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ABSTRACT 

Design is a process of producing a description of' a system or 

process to satisfy .a set of requirement. To support the designer 

in the identification and composition of components of a design 

solutions requires both synthesis and evaluation methods. 	Such 

methods can provide a systematic approach to design allowing the 

designer to pursue more alternatives and evaluate the alternatives 

based on a discourse of criteria and value. The use of knowledge 

based techniques for the exploration of synthesis and evaluation 

methods maintains a separation of method and knowledge, allowing 

the designer to gui-de the methods with qualitative or empirical 

knowledge without sacrificing the benefits of a systematic 

approach. 

In this work an expert system shell (ESS) named SHELL has been 

developed which will', help the user in taking decisions and provide 

him an expert advice based on the facts provided by the user 

during the interaction. 	The ESS have a rule based inference 

engine (IE) which provides decisions based on the rules applicable 

for the session, which in turn depend' upon the facts that hold for 

the project.. The.knowledge .r--epr_es.ent.ation (KR) in the ESS is also 
with the semantic networks which basically form a fact base for 

the inference engine module. However it can be used independently 

to provide answers to the queries which can be answered with the 

help of a semantic network exploiting the inheritance properties 

of the object ,present in it. 	Two ESS modules were developed 

sharing a common 'semantic network. 	The modules are rule based 

With a difference in their learning abilities. 	One is a non- 

learning module which requires the complete set of rules to 

provided beforehand to get complete decisions or to cover all 

sorts of situations. This module assumes that all the knowledge 

in the form or rule base or semantic net is complete and correct. 

The following cases are envisaged in this module 

The system cannot reach a decision because the facts provided't.o 

it were conflicting ; 



The system cannot provide a decision because the rule base has 

no rule(s) to reach that decision ; 

The system provides conflicting decisions because the facts 

provided to it were not coherent ; 

The system is able to provide the decisions assuming that rules 

provided to it are complete and correct and so are the facts 

provided. No confirmation is taken from the user i.e. the system 

is closed for any feedback. 

In all these cases the system never tries to learn any new 

knowledge because it was never made to do so. A new situation has 

to handled explicitly by adding new rules in it's rule base. 

The other module capable of acquiring,, automatically & by 

explanation, the know how of an Architect: to help him in the 

design process. 	The module -using an incomplete description, 

provided by the designer, of the construction project to be 

designed, the system tries to complete the project using the 

knowledge at it's disposal which the designer has taught it. The 

following cases are envisaged : 

The system cannot solve a problem because it has never learnt 

how to 

The system cannot solve a problem because it lacks information 

The system claims to know how to solve a problem and submits a 
solution to the designer for approval. 

In all three cases the system learns the knowledge which it will 

be able to use at a future date. The learning mechanism resembles 

the learning methodology of a human being who also learns by 

experience. 

The two modules share the -semantic net to provide the various 

facts. 	The learning module may also be used to generate more 

facts for the non-learning module or may be used to complete a 

partial semantic, to be used by both of the modules at a future 

date and providing a means of interaction between the two modules. 

SHELL is developed not with the aim of replacing an architect or 

the designer, but with the aim of providing him a tool capable of 



simulating the work of an architect or helper who he has trained 

himself by providing him with rules and knowledge for handling 

situations. The model of the system developed is built around the 

High Level Language (HLL) 'C' with an automatic interpretation, 

knowledge acquisition & explanation system. 



CHAPTER 1 

INTRODUCTION 

1.1 INTRODUCTION 

Computers are rapidly penetrating almost- all contemporary modern 

and sophisticated professions. In some fields their influence has 

been readily acceptable, but in others a restructuring of 

disciplines seems unavoidable. 

Since computer technology continues to advance rapidly due to 

ever-growing & ever-absorbing consumer market, it is difficult to 

start a relevant discussion based on definite and proven 

assertions. 	Nevertheless, one dimension of such discussion is 

their potential to simulate the human mind and imagination to the 

opening of new phases. 

