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ABSTRACT

Computer Aided Design, ar CAD, is & powerful graphical tool used to produce detailed and
complex drawings and to camry out engineering analysis. The operator interprets these
drawings and attaches meaning to the entities within the CAD. Expert systerns capture -
expertise within a knowledge base in a specialised arcs. By incorporating an expert system
within the CAD system, forming an "intelligent CAD" system, the computer can manipulate
the information within the CAD system in & meeningful way. It can

become an on board co-assistant to the desiguer, Theaamofthepm]ectrcportmtodescnbe
software structure which enables a CAD system and an expert sysiem to juteract and share
information.

The report discusses relevant issues which need to be taken into account. A Basic prototype
bas been created using object oriznted programming techmqucs with the C++ programming
language. Its main focus is 1o esiablish 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" gystems.
Data representation is found to be extremely important. it involves the representation of
entities and the relationships between other entities, Messages are the meuns of
commpnication between components and they enable components to be decoupled and
independent from one another.
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CHAPTER 1 INTRODUCTION

Background

Iii the next few years, South Africa plans to spend over 11} 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
partics, is involved in the Computer Aided Reticulation of Townships (CART) project. The
projec: aims at constructing & Computer Aided Design system which is to be used o
configure the cabling in the townships. Computer Aided Design, or CAD, is a technicai
drawing tool i which a user describes the design of & system in 3 graphical form. These
graphical entities, within the CAD system, are the pieces of data in the system which are
manipulated by the vser.

Initially a plan of thiz township is set up within the CAD system, This includes the layoat of
tue stands, the roads, the rivers and other physical entities locuaied on the plar. 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 sysiem, the operator can optimise costs so that expenses
can be minimised. By cuting 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 performunce, The software must offer
facilities for simplifying the design, optimising costs, and choosing the ost desirable type of
cable and most effective cable configuration.

Over and above this, the CAD system must act as an on-line assistant to the designer. It must
perform int~grity checks on the data entered by the user, alert of the existence of errors
detected, and possibly even take corrective action. The project report ocutlines a method of
structuring the software in such an intelligent CAD system. The object oriented spproach 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 sysiem. 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 1ist of entities in the CAD, and an
expert system.

In order to create an intelligent CAD system, it is necessary to integrate 8 CAD systerm with
an expert system. Chapter 1 and chapter 2 describe CAD systems and Expert systems.
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Scope of research
The aim of the thesis is:

. To identify and analyse the issues relating to intslligent CAD systems,

- To formulate a conceptual framework that supports the integration of expert
systems (or kmowledge based systems) with CAD systems.

- Topmposcaspemﬁcmhltecmmatmmthemquumnmofthe
framework,

'IheemphasisofthxswoerkisnottopresmibcpmndigmsforintelligentCADsy:temsbutm

provide shc necessary infrastructur. 0 support interaction between expert systems and CAD
sysuezns.

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 dascribes the basic architecrure of an expert system. An 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. The chapier goes on to describe searching

gtrategies 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 intelligent CAD protogype that has been
developed. Each of the components making up the prototype, encapsulated :% 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.



CHAFPTER 2 CAD SYSTEMS

Introduction

Cm”mmmamwdmmm-ﬁmmminap@ﬁeﬂfmmn%cwhu
extensive capabilitics 1o manipulaie and modify the geaphical informarion however he desires.
Thegmphx:aliafamonmdaeﬂma:mybowwdby text, points, lines, polygons
micm :

memﬁm%Mquhﬁdmhnwdm&mMWm
capable of using them. They va os powerfnl meinframe machines, had limited capabilities
and were really oaly crado deswing packages. With the advent of more powerful machines
and scftware, CAD paciinges dogast %0 appeal to a wider spoctrum of people. The packages
mmmmﬂ““&ﬁm@mmmh@ﬂy

Emwcibmmmﬁrmandmﬂenbhmwmkmthmmc
carlier sysitms, they we il sechmica! systems. CAD sysiems are used in a specific field,

" such as: engincciing, schisetnre, of wanufectoring. First time users are faced with & steep
lcumngcm‘mhgm&m

-, Umﬁthlzh}km ¥mowledge in the field are required to increase their
-coxpertiae; in tha feld.

- Usesy goed 10 learn what each symbol that is used in the CAD system
repeasosss and understand its purpose.

- Usere sust understand how the entities in the CAD system interact with, or are
relstexd t0, one snother.

CAD systexns can put together complicated & . intricate diagrams, These diagrams may casily
maodel the probies dommain. CAD systems provide powerful tools to create deteiled and
accurate drawings, They pmvidc tools to copy, modify and manipulate the entities in the

drawing.

By mti.ng out the diagram visually on & computer, the designer can get 8 better understanding
of the problem. CAD is an excellent coramunication fool since graphical information can
effectively represent the information in the design. The diagrams are passed along to different
members of the team for scrutiny. The diagrams are easily understood by people fluent in the
problem domain, Flaws 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 MICROSTATION, CADDY, CATIA,
TURBOCAD and AUTOCAD. The next section looks in more detail at the abundance of
facilities that snch systems possess and describes some of the tools incorporated in such
systems.
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Gordon™ descrites AUTOCAD as a populer CAD system that is used on a personal computer

(PC). This package is sm cxmmple of & typical CAD syseem that is widely used in
MMWMmmM CAD systems operate ont

ipatnit (wacks 28 3 PC), see inexpeasive sysicms, contain an abundance of
mmmmm&ngmdbythﬂpwfemmalﬁxﬂw

mMamd:mTiwmusmislﬁdmn
- 20 e sy option iy uvailable when you need it. Pull down

:m&:a.ﬂmdmﬂpmmedmmwdoutof scaled. rotated about any

-yt oopled, moved, grouped together to form more compiox entities,

L -Mam m'edandmmtoandﬁmdmkmﬂposmomd
'!'m 1y be immnixed with graphics.

- Pifleress fonts and text styles may be selocted.

- Rustdes may bo filled in with various types of fill patterns.
DMtypuofhnetyp&smaybeselcctedsuchasdomd,dashesm
continnous.

Different modes of drawing may be selected such as free-hand and isometric

- An entity, or entities, may be block marked. These marked entitics may be cut

- and paste or their atoibutes (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 atiributes of an entity

- The attributes of entities can be modified.

- It is possible to locate the closest point to a line within a search area,

;' o A v :. e H

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 drawing layer,
hatching layer, structural grid layer, piping layer, elecirical layer and a layer wiis, ...»
construction guidelines.

CAD systems glso huve a macro facility 1o 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 1o redo the operations. This facility 1s extremely useful if the user is required to
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carry out many manuat and. repetitive operations. CAD systeh - may conteing their own

programming language &nd roay link in modules from other prograneming langusges, These
Mmmm&kﬂm&mﬂﬂmym&ﬁﬁmmbeumdmmﬂww
svstem. ~

»

oo

CAD is & powerful wipl for manipulating and working with entities. Entities are the shapes.in
the CAD and arc by & nane, & unique identity and artributes. An entity may be
made up of simpler satitles to fam 2 complex entity, Complex entities may be manipulated
as casily as simpic eemitics, ' '

The entities in the CAD rystem can be stored in a database, Entities relating to specific fields,
such as the motwe indestry, construction industry or any other indusiry can wasily be created

. and stored in a deisbese snd retricved into the CAD when required. Both complex and simple

mmdommdmbemmﬁnmmn,h,butcanberemevedfromadatabaseand
copied onto the screen,

The CAD’s dutnbase keeps & permanent record of the design in progress. The information in
the database can easily be analysed or modified. CAD systemns can update or manipulate the
characteristics of entitics with common names, identities or attributes. A relational search may
be performed to find and replace the characteristics of a specific type of entity. For example
all ransformers may be changed from a blue outline colour to a red outline coiour,

The database enables CAD 1o become a comnlete and accuiate 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 geiting these detailed reports, accurate
cosgting of the projects and inventory control can be implemented.

Limitations

in = typical CAD system, entities are represented on the screen by a pixel map or a vecior
representation. These entities have no meaning associated with them. It is the responsibility of
the user to understand what individual entities represent and the relationship between therm.

A user may modify these entities and their relationships 10 one another as he desires. He is
responsible for dll changes made. There is no integrity check of his design decisions by the
system. It is probable that impz.ctical and unrealisable designs are developed. Often
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WMm&edmgnmfmdmﬁnmmmﬁmpmmmnmﬁmﬁn
Cmm»emmmmagmmﬂicﬁnmﬂmsmIfthaeemomldbetbmcq&mtha
Cwsﬁmmmﬂvastmmofmmmlwuldbesavei i

Present day CAD ix a pictorial representation of the design. The CAD itself does not have -
any intelligence and puts the entire work load and responsibiiity of the design 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 2 database. They are not application specific.

In order to solve problems ix a specialised application, complexalgomhmsmedbe
incorporated. These algorithms must be hard coded into the system w0 suit the application. For
example & problem may arise in the CART system which states that a transformer may not fie
within ten metres of a consumers stend. Thus whenever a transformer or a stand is located on
a drawing, % procedure is rur, which checks whether it liss within the restricted ares, It is
time-consuming work and effort needs to be expendad in order to debug and solve these
algorithms, It is no trivial tagk 1o update amimod:fythesealgmﬂunsasanapphcmons
requirements change, .

Although relevant information is captured in the CAD sysiem, each algorithm that
manipyuiates the 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:

- Contextzal belp on the entities in the system.

- A description ~{ restrictions applicable to an entity.

- The restrictions applicable 1o the atiribuies of an emity relating to the context
that the entity is in.

- Dependency relauonshlps that this enttty has 10 other entities,

- An indication of the maximum and minimum aliowable values that the
attributes of an entity may have.

Thus the amnuat of interaction between the vser and the computer is limited, The user only

has a tool to draw the emtity on the screen and assign it atwributes. The system performs a
limited check on the integrity of the system for out-of-bound conditions.

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 systeras
are becoming more and more user friendly and advanced.

These systems need io be simplified even further so that someone, with limited knowledge in

6



o hgt AR

VG

the domzir of the CAD system, i3 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 accepied in
the market-place.

There is no doubt that CAD systems are impressive tools for representing drawings. They

possess many powerful features which can sinplify the task of the designer immensely. These
systems contain ranch aseful information which is not, and could be, used to simplify the _
design process for the user. Bxpert systems, which are described in the following chapter, are
perhaps usefid tools for making use of this "unused” dam in 8 CAD system,



' CHAPTER 3 EXPERT SYSTEMS |
Introduction - Jﬁ{

Expert systems have been in vse for over two decades. However, in the past, they have
mainly bees waeod by rosemchers involved in the field of artificial intelligencs (AI). Expert
systems have always been considered 2 form of Al and have been <sociated with other Al
mpumhumﬂmmmﬂmyhgic.

MMMMMMﬂmwmmm Instead of
mmmmmmnmmmaﬁmmmsysm
) : bon which {2 stored in & special purposs datsbase, called a knowledge
iy 4 knovdodgs bese of domain specific knowledge, This
hﬁhmdm.hmummcxpmsymmsmoﬁenmfmed

me m&mmwusmwdtodcalmthsymbohcmfmmanon.'lhey
dex! with the isendpelation of information using Jogic. The main languages used for expert
symosas 2% Prodog aod Lisp. Prolog is reaily an exercise in programming in logic while Lisp
(orisich fs 4 soutraction of List Programming) is & means of programming with lists of
informntion.

Tﬁtehpu' mrves 10 describe the components of an expert system. These systems are used
o eacapsulate the knowledge of an expert in a particular field in such a way that meaningful
infosmution can be extracted from the system.

M architectare

Expest systemns consist of three components (Browston™): Duta memory, the set of rules and
the infererce engine. The set of rules and the inference engine are described later in the
chapter. Data memory is the global database which represents facts and assertions about the
problem. Data memery stores the current state of knowledge during the problem-solving
process by holding symbols that represent facts about the domain world.

The state or the data memory is the main control over the execution of the rule based system.
Control aiso depends upon the probiem solving strategies of the inference engine, The
inference engine Is used to execute, or firs, the rules, It determines which of the rules are
relevant and which rule is to be tested next. Browston™ notes three states that the infersnce
engine must have: maich rules, select rules and execute rules. Match rules determines which
rules are relevant to the specific problem domain and builds up ell 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



conflict sc: of roles is passed to the next state, ssloct rules. This state, us_. g some selection
styategy dewenmines which rules will actually be executed. The inference engine transfers to
the third state, execnie rules, by executing the rules selected. Once the execution is
completed, the inference engine cycles back to the first state, rule matching where all the
mias thae aced 10 bo selected ana exacuted (a conflict set of rules) are dersrmined and so the
process continues. The mule inwrpreter is useumexecuw:hcnﬂesbym:erpmnng&u
mmdwﬁomofthembs. '-

mmmmmhsuﬁwbammtofdnmthﬂmmpmwiMSnucmof
“the ruls i ia the form: {f <condition> then <result>. The conditonal part of the rule is
refenied o as the left hand side of the 1ule, while the resultant part of the rule is referred to
o the vight haad sids of the rule, The Isft band side of the rule usually containg a boolean

. senpbiuskion of clauses, such as AND or NOT. A claunse specifies a restriction on the vaive of

. paaac ety that may be represented in data memory, The right hand or action part of the rule

. i geeenlly a list of modifications to be made to data memory when the rule fires. The
_ ".j.mmnymm@mdeiewehmcntsmdammemyorcvenmadmwmcdamm
ﬂ ﬁam an input output device. For example given the rule:

. ﬁ’- ﬁ_ae car has a battery AND If the batwery is dead

THEN the car will not start

M&d both of the IF clauses be satisfied, then the THEN part or action part of the rule is
2. disisfied, The action part of the mile sets ap the status value whick might exist in data

.. -memory to, for example, StatusOfCar=STUCK.

- Knowledge representation

The knowledge of un expert is captured in the rule base in the form of rules. Rules may be
fartual, rules of thumb or even non-precise. For example if a car will not siart a number of
reagons for this may exist:

1) IF the car has no engine THEN the car will not start,
2} IF the car has no petral “THEN the car will not start
3) IF the car has no batterv THEN the car will not start
4} IF the battery is dead THEN the car will not start

Figura 1 An Example of Rules in a Rule Base

It may be found that reasons 1,23 are falss. The car 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
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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 tronsfers to
the third state, execute rules, by executing the rules selected. Once the execution is
completed, the inference engine cycles bapk to the first state, rule mawching where ali the
rules that need to be selected and executerd (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 a3 the basic element of data that is manipuisted. The structure of
the yule is in the form: if <condition> then <result>. The conditional part of the rule is
referred to as the left hand side of the muls, while the resultant part of the rule is referred to
as the right hand side of the rule. The left hand side of the mle usually contains & boolean
combination of clauses, such as AND or MOT, A clause spucifies 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 & list of modifications to be miade to data memory whex tue rule fims, The
actions usually add, modif;, or delete clcmnntsmdatanwmorymemreadmmwdam to
and from an input output device. For example given the role:

iF the car has a batiery AND K the battery is dead
THEN the car will not start

Should both of the IF ciauses be satisficd, then the THEN 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 exampls, StatusOfCar=STUCK.

