
I

Ite~~rray theltams;
public:
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void
void

Ital1lUst () {)
~!temLht () {}
edd(Item& aLtern);
steopThrough {);

virtual

I;

Ilpoints cla.s contains an x and y coordinate
Ill~nes are the basic building blocks of all th9 sh~pe objects.
fif Idefined (LINES)
fdefine LINES
finclude nqvi~w.hpp"
class points
I

pubUc:
int xc;
int yc;
points \) Ixc"O;yc-O;}
~points () {}

}:

class Line : public gview
I points pt [2];

double yeut;
double slope;

publJ.c:
Lin.;) () il
void setup(points,pointR); Ilsut up pair of x and y points to form a line
int oparator·-iLa~st Line&): Ilreturns 1 if lines intersect
ine ison(int,intl; Ilreturns true if a point is on a line
int inters.ct{Line,Line);
double getalopelvoid) {return slope:}
void show(voidl; Ildraws a line
void hi~(void); IIr.ida•.. line
void select(vcid);
1i'oiddeselect (void):

I;

tendif
***************************k*~*******.*******.*********;k**.***********~*******************k********~***
Ila header file that c:ontains the class declaration and support decalarat:iona
Ilfor the microsoft mc.use clau
tif Idefined (MSMOUSEI
fdefine MSMOUSE
'include <dos.h>
'include (graphics.h>
'include <conio.h>
fdefine callmouse int~,6(Ox33, &reg, 'reg)
fdefine NOBUTTON 0
fdefine LEFTBUTTON 1
.dEOHne RIGII'rBUTTON 2
fdefine BOTHBUTTON 3
fdefine ~axx °
fdefine VlnIloXy1
fdefine xshe 2
fdefine ysize 3
I/screen table can be used. to convert l110useto real coords
Ilmoousex ft (x-l) * ~creentable[crtmodeJ fxslze!
Ilmcousey - (y-l) • scre.mtilble[crtmode! [ysUe]
Ilx - (mousex Iscreentab[crtmode) [xsize ) +1
fly - (mousey Iscreentab[crtModellysiz8 ) +1
Ilthis will take into account the difference between TC l-oriqin and mouse
IfO-origir. coordinate sy.terns in text modes. Graphics modes already use
IIO-origin coordinates.
extern int screentab[20] [41:
typedef struct
{

int verify;
int crl:mode;
int cursoron;
int buttons;
int numpress;
int x; Ilx and y screen coord.
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int y;
int minx;
int IIUlXX;
int :n1ny;
int maxy;
int crtpage;

mstllt_.t;
class msmou.e
I

II min~ values .re in mouse ccords

union REGS reg;
struct SRl.GS aegtmst.tlt t matat;
VQid Interrupt ( far *oldx33) (••• )t

public:
void raaetO:
mamcuae(j t
~msmOU8e ():
int initok() ire~urn matat.verify;!
void showcu~.or();
void hldecuraor():
lItstllt_t*getposition();
void setposition(i~t - O,int - nl;
IIIstat_t *getbuttoll (int);
m.ta~ t *relea.ebutton(int);
mstat-t *zonex(int,int);
mstat:t *zoney(in~,int);

};

#endif
*******************k******~**************~***************.**************~**********************.*v*~***w
IINwnArray class
t/Number container claas
fifndef NumArrayT8IIIplate
{define nwnAr~ayTemplate
liUnclude <array.h>
finclude "itemarry.hpp"
finclude "numitam.hpp"

claso; NwnArray
!
public:

public ItemArray

NumItem'
void

NwnArrllYO:
NwnArrlly(NumArray&):
~NumArr.1!y();
operator: 1 (int):
operator-(NumArray&):