In the field of Architecture, computers have been used to produce 

drawings and other graphical representations to communicate ideas 

using packages like Autocad, etc.. Further use of computers in 

this field has proven to be more than a mere drafting assistance, 

due to which the field of Architecture is undergoing a drastic 

change as a discipline. 	- 

Architecture is concerned with concept, ideas, judgment & 

experience. 	All of these appear to be outside the realm of 

traditional computing. 	Human beings discourse with each other 

using models of their worlds largely unrelated to either 

mathematical descriptions or procedural representations. 	They 

make use of knowledge about objects, events & processes and make 

declarative statements about them. These are often written down 

symbolically. The limits - of traditional computing are that it is 

unable to represent and manipulate knowledge in an explicit and 

coherent• form and that it is unable to perform symbolic 

computation. 	The knowledge based systems (KBS), however are 

trying to overcome these limitations and promise to be powerful 

1 



tools in this field. 

There are considerable arguments in favor of developing KBSs for 

this field. 	The first and probably the major impetus in 

developing KBS is the potential for increasing productivity and 

improving the quality of design if low-level design decisions and 

procedures can be automated by encoding the knowledge on which 

they are based, since more time can now be allocated for more 

complex decisions. 	Other reasons, though may be just as 

significant. 	The great majority of failures in building 

construction are due to non-application of existing, recorded, 

knowledge, and that there is much to be gained from making that 

knowledge available at the point where it is most valuable ; that 

is within the medium of production of building construction 

information. 

There are two ways to implement a KBS. 	Firstly, creating a 

computer program which has the required knowledge implemented in 

the form of its code. Secondly creating an expert system (ES) or 

ESS which store knowledge separately. 	Conventional computer 

approaches from the view point of complex applications like design 

sui from serious drawbacks. Firstly they are usually complex 

and difficult for anyone other than their designers to understand. 

Secondly as they embody their knowledge of the subject area in 

terms designed for computational efficiency, such that  this 

knowledge is' implicit in the programs in such a way which makes it 
difficult to alter or change. Thirdly, they cannot suggest their 

users why they need a particular fact nor justify their results, a 

very Important factor for opting for an expert system in field 

like Design to boost confidence of the potential users in the 

decisions provided by them. 

1.2 STATEMENT OF THE PROBLEM 

The ES are capable of managing the coherence of the project more 

satisfactorily, of conversing with the Architect in a language 
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closer to his own, and of establishing relations with the 

technical calculation programs or engineering ESs which thus allow 

a technical evaluation of the project to be made in very early 

stages of design. 	But careful not to limit the creative  

capacities of the Archit-ects the automated procedures installed in 

these systems can only incorporate knowledge relating to general 

Architecture and Building know how, useful to any designer for any 

building project. 	In fact, there is no optimal solution, unique 

to a building design problem, an Architect who solves a problem 

manipulates strong constraints (regulatory, technical, etc... ) but 

also weak constraints of more subjective character (economical, 

sociological, aesthetic, etc.) related to working habits and to 

influence of similar problems met in the past. 	That is why it 

seemed important to create an ESS which. incorporates general 

Architecture and Building know how and which may also be 

personalized by the user according to the type of project to be 

carried out, his know how and his working habits. 	Also at 

present, an Architect from say Roorkee may not be able to design 

foundation of a building in Delhi •due to lack of soil information 

of the site. Similarly he may not be able to decide upon the type 

of superstructure of •the house in any other country just due to 

lack of information about sociological and environmental 

constraints. 	The aim was to gather all the information at one 

place and allowing an Architect from place X in country Y to be 

able to design a house in city A of country B without any problem. 

Moreover as he at one place is able to perform the job of an 

Architect, Builder, Structural engineer, etc. this will reduce the 

time of communication-...of the facts from one person to other,-thus 

speeding up the initial design process leading to increased 

productivity as explained 'earlier with no compromise on quality. 

As the ESS SHELL is designed to highly interactive, there is no 

compromise on creative capability of the Architect, nor any 

rigidity in changing the design due to requirements of or 
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constraints laid by the client based on his sociological, 

economical or aesthetic needs. 