Knowledge representation

The knowledge of an expert is captured in the rule base in the form of rules, Rules may be
factual, miles of thumb or even non-precise. For exumpe if & car will not siart & number of
reasons for this may exist:

I 1) IF the car has no engine THEN the car will not start
2) IF the car has no pstrol THEN the car will not start
3) IF the car haz no battery THEN the car will neot start

4) IF the battery is dead TEEN the car will not start

Pigure 1 An Example 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, ie.
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



shows how the expert system analyses a series of rules and so manages to pinpoint & solution.
If condition 3 was found m be true, ("ths car hay no battery”) condition number 4 would not
bave been eveluated at all. -

All knowledge captured in the rule base is useless without an inference engine. The rule base

it just 2 collection of knowledge in a rule like form, In the above exuinple the resultant part

of the rale is "The car will not start”. The conditional part of the rule is one of the bold

chu;Fa.mﬁg:mel such a3 “the car has no engine”. The expert system needs an inference

cmﬁemmhfwamh,ﬁndﬂmmwhmgnﬂeandmferanaddmmalmh
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between a complete declarative but inefficient representation of knowledge

(wire knowledge is defined explicitly) and a procedursl representation that cannot be

" manipulated by programs. In an expert syster, knowledge is relazd to other knowledge and

1% ai30 related to procedures which manipulate this knowledge. For example, if a nile
condition 1 satigfied, then widitional facis and assertions on the data in the system may be
establishod and additional ruies © :he knowledge base bacome candidates to be checked, The
knowledge sccumulated so far may be modified by procedures which manipulate this
knowledge. A ' .

Rules

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

Lucrs" describes rules as being modular, thus additional rules can be casily added, with few
side effects. This simplifies the creation, addition and mainmenance of the system. Rules are
easy 1o explain because they represent separate packets of knowledge. Their modularity makes
knowledge deseriptions easy to vpdate.

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", expert systems are advantageons when the rules are unordered and may
not be organised as sequenced inseructions, They shonld be used when:

- The knowledge to be programmed naturally ecours in rule form.

- The prmgram’s control is extremely complex.
- ‘The program is expected to be significanily modified over tims.
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(Lucas™). As rule conditions are satisfied, the inference engine works at a higher or Irver
level of the rule tree, depanding on the type of search strategy being used. '

. Inference

An inference engine is vsed to manipulate the rule base to extract more meaningful
information froem it Bt reads in & rule and determines whether the cunditional part of the rule
is satisfiod. I€ it is, % modifies the facts and assertions of the data in the sysiem and from this
infers the pext xale. ¥ the rule is not satisfied, the result is that the condition is untrue and it
looks np scother type of rule in the rule structure. It continues to infer rules until & result is
found or no remalt can be found.

The infierence sngine needs a parser incorporated in it to compile the information from & muie
and put it in a format with which the inference engine can work. The parser should be able to
deal with roles that are Jaced with multiple AND and OR conditions and pass each of these
conditions that is being tested to the inference engine.

The inference engine performs thc soflowing functions:

- Recognises immediately achicvable goals

- Expands goals that are not iromediately achievable into simpler subgoals

- "Takes the necessary action to achieve primitive goals.

- Backups the solutions of the subgoals to yield the solutions of their super
goals,

- Maintains & goal tree to store the explanation of the decision making process.

Search strategies

According to Fox®, 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 satisficd, the solutisn
process is focused to other rules which may then be tested. A solution is finaily 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 rales which generate a large search space, a large set of rules gencrate a small
scarch space. A rule’s conditon 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 knowledge of the domain. As the domain of expertise gets more detailed it
-becomes more difficult to eacapsulste the expert’s knowledge. Expert systems work
mﬁyuﬂ!fmdmpkmwhnsexpuﬁmmbeeﬁwnvelycapnmma
knowledgs base. |

mmmwwmmmmﬂwﬁamwmm
chaining or 3 combizmion of both. Both backwards and forwards chaining use various types
of chaining sinngies oo search & trec structure of rules in a knowledge base, According to
Powere™®, theix deo four basic mothads thet can be used to search the tree: breadth first
seavcs, dupeh fivst search, bouniding methods and heuristic guidance methods. Depth first
scarching ivokvey sewrching cach branch to its furthest depth. Breadth first searching involves
searching au eaetee Jovel before moving to lower levels of the tree, With the bounding search
sostheatl, a9 oveiiting is deserniined of how well the search is progressing. This solution is
usod 20 placs Semnds on the search apace so that certain solutions need not be investigated.
Hewinic pekdoce lealts the search space by applying approximate principles or rules of
themb an ﬁnmi’:famauoumthesyswm.

Forward chslning

.. pm chaining involves trying to determine & goal by hypothesising on existing facts and
assertions in the system to prove the goal. The inference engine compares the facts and

assestions in the system with the rules and determines if the result is satisficd. It works
downwards from the top of the knowledge tree to the lower levels. The matching of the
tnference engine has no effect on the state of the data memory. ie. read only access to data
memory. For example from figure 1 the rule states: "if the battery is dead then the car will

~hot start”. Forward chaining examines the conditional part of the rule, i.e. "the bastery is

dead”. If the conditional past of the rule is found to be true, then the resultant part of the rule
is sanisfied, i.¢. “the car will not start”.

Powers™ states that &n 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 methnds, which has been described earlier. The major limitation is that the search
may not Iead to goal states and hence effort is lost. Additionally, the initial states may be
many and hence & 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 imroediately 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 sre
attainable. Backwand cheininig involves tying to prove a result by stating that if the gosl is to
be satisfied, certain conditions have to 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 reasous 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 batiery of the car is dead. Thus the car will not start
becanse the battery is dead.

Powm"menm:huﬂwadmmgesofworhngﬁnmthcgonlsmemthemmalsm uging
backwerd chaining are:

- All paths end at the goal state.

- Nopmhsmwastedbygmmungst&mthatdomtcndaxﬂwgoalgm

- It is the only method that can be used when the initial state cannot be defined
explicitly,

- .Theuolauunofconunlhmwledgcnmkesthenﬂesmmtomdmtandmd
explain,

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

Blackboard systems

A blackboard approach is & 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
m#y exist on the blackboard includes input data, partial and finai solurions, hypotheses and
control data.

Each knowledge source updates this common database. The knowledge sonrces 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 knowledgz, they all
gombine to soive the problem.

Blackboard architectures, of an expert system, use muitiple knowledge sources and muliiple
lines of reasoning according to Alty®. Each knowledge source is a set of rules used by an
individual ’expert’ to tackle a particuiar aspect of a problem. When a knowledge sourcs is
activated, it creates a new hypothesis which it writes to the blackboard. A scheduler controls
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determines which knowledge sowree to activate.

Frames

Frames provide a formalism for grouping the properties of individual entities, A frame is a
data structure which represents an entity type. A frame’s properties are described by flelds or
slors. The imowiedge i3 organised hieracchically in a frame hierarchy or freme texononzy.
Frames sre prganised into an inheritance taxonomy, with the subclasses inheriting from their
superciasses.

In & frame spproach, the system tries to find values to fill the unfilled slots of 2 frame. The
properties of the slote which are known are used o select a candidate frame. ¥f inappropriate
values sre fourd then arother candidats frame must be selected, A frame is not found if
insufficient knowledge is supplied. In effect the system tries to find a frame which best
matches the known properties of 2n entity. When a sofficient match is found, the system can
infer the existerce 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, & frame is said to be instantated. Frames sy be used to represent an entity
from different points of view. Slots may have the following characieristics:

- Contrin genevic, i.e. preset values, which occur in every instsntiation of that
frame,

- Take on default values if no other values are known.

- Have conditions where tiieir 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 procederes, which are attached to a slot, may be invoked if a
certain condition is not satisfied for the slot. For example the procedare 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 permanently available human expertise.
- Have greater accessibility 1o 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’ guestions.

. 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
humans or conventional data processing techniques, such a5 cases where # large
number of cases must be explored.

i

I K3
Expert sysiemas have serious limitations mainly because they are in the early stages of
development. They have a number of probiems:

- Kuaowledge can be difficult to represent.

- It is difficult to establish the degree of confidence in the outcome of facts or
conclusions,

- * Rules are regtrictive as a form of knowiedge representation for common sense
knowledge and implicit relationships.

- Rules have & surface knowiedge only (heuristic knowledge) but do not have o
decp knowledge, ie. a knowledge of principles, structures, or the functions and

' behaviour of objects.
- K is a Isborious and difficult process to extract knowledge from experts.
- Data acquisition is the bottieneck in the building up of the knowledge base.

Conclusion

By capturing the rules that an expert uses and by having & mechanism that ¢wn deal with
these miles, 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 #n expert, but as a tool to assist 2 less knowledgeable person who has much less
experience than the expert.

Alty™ 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
knowledge can be used by non experts in the field.

The rules within expert systems are not piaced in the program code of the application. Ratker

the application reads the knowledge from a knowledge bass external to the program. The
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™) mather
than digging into the actuai code itself. Conirol can algo be varied by modifying the way the
mfmmeenymkxhupmbnxmm 'I‘humkesexpmsymmsvamuvem
work with, ,
E@mqm{mmmmmefmofmmhmmmamw
base. There sre 8 nensber of advasteges in strocturing the information in the form of rules.
Since the rules ey sot hand wired into the program’s internsl structure, 4 flexible system is
achieved, Although expert systeros are difficult to debug, a programmer with less technical
expertise my bo capable of doing so0. For an algosithmic approach the program needs to be
recompiled with every change made. In order to debug a program, it is necessary for the user
to have a tharough woxking knowledge of the programming language that the algorithms were
written in. However, 30 debug a knowledge base, less technical expertise is necesgary because
the user dods Sk abod to bacome entangled in the programming language. He only needs to
underswnd how the information is structured in the knowledge base and have & good
mdam&&ainfmmmmcmofthemwbdgebm -

Typically, expe:t systetns consist of the current state of the date in the domain, the
information siractured in the form of rules, and a control mechanism used to read these rules
and wifer additional rules 10 be looked up. The control mechanism (or inference engine)
masiches the rule, stlects the rule and then executies the mles. This process continues until the
mbmm:msﬁcd,mﬁmmlchasbeenpmventobefalse

The t:xpct system needs to evaluate multiple conditions which are logically related to one
another, with the AND and OR logical operators. A parser is needed to evaluawe 4 string of
multiple AND and OR conditions which are grouped together, This parser is part of the
inference engine of the expert system.

Expert systerns possess the capability to extract useful information from 2 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 fo create an intelligent CAD system.
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CHAPTER 4 INTELLIGENT CAD

CAD sysiems posscss many remarkable features, These systzams couid become even more
prodactive by providiag them with “intelligence”, Intelligence enables the CAD system o
extrac: mesniaglol sad useful information from the system. This information can be passed
mmt&.mnmmmofanymmngmencmmthcdmgn

W&DWM&CADsysmmwdmomlfmmthatmkesﬁwCADm
thkwnh.kisasthoughthcuserhasanonboardasmtamwgmdemm.

MWCAD systern can be achieved by giving entities in the CAD additional festures
s by seacking rules io these entities. These mkss determing the constraints and Hmitations
of thts entitles, In an intelligent CAD system, entities have a whole set of atributes associated
with thexn, Each entity is capable of checking whether it is in an invalid state by virtue of the
valyes that its aitributes bave.

Wbaaamﬂlyma(:ADsysmmmmampulatcd,thesystemvmﬁesxfﬂmenmyhascauscd
A tevalid configuration in the desisn. Each entity munst be able to check thi: all the
relatioaships that it kas to other entities are valid. In this way the sysiem can ensure 2 more
robust design using CAD. In typical CAD systems this is the responsibility of the user.

Theie sre 2 number of factors which need to be traded off for intefligent CAD systems. A
- srougly coupled system leads to a less maintainable system than & weakly coupled ore. A
weakly coupled system is slower than a strongly coupled one. A system can be thought of as
a collection of black boxes, with each performing s specific function. For a stoagly coupled
systemn these black boxes interact a lot with one another and kave much interdependence. In
order 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.
Mzintainability of the software may need to be traded off for speed and efficiency.

Requirements of Intelligeni CAD

Latombe’s™ objective in using an expert system in compuier aided design is to blend the
designer and the computer into a problem solving team so that design problems cen be
tackled more efficiently than working alone. The design task is sllocated 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 perfri.2 by designers.
CAD systems could be nsed to bring new kinds of resources into the system and to belp to
achieve a better working team: between the designer and the computer,

CAD andExpm sysiemns are complen.r_, different from one another. CAD systems display
gmphcalmfmmmuponamenwmm.xpmwswmsmmpmtmmdmfmmamnmm
knowledige bazes to come up with 4 logical conclusion.

IﬁudﬁmmgmbmmpmzystemmthaCADsystem,nmnet.essmrfortheCADsystcm
to share the/information ;3 entities with the expert system. The expert system should be
gble to verify the inform., .1 represented in the CAD database, Should the expert system find
that an entity canges an invalid configuration, then it should pass a message to the CAD |
systern, The AD systern should be able to deal with the requzst and may respond by

displaying a waming message on the screen, highlighting or even deleting the offending
entity.

Each component of the CAD systemn should wirk separutely and independently from the other
parts of the CAD. The dmwing part of the system should be completely unawsre that it is
hwiegrated with & rule base. By separating these functions, the system becomes easier to
maintain because 4 change to a module is not propagated through to other modules. The
expert system should not even know that the graphical interfuce exists. All it needs to know
is that it is fod facts, which it analyses and comes up with results which it returns. Some way
musat he fornd 1o integrate the drawing part of the system and the expert system so that ey
may work independently of one another.

Role of CAD

CAD systems need to become more applic specific. It is necessary to store more than the
pixel or vector representation of the entties. The CAD system must be mors than just a
collecvion of entity names and attributes gathered in a database. Entities should be given
mreaning. They should have atrributes associated with them, These attributes should
automaticaily be determined when the entities are created, manipulated or destvoyed.

Entities may have relationships to other entities. These are set ap when the entivy is created or
manijpulated 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 1 reason with entities which are explicitly or
implicitty related to one another. Entities have explicii links if they are related directly to
other entities, such as a cable may be connected to a transformer. Entities have implicit links
by virfue 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, they it is up to the user to
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validate that it is not the cause of an error in the dssign, 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 ~° the connection. A cable should really know if it is in an invalid
state and should inform the user of it or carry ont 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 containg a set of relationships to other
entities. Thus an entily may have a relationship or a number of relationships to many other
entities,

Role of expert systems

Expert systems offer an idesl solution for capturing knowledge sbout entities in a particular
domain. For ¢xample cables or mansformers way have specific rules attached to them. Alt tt° -
could be captured in a knowledge base. Each entity in the system should have a whole setoi
riizs attached to it. An example of 2 tule 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 une another are a stand and 2 cable. The cable has a voltage
attribute value of high voltage and the stand has a type atiribute of residential, Either the
cable entity or the stand entiiy uses this rule to check if it is in an invalid state.

Capabilities of intefligent CAD

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

CAD gystems 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 srlving very new problems. The difficuities in

descrik 3 the knowledge in the system may reveal the designers misunderstandings and may
suggest new 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 tell the 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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has less flexibility than he would have before, which reduces the margin for error. Erorsin s
pmjpctmaybepwkndupqmwuaﬂymﬂwdcmgnmgc rather than in the construction stage.

Hll
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mdwm
Mm&wwwmﬁmmmﬂngcwmth expert systems. The prncirte

mhMMMkMdemmwmhsmtothesystemandmmammnthe
voles, Hm. mam i 2 rule like formnt offers many advantages.
b

W Wﬁm become incorporated into the CAD system it is uecessary to

Wik m entitics and to append additional rules, concerning these

L Mﬁﬁ* \"‘ ‘[ i
'm ﬁ*ﬁ&h&mmmry The cost of maintaining the knowledge base may
be high. Rules sty aecd w0 be modified and edited with changing requirements in time, With
the introdinction of sww eatities into the system, additional rules need to be added to cater for

‘ The mkm velidity is captured in the rules. Thus miles which are ambiguous o

hmmminmm

 The tios stz 0 ovaluat rules may be large. This would cause the intelligent CAD to

executs g0 shivwhy to be practical for an on-line, real time system. A way must be found of
balancing the processing of the system so ihat the system is practical to work with in real
fime, whils af the same time able to perform all the necessary system integrity checking, In
order 1o sccopplish this it may be necessary to carry out some of the processing in an

overnight basch run or on another machine on the network.