Itcopy constructor
virtual

II.eta one array equal to another
I;
fendif NwnAl-rayTemplate
t*************.*******************~*~****~****.*********************************************************
Ilelass NumItem - a n\llllberitem _\n the numarray container class
fifndef NumIt:elllTemplllte
fdef1ne NwnItem'Iemplate
finclude "it&m.hpp"
class NumItem : public Item
! .tnt number;
p;.tbUc:

inU

NumItem(i :
Num!tam(int
-NumIteml)
numb (void)

numl,er (0) !I
theNum) : nu~ber(theNum)

{)
{return number;}

!l
virtual

};

fendif NumItemTemplate
******.**********~******.**~**************~*************~*****.***********.****.*****~******************
Ilobject rules - rules for the o~ject knowledge ua8e
fifndef.ObjLiatTernplate
fdefine ObjLiatT~mplate
fir.clude ".culelist.hpp"
class ObjRule : public RuleList
{
publlc:

ObjRule () RuleLlst("rule8.a8c") {}
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virtu,ll
virtuiH void

I:

'endif ObjListTamplate

ObjRule(char *fi1)
-oe iRule () {}
bufForaat (void) ;

RuleUst (f11) {I

***********************************~******************1 ••****i*** ••*********V************************* ••
Ilpicture class
Ilco!\t~ins the shape contaJnll'rc1a ••
finclude "shape.hpp"
'include "ahaparry.hpp"
'inolude "numarray.hpp"
class picture
! Sh~peArray theShape.;

int cur Shape,
public:

virt"al
void
int
void
void
int
int*

lithe current shape no
picture() ; curShape(-ll I)
-picture 0 I}
put{qshapel aShape~;
current (void)
stel'Through ();
add (qshapu);
ontopof (void); Ildeterm1ll1's a relationship between 2 s!.apes
relMatches(char*,c3ar*); Ilreturns an array of shape no'4

Ilthat satisfy the relationsU;l
Ilreturns a .hap" no.

I/qets an attribute of a shape
Ilfinds the zeciprocal of a relationship

{return curShape;}

};

gahapay ~etShape(int):
char~, getAttr (int, char*);
char~ reciprocal (char*):

***.******************~**********************************************************#~ .**~****~.*******~**
II.ome power object classes
IIr.:lasscable
I/class stand
Ilclass transformer
'ifndaf PowerObjects
;fdeUne Powe;rObjects
'include <~tring.h>
finclude "sha~.hpp"
clliss -::al::le: public qcurve
! int voltage;

int current;
int power;

public:

virt:lal
virtual char*,;

CablA(int xl,int yl,int x2,int y2,char- name-"eable"1 :
~curve(xl,yl,x2,y2,name),voltaqe{300),current(500) I)

-Cable () II
qetAttrib(char* theAtt); Ilreturns the value of a Caele attribute

------------_._----
char type[15J:

pUblic:

clas$ Stand: public qrectangle
!

virtualvirtual char*
}:

Standiint 71,int yl,inc x~,int y2,char* name-"stand")
qrectanqle(xl,yl,x2,y2,name)
{strepy{tl'pe,"eommereiat"I:}

-sundO {!
qetAttrib(char* theAt::); lireturns the value of a stand attribute

------------------------------------------------------pllbB.I:'qtrianqleclass Transformer,
public:

virt~alVirtual
);

lendif PowerOojects

Transtormer(int xl,int yl,int x2,int y2,int x3,int y3) : \
qtrianqle(xl,yl,x2,y2,x3,y3) II
II
thaAtt); Ilreturns the value of a transformer attribute

-Transformu ()
qetAttrib(char*

....
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IIRelahArray clas~
/Icontainer cl..s for relationship rules
'lindef RelahArrayTaaplate
.d.•fine Rela~rray'1' ..p~.ate
Ilfincl~de <array.h>
linclcde <strinq.h>
'include "itemarry.hpp"
tinclude "relship.hpp"

cl.~s RelshA~ray public ItemArray
I
public;

IT
tendif RelahArray'l'eaplate

Rel:llhArray0 ,
virtual "Rebrsl\rray(;;