An ESS design having KR in the form of both semantic networks and 

production rules was chosen to form the Knowledge base (KB). The 

rule. based model was chosen as it closely resembles the thinking 

mechanisms of human beings. The Architect or Building designer 

would not only have much convenience in using such a system., but 

also will have full confidence in the decisions provided by the 

ESS. This is a very important factor in deciding whether the ESS 

will be used extensively by him as otherwise the whole purpose of 

developing such a system gets :defeated. HLL 'C was chosen as a 

tool to implement the expert system shell because of the 

language's ability to manipulate complex structures (used 

extensively in these kind of work), to provide customized 

interfacing to the external pro-grams called by the ESS .and lastly 

because programs written in this language have relatively smaller 

executable file size, saving. on RAM usage- -and- providing faster 

execution and loading. 	Keeping in view the applications which 

were to built around SHELL, need for incorporating various means 

of representing rules (like mathematical, probabilistic, external 

/ program & objects from semantic nets) was .felt, so that much can 

done by the SHELL itself without the need to call external 

programs for these purposes. 

A need for learning ESS was felt to provide each Architect with 

customized system. This system targeted as an assistant of the 

architect, was expected to learn to handle new situations with 

experiences, so that the Architect can train it by his own 

concept, means and ease. This system would also use the semantic 

net to reach decisions. This system was expected to update the 

semantic net through its decisions thus also providing one with a 

means to complete a partial semantic net intelligently. 
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1.3 ORGANIZATION OF DISSERTATION 

The dissertation is divided into seven chapters. 	Chapter 1 

provided a basic introduction to the situation prevalent and 

introduced the problem to be handled. 	The rest of the 

dissertation is organized as follows. Chapter 2 provides a review 

of the various ES and ESS developed in this direction and 

introduces various topics related to and incorporated in the 

dissertation. 	Chapter 3 provides the description of the ESS at 

the user's level like various facilities incorporated in the work 

and provides information about the characteristic features of the 

ESS finally developed. 	Chapter 4 & chapter 5 provide sample 

extensive examples & rules and test run result from the fields of 

Architecture and Building design. 	Chapter 6 discusses the 

software implementation of the ESS. 	Finally in chapter 7' 

conclusions and various directions for future extensions on this 

work are discussed. 
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CHARTER 2 

REVIEW AND GENERAL CONSIDERATION 

2.1 INTRODUCTION 

The earliest attempts to use computers to aid architectural and 

building design commenced nearly three decades ago. 	However, 

unlike areas like medicine or geology, design does not have any 

theoretical core that can be reduced to a fixed set of 

mathematical and hence traditional computing were of no help. The 

result has been that Computer Aided Architectural Design (CAAD) 

has received little attention in the past. 	Computers when 

compliment the performance of human designer become a particularly 

useful design aid. They provide capabilities that are not readily 

available to designers who rely on traditional manual methods. 

For instance, the ability to systematically enumerate alternative 

solutions to a design problem or the ability to take, at the same

•time, a broad spectrum of design criteria or concerns into 

account. 	The underlying assumption is that the human cognitive 

apparatus does not perform particularly well in such tasks [1]. 

Knowledge Based Expert systems offer the possibility of capturing 

and manipulating the human knowledge, such as heuristics or rules 

of thumb accumulated by the expert or a consultant after years of 

problem solving. 

2.2 REVIEW 

A tabulated summary of the detailed features of a number of 

commercially available ES and ESS is given in Table 2.1. The list 

is not exhaustive but merely suggestive o the kind of tools. 

available. 	Besides, it is important to realize that they are 

dynamic in nature with capabilities continually expanding in 

response to customers needs and competitive pressures. 

The study of various ESS revealed the following points 
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(i) A trend of moving from -mainframes to personal 

computers (PCs). 

(ii) A trend of using languages like 'C' as compared to LISP or 

PROLOG for building these tools. The primary motivation 

being improved performance and portability. 

(iii) A trend towards laying emphasis on embedability- was 

apparent. The ESSs as embedded in user app4ication far 

exceeded their potential as stand alone programs. 	This 

was achieved by the use of conventional programming 

languages as against typically Artificial Intelligence 

(Al) languages. 

A survey of the work in the field of ESS and various ES tools for 

CAAD over the past decades is given below 

The two main features of the ESS are its KR technique and its 

Inferencing mechanism or the IE. 	The emphasis during the study 

was therefore, laid on these two points only. 