Conclusion

. It is highly desirable to use expert systerns with CAD systems, Very crude intelligent CAD

sysieins can provide great assistance to users, However the price is great in developing and
ma.ntammg such systems.

tclhgent 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 that others have taken,
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CHAPTER 5 EXAMPLES OF INTELLIGENT CAD SYSTEMS
Introduction

The previous chapier 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 &re brought up such as: entity representation,
knowledge repres:ntation 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, Encarnacao” suggests that the following
problems need to be solved: entity anyd knowledge representation, system conirol and
knowledge acquisition.

Entity representation and knowledge represeniation 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 concems the man machine interface, graphic dialogue, access to ihe methods
manipulating the data in the domain, the nisthods 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 30 as to minimise redundancy, limit amhxgultv and
maintain consistency. s

L
Encanacao'’ states that the implementation language and the corresponding graphics interface
should be able to interact with ons another. This could for example be an interface between
Prolog and GKS (Graphics Kernel System). GKS 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 (UTM) needs to be set up
s0 that the User Interface Manager and the dialogue component of the knowledge base may
interact with one another. This eaables the task of building up the knowledge base to become
interactive. It is important to be able o 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, daia base and methods base. The knowiedge base
contains the rules of the system, the database contains the entities in the system and the
methods base containg the procedures that use the information in the knowledge base and
from that modify the entity informetion in the datsbase. These databases, with User Interface
Management suzpport, mdmbemwgnmdsoﬂmtthesystemmaywmkmm the information
in the different databases.

mmmum

Wmummm&m of problem solving ars representation and
seavch of the inliswetion tn the systom. Hispaperdiscusaesmc&ﬁ’mnt types of
ropresontasion sui solch smbgics. A well structured representation tesults in a small search
space. His cisloctive 2us doen 10 develop an efficient method for looking for the solution in
the soprayenmtisn thal ke bonn selecied. Powers mentions three general representations: state-
space: reprassnssiions, decomposisions represemiations, and theorem-proving representations.
mmmmm searching from an initial state to a goal state. In
decompadision thi peollens is broken down inlo smaller subproblems so that the originel
probicen mioes 0 & st of tivial problems. Theorem proving representation makes use of
baoiean. sigelen 1o wlve problems, Powers examines cach of these representations and
dimuﬂt yru axd cons.

in m W representaiion, operators cause a transition from one state to another. Each stats
is charncteriaad in tarms of atiributes associated with it. Operators determine if an atiribute of

a state has the proper value to pass on to the next state. The states making up the state space

form & tree Hike structre. The oporators deiermine if a lower down state in the tree satisfies

When salving a problem by decomposition, a large problem is broken down into a number of
sersaller problems. Each of these subproblems is logically tested using the AMIY and OR
logical operators. The principle of "divide and conguer” is implemented by solving the logical
conditions of the subproblems that make up the decomposed problem. The solution of the
system is the resuit of the subproblems combined in such o way that they are ANDed and
ORed with one another resulting in the solution of the problem.

Predicate calcuius 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 INTERSECTION
operations may be applied to the sets of informaton. This approach offers uniformity in
represéntation and uniformity of searching in the problem space.

Chapter 3 discusses the varions types of searching strategies that Powers recommends, fe.
breadth first search, depdch first search, bounding methods and heuristic guidance methods.
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o of m application as eag:],y as analysis modules have been
m mmofcombmmgaﬂﬂlyﬁ’mm‘mhsmpm
dy ® the shility to logically ssparate those functions.

fepe was constracted which determined the configueation of computer
#¢s ‘which were piaced within them, Tibbert and Bergeron found that
wbyﬂnsyswmwhmhmadenlmpracucalmwmk

rwiich were not part of the physical world and were thus unlikely to
it the system, Tibbert and Bergeron believed that the intelligence
Wokid be trproved if obvious mistakes were detected in real time by the
», Two modes of operation were used: an interactive mode and &

'-&pbnﬂcmndmonssuchas dmksoftyperusthemthmleect

,j; 2 boed Bittle processing and were easily incorporated into tie interactive

ook, Roles which were far more complex took longer o solve and so
&-“Mﬁm‘aﬂm module. The configuration module conteined the list of entities
B ansdoid 30 be validated. This module contained more complex rules which took longer
nlons satt were 2olved at configuration analysis time. Configuration analysis was &
dsgicinh adch procedure which operated when all the users were out of the system. Bach
wm was placed in the configuration module was tested and validated. A report was
byﬂiebatchpmgram,whlchranforseveralhom's This report contained a list of

) an &a sutities which were in an invalid configuration.

km&r to produce & flexible interactive program that is capable of utilizing a knowledge
base, 1t is necessary to address two major aspects of the design: the interaction handler ard
the Anowleds » base. The interaction handler organises the visible predefined areas on the

- sevesn, including menus, prompts, command name, title and sketch area. Figure 2 shows the
begic strocture of such a system with the knowledge base in between the interaction handler
and the dat; “ase

The interaction handler is implemenied as a finite state machine. The transitions {0 a new
state is determined by input events, where input car 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 handier 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. Finite state organisation was adopted o allow the knowledgs base to guide the
interaction.
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Interaction '
. J }  Knowiwdige Data
User Hendter Base Base
7
i R AR
a rmm 2 Im:egrating the Interaction Handler,

Knowledge Base and Database
" {Reproduced from Tibbert and Bergeron“)

Knowledge base functions mcceed or fail. When a function fails, the reason for feilure is also
retmmed. The imowdedge base consists of four distinct components: a set of facts about the
daabase, & sot of focts abour the imteraction program, & set of rules and an infarence engine.

The knowledge bese mmst have two kinds of facts about the data base. The knowledye basa
muxt be able to access the information in the data base (entities and atiribute values applied to
entitics). It zwist also have knowledge about the data base information, the Xinds of entities in
the data base and how to access information about those entities, The knowledge base must
have kmowledge about the fundamenta! functions wkich can be invoked by the interaction
handier, It need not know the semantics of these cominands and how to invoke them.

The rales provide two basic types of constraints: consistency and completeness. Consistency
tuies prevent data base updates that cause a rule to provide the incorrect resunlt. Completeness
rules guide the user in the information acquisition process. These rules relate the state of the
data base to the interaction handlers commands in order to direct the user to enter nesded
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 mle.

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 associzted response,
Adding new rules or revising rules only requires changes to the knowledge base, The
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interaction handier or the graphics program do not need to be modified if no new basic
objects ofpmmmmmmmﬂiwdinthencwmk.

v

.-Intypmdmmm&m menps and belp have a statically defined

relationship. Tibhet st Bexgorou bave attached a knowledge base 1o the menu system
mhngthew ' "mymhbhmdwthesysmbecommﬁwndlyfm

G mnhowbdgeafwhmhpmsofmfmmanonarelmpmmm,
g, skuting how 1o divect the graphical program to acquive this critical
mformm Yy voiy: conplex menus it whuld be aseful for & desigoer to be able to specify

 the detaths of i Wnsmg‘ﬁmdmamlmmvcdmlﬁguemdthenmsmtch

pram would guide the interaction and focus the
byanexpmmtheﬁcld.

X “.l” xm systemn shows a working example of the use of kacsvd
. wﬁh interactive graphms It provzdes two ma_]or fuacuons to enforce

| m}u m mm the knowledge base are tested for their consistency and vahdhy This

eagusos Suat AR information placed into the knowledge base is checked. Knowledge guided
insestion shislogee aims at aitaching a knowledge base to the user interface so that menus
beconte contextually sensitive, The user interface is greatly improved by having a menu
syswens fhat can adjust iself automatically to the context that it is in,

The Tropic intelligent CAD system

The Tropic system is an example of a computer aided design system that incorporates an
expert system. With his Tropic system, Latombe'® finds that a general purpose expert system
aveds problem solving and knowledge represeniation.

Problem solving is concerned with finding solutions 10 problems for which no straightforward
golation 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
euficiently 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 shouid be performed by the computer to represent the model and to
access large amounts of data. Database systems may be manipulaied by expert systems to



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 tha: information pertinent to that context may be freely sccessed.

Ry -Themthatlcadtoihem!unoncnnbcmwedundamlysed.
' mm.gswmd alternative steps by correlating their saticipated

m:&" mwh&hicved.‘lmgymcmcmalmconectmbadchowesmdmm

m&mu%:mmmmm

The‘!‘mﬂccyaa:nm et design awtomation, man machine interaction and database

" mumvigensent. To deadgn antomation the computer is used to assist in all possible subprocesses
of the design process. The man machine interaction allows the computer and user to carry out
tho parts thet they ave most cificient at and thus reduce the work Ioad of the user, Database
managemeet conceens the most efficient way of representing information relating to the CAD
and the expest sysiein.

The: mnin objective of the Tropic system is to determine what type of knowlzdge
reproasmtation is required to solve design problems.

Siructare of Tropic

The overail 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 probiem 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
iree 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 represeniation of the state of the cusrent solution is
maintained, This model produced so far is stored in the Model Data.
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In thé Tropic design mroblem solver, activities are coordinated by the coordinator. The
coordinato” palls the structural problem solver for achieving the structural constraints, and
then the numeric problem solver for achieving the-numericai constraints, When one of these
programs encounters a fail paint, it calls dizgnostic programs (identifies a decision point to
return to). The coordinater is respoasible for retoming to this point and making the necessary
updatings.

At esach stage in the top down strategy, the coordinator (of the design problem solver) calls
the Inowledge scloctor, sen figme 3 of the diagram of the overall Tropic system. The
knowledge selector evokes knowledge from cither the domain knowledge, the problem
knowledge or the poblem solving knowicdge, This knowledge is described in the next
section, Ths knowdedge miecior matches the conditional part of the rule, Le determines if it is
satisfied. The knowledge selector takes the user’s description of the knowledge, the mode!
data and the control data as inpate and returns its output into the relevant knowledge, which
is used by the problem solver. The independence of the problem solver to the knowledge
selecior enables the designer to modify his description of knowledge during the problem
solving activities of the system.

In the Tropic system™®, knowledge 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 is 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 liss. It contains details and concepts of the entities
which exist in the problem domain. As has been stated by Fox®, (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 upou 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 attiempts 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 & solution in that feasible way.

Problem solving knowledge, treated as & set of secondary constiraints, enables the expert _
system 10 choose paths which ave more libaly not to lead 0 2 fail point (point at which the

system is stuck and unable t0 cone 10 & conclusion). Onoe an etror hes dwen sncounteved, the
sysaem “leams” to svoid sy poth that coelS lead to that feil point end engures that the same

erroc m he MH}M m_m

owiitige st problem solving knowledge are required to solve
 Teoplos design system should: sccept problerm, domsin aud problem
‘soby ik 8y Yo imice, gaeber and accept the means of the solution from
‘this descriptios, il ;S system 50 that the user ran easlly

Teerns of imuoﬂ m are gathmd into four sets: model production ruiles, analysis
schemata, (e constrobmts o the problem knowledge and the pieces of advice to the problem
solving binbwhidae. Model production ruies and analysis schemata correspond to Jorain
knowledge. The coustrsing apply to tiwe problem knowledge. The pieces of advice correspond
10 the mm kmowledge.

The mqw production rules is 16 prowdc the system with data so that it can gather
inforadaditn W gedtrsie modsls. Model Production Rules {MPR’s) describe entities in terms of
awibuies, W apdties and links between entities. MPR's produce suxiliary data to be used
&rmwm 3. MPR's have a context and will only trigger once a condition in the
MR I8 sntisfied. Thus an MPR’s condition may only be executed much later on in the

~ enncution of the ‘program.

Hach eenity in the Trepic system is represented by a name, & type and & number of attributes
deseribing the characteristics of the represented entity. The attributes may be structural,
having & et of predefined values, or they may be numerical. Entities may be linked
hiewarchically, inheriting properties from the higher level entities, or associatively, having
relationships 1o other entities which are not hierarchical.

'The valoes of the numerical attributes of the entities in a model are not usually independent.
Changing one may result it 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
nuenerical atiribute of the same or other eatities. The Ieft side of the scheme describes the
applicability conditions of the program. The schema and ity comesponding algorithm are
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invoked when these conditions are satisfied by the model produned so far by the system. This
allows foraprwsiimquxmnuﬂmindnsym_ .

Thcwmmmudesm&&mqm&nmbcmﬁsdinﬂwﬁnﬂmmm
side-of & constrsint describer the, >onditions under which it must be activ-ted. Its right side
w&m-w_l_ﬂmmmmazmmym“theMwsm
a transfortoer st § il SEASCWATYS watts”™, The lef} hand side describes the item
Mﬁbmwmmicﬁmmﬁwmﬁmmthatﬂs

&ammmmustoﬁcnchmmgseveml
808 %44 w0 « sotution. An exhaustive search would be time

s 38 vequired 10 focus the search. A piece of advice is a user’s

b deacribed dn a form similar to 8 corstraint. For example a

WailS oy have very thick cables connected w it. These general

j s sonveh by silowing more likely paths to be searched first, Even if -
it doés not prevent the system from searching for a solution.

3 T‘rqmc maﬂ ﬁm each step of a solution pme\,.ss that produces a solution of the
problém which is stased in the knowledge description. Tropic uses a state space searching
parsdigm whers the information which may be accessed depends on the current state of the
system. “The system carries out & number of actions, which transforms the current model from
one stids o snother. The solution process consists of a sequence of these actions. At points
in the decision process, decision poinss, Tropic must choose among several alternatives, Often
it mes the problem solving knowledge to choose the best path, To get from state to state,
m‘!ul and. mr.nn'al constraints muost be satisfied.

An euq:m systems may make errors. The systemn determines an error when it reaches a point
called s fall safe point, where some constraints are unachieved while no local alternative is
available. In order io recover from an error, it must backtrack to a previous decision point
where the solutiod; process can be cartied on with another alternative. Backiracking consists of
: choosing the deciston point to go back to and undo the effects of the withdrawn alternative.,
N Backiracking is a time consuming task that is used to undo the actions previously executed
\\ which cause the emor. To get around this, the backtracker uses heuristics o pick out the most
likely point at which an error occurred.
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A wp-down strategy i5 & powerful technique of introd aig new levels of detail in stages,

"_ branching down in & tree like structire. A top-down strategy also aliows decision making

Yo programs {0 operate in more and more detailed sbstractions defined by the description of the
knowledge, and use the final state of the solution attsined in one abstraction as the starting
state in the next abstraction. Hach successive stage can be tackled by the decision making
programs. The systexn rosintaing a precise wace of the sequences sxecuwd so far, At each
stage of the top Gown strategy, ﬁlcmmnﬂywoknddommnhwwledgedeﬁnesanabsmmn
of the solution space. .

The pew stats atteined at each stage of the top down strategy is vsed to update the set of
evoked Inowiodge 10 be considered at the next stage. Thus as lower levels of the hierarchy
 are reached wane gid more detail is determined about the problem. The final state of the
[+ soluion attained becomes the new state in the top down swategy. The top down strategy
" decompones the problem ingo simpler problems which can be tackied i s:2 - asily, Powers'®
“was quoted emrfier in the chapter as suggesting the use of a decompositiv. fepresentation.
This type ofmplfnmm redmes the problem into & sei of simpler problems whick may
easily be salved/ _ _
In order 1o detenine the outcome of a rule, the Tropic system applies & top down sﬂ'ategy,
evokes the knowledge, achieves constraints (structural s2d numeric) and recovers from errors.
For more detail on & top down strategy, refer to Lascmbe'®,

An Expert system in a pipe-work management system

In Newell's'” pipe management system, the CAD system comprices three components: &
vomputer Gided drawing system, a rule base and an inference engine. The rule base contsing
the rules of the allowable relationships between entities within the application. The rules are
stored in a-data base. The inference engine provides a mechanism for Iooking up rules and

" resurning the results obtained from the rules.