Relationship' 0Fkratar(] (int);

**************~*~***************~*~ '***************2*******************.*********~*******************
Ilrelationshlp rule class
liciascribes a relationship between two objects
Ilfndaf RelRuleT.,.plate
Ide fine RelRUleTeaplate

linclude "rulelist.hpp"
class P.elRul.. : public RulaList
I

char objll15!;
char obj2[lS]:
char relationf15};

public:
RelR~la{} : RuleList("relships.asc"} il
RelRule(char *f11) : Rule~iat{fil\ ()

virtual
virtual

-ReIRule ()
void bufFormat(void};
;:ha!'* reI (void)
char* thisObj(void)
char* othObj(void)
RelRule& opera~or-(conat RelRule&);

!l

Ireturn relation;l
!return objl;}
ireturn obj2;)

);
tendif RelRuleTsmplate
****w**********************.*********************~*******.**K***************k**********~***~************
I/class Relation"hip
Iidescribes a relatlonship betw6en two obj.~ts. Is a data member 1n
lithe shape class
,iflldef RalationshipTemplate
tUufine RelationshipTemplate
finclude "ltem.~op"
class Relationship
(

!.nt num;
char due(lS];

public:

public I telA

/Il:he no. that it is related to
Iidesc~iption of the relationship

inU
char*

Relationship() :
Relationship {int
-Relationship (I
numb (void)
dascrip (void)

num(-l} ilval, char" :rell
II{retutn nWII;I

(return desc;!

num{vall !stpcpy{desc,rel):)
virtual

};
tendif Relation&hipTemplate

.. ***********************~**.************.**********************************************.***.**~****~*****
/IRuleA~ray class
!Icontainer class fo. a rule
lifndef RulArrayTemplate
fdefine RulArrayTemplate
llnclude <array.h>
'include "ruleitem.hpp"
'include "itemarry.hpp"
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virtual

public tteaArray

I;

lendif R~LArrayTemplate

RuleltelR.

RuleArray ();
RuleArray (int fir, int lAS, irlt 8%)
~RuleArray ();
operator[! (int);

ItemArray(fir,l&.,.z) II

**.*****~~*.*******************************************.***~*****.****************.*********************
Ilc1a•• RuleItem
Ilbase class for different t~s of rules
fifnde! RulelteR~ ...pl.te
'define Rulelt.lRi~!ate
finclude <strinq.h>
finclude "itel&.hpp"
class Rul.It... : pUblic Ita.
{

char nUIR[GJ;
char oper[3J;

public:

vlrtual

};
fendif RuleltemTemplate

char*
char*

RIIlelt.. () {a~pcpy (nUIII,"\xO");}
Rulelt .. (char* no,char *op) {stpcpy(n~,noi;stpcpy (oper,op);}
~Ruleltem(} II
rulnoO {return nillR;}
operat(vcld) !ret~~n oper;}

**********~*************************T***.*************************.***~*************************~***~***
Ilclass RulaltelR
I/base class for different types of rules
fUndsf Rule1teIRTelRplate
fdefine RuleltelRTelRplate
finclude <strinq.h>
finclude "item.hpp"
class RuleItem : public Item
{

char nUlll[6];
char oper [3] ;

public:

virtual

I;

char*
char>

fendif R~leltemTemplate

Ruleltem(j [stpcpy (num, "\xO"); i
Ruleltem(char* no,char *op} {stpcpy(num,n~);stpcpy (~\
-Ruleltem () {}
rulno () {x'eturn num; I
operat(voidl {return oper;1

,op};}

***w*****************************************************************************T*k****r***************
/lruleList. class
//contains the rules container class
lifndef RuleLiBtTemp~at8
fdefine RuloListTemplate
finclude "flookup.hpp"
finclud~ "rulaitem.hpp"
linclude "rularray.hpp"