The system contains a lznguage processc, action routines, database routines, and graphical

output routines. The language processor permits the complex flew of control of the druwing
i program to be described separately from the program itself, The language processor deciphe:s
L and checks for legal user syntax. It conte=*s the system by making cails 10 the action 1w.ines,
' the database routines, ang the graphica! . utpu: routines.

The application contains a set #f action routines that are called by the language pmccssdr.
! The action routines carry out sume predefined operation and communicate with one another
§ by sharing common areas of data.

31




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 sereen. The
dztabage routines retrieve information from the data base, The database ifnterface isolates the
pction routines from the detatied mechanisms of the storpge of information. The action routine
passes the artributes of the elemenis to the database routine. The database routine, having a
list of allowable attribute values, checks if the request is invalid.

Further work in artificia} intelligence, graphics and databases

Stevens describes a sophisticated computer aided instruction program which makes extensive
use of graphics to show steam plant operatior:. Fein® describes n project to provide a graphics
capability to an antomatic authoring program, In dealing with ne-planning Nasa space
missions, Scar™ and with configuring computer systems, McOermott®, show the potential of
using graphics with artificial intelligence, Work on graphical design leading to an automatic
redimensioning of parts by Goss® leads from graphics to artificial intelligence.

Neal® reviews recent work integrating data bases and computur graphics. Such sys:ems are
beginning to u . artificial intelligence techniques to assist in graphicai display of data bas:
information. Gatett and Foley” have developed a system to dynamicaily update the graphical
display resulting from interactive updates to the data basc.

Kuowledge bases are particularly useful for providing data bage protection by:

- Enforcing data base integrity sonstraints,

- Eetecting when a critical piece of information is missing and no sensible
default can be assumed.

- Answering the designers question "what next?"

The major ¢ifference between a data base and a knowledge base is that a data base ontains
facts and relations whereas a xnowledge 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 facis.

Conclusion

This chapter has identified important concepts for an intelligent CAD system. A good
knowledge represenzation is crucial to the effectiveness of the CAD system. The knowledge
base needs to contain data which iy organised towards a solution, Different types of
knowiledge can be represented in the knowledge base. The problem can be solved by using
the different rypes of knowledge in the solution process.
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These examples of the work of previous researchers have pioneered the way for further
development in inteiligent 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 previovs implementations of intelligent CAD systems in chapter 5, a
number of important issues have been raiged. This chapter develops some of the idess
mertioned in the previous chapier.

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 inteiligent 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 possibie for the expert system
to understand and interpret the structure of the data that it works with, Thus the data must be
structured in such a way that it is ¢asy for the expert system to manipulate it.

Objectives of the prototype

Each entiiy in an intelligent CAD system has a set of rules associated with it, The rules
detetmine 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 two entities, a cable and a stand. A cable is represented by
2 straight line and has attributes such as type, rating or voltage. A stand is represented by a
rectangle and has a type, ie. residential or commercial, A rule deseribing 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 2
residential stand”. Although this rule is extremely basic it is no trivial msk 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 arcas are for 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 & relationship with other
entities. It examines when an entity should check its validity, Certain relationskips to other
entities nead 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 ean check their integrity.

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

The reprusentation d‘infutmatiqi: is extremely important. The prototype locks at how the
entities in the CAD system are represented and how the rules within the knowledge base are
structured 50 that they may easily be interpreted by the inference engine.

The prototype aims at finding & basic framework for intelligent CAD systems and the
strengths and weaknesses of suph 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 il
valid relationships between entities and to check that these attributes in the relationships are

« satisfied. The prototype alzo looks at what other technologies can be intvolluced in onder to

- make such systems more effective, efficient, reliable and practical

System architecture

Intelligent CAD should be composed of independent objects which interact with one another.
TFhese objects are the inference engine, the graphical interface, the list of shape entities in the
(-AD and the knowledge bases. These objects should work independently of one another and
camry out the necessary actions. For example an inference engine knows how to access the
knowledge base and come 1ip with the rule condition or flag 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 gll work independently and at the same time mould together to form the intelligent
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 sc 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 systera compenents in the intelligent CAD system are not very

diff~rent from a conventional CAD and expert system. The only difference is that the
intehigent CAD systera allows these components to interact and exchenge meaningful
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information with one another,

Im;ibrtanoe of data representation

Dat:i representation is extremely important becsuse both the CAD and the expert system need
to be abls to mderstand and manipulate the information that they are presented. Both systems
nee; sccess to one another’'s data end so may be integrated to interact with one another.
reprosentetion is cracial to the effectiveness of an intelligent CAD zystem, This
been particularly emphasised by Powers™ and Latombe'® in chapter 5. The manner in
mw&w&mmsthemmmwhzchnmmmummm
hm According o Fox™, a good represeniation scheme reduces the amount of
Shnm of informetion, enhances the shareability of the data, and allows basic concepts to

| reprevezaod i an wrmbiguous manner.

E’Lywbdga mprum concerns syntax and semantics. Syntax involves siructuring the
' in a form whick conveys mesning, Semantics involves describing relationship between
g edge w0 other knowledge (Lucas™). The semantics utilise an is_g link to define
redstions of knowledge to other knowledge. Knowledge may be represented in a
A hical network foering a semantic network. Another approach to representing links
tptweon knowicdge I8 by use of frames as mentioned in chapter 3, A frame partitions a
pmantic network leto casily identifiable concepts. The semantics of the representation
the mmlxty of the knowledge.

Accurdmg 1o Goodmar?, the choice of a good primitive which is conceptually rich and able
to span the set of concepts germane to the application, alows the construction of a shareable
knowledge representation. Generality, accessibility and extensibility are also necessary, For
generality, the representation shonld support more than one function such as activity planning,
scheduling, question answering, simulation and graphics. For accessibility the representation
ghould be easily perused and altered and easily and unambiguously understood by the user,
For cxtonsibility the representation system should easily acupt to representing and organising
information in new ways. Ultimately the level of mtelhgence 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 scherua is related to other schemata in the knowledge base.
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Knowiedge representaiion

As has been mentioned in chapter 4, the knowlxigs representation detarmines how well the
exper: system it 1o work and whether it is to work at all. This section describes how
knowledge should be reprosented in arder o eathis the expert system to understand and work
with this information.

Ashnbemmmmdinm&wmmhabhmmmexphmmd
implicit relstionships. Explisit 2=letionsbips botenon objocts sce selil evident such a3 a cable is
mememeedmbevmﬂMsmh

m&»mmmhamythatmemfemnce
e ek Iufre additional rdes. Ope of the aims of

wont'” da his Xgraph system, is to maintein the

pated in the knowledge base, Encarnacao® suggests
checking mochanism whereby the validity and
the role base is checked. Rules should be easily and
L Phe Imowledgs base should be structured in such & way that new
& evory dynarnically at run time. At the same time the system
of the data as the mies are appended into the rule base. Rules
wity st be highlighted for the users attention. I the result of a
inat, this ghould be recorded in a log, Thus the user may be
¢ that are ambiguous or unreliable in the system. A usefud feamre is
Jow roles while the system is running. This allows knowledge to be entered

ougine mmst be designed so that rules can be read in and aduitional rules can

ﬁm exigting rules. 1t should be able to ascertain if a rule is successful or if it is

: state never 1o be evaluated, The expert system should be able to respond
 sogardless of the outcome of the rule svaluation.

.. ¥he iselligence of the system is captured in the rule base. & should be carefully structured so
" that rules can casily be added on or modified. When rules are added into the rule base their
vilidity should be checked with the existing rules in the rule base. A duplicate rule should not
S existin the knowledge base and the newly appended rule should not cause an ambiguity or
A conflict with an existing rule. The added rule should not cause the same rule condition to give
T conflicting results.

According to Latombe’s'® Tropic system it is worthwhile 0 record the decisions taken by the
expert sysicra 50 that the logic that has been implemented can be followed.
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The inference engine should also comaxin 3 deacription facility, so that an explanation can be
displayed on how a pacticular result wes achieved from the information in the rule base. The
fiow of logic cen be followed and understood for a perticular result. Thus, once a series of

rules hava fired, the user should be able i go through a report and follow the reasoning of

the tnference engine.

Rules involve the relationsiidps betwesn antitles which have atiributes having specific values.
Rules in the prototype shisld only deal with sntities which have & one to one relationship
with one snother. For examapls; the symem is unable 10 handle a rule of 3ix or more
uansformers not being wllowed te be oomnected to 2 power outlet of a certain type (while five
ummmmwgmmWWMpMmmmm to the

_'_twmmbvminfmmaﬁm ruay be casily and
eqnanends that the scarch space be made a3 small as

wientad wpproach is & powerful technique for structiring information. Classes are

\w mngible itsms &3 well as ideas or concepts, Classes contain datg relating

ot ﬁduchpaformopemnonsonthmrdaw.Chssesoﬁ'erahlghdegreeof
 An inztanoc of a class is called an object.

's'!‘

L _mm properties characterise an object oriented phuosophy (Booch'): er-apsulation,

- ditkwrisance and polymorphism. Encapsulation encompasses unique data and functions. The

_* - Swaetioas manipulate the data ‘1 the class, Thus & high dsgree of abstraction is possible
+ . irwking the system highly maintainable and reusable. Being able to work at varying levels of
~ sbstraction 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 sbove this, derived classes arc 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 strncture of information so that the computer can work at the required level
of detail. Inheritance enables the data to be represented as an abstraction at various levels.
The attributes are stored at different levels in the inheritance hiezarchy. Entities should be
able to return specific values of their attributes even if the atiributes are at different levels in
the inheritance tree. For example the cable class is inherited from the line class which is
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inheritod from the shape class. The shape ciass contains the details of the points and lives of
the shape, while the cable ciass containg the attributes of the cable such as voltage, current
etc. Thus when an instance of the cable class is asked 1o return the number of poinis (the
number of points in the cable), the cable looks within the cable object for this ativibute. If this
stiribute is not fornd, the cable looks for this attribute value in its parent class, class lice, If
this attribete i ot found in the line class, it is searched for in the parent class of the line
class) Lo. the shape cless. The shape cluss which containg the number of points attribute
retuns this velos wo die cadis class which returns this vaiue to the class object requesting this

wm&w;mhupabbofmmgmfmmnmanyhmofm

Maad:ﬁuenthvelafdeﬂ

ey, with cach class in the hierarchy mplemntmg the sction in &

ijxphimn used to allow objects to manipnlate themselves

i pically, Repgardicss of the entity that is being manipulated, the entity
'M!Bmthemmpuhnon meaningfully to itself.

_mmobmmwdfamhucsmcombmauon classes can be
Eed 5. zuch » way that they can teke care of themselves independently of the other
-hm%udwrablemﬂmCARTsystem. Object oriented systems are

herefore it is worthwhile to introduce such a wechnology in the
- CART pywmeen, which is expected to change much over time,

Mesenge passing

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 i0 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 messagss 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. 3¢ 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 exists at & higher lovel in the inheritance hierarchy.

Shape entities

Bart® recosoenen§s s when the graphical instance is creared, the application supplies a key
to idensify the afipticmion sssociated with the graphical instance. This approach has been
adopeed ia fie-CAD seowotype. For the CAD prototype, when 2n entity is to be created, a key
which is the onfiey sessbor is associated with the created entity, That entity can be indexed

Mwmﬂwﬂmhyrcfﬂmnmgontheenntynumber

Mwﬂ&mmmofﬂw entity, components are recursively created and
conponite Hiks s filled in. An entity may be linked to other entities in such a way that by
modityieg e plbee of one of the other entities changes the value of the current entity. An
entity resy De'Gide up of 8 combination of other entities, forming a composite entity. When a
comaposiee eesity whose attribute. bave dependency links to the atiributes of the other entities
is cresaed, the dependency Initice 1% traversed to computs the attributes which need o be
digpinyod. The entity is displayed. To delste an instance of an entity, the inverse process is
cuivied omt. Batities are erased/from the screen and dependency links are severed. In the
Tropkc system eatities may be linked to other entities hierarchically or associatively, When
updating a particular part of the entity, the entities which are linked to that entity are also
updated and refreshed.

Whmmenﬁtyismatedinthcpmtotype, the system checks if certain types of relationships
exist with any of the other entidies in the CAD system. Should such a relationship exist
between two entities, a description of the relationship and thc index to the other entity in the
velationship is recorded for each entity.

The existence of relationskips between entities may also be determined when the validity of a
mile ig 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 & 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 rernoved. 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 she two entities no longer
exists and so the relatiopship links are removed.

Extensions or changes to the attributes of an entity arc made by the methods. The entity is
modified by sending "change entity” messages to the entities, The entities contain insteuctions
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- unh:. sifectiveness of the zystem. Entities need 10 be structured
work with dats famitisr 10 it o that it t00 can manipulate and extract

ageonch offees powerfal and fisxible featres which maks it appropriate
CQouaplex objects can be created by building inhenitance tree hicrarchies.

cilitics i objoct ociented programming, information can be encapsulated in
s the rysem more maintainable becanse problems are located to specific
,___muwyofﬂwobpct.msalsoensmsthatﬂlesystemmﬂhe
sbile sl tousable than coaventionafly structured programs.

A " euiomsed peradigm, each class object encapsulates & concept. By abstracting
© v the classes, each class is only concerned with the concept that it represents. It
MWMmmmnmEthmmwmnndoesnmmdﬂsmm

_mmCﬁDWum&upofmpmmpmenEWMWmtmgcmum
Mumquimdievelofmmmgeme

'!hmﬁminﬂnCADneodtowmkatthelcve!ofdetaﬂdepe.ndmgonﬂwtypesofmles
- . that mre being evaluated. They need to access rules in the rule base to check their integrity.
Thes menner 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 contained a smoall CAD system and an expert system was written, The C++
programaming langnage was gaed. Object oriented features were implementsd to maximise re-
usability. The protocyps was dovaloped to test out 2 number of concepts in order to determine
the requiremsais of g Saslligeat CAD system. Once a basic intelligent CAD system has been
pod sysezis can evolve from these,

I Wmanexpm:ysﬁemandaCADsmesoﬂmtlhnyw

v in the design process, The functionality of the CAD is limited, only
shagpdles operations such as drawing shapes and storing these shapes in a
gy is only able to solve simple rules. The prototype is constructed
i in hueltisent CAD systems and to highlight concepts which shonld
mm By careful determination of the infrastructure, more complex
idliigent CAD systems can be developed.

mwwsaffmrscpmhutmwgmmdmum a graphical user interface, a

Liss of sha,) . swities, 8 knowledge base and an inference engine. These separate compooents
insexact weals o seother to form the intelligent system.

Useful Mdews have boen extracted from the lteratues to achieve an effective intelligent CAD
systenn, Some:wdditional ideas have been introduced to tie up the loose ends, The project
mﬂpauﬁm erchitecture which allows the main parts of the system to be

ioto an intejligent CAD system, :

mmm how the attributes of an entity are determined when the eniity is
creesed, manipulated or destroyed, The entity does not exist in isclation and 50 it must contain
the {afonmsation indicating the links and relationships that it has with other entities. The

- chapeer describes the different {ypes of eniities that are nsed in the prototype and the varions

aﬂ:ihn&u tiat they have.

Menuon is made of the importance of entities needing to be aware of the existence of other
entities, A cless, 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 auch & class are
discussed. This picture class makes particular use of polymorphism, encapsulanon and usss
other objeci-oriented features.
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Shape class

The skape class is derived from the gview class. A shape entity has ai! the charscteristics of 2

view, i.e. it has left, right, top and bottom extremes. It is bounded by a rectangular xea, All ;
geometric objects which are represented on the CAD are derived from the shape class and :

Shape Entities contain linex and points which & “jibe the dimension of the entis, Shape j
Eniities can creats, destroy and modify themselve. ‘Shape entities draw themselves by :
individually drawing sll the lines and points making up the shape. Should the dimensions of
an entity be chaaged in any way, the dimensions of the lines and points making up the skape
are alsc updated. An entity carries out an operation rpon itself after receiving a message that
is passed 10 it. The type of operaiion it performs depends on the message it receives.

A shape eatity coniwing a relationship slot. This datz member describes the type of
mhnmnhxpthuuhummmthm'shapeenﬂtyandpmwdmmm&xmthsoﬂwrahapem
the relationship. Each shape in the CAD sysiem has a unique index numbes.

A shape enﬁtyknaws how 10 take care only of itself and is unable homanipulatmiﬁyother
shape entities in the CAD. An entity in the CAD is aware of all its own characteristics and of
the existence of relationships to other #ntities.

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 cheracteristics of iheir super-classes, However they do contain additional items in the
form of data members and member finctions. They are specialisations of their super-classes.
The Booch disgram in figure 5 shows the class structure of these classes. A triangle
represents a transformer, a rectangie represents a stand and a curve represents a ceble,

Cables liave a diameter and are made of a certain wmderial, have a maximum rating and have
a certain costAnetre associated with them. Transformers have a sumber of outlsts, a maximum
rating per outlet and have & cost associated whs: them, Stands have dimensions and may be of
a certain type, ¢.g residentiai or coromercial,

Once a shape entity is drawn, certain atiribotes are automatically determined such as type of
entity or rating, Other attributes are later determined when requested by the rule base or the
user. The entity itself cannot determine if it related to other shape entities. X 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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W,

Picture ¢iass. -

Shmmﬁmmmbﬂymwm&u&tuawmﬁdmmapumdﬂwm
Booch' states that & class repwesents atatractions of ohjects or concepts in the real workd,
These objects aaly know how t» take care of themscives and doal with' messages which are
passed tar: them. Objects are inpulascd-from the workd mound deem since they may only
operate on the information that they encapsulae, All that an entity o 5ds 1o know is that it
exists somewkere.in space and time and has a cortaia 0t of atribur values. Since a shape
eritity is completely ynaware that i; js relmed w0 other entities it j4 nocessary to fill in the
mlanonshmslmoftheshlpeﬂﬁtynﬂlkﬁwﬁdwmﬂwdha%amhmhlpm.h
another éntity., The shape entity - MQmmtdngmﬂmmlathmhlpﬂmandpafmm
Opemuonsmttnsdotbu '"‘”-q;lyfiuendm&nrelmmp slot values.

Shapceuuueum mmmmbmmrymybemmpof,be
! yoshy eat’ty. Once an ontity is drawn, the cxplicit

CAD are derermined. The relationship is filled into the

b #lis which shape entity it has a relationship w.h and

{with e seady £h Iying on top of thc other entity). AIn:mauvely a relationship
sod & determined when the rule base requests to find all entities that
e of the current entity. This would not have previausly been

woed io be evaluated.

# that an entity is relaied to another entity? The picture object deteriines
of relationships between shape entites. It keeps a list of all entities in the CAD

; % contains & ser of merober functions that determine whether a particular entity
ship *0 any uther entities in the CAD system.

iject is really a specialised container class. It can iterate through a list of shape

. cmiithes endt compare the attribv'es of the different entities with one another, For example to

distepine if one entity overlaps with another entity, the picture object iterates through the Hst
of shape eqtities <nd compares each line of each entity with those of the current entity. It then
determines for cach 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
shove or below another. There are two techaiques that can be used to determine which entity
li=x on top of the other entity. The entity that has been created or moved more recently is

- obviously on top of the other entity. Altematively, wh 2 an entity is created or manipulated,
~ it might be desirable to date and <me stamp the entity, Thus the entity that was created
carlier would lie below the newly created entity and visa versa.

i
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Tigure 6 The Picture Object
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Figure 6 The Picture Object
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Once an entity is drawn and the entity has a relationship with another entity, the relationship
slomofbommﬂwmﬁﬂedm%enashapeenﬂtyhashecnmted,ﬁmsmdmthc

picture’s shape entity liss,

Thepictmecbjectdmrmiminmenﬁtymhﬁmshipsmhumwpof,wiﬁﬁnacmm
distance of eic. It sends messages (i.e. the values of the relationship slots) to the shape
satities involved. The entity uses this information to set the values of its reletionship slots,

It is important to bear in mind that:
. a shape may have multiple relationships with other shapes.

- Relationships may 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 gll the different kinds of relationships are determined when the shape
is created.

The rule base may require the picture object to find a panicular type of relationship between
the current entity and the other entities in the CAD. The picture ohject is then used to iterate
through all the entitics in the CAD and find which entities sausfy 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, the relationship slot is rev2oved. 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 iz modified, it is necessary 10 re-evaluate 21l 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 picturs object can select a specific entity in the
Hst of shape entities and by means of polymorphlsm can cail any member function relating to
that entity.

Knowledge base

In the prototype three sub knowledge bases tnake up the rule base of the expert systenz: The
object knowledge base, the relationship knowledge base and the antribute knowledge base.
The inheritance hicrarchy of these knowledge bascs is described.
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The knowledge base contains a collection of rules which describes relationships which must
or must not exist betwoen entities, For example a typical rule that exists, states: “a high
voltage cable may not pass over & residential stand”. This rule must be described in such a

way that the inference engine can easily interpret and check that the entities in the CAD

gysiem do not satefy this rule, The inference engine must be able to locate all the rules which

relate o & pasticuler entity being tested. Thus if cable rules need to be fosed, all the rules
:ﬂnﬁn;‘waca{rhmtnmmmdeuﬂymievad.

The Mﬁbmmmmmammm which ig captured in & rule like
foemar. Bignea 7 shows the inheritance hicrsrchy of the knowlsdge base class. The FiLookUp
m&qmwwnfﬁnhﬁmchy and:sthcbaséclassforﬁlekulelmnbject.’me

Figure 7 The Inheritance Hierarchy of the XKnowledge Bases
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The parent class for the knowledge bases is the Rulelist class. The RuleList can search for. |
read and find & e from & knowledge base, Itlsaspec:almannnofﬂ:eFﬂmokUpclass but
it reads a file having the format of & knowledge base file,

The RuleList class is specialised into an object knowledge base class, 8 relationship
knuwledge base class and an attribute kmowledge 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 bass).

The object knowledge base containg a list of relationship rules which are found in the
relationship | mowledge bage. The object knowledge base is a dictionary associating a set of
melationghip sules which pertain 1o a specific entity in the CAD. In figure 8 the object
knowledge base contains an object rule which provides a reference to a rule in the
relationship knowledge base, ie. rule number 6. Each relationship rule has a conditional pan
and a resultant part. Should the conditional part of the relationship rule be satisfied, then the
resultant part of that role is activaiéd. The resultant part 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 ruis
number 7, found in uie attribute knowledge base. Each rule found in the attribute knowledge
base coniains 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 ig satisfied and
if attribute rule number 7 is satisfied, then the object rule is satizfied and an invalid
configuration exists in the CAD.



Figure 8 Indexing Rules From the Knowledge Bases

The knowledge base objects do not interact directly with one anotber 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 rale may be structured over three levels in a tree like graph, The
highest level conmins the description of the type of entity and the structural and numeric
Hmitations of the 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 in the prototype. However ihe hierarchy
of the entity does not need to be described in 8 knowledge base because it is explicitly
described from its inheritance hierarchy from its parent classes.

The object knowledge base, contains a list of ail 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 AND and OR logical operators. The AND logical operator means .
that if a rule is satisfied, the next rule must be checked. However if a mle is found to be
invalid, then the AND condition need not be: evaluated because the result is faise. The OR
condition indicates that if any one of the rules is satisfied, then the rule is successful. A
parser, as mentoned in chapter 3, is necessary to check the validity of the combination of
AND and OR operators, Apamerwasnotdcvelopedin thepromtype since it would
complicats the basic inference engine.
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Structure of the knowledge base

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

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

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

{biect Name Relationship Rule No.
cable 17
stand 11&12&101&5

The labels "cable” and "stand” indicate the types of entities that the rules apply to. For
example “"cable” has a single relationship rule, i.e. mle number 17, while "stand" has &
number of relationship rules associated with it. For the stand rule 1o be satisfied all the
relationship rules, ie. the relationship rules 11,12,101,5 must be satisfied since they all have
the logical AND (&) condition associated with thens.,

Each entity in the object rule base bag & list of rules » -~ .ted with it. This list of rules
refers to rules that exist in the relationship knowledge vase. The relevant relationship rule is
referenced in the relationship knowledge base by matchmg on its rule number. The following
are examples of some relationship rules represented in the relationship kmwledge base:

Ruie Object Relaugnsh:g Object2 Attribute Rules

17 cable ontop stand 8&22444
101  stand ontop cabie 44833

The number in the rule column is the number of the relationship rule, ie. 17 or 101. This is
the relationship rule referred to from within the object knowledge base. This rule statss that 8
cabie 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 siand. Relationship refers to the inter relationships between the two entitizs, Chject2
refers tc the inter related object, i.e. the stand or cable. The attribute rules refers to the rules
that are referenced in the attribute Tule 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 other entity
number is added to the lst of entity numbers that satisfy the current relationship, This Hst of
numbers is called the conflict set and contains all the entities in the CAD which, 2o far,
satisfy the relationship with the entity currently being checked.

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

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

Rule Object Type  Attribute Operator  Valye of Atxibute
8 cable current > 400

22  cable voltage < 400 -

44  stand fype = commercial

The Rule column heading refers to the number of the attribute rule, The attribute muls 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 ficld 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 ix the test. Atiribute rule 8 is satisfied if the entity type is a cable and if
the current attribute is greater than 400 units,

It must be borne in mrind that the complete list of entities that are candidates for satisfying a
relationship are stored in the conflict set. AUl the entities in the conflict -3t which are of the
object type given in the attribute rule are evalvand. If their atiribute value does not satisfy thc
rule, then their entity numbers are removed from the conflict set.

The relationship i3 made up of a combination of attribute rules which are ANDed and ORed
together. The relationship ruls is satisfied when the combiration of these attribute rules is
satisfied. The next relationship rule indexed from the object knowledge base may then be
evaluated. If 1 . conflict set, which contains the list of shapes satisfying a relationship is
empty, then the relationship rule has failed.

The atiribute knowledge base is passed a message containing the attribute rule to read from
its knowledge base. The attribute rule contains a condition which & field in the entity being
validated must satisfy. The attribute knowledge bass reads a record from its knowledge base
and retrieves the values of the atiributes into the attributz object. The atiribute rule contains
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the allowable thresh-hold valves that the attributes of an entitv may have.

Each knowledge base object contains dats members which store the fislds of each knowledge
base record, These date members store all the information which is relevant to the cimrent
rule being evalvated. 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 sre to
be looked up in the rule base, what actun 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 that need to be looked up is stored
in the separate object, relationship and atiribute objects. The inference engine determines
which type of rule it is to Jook up next. It contains a scheduler so that it can determine the
priozity of rules, i.e which rule in which knowledge base is to fire next, A relationship rule is
first 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 engioe is to provide the mechanism for sconning the rules. The
validity of the rules are tested, additdonal rules are scarched, and addisional 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
atiribute 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, locks this up and
so gets a list of the relationship rulee for this eatity. The object knowledge base indexes the
first relationship rule to be cbecked. Xf the 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 knowiedge base, then no rules have fired
successfully and the process ends.

If the relationship rule is satisfied, a list of ail the entities that satisfy the relationship are

placed in a list, calied 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 tumn
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in the list of shapes (or the cutrent
the with

the mtribyte in the ruls base

¥igure 9 The Control Structure for Determining the Outcome

of a Rule

L3

33



o
i

lovked up. If no more atiribute rules sre found and there are still shape index numbers in the
contlict set, then the relationship rule is satisfied for the shape numbers in the conflict set.
This is recorded and the next relationship rule may be tested. If an atiribute rule has failed
and the: conflict set containing 2li the shapes satisfying a relationship is empty then the
relationsthip rule has failed and the next relationship rule is tested.

The object knowledge base class instance contsing an index to the next relationship rulc that
is to be 1roked up. The next relationship rule is indexed, looked up and this process is
repeated wntil no more reiationship rules are found. When finished with this rule checking
process, all the relationship rules and their corresponding attribute rules that wers successfisl
are recardsd. Once the inference engine has finished with the process of looking up rules, it is
re-muahmiandreadywbecalledupontoevaluammotbusctofnﬂes \

i

Structure uf fhe shape controller ciass

The shape controfler (ContShape) class is used to tie all the components together into an
intelligent CAD. The requirement for this cla's is that it should allow all the different parts of
the CAD sys:em to communicate and work with one another. The shape coniroller class,
shown in figire 10, contains an inference engine, an object, relationship and attribute rule, a
list of mueris indices to shape entitiey which currently satisfy a relationship rule, a picture
object, the curent 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 sec whether they have caused an invalid configuration in
the design.

¥igure 10 The Shape Controller Class



The inference engine object returns conditiony: &h;chneedwbeevaluated.ltkeepsmkaf
the next rule that has to be looked up in the object, relationship and attribute knowledge
bases. TthontShapeobwctmqucststhamference cnmnegbjecttolookupamleinan;of
theknowledgebases

Inaﬂ:rtodrawane.ntltymtlwf,ADsystem,theuscrﬁrstselectsashapewbedmwn.He
then goes about placing the vertices in the work arca 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 ContSiape object passes the name of the entity, which is involved ia the relationship, to
the infererice engine. The inference engine looks up, in the object knowledge base, the
relationship rdles belonging to this entity. The first relationship rufe of the entity is looked up
in the relationship kn¢ wledge base, This relationship rule is passed from the inference engine
object to the ContShape object. The Contshape ¢~ tends a message to the pichue object 10
find all the shapes in the CAD which have the sp.....td relationship with the current shape.

In determining a relationship, the ContShape obisct uses the pichre object to iterate through
the list of entities in the CAD and determin~ i€ the specified relationship exists between the
current entity and any of the othe~ entiv.és in (o~ AL : ystem. Should the picture object
determine that there are entities that satisfy tl. »iationghip, these shape entity numbers are
stored in the NumList object. The NumList cbject contains the conflict set of eniities which
satisfy a rvlationship.

The shape comroller object checks whether the NumlList object is empty. X 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 mule may be checked.

Should the ContShape object have items in 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 returas the atiribute rule
that needs to be tested. The attribute values in 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 shapcs to check whether the attribute rule is satisfied for eacu
ftem in NumlList. If the attribute is not satisfied in the NumList object, the entity’s index
pumber is removed from Numlist, The auribute values of a rule are also compared to the
attributes of the currest entity. This process of checking the atiribute ant 7. - onship rules
continues until the rule is satisfied or the rule has failed. The mule is saﬂsﬁ:.t when a
relationship rule with all its altribute rules is satisfied. The entity numbers remsining in the
NumlList object contain the entities causing an invalid relationship witl: 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 contparison on the enti’y has been completed, the ContShape object
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knowledge base, or to tell it that the rule has failed. If the tested rule) condition has failed, the
inference engine resets itseif, Voo
Shoule: the' inference engine find that a relationship rule, with all its ajtribute rules, has been
tested, it advises the ContShape object. The ContShape ohject informs the user of the error
and of the entities causiug the error. It may even indicate th~ necessary action to take 0
correct the problem. See figure 9 for the logic that the ContShape object uses to look up the
different rules in the varicus knowledge bases.