RuleArray theRulea;
int currentIcix;

public:

class RuleList : public FiLookUp
{

/I!ndex of currnnt rule

virtual
void
void
!nt
void
void
int
char*

Ru!el:.ist o {l
P.uleLlst(ch~r -fill
~lIuleList () !l
put(Ruleltem& "Rule};
stepThrouqh ();
readLine(char*);
bufFormat(void);
rulFormat(char*);
current (void);
current Rule (void);

FiLooklJp (til}, currentIdx (0) I}

Ilreturns the index 1;0 the current tule
Ilreturns the current rule



void
int
int

currentReaet():
qetRuie(char *1;
currentinc ();

llreaeta the curr.nt index
Ilf1nd2 a rule fro. file
Ilincrements currentldx

lendif Rulel.illtTU!plate
~****.*****~******••*.***.**.******~***************.**************T*********k****~*~**********~****.**w*
Iiscrean cl~as ~hich controls the operation of the proqraa
Ilthis claas ia the graphic~l user interface
Ii! ldefined,SCREEN)
tdefina SCREEN
'include nmamollBe.hpph
tincl~de Rwindow.hpp"
tinclude "qmanu.hpp·
Illinclude "1II8.,uopt.hpp·
linclude <atdi~.h>
linel~de <atdlib.h>
cla.s Bcrsen : public qview
(

.B"Cat t ·lIUItat;
aBlIlOui. *lIOuse;
gaenuliBt w.enu;
qcoord wcoorda;
qworkarea WUBer;
qwicdow _sq; lldisplay inf"rJIIlItivemeaaaqa in window

pUbllc:
screen ();
-Bcrean() {delate mouse;}
void mousinit(void);
void control (void);
void aventhandJe{vol.d);
void whatAmi(int,int);

I;

tenlU!
*******k**********~**************k*************************~**.J:.*.k********************~****~*.********
IIShapaArray class
IIShape container class

Ilfinciude <array.h>
fi~clude "itemarry.hpp"
Ilnclude "shape.npp·

class Shap4Array
{
public:

public IteMrray

II

Shb.p<,oArrai'():
virtual -shaPftArray();

gshape' operator!} (int);

*********:****~********~~**t***.*************************************k**k***************************** ••
Ilqshape class
Ilqcurve class
Ilqtrianqle class
Ilqrectanqle claFs
lif !defined (SPAPE)
tdefine SHAPE
'Iinolude "qview.hpp"
linclu~e "linea.hpp"
'include <strinq.h>
finclu~e "ralarray.hpp"
linclude "re~ship.hpp"

class gshapEI : pubHc qview
i _protected:

lnt numpts;
int numlines;
points* pnt;
Line *lin;
char sname[15];
int snumber;
statl~ lnt c~rpt:
static char shquote!80!;
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RelshArray relAtion;
p~bllC:

gshape () !!
gahape(int numl : nuapts(nua) (I
gshap8(!.nt pta,int .linl',char* nue-"shape") : nua:pts(ptal,nuallnes(linill! (stpl:py(snaae,na.&);}
virt.ual ~gshape () (re.etre.l.1lt I
void shadc(void):
void unslwde ('told);
·told putf' -')me (vold);
int fru::!'ol,rerlap.(q.hape"l;
Line' qetlinel.\nt 1) (return 1in[1);1
in~ getn~tr _~id) Ireturn nuapt.:)
int qet.nUl!ll1ltslvoidlIreturn num.iines: I
char* qets~(void) (return snaaa:1
void hide (void) 'i
void addrel(int,char*);
void resetr.l(void);
int rel)lo(1nl..ii (uturn relation[!) .nUllltO;}
char* relD.scllnt i) {return relation[il.descrip();}
RelahArrayli getRal(void) {return relation;}
virt\'d void destroy ('Toid); 1ideletes the lines and points of a shape
virtlal void eventhandle(void) I}
vlrcJal void show(voidl;
vi~l..ual void select.(void) IJ
virtual void de •• lect(void) II
viztual int add{int.int};
virtual void .ove{int,int);
virtual void setup(vbt.i) {l
virtual char" qetAttrib(char*); Ilreturns tha value of al;att.ibute fo~ ~hape