Interaction between the graphical interface and the user

The user communicates with the . splication via the graphical interface. The graphical
interface records the keystrokes and mouse seiections. These parsmeters are passed as
messages to the various parts of the application. The application then carmies out the necessary
actions to deal with these messages.

The graphical interface dlso presents the applications output to the user by means of written
messages onto the screen. These inform the user of any error conditions, the level of progress
and indicape 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 necsssary to modify and
update the spplic-tion. Even though the graphical interface is quite simple, it can easiiy be
enhanced withou, fewriting or restructuring the existing modules.

Interaction of shape entities

The entities may not interact directly with one another, They inieract with one snother only
throngh the picture object. The picture object contains the entities represented within the
CAD. Thus if an entity wishes to find a shape enfity with which it intersects, the list 6t
entities is iterated through to find an entity which intersects with the current shape being
modified,

The picture object carries out the following functions:
- Detennines if one entity is related to other entites.

- Detenniue the value of an attribute of an cutity,
- Retrieves and sets the values of the relationship of the entity
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In order to tost,  “Jationship between two enfities, the piciure object, compares the attributes
of the two eatiti . 10 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 ofthetwcenntzesbeingteswdmmmtonemther While one
entity has an "on top of" relationship, the other eatity has a "below”’ relationship, In a similar
way the p1cture object can test the ateeibute values of & particular shape, v

Interaction between the entities and the inference engine

The shape entities and the inference engine interact with one another indirectly through the
ContShape otject. The CantShape object requesis the current relationship or attribute ruls
from the inference engine. Depending on which rule is returned from the inference engine, the
ContShape object checks the validity of the rule. Figuce 11 shows the interaction of the
ContShape object with the inference engine and the rule bases.

If the rule returned from the inference engine is a relationship rule, the ContShape ohiect calls
upon the picture object. The pigure object builds up a st of af] the entity numbers which
sansfy the ygiven relationship;inio & conflict set (the NumList object) with the currently drawn
entity in the CAD., If the rulé returned from the inference engine is an attribute rule, the
ContShape object calls upon the picture object to return the attribute value of each entity in
the NumlList object, and compare that value with the allowable value advised from the
gitribute rule. If the atwrib.te rule fails then the entity nomber is removed from the NumlList
object, otherwise the entity number remains in the NumList object.

Once the ConiShape class has checked the relevant rule, it requests the next relationship or
attribute rule from the inference engine. In this way the process is reveated. Thus the
ContShape object is the means of interaction between the inference engine and the picture
object, and s the entities in the CAD system.

Interaction between the entities and the rule base

As discussed in chapter 5, According to Tibbert 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 which it then implements to deal with the invalid sitvation in the
systero, Thus it is necessary for the knowledge base %o know about the different types of
funetions that the interaction handler can implement. This approach sirongly 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 '




The ContShape object carries out a similar function to the interaction handler in Tibbert and
Bergeron’s'® system. It is preferable to return 2 string, instead of a funcdon, to the ContShape
object to deal with, This string can be used to place a message on the screea to indicate the
error condition of the shape, Figure 11 shows how the ContShape object passes a string, 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. X it were desirabie to carry out some user
defined function in the ContShape object, then it would be necessary for the knawledge base
to know of the different types f functions that the Contshape object can evoke, The required
function would be returmed from the knowledge base to the ContShape object which would
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 & message onto the screen etc.

The picture object, list of entities within the CAD, and the rule base never interact directly
with each other. Thu picture object is completely unaware of the existence of the rule base, It
only knows how to iterate throngh 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 ContShape
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 atiribute 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 Befween the inference engine and the rule base

The ContShape object decides which knowledge base the inference engine is to accsss 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 selecis
the knowledge base, i.e. the type of rule that needs to be tested next, The knowledge base
then returns the mle to the inference engine which returns the rule to the ContShape object.

When the inference engine requests @ rule to be looked up from one of the knowledge bases,
the knowledge base returns the relevant rule but also increments the ruls 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 roles in its specific knowledge base. They do not interact with one
another directly, although they index a rule contained in another kmowledge 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
knowjedge base indexed rules in the reimionship knowledge base, The relationship knowledge
base references rules which exist in the attribute knowledge base, To luok up 8 mis 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 rvle base

Tibbert and Bergeron™ suggest that the knowledge base should interact directly with the
entities in the CAD. The knowledge basc 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.c. its structure and the means of accessing it. The validity of the rule is found by
comparing the values in the knowledge base with those in the database. It offers many
advantages to allow ife knowledge base to have the database in its scope 0 that it may casily
and directly access the information in the database. However, this resvlts in tightly coupling
the knowledge base with the entittes in the CAD.

The ContShape object interacts with the entities vie 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 allowing the entities to have indirect cormmunication 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 Iist of entities in the CAD system. It
enables entity’s atiributes to be compared to one another and it can pass on messages to the
entities to manipulate themselves,

The relationship ¢lata member of a shape entity has no meaning to the entity itself. It defines
the current state of rei:ttonships 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 mmamdctmampulatedthcambumamamed
and evaluated,

The system congists of highly independent parts which all work together and form an
integrated whole. Each part only needs know how to manipulate itself and how to desl with
messages that are passed to it. This is the concept embodied by the object oriented paradign.

By allowing the objects to interact indirectly with one another, enables the objects to be
decoupied and thus makes the system more maintainabls and reusable yver time, Changes in
one arer of the code do rot affect the other parts of the program.

An object ariented philosopl. 7, using: inheritance, polymorphism and encapsulaiiv:: enables a
powerful maintainabie and reusable system to be created. Inheritance sllows 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 ciass 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 unaffecd because it uses
polymorphism to select the desirable member function to be called, so that the relevant entity
uses it own member function to manipuiate its data.

The chapier has explained how the knowledge base is structured. The knowledge base is
decomposed into three knowledge bases which encapsulate different typer of information
relating £ 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 ip. The relationship
knowledge base contains a description of the types of relutionships one entity’ may not have
with another entity. Should the relationship rules be satisficd, a Hst of attzibute rules which
relats to the current relationship rules is given in the relationship rule. The attribute rule
contains ihe 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 sliowabl: values that these
entities may have. The advantages of such an approach is that rules car, be guickiy and casily
located, and relationships between entities having certain attribute valuss can be effectively
represented. Rules are used to check relationships between entities or the attribute vaiues of
entities. It is easy to add or remove rules because rules represented in one krowledge base are
linked to rules represented in aother knowledge bases. To delets & rule, it is only necessary to
remove the indexes to rules in other knowledge bases and to add a mile it is necessary to add
any rules which do not already exist and to index the rules from the different knowledge
bases. This structurs offers s uniformity of approach so that tools can be created to assist in
the mgintenance 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 nacessary o
maintain three rather than a single knowledge base.
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Datz representation is extremely important for the knowledgie bases, It determines whether the
system is able to work with the expertise which is encapsisted in the form of rules, The
inference engine must be able to read in the rules represented in the knowledge bases and
infer additional information from the knowledge bases. The rules must be stractored in a
familiar format so that the inference engise may effectively manipulats the information
mnmmedmthcknowledgebasaﬁmrulcsmmenmdasobjmandthrsem _
manipulated by the inference engine. The inference engine and its knowledge bases in the

prototype have managed to achieve these goals.




CHAPTER 8 CONCLUSION

Importance of Intelligent CAD Systems

CAD gystems are important tools which are in widespread use today. What previously could
have taken monihs to accomplish can now be achieved in a fraction of the time, They offer
fecilities to rapidly cresie complex entices, frum a combination of more simple entities, whick
can be rapidly retrieved into the CAD systenn.

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 can be greatly enhanced by providing it with very bagic 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 pecform much of the
tedious and monotonous work:{thus al"  /Ang the designer to spend his time more vscfully.

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 ope another. A change to a component does not effect the other components
in the gystem, '

The ebject orienterd facilities of inheritanc.., polymorphism and encapsulation enable a
powerful, maintainavle and reusable system to be created. Inheritance allows additional
classes to be added onwo 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 ciass, a container class, is unaffected becauss it uses
polymorphistn 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 simpie prototype which demonstrates that the basic goals of intelligent
CAD can 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 isojate 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 v25.05. The mechanism of contrel may be modified,
by varying the way information is represented. Thus by isolating the knowiedge from the
internals of the program, the system becomi . moze maintainable. It is not necesdary 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 need 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.

Datu representation is extremely important. Each shape entity in the CAD should be able to
store gll the relevant attributes associated with it. Tt 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 & rule-like
format is crucial to the efficiency and effectiveness of the system. Effective representation
enables the computer to manipulate the data easily, almost triviaily, 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 camry
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 appronch (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 & 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 *~ future work

The basic rules used. 4 ine prototype camnot deal with one to many relationghips, This means
that in order for the =ule condition to be satisfied, more than one eatity must simultaneously
saiisfy a relstionship with the canrent entity, For example an invafid situstion may exist if
three transformers lie upon a single residential stand. The prototrype requires more
sophisticated algorithms to deal with this situation.

A rule dictionary or & 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 date and time the rule was created,the pergon
whocreatndthemcmdahelpmaageexplmmngtherelcvanceofthembmthecmmin
wh:chn:sca]lad.

Tonvercomethed:fﬁcultyincapnn'ingﬁwmievantrulestobcusedbythesystcm,theuscr
should be allowed to dynamicaily type in the rules and test them during program execution.
In this way an expert can capture the rules in the system in an iterative and interaciive 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 congiderable time to
eveluate. In the absence of adequate compuling 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 baich
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 solunons could be collecied during a session in a
file and be viewed later.

Alternatively Zae non active time of the computer can be used 1o check the integrity of the
system. While the operator is thinking the expert systern could be carrying out its evelustion.
It would be advantageous to time slice the work of the CAD,

Another approach is to execute the CAD system and the expert system as separate programs.
The programs can run on the same achine in & muiti-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 continously 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 thi expert system to check the
validity of the newly created entity, Should the expert sysicm 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 erables 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 mnlti-tasking envirommeat, it ¢could perhaps be
feasible to -un the system in real time. Each new design decision could be placed at the end
of 2 queue to be eveluated later by the expert system. Thus after an ftem has bezn processed
on a gueue, the next item in the quene would be processed. If ihe entity on the queue is
found to be invalid, the operator is informed of the bad decision. Thus soon after drawing an
invalid configuration, & 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 o communicate effectively with the expert
systemn. Messagss that are passed between these two systems should bave & common
structure. This strocture needs to be formally defired so that all the information that i3 passed
between these two systems is complete and fully understood. By allowing the separate and
independent components to communicate with one another, embles ther to be integrated
together.

The situation may arise that the system hag insufficient information to fire a mile. It would be
nseful to have a mechanism whereby the evaluation of & rule could be temporarily paused.
Subsequently when sufficient information is determined, the rule may be applied from the
point it is paused and vexified further. To cater for this situation, it is useful to have a dase
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 zome operation, it could check if the particular
date flag ficld has a value. If it does then the rule could be triggered to continue from where
it left off. This requires a record to be kepe of the cinrent steps that have been invoked, i.e, 2
history of the rules which have been called for each entity. This approach offers many
possibilities in dealing with rules that have incomplete infarmation, 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 «:iormation. The user can then check to see why the valimty 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
into modern systems «© cope with the need for higher levels of self checking and analysis,
The prowtype presented in this project report hints at the potential benefits brought about by
increasing the overall intzlligence of CAD systems.

Nevertheless expert systems should be used appropriately in intelligent CAD gystems. 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 concemed with automating the tasks that we know how to do well,



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 compuiing 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 ag the one adopted in this waork will be
vital in managing this new generation of inteiligent computing.




APPENDIX A CLASS STRUCTURE OF. "HE PROT{OTYPE

The elass structure of the prototype is shown in the Booch! diagram of fignre 12, The arrows
irdicate inheritance and the lines with open circle indicate membership to 2 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 eiements which are arranged in & predefined onder,

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

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

Class gwindow, derived from gview, acts as the base class for the various user interface




windows. Four types of windows are derived from gwindow. A gmessage window displays
messages i its window which indicates the status of the program to the user. A geoord v
mﬁowdlsplays&chandeﬂmatesofﬂmmouse A gmenu wiyidow containg menu -
items, A ginenuliteral and a gmenuicon are a specialised menus. A gmenuliteral desciribes the
menu itsms with strings while a gmenuicon displays menu optioas 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 sxpert system with the entities in the CAD
system. This is where most of precessing in the CAD system occuss.

The screen class is the interface between the user and the application. It containg the
gworkarea, gmessage, geoord and gmenu classes which are windows which display
information vn the video terminal. The screen class containg the msmouse class which handles
al! the input into the system and the mowuse_status class which describes the current statns of
the mouse.




APPENDIX B HEADER FILEF OF THE PROTOTYPE

The header files sre included hers to describe the structure and approach taken in the
prototype. The *.cpp files containing the Implementation of the member functions of the
beader files have been omitied.,

T
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//ealatlonship ruls clasy

#Lfndet AttRuleTemplate .
tdefine AttRuleTemplate:

tincluds “rulelist.hpg"
ti!lnn AttRuls : public FuleList

char obiNene [15];
cg:g ﬂ.el%"[jﬁll‘
[} T H
char :ﬂu-us]:
char cutcome[15};

ublie:
F AttRulef) ¢ Rulebist("rels:sips.asc") f!
Attiula(char *£il) 3 RulsList(fil) {}
virtual ~AttRule {} S il
virtual void bufPermat (voidyy
char*  objNawa_lvoid) {raturn obiName;}
char¥ filald {vold) {rerturn field;}
charv oper_{veld) {return cpar;}
char» valos (vaid) {return valus;}
y AttRolet oparstor={const AttRuleg);
H

#andif AttRnleTemplate

Ektkrkkaxhtdrr e wd ARk kbR AR TR AR ek h AR R kbR ko kd ke h kbR vk Rk kA Wk kA AR R

//contshaps class
//contrels access to the infersnce sngine and the list of shapas

#1fndef ContShapeTemplate
#define Coirshapatemplate

#ineclude "plecturs.hpp*
¥include "infeng.hpp®

#intlude “pumarray.hap”
#ipelude "relrule.hpp®

fdefine NDFIELD -5

fdufine ORBJFAIL =4
#define ATTRFAIL -3
#dufine RELFAIL -2
Fdafine KOTFOUND =)
#dafine FAIL o
tdafine SATISFIEDR

e{:ln“ ContShaps

F/31Eferant outcomes for a rols

pleture theblety

InfEng 1_E;:

BumArray numliszt;

int surshnum;

char cursbpeaa[ls];

Relftale ralshRule;

AttRule atcribRule;

char attribval{15);

chax ocper[3]:

char fldvai[l5];
public:

Contshapa{} (1}

~ContShape () {)

/4 2 list of shapas

Hinferance engine

Flitat of shapus watisfylng a relationship
//the curlcent shape being mauipulated
f/mane of the :hnin being manipnlated
J/relacionsnip rule data typms

//7attribute rale data type

f/ettribute valuy of an attribute ruie
//comparison operator of attvibutax

2/the field valoe rstuzned by the shopa

void pat (NumItemé anltem); //adde an item onto the list of shaps numbars
void svanchandle (vold}z //deals with maszagas passed ta this object
vold checkattr{void);//compares the attributes of rule base with that of

int compAttr (char*);

vold ltemRemava{iri);

Int listEmpt{lwoidH
vold rulesChk(int,;

f/the shapes uslng cpsrators <= ste

‘FUnpares attrubutes, returns O{fzlaw) ar 1{trce}
//removas an item from the list of iftems
f/ruturns 1 if & list iz empty

#/checks the walidity of tha shapss drawn with
//tha rule baas

RelRules relatRule{volid);

int attrGet {veld):

void FlndRelationsvold);

. iat chkArtr {wvold);
H

//geca the attribvtes from the shape liat
//finds specific relationchipe which exist in
f7in the pieture 1ist of shapas

//validates the attributez of a sheps in a role

$anicdlf ContShapeTemplate

bR A A 3 L R DR LA Rl ettt L L Ly R LI R S T ey P T T e A R e T e e T 1T )
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F/EVENT classe
#1f ldefiged (EVENTE)
tdatfine EVENTS

#ineiude <wtring. hb

fdafine CouBlank. D O0D0 //vanros for ccamands avallable to
fdafi s Cominit * Oxl100 Figraphical user intsrizaoe
#define ComDrawTrieng Ox0if)

#dafine ComDrawhact Ox0102

7758,y values of the mouzs

/fosmand for graphilical intarface
Fivnzsage ptring to graphical intesrface
/Avana active or not

" "r" {%), Command (ComBlank) , menustatus {0} {}

™ -ﬂ 1 xpt=nrypt=y:}
iy frsturn xpt;
due . irlt\:.tn yper}
U e el {zaturn wyguotay}

o R o e Mt guot) {strepy (avaquote, guot);:)
ik p ml.ng,ml ;cmnd—m.;d '
sasigad ip OO rarurn Cowomaidz
wvoid » ; {void) {monunstatua=3;}
vald rememesrtaces (vold) {menustatua=p; ]

. fat ghtrmanErates (vold) {return meruscatuay}

4 ’
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24 #ils lockup olass
Hm ‘& safmential file

- i ftﬂ.t ¥LloukmhPaxslats

I}

#efine P Te

$include <fatrosm.]>
#inoluds <instreom.h>

?hn FiLookip

ifztrean tholile;
char buffar '&Bl;

puhl.}c: ‘
l'i.hoknp tcharﬂ*f.‘l.l) 1 theFlle{f11) {if {!the;lle] cout << “ap errcr has ocenrredin™;}
~¥LEOOkUD(} {thaFile.closs{} s}
wold ﬂntrtutwidl {thaFile.eeeky (0, los:zbeg)

intowamé peadline {(voldj) {return (thl!‘il-.g-tlim‘{huﬁn:,4!”:I J/read & line from & file
int readline (char¥): )
char* haff{void} fraturn buffary}

dondif FlockupTerplate

li*IlIi**i*ili‘!l!f%*tttilt!titttititii*t*t*iittitlti*itt*ittt*i*itiiiiiiti‘i*i***!ﬁ*ﬁrli*itit!**Iti*t*i
f7cleax gmenuwind

Z/Derived frow cises gwind, A menn iz & window

f/vhieh whan selected becomer highlighted to show 1t is sslacted

/7 and natx a command Flag.

#includa "window.hpp*

#include "shepe.hpp*
#includy <str§q‘.ﬁ'§

class guenuywino ¢ public gwindow
!

Int chnien: /71 always 0 but 1 w - then menuitem 1ls chosen
ungigned int meommand: //meny command  oro
public:

guenuwindl) 1 chosen{0},ncommand {ComBiank} {}
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gmenuwird(int xl,int vt int xr,int yb,unsigned int cowwD} 1 guindow{xl,yt,xr,yh, 1], scomsand{com) {}

unsignad int ischossn (void)

{raturn chosensl

wvald sstchossn(ing booll {e¢hozansboaly}

vircoal wold select {wold} {} //7uelact a many item
virtual void deselect (void){} : fidesaleact & menii item
vold setcomsand{(unslgned int {mcommand=com? }

unsigned int getcommand{veid) {return

wvircual void aventhandle({vold) {} //atter this menu ls select, Drocess the event

L}

class gmanulit: 1 public grenuwind

char lictoral[i0]y
publia:
gmenulite{) {}
gmenulitr (int 1lsf, int top,int rl,int bot
1 guanuwind(laf, top, ri,bot, com)

//vany compand litteral {a.g. Dovae)
sckar* Lit,vnsigned int com}

stropy {litteral,lit):
. message (litteral)y

virtuel vold selsct {wold) {int colwgetcolor(}:

se<color {AED};

satehosan (1) 7

W (listeral);

estcolorical}y

tast.putoosmd (getcomzand{) )y

}

(int col=gateolor{};
setcolor (MHITR) ;
satchossn (0} ;
| YT {litteral};
sstoolor{cai) s

) Leat.putcansd (ComBlank) ;

virtual vold deselect {vaid}

|}

t{'-'lal: guaruicon ¢ pubdlic gmanuwind

gxhape* lcong
unsigned int comname;
publie:
goenuicon{) {}
gmanuicon {int le,int to.fnt rl,lnt ko,gahapes sh,unsigied int com)
t gmanuwind {le, to,ri,bu, con) .
dcon=axh;
leon~prhowi)}
virtoaal vold selsct {void} {
int col=getcolori):
seatcolor (RED);
natchozan {1};
icon->aslect ()
astcolayteall;
tent.patcomd (et command {} )

1

virtual vold deselsct {rold) |
int molwgatcolor():
matoolor (WHITE) ¢
sstchosan{0) ;
ilcon=dexelect{);
seateol.or (call;
tast.putcoumed {ComBlank) ;

I}

?lus gmenulist @ public gmanuwind

grenuwind* menu[5]7

int rumitems)
pubille:

grenulist {)

numi cems (D) , guenuw nd {0, 0, getwaxx {}, 30)

. showilr
Aann [rumitemas+ | anew grenulite (gatmaxy {()~40,15, germaxx (), 30, "quit”®, Comguit)
menunumitems i+ ] «new gmenulity (getmaxx{)-680, 15, getnaxx () -40, 30, *nove™, CondMove)
wen [Auml Sebik++] «new gmanuicon (G, 0, 40, 30, *new geurve (3B, 5,7, 25) , ComSrawCorve) ¢
manu [numlfeme++}=aew guenuicon (40, C, 80, 30, *naw gtriengle{60,5,44,25,76,25), ComDrawTriang);
menu[rumltoms++}=nsw gmanuiecen(80,7,120,30, *tnew grectangle{90,5,110,25}, coubravRact) s

}
virtual vold seluct{vold} (]}
virtual veold dezalsctivold){}
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f\l\l

slany [ThPCoatrol i Public InfEng

virtual vold sventhandle {void)r

-
r
AR EANEEN AR RN RA RN AR TR E R i vk b AR R A ok et e WS o e o v okl e e ok v o i e ol o ol A ke koo o e o e i

Figview olasx
e wiew 1g 8 ractangular ares in which the objsct derived from it liea,

#E idefined (VIEN)
#define GVIEN

Fincludy “ltam, i
Fioolode “g¥wod,.2pp®

n{:lm'm t puhilc Item

it ‘m' _tog, y_bots staxtrawas (adyes} of the view
i WML YR ] //present status of keys pzazsed or nenus selscted

//returna true if the view haz basn sslected
dle (void}l {3} //vken contrel is glven to this view, it handles the clasx

-ﬁM¢ﬂl“nﬂ0ﬂttiﬂ'*tw-ttnxﬂn RSN ERE 22T 2ot S et e i d PRI AT LR P i E A TR LT TS T

: J;;ii'as' fou Anfexsnos sogive concrol

i

oy Ot 115{: //other oblect in th- ralationahip
ol th &t mt19% ) //dexcription of the rels+.onship
char Fislawsllil], //the fialid walue of the attribute typed in by the usar
poiliad
Inftontrol (} il
: : ~Inflontral {} }
void qontral{)s f/contrals the looking up of the InfEng
. wold inputRel iveid); //7type in the relationshlp and obiact
int vospPel fvold}z //dstermines 1£ a rslationship is satlzfied
int avtrGet (void); //ysts and tasts s}l the attribute rules
wold AnputAtty {eoid)//veade In the attribute values from the user
int comparer (void); //conparss the rule attributes with those inpet by the user

1

£/ Anfazenom sagine cinuEe
f/controls the looking up of rulas in the knowledge basss

#ilodef infkoyTeaplate
tatine InfEngtynplate

#nel *obh{rule.hpp"
ihulm "ntgruh.llgg"
#include *ralrule.hpp™

clasa InfEng

ObjBule theChject; /fthe obiect knowledge bage
Atthule theAttring f/tha attribute knowledge bame
uh::lnul- thaRelaticony //the relationship knowladge bage

P -1}

InfEng () * thaUbject(“riiex.anso"},thalelation{*relships.asc*),\
theAbtyrib ("attrib.asc®)

i)
-infEng(} {1}

int t)Get (char *);  //gets the llst of relationship rulesz ralevant for an ohiject
int ralGet (char ¢}y  //gets the 1ist of attribute yulas relevant for a relatien
. int attzGet {char *}; //sets up the fiald for the attyibute rule bace
char®  curdb]Rul (veid}s //retorna current object rule Aindicating s rslatlonship rule
char®  relshiveld): #/return the relation
char® ol 2{weldyy //raturnz the cther abject
char®  curfslRul (vedd}; //retozns the attribute zols to be lookad up
char®  fiald({vold); f/raturne the field of the current attribiute rule
char*  valumivold): //returne the valos of tha fiwid
chart  oper(vold}y /fraturns the opsrator of the current attribvta ruls
int nextOb]Rul {voldj; //return the next objact rule zefering to a relailcnship
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int puxtRalRul (vaid)}z //return the naxt reletion rule no
RelRules retRai{vold)z //return the relationship rule
AttRules retattribivald); //raturns the attribute zulo

#endif InfingTemplate

#onuilf InfContPamplate

RN AR RN RN EA R R NN AR AN PRSP R AR AR AN R e Rkt d bkt bkt b ki e bdrd kbt ddrwkrkndhhdnred
/Z7item.hpp

//darlvad from tha sortabis cbisct. iz used ae the base class for obiscta

//balonginy to a contelner chiject

f1fudet TtemTempleate

#dafine ltamTemplate

finclvde <lcatream. h>
#include “sortedle.h

class Yteam : public Sortabla
£/ = Publle and Protected Hembar Functions (i.s. Interface Opsrations} —-

publies:

Item () {i

Item{int x} = valumi{x} {}

virtual =Trem{) {1} /7 dastructor

virrual wvoid printon({ catreank ) conat j
vigtral clawsTyps lad{) const j
L3 1 int isBEqual{ const Ohjecté } const »
L A oint {slasuThan( conat Objmctk ) const ;
v 3l char *namedf{} const j
virtual hzxhValue hashValue(} const ;
virtual int isBortawle(} conety
int¢ wal{void};

private:

int valus;

-
x

¥andlf ItemTewmplaie

RS AR dd el el a Tl s Ll ALl P TR A L LT R T T T E R P T T Y S e L T Y T R YT T
//Icerirray class

/7Lt containey clasgx. Containz any numbex of ltems or cbimcts darived

//from icams

#ifndet TtemArrayTemplate
#define ItavArrayTamplate

J/#inclide <Sortarry.h»
§include <array.h>
#lpclude *item,kopn

clzas ftemAxray : public Arcay //sortadArray

public:
Itamicray (};
ItemArzay {int,int,int}y
virtual ~LtemArray()s
; Itamk  operator|] {lnt};

#andif ItemArrayTenmplate

J7item 1list class
//contains the iltem container claase
f/containa & list of items

#include "item.hpp®
#include *itemaryy.hpp"

class Itwmiiat
{

ItemArray theltens;
publics



Itentisc{) {1}
virtual ~Itumliat(} {1
vold 2dd (Itenmé sften}y
vold stepThrough{)s
113

TR EARAENSE RN N AR A A IR AN NN AW R R AR AN PR TR AR NN RN Rk Akt kA kR AR b RN NS Nk Ak b kR RN AN kA AhE

//paints class tontalme an x and y coordinate
//1inaw are the basiz bulldlng blocks of all ths shape objects.

$11 1defined {LINES)
fdefine LINZS

#includs "gviaw.hpp™
flau peinte

publics
int xep
int yor
polnte{) {xo=Qrpu=0:}
, ~polnta{} {1
L

?lan Line & public gviaw

points pti2);
doubla yeut;
doubla slopay
publie:
Lina{} {}
vold setup (points,pointa); //z0t up palr of x and y polnta to form a line
int cperator=-[const Line&}! f/returng 1 if lines incersect
ini ison{int,intc};y //raturns trus Af a point iz on a line
int intersect{Line,iine};
doubla getslops{vold) ireturn sloper}
vold show (void}; //dzaws & line
wold hldeiveid); //kider & lins
vold select{vold):
) vold desslect(vold};
H

#anci £
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/78 headar fils that contains the clads declaration and support decalarations
//tor tha micromnft mouse clasa

$if ldefined (MSMOUSE]
$dafine MSMOUSE

#include <dos.h>
#include <graphics.h>
#$include <conlo.h>

#define cailmouse intf6{lx33, ereyg,creg)
#deflne NOBUTTON [+] .
#define LEFTRUTTON 1 :
#define RIGHTBUTTON 2

$define BOTHEUTTON 3

#dnfine vmaxx O

fdefine vmaxy 3

#dafine xelze 2

#define yslze 3

//scraen table can be used to convert mouss to real coords

//pooveex = (x=1} * scrsentablefcrimode] ixslzal

//moouzey = (y=1} * scresntablefertmode] [ysize]

//x = [mousex /scrsantabjcrimode] [xzize } +1

J/y = (mougey /scrsantabortmods] [yaizs ) 1

f/thizs will taks inte aceount the difference betwean TC i-prigin and moass
//0-oTigin coordindte systems in text modes. Sraphicsz mades airsady use
/7/0—origin coordinates.

axtearn int scraancabfd0] [4];
?ypndlf' struiat

int varify;

int crimede;

lnt cursoroni

int buttons;

Int numpress;

int x; /7% and y screen cooyds
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R, e

int y;
int minx; /f min-pax valuss are in mscuse coords
int mazxy
int miny;
int mayys
int crtpage;
1 matar ¥

clazs asacuse

union REGE reqry
struet SREGH seg:
metat t matat}
vz Interropt [ far *oldxd3}{...};
pubiies
vold razet(};
mumcuse () 7
~mixmouse (} 7
int inltok{) {resturn mstat.verlfy:}
void showcursor(};
wold hidecursorils
nstat_t *gqetposition(})
vold setpoaitioniint = 0,int = O};
mstat_t *gethutton(int);
mstac_t *releasmhotton (inc);
weztat_t *zonex{int,int);
wstat_t *soney {im:,int);
1 H

dendir

L3I I T el e Fad PR Rl e R bt obiaditia ol Pl as il fati PRttt de s load ittt il sl edles )

F/NumArray class
//Rumbar containsr class

#1indef NumhrrayTasplate
fdnfine BumpropyTamplate

F/inciude <array.h>

#include *itemarry.hpp®
Finciude *numitem.hpph

claxs NumArray 2 public ItemArray

t
publics
Numhrxay{}7
HumArray (NumArrays} p {/oopy conetructor
virtual -Hularrl;! 4}
NupXremi oparatoril {int)}
vald oparater=(NumAxrayk!z /7ssts one array equal to another

1
#andlf NumhirayTenplate

TS T IR AT LT TS LR s 2 Sl PRy R LR R gl P bl d iyl et ol Tasladsdd st ol ilnlatl dessls]
ffclags Numlitem ~ a gumbar itam in the pumarray container class

#ifndef NumItanTemplate
#define NumYtemTemplatae

#inoluda itsm.hpp”
class NunmTtes : public Item

int nombary
publle:
Numitem(} : numbtar{0) {}
Numitsm{int thelum) : nuwbar(thelkum} {}
virtual ~NumItem{} t}

y inte numb {vald) {r=turh nusbery}
[

fandif NumItsmTemplate

*ikiitﬂi*t**i*tti*****itn*tﬁt*t*iit*tti’t**tﬂlt*I!i*ﬁlﬁ!Ei*tittﬁt**tti*iiiwt*iitttttitiltntt***it**tttit
//objeet rulss = rules for the obiect knowladge Dase