I;

clas~ gcurv. : publiC. qshape
(

public:
qcurveO;
qcurve(int xl,ipt y1,1nt x2,int y2,char* -"curve");
virtual -qcurve{)~
virtual void eventha~jle(void) II
virtual vc!d show (void) {qshape: :show (); I
virtual void select (void) Iqahape::show();

test.put.quote("Click
}

(gailape::sh",;!): I
the Blouse for til" first point of the curvs";;

"I.rtual
vi.>:tual
virt:tal
virtu,!ll
\"1rtl1al

void deselect{void)
int add(i~t,int);
void !l:ove(int,int):
void 3etup!void):
char. getAttrlb(char*l; Ilreturns the value of an a~~ribute for curve

I;

-----------------------01a_;J ;jtr!anqle : public gBhape
I

!lublic:
'CtrLln,~le.);
q~rianq.:...Un\ it, int, Lnt , In!:,1nt,('har* -"triangle");
virtuAl -qtr: ,1" ():
v')id fill (vo!':';; !Isau
virtual void show{void)
virtual void select (vl'ltd)

virtual
virtual
virtualvirtual
virtual

"p;'d dellelect(void)
lilt add{int, int);
void mcv£(int,int);
vol{! ,etup(void):
chal.· qet.!\ttriD(char*);

up ttlanqo for shading in
(qshape::.how();,
{qshape::shade():
£1110;
test.putquote("Cllc~ the mouse for the first po!nt of tne triangle");
!

!qBhape::unshade();fill();}

I:
/I~eturns the value cf an &ttribute fer triangle

~las~ qrQct~nql~
I

public:
qrectangle ();
qrectanql~{i~t,1nt~int,int,char*
Virtual -qr~ctAnqle():
void fill (void);
virtUAL void show{void)
virtual vuid select (void)

-"'rectanqle"};

virtual void deselect (voidl
virtual int add{int,int);

!qahape::show{):l
{qshape::shad~();
fill ();
tElBt.putqucte("Click the mouse the first edge of the rectanqle");
!

I~Rhape::unshade(l;filll);!



virtual VQ!d movQ(int.i~t},
virtual void $etup{vcid};
virtual char* getAttrib(char*); I/r.turn. the value of al> at,dbute for rectangle

II

"ndif
*******T******************************************W****************************ll~*******~*************W~
I/Iodndo.~.t>pp contains the window c1&s. and necessary fUI.ct1on. to dillplay
//and manipul,te a window on the Bcreen.
l/a1so r.ontains qworkarea class and gcoord class
lif Idefined (WINDON)
'define WINDON
'includa "qview.hpp"
I/Iinclude "shape.hpp"
//Iinclude "picture.npp·
Il,include "rule.hpp"
'include <g~aphics.h>

class qwindow :public gview
I publict

qwindowO i)
qwlndow(int xl,int yt,int xr,int yb,int display-O)
I

qview(xl,ye,xr,yb)
if (Idisplay) show();

}
virtual void eve~tha~lle(void) I

vC'id Musage (char *);
void wclear(voi11;
void hide (void);
void show(void);

I:

-----------, ----,----------- ..---~--.-class gcoord : pULli~ qwindow
(

public:
gcourd() : gwindow(getmaxx()-130,1,getmaxx(),15) Ishow();}
gcoord(int xl,lnt yt,int xr,int yb) : gwindn~(xl,yt,xr,yb) {show(};}
void me._glvold);

I;

------------------class qworkarea :publ!L qwlndo~
I publio:

qworkarea() : qwinaow(O,30,qetmaxx(),getmaxy()-20) I.how();)
void evem:ha.ldle (void);

} t

hnd1f
**************w*************************.*****************W************~***.*********.*'*******k*****.*k
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