#ifndef ChjLiztTemplate
#efine CbjListTanplate

#inelude ®rulelist. hpp*
class ObjRule : publit RulaList

publie:
ObjRule({} : Rulekist{"rules.azc") {}




CbiyRule {char *fil} : Rulelisc{fil) {}
virrual FRuls () 1
virtual wold bufformat (void);

-
o

#endif ObjListTanplate

LI T I TR T IR e e R T R A R PR L P A e I RS T I LR R L P A sttt Rl el iyl )

//picture cless
f/eantains tha sheps contziner class

#include "shape.hpp™
#include “shaparrcy.hpp”
#includs “numarray.hpp
c(:lan pletuce

EhepeArzay theShapesy

int curShape;, //the corrent shape no
public: :
plcture{} 1 curShape{-1} {}
yirtwal void ~p1<2turs{) “Blu \
t {gshapai a I
int g:rrznt {rald) re {raturn cacShape:}

wuld atepThrough(};

vold add {gehape&)z

int ontopef {vaid) ; f/datermliines & relatlonahip batwean 2 ahiapes

ing ralMatches (chac*,char*)}z  //returns an azray of shape no’s
//that satimfy the relatlonskip

quhlpn& getShapa (1nc) 2 F/returns & shaps no.
gatALEY {int, charv}; //gets an attribute of a shape
!:hn."'L reciprocal (chark) f7finds the zeciprocal of a relationship

1 H
i*tuttfi*tt*it*itt*tttiti*t**ii*1!*t!i*tt**tttt*ttttt*iiiiittii*t*tttitttttt*ittt#* bk wr A kkErkki i

//some posier cblect clakses
//class cablae Jo

/felass .ﬂ:and

//c¢lazxs transformer

#1fndaf PowerObjacts
#dafine Powerdbiacts

finclude <string.h>
#lnzlude *shape.hpp”

fl!xn 7akls t public gourve

int voltage;
int currsnt;

int power;
pubnilic:
cabia{int x1,int yl1,iat x2,int v2,char* name="cable™} 3
Jeurve {x1,yl,x2, y!. nama},voltagqe {300}, corcent (500) {1}
vizrtaal wCahlu() {1}
virtual char* getAttrib (char* cheatt); //raturns the valua of a Cacle attribute
L H]

class Stand 2 public grsctangls
char typu[15];

publies
standi{lnt »1,1nt ¥1,int x¢,int y2,chart nase=vsrand+] <
qnt:tmql-(sl ¥1,22,¥2,name}
{atrcpy (type, "commercialmliz}
virtual ~Etand{} i
virtnal shar+  geatAttribichar* theAts); //returne the vaius of a stand attribute

| H

clags Tzansformer : puobile grtriangle
]
pubile:

fransformer{int xI,int yl,iat x2,int ¥2,1int =x3,.int ¥3) 2z %
gtriangle (2, vyl %2,¥2,%3,¥3} (]
virtugal ~Transfocrmez {) {1}
virtual char* gotAttribichar* thsAtt}y //returns the valus of a transformar attribute

5]

Fendif Powerbojssts

LR b R Lt d ot d bbbt ad il tad b iia st e i a b lad el ot Edar ot PR dndl el ad il s tlel ol e iatatlslily
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/inelsharzay claws B ’
//container clszss for relatiosship rules

#5iindef Raishhrra Late
dalinm mlsh&rnm.‘.nu

Jifinclude <array.h>

#inclode <string.h>

#Hincinda =itemarry.bpp” . [
#include "relshlp.hpp®

l.i:lau Relshirray : public Itemirray

publlc:
BalshArray{);
wirtual ~RalenArray{} s
) Ralationshipz operateor(} {int}:
2
Fandif RalshArcraytemplats
liiit*ttti*‘**k****t*i**tti!l!fﬁ!*ﬁ"-‘iii!ti’i*i***tit*ii**ﬁ!tti*!***!*!t***ﬁiﬁti*it**Ftiiiﬁii*t*i**iii

f/ralaticnship rule class
//describes a reletlonship batwesn twa objactx

§ifnoel RelRuleTeaplate
#define RelRuleTemplats
#include “rulelist.hpp
clasy PalRuls : public Rulalist
i

char ab'allllsl:

char ohj2l1s];
char zelationll3];
public:
RelRala{} = Rulelizt{*relships.azc"} {})
MelRule (char *£i1) 1 Rulebist{fil% {}
virteal ~RalRule () 1}
virtual vold bufformat {void);
chazv el {yoid) fraturn ralationy}
char* thinObj (vold) ireturn obils}
char* othobi{vold) {raturn ohij2zl

AslRulek operaior={const RelRulek};
bs
fandi? RelRoleTerplate

ARRANE AR AR AR SRR AR AR AR RN A R N AT AR N AR N TRk bR bk bk ke wd e e Sd ke ks

//clans Relationship
//describes a relatlonshlp between t¥o cbjscta. g & dats mesber in
//the shape class

fitndef RelaticnshipTemplata
#ilufine RelaticnahlpTexplate

finclude *ltem.-ap®
class Ralationship : public Item

int nump //vhe no. that 1t ig related to
char desc{l5]: frdescription of the relacionship
publie:r

Relatienstip(} : num{-3} {1}
Kalationxhip(int val, chart xel} : num{val)} isvpcpyi{desc,ral}y}
wirtual ~Ralatlonship () {1 '
Linte numb {vodd} {return num;j
) char*  dascripivoid) {reaturn descr}

#andif RelationshipTemplate

ARkt khbkd etk FrAn ket n kbbb e kAR AT AR AR TR AN RN E RN AAAR AR R R kA A AR AR R ATk d bk ed

//Ru)ekrray clais
f/contalner ciass foz a rule

#ifndef RulArrayTewplate
#define RulArrayTenplate

#include <array.h>

#include "ruleitem.hpp®
#include “itemarry.hpp®
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class Rulel:ray : public TtasArray

i -
public:
RulaArray () s
mxl-nrnyun: fFir,int las,int Bz} 2 Itmrxly(ﬁr,.u!,sﬂ i}
virtual ~RuleArray(}s
; Ruleltems opsrator{] (lnt};
¥

#endif RulMzrayTomplate

LAY TR I R i R e TR T L it gy s e BT A E T At A R e B Sl P R L ST T A bt L)

f/olass Ralwitsm
//baxe clasa for differant types of roles

#ifndef RuolsItemTemplate
#dafine RoisItenlemplate

#include <siring.h>
#lnclude *ites.hpp™

class Ruleftes : puklic ITtew
char nm[&]7

char operi3]s
publiice
Ruleltem{} {mptpy(nom, "\axd*};}
RulsIitem (char* no,char *op} {atpopy(num,no}ratpopy {oper,op}?)
wireoal ~RulaItes () {}
chart  rulno(} [raturn nuw;}
chax*  opecat (vold) {retuTn opers]

bs
fendi ¥ RuleltemTemplate

Rt**ttﬁ*tt*i*ittt!ttti“tlt#!t*t*!t*tt!it*i*tttt*tittii**lilt*i*i**l!l!tkl*tti**tti**tittt***t!t*l!*wti*

/ciass Hulaltam
//bagke clasz for different t:ypn of rules

$ifndef RulaltenTemplate
#define RoleltemTemp).ata

#include <string.h>
#include *item.hpp™

!{:1!8[ Eulwitem : public Item

char num[6]}
char opar[3];

publics
RuleItem(} {stpcpy{num, *\x0"};i o
RuleYtem{char* no,char *op) {stpcpy (nus,pc)iscpepy {t, - 0D}J)
virtual ~Ruleltex() {1 .
char¥ rulno{) {raturn numg}
charh operac (vold} {retuzn opar;}

ir
fendif RnleltemTemplate

b T T I PSS AR T Tt s I s DR I e LR i E i il d et Py TR e Lttt Il b FT )

Z/rulslist clazs
ffcontains the rulss container class

$ifndef RuleListTempiate
#dafine RuleLliyiTemplate

#include “flookup.hpp®
#ineluds "rulaiten.hpp®
+includs *rularray.hpp®

¢laze Ruleliszt : publlc FlLookUp
{

RulsAxrray theRulea;
int corrantIdx; f75index of current rule

publlic:
Ruleidst{} [}
" PuleList{ckar *fil} : FlLookUp (fil},currentydxi®) {}
virtual ~Fulelizt(} {;
vold put {Ruleltemé aRulal;
vold stepThrough{};

int readLine {char®)}
wirtual vold bufFormat (vaid) ;
wvoid rulformat {chaxr}y
int currant (void) F/raturns tha indes to the current rile

char*  currentBulia(vold}; //returns the current rule




wold currentheset {} //rawets the currant indax
int getRuie (char *); f/fandle & ruls from file

) int carrantine () J#incremants currentIdx

¥

fendif RolelistTeasplate
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//screen class shich controla the operation of the progras
//this claxs ix the grephicsl user intsrface

#1L !defined {BCAEEN)
#defins BCREEN

#include “memcuse.hpp™
#include "window,hpp*
#includs "gmeny.hpp=
Frtlncluda "mesuopt . hppt
Finolude <srdic.b>
Fingiuds <atdlib.h>

class scrasn @ pubtlic gview
i

ARTat_t motaty
RFECOUSS *EOLLE?
gmanulist weenu;
gooord wooorday
gworkarsa wWusar}

gwindow wesgr F/display inforwatlve mexsage in sindow
publlcs

scresn()s

~soraan(} {dalete mopsa;}

vold mousdnic {volid};

vold control {vold);

void eventhandlie [vaid};
) wvolid whatsmi {inc,int);

faneal

b t b P b P Lt bl ad s At d R d e AR R A R R S b AT R e i L L TR R s R Y P LT T Y LY T T T

//5hapakrray class
//75hapa contxiner class

//#inelude <array.h>
#aclude "itemarry.hpp”
#incluode "chapa.nhpp*

C{?llll EhapsArray r public Itsmhirray

publlic:
. Siupsirzay ()
virtual ~ShapaArray(};
gahapaé  operator{] {int;;

1]
e R bt bl S it g P D Ll il e et i eyl s T a st ey s T e R L A T T R R ey
//gshaps claxs
f/gcurve claks

flgerlangle class
/gractangle ciars

1t !defined {SFAPE}
Fdafine SHAPE

jinslude =gview.hpp™
#incliede "iines.hpp*
#include <string.h>
#include Srelarray. hpp™
#include “reiship.hpp®

t{:hn gehape @ public gvisw

- protected:
int numpts;
1n§ numlinesy
polnts* pnty
Lina *lin:
char spame{l5];
iat xpumber;
statlz int curpt;
statlic char ahquote[80];
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RalshArTay relation: oo
publius AR

gshapa () "

gahape (int mm} & nuspts (hum} {}

gehape (int pte,int line,chart nape="xhapa®) t asuzpte(pts) nomlines(ling) {scpepy (ahame, name) f )

wvirtual ~gshaps(} {rasatreifjs}

wold shade {vold);:

vold unshade {vaid) s

wold put! yee(void);

int frax somrlaps {guhapes};

Idneé getlineflnt 1} {ratura linfi];}

int gatnuspts ..id} {reteen m-pl:s.i

int gatnumlinyi{void} [(retuorn anmilnes:)

char¥ g‘ntam{wid} fratucn anamar}

vold hide (vol

vold addrel{int,char+)s

vold resatrel) (void)is

int relMa(int 1; {returs celation[i].nued {};})

char* ralDemciint i} {return relation[i].descrip{is}

RelshArrays getRal (vold] [return gelation:}

virtral void destroyivoid); /7dalates the lipas and points of a shaps

virt.al vold eventhandle(vold) {}

virvsal vaid showivoid):

virtual void sslect{void} {i

wviztual vold doselact (volid) {}

viztual int sdd{lnt.int};

virtual wold mowe{int int};

virtual vold setup{veld) {!

virtval char* getkttribichar*}; //returfia th: walue of ax artyibute for ahape

ci-.].u! gourve : puhll.é guhaps |

L}

publie:
geurve{)r
geurvefint xl,irt yi,int x2,1int y2,chac* ="curve");
wvirtual ~l;c.xrnﬂ
wirtual void sventhazAleivolid} {}
virtual wold showivoid} {gshapeszshow{)y}
wirtual void ssleckt ivoid} {gahapas:showi)y

t:o:t:.putquot.('clink the mouse for toa first point of the curva®™;;

virtval void dasslact {veid) {qlhlpc: sxhea{)z}

virtual int add{int,int);

virtual vaid wove(int, int)r

wirtuzl veid setopfvold):

virtual char®* getAtrribichazr*i; f/roeturnz the wvalue of an ayiribute for curve

a{zla.-.a ytriangls @ public ghape

mibiic:
r-trj.ﬂn;rll N
grriangi={in: &, int, int,Aint, int rhary =trriangle*);
virtual ~gtr; Ax{):
watd £111(voldj; /fxets up txlange far lhicu.ng in

virtual vold show({vold) [gshapa:sshow{);}
virtual void select (woid) {gsftﬁpc: sshade ()
. o i{ls

test.putguore ("Click the wouse for the first point of tihe triangle);

wvirtual vold desslect{vold) {gshape:;:unshade {};fi11{}z}

virtual int add{ink, int);

virtual void wmove (int,int);

virtual waid ,mtup{vold);

virtual char* getAttrib{char*}; //zeturns the valus cof an a2ttribute for trlangle

flass grectofgle & v.blie gshape

public:
grectangled();
grectangls {int, ink,int, int, chart =“rectangle™};
virtual ~grecranglei}:
vold f£ill(void);

virtval void show{void} {gshapa:z sshow{} s}
virtual wuid selisct {vold) iqs{huﬁn zxhadn{);
2114}

tust . putquete ("Click the mouse the first sdge of the rectangls™);

virtual vold desslact {vold) {gxhape:ssunshade()sf11){}:}
wvirtual int adg{int,int};

"~




virtual vold mova{int, int}s
virtual vold setupi{veid);
) virtpal chard gethttrib(char#); //rsturns the valus of an aci:ibute for rectangle
: .

#andif

AR AR TR AR AR RN W ekt dhhrdrkd kb kA T E RN KRR R TR WY W W Rl ek dek kol el ok e
//windos. bpp contalns the window class and necessary funotlons to display

//and manipulate a window on the streen.

/falso containe gworkarea class and gcoord class

#1f 1dafined (WINDONW)
fdefine WINDOW

#lnolnde “gview.hpp®
/7#include “shape.hpet
//#1sclude *plcture, hpo™
//tinclude *rule,
#include <graphics.h>

?J.an gwindow public griew

los
gwindow{){)
gwindow (int x1,int yt,int xr,int yb,ist diaplay«0} : quviewixl,yt,xr,yb}

Af (ldisplay) show():

}
virtual vold sventhandle(void) f!
vold measage{char *) ¢
woid sweluar (woldl;
void hide{vold);
wold show({vold)s

class gooord ¢ poblle gwindow

publics
gooord () @ gwindow(getmaxx(}-130,1,getmaxx{}),15) {show();:}
gesord{int xi,int yi,int xr,int yb) : gwlndow {xl,yt,xc,yb} {show{);}
vold messgiveld];

class gworkarsa :public gwindes
publice
gworkarea() : gwindow (0,30, getmaxx (},getmaxy (}=20} [ahow{};}
vold evenchaidia (vold)y

3]

fondt e
ARAERR R AR RS AR Rk AR Ak kR TRk YRR Rkt d ke kb kWA T AN RN P RN AR AR TR ERTEL Ak d ik pddk kW R i
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