Bedard and Gowri [2] examined the characteristics of engineering 

design, and in particular, the building design process in an 

attempt to identify the most important features to implement in a 

realistic computer-based design system. 	The authors proposed a 

prototype system as applied to the preliminary design of -building 

envelope systems. . 	The KR. technique used was frames and 

inferencing was done by implementing a constrained-based depth 

first strategy. 	KnowledgeCraft was used as a programming 

environment. 

Pohl and Chapman [3] reported a conceptual design of an 

Intelligent Computer-Aided Design System (I.CADS) as an integration 

.of an intelligent CAD database management system (DBMS), with a 

knowledge based design generator and a multimedia presentation 

facility for architectural design. 	The expert design generator 

stored the required knowledge as rules. 

Fenves et.al. [4-] proposed an integrated environment that had 
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ledge 
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features required for an effective automation of the building 

design environment (IBDE). 	IBDE was implemented in the form of 

five knowledge based processes that communicated with each other 

by means of a message blackboard and a project data store. 

Hendrickson and Morse [5] presented a conceptual model for 

automated interactive engineering design, considering both the 

process architecture and semantic modeling aspects of the problem. 

A prototype system called FLEX on that model operating in the 

domain of floor and equipment layout was also presented. 	It was 

developed using KEE. 	KEE was selected because its frame-based 

object data representation was conducive to the development of the 

object oriented blackboard process architecture, its facilities 

for building rule-based systems, and its facilities for evaluation 

of hypothetical conflict-resolution alternatives. 

Flemming [1] considered the 2-D layout problem from the 

perspective of an ES application. The ES uses a generate and test 

approach in which generalized rules serve to generate alternative 

layouts and domain specific rules check the layout at various 

levels of completeness for semantic integrity. 

Rosenman [7] introduced a knowledge based shell called BUILD 

which was used to build three ES for design evaluation, namely; 

PREDIK.T for interpreting kitchen designs, CODE for checking 

compliance with the building code and SOLAREXPERT for evaluating 

passive solar energy systems. 	The BUILD ESS was developed to 

provide an environment for developing rule based ESs and include 

capabilities for ekplanation, three inferencing strategies -. 

forward, backward and mixed backward & forward chaining, access to 

external programs and dependency updating. 

Evans [8] described the development, implementation and use of 

rule based calculator, checking structural component designs. 

Garret [9] proposed the use of KB techniques to provide a 

representation that could easily incorporate change as well as 

serve two purposes : design and design checking. 	The author 
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implemented the same in the program called SPEX which used 

blackboard architecture, in which the knowledge sources were 

represented by decision tables, classifier trees, heuristic rules 

for design focus and optimization techniques for constraint based 

satisfaction. 

Chang and Ibbs [10] described the use of probability theory, 

fuzzy sets, and generalized modus ponens logic for priority 

ranking in resource allocation. 

Mohan [11] commented on the lack of operational ES in the field 

of construction and presented the characteristics of the state-of-

the-art ES in the field of construction management and 

engineering. 

Guene and Zriek [12] designed an intelligent CAAD : an apprentice 

system capable of acquiring, automatically & by.  explanation, the 

know how of an architect to help him in the design process. The 

system was built around an object language and an automatic 

interpretation and knowledge acquisition system. 	They used a 

learning apprentice system (LAS) named DISCIPLE. 	KR was by 

Production rules and semantic nets. 

Lee et.al. [13] created a rule based expert system used in the 

stages of building design synthesis, building defect diagnosis and 

building contract interpretation. A rule-based ESS was developed 

to implement the three applications concurrently. An ESS XI Plus 

from Expertech was used for the development work. It has english 

like syntax for implementing if-then and when-then rule 

structures. It also had 'HOW' and 'WHY' =explanation facilities. 

Out of the above ESs those relevant to this work are given in-

table 2.2 along with their salient features. 

To summarize, it may be stated that a majority of the ES 

developed so far are available on the PCs, -have -the -rule based KR 

and are implemented using commercial ESSs. However, a trend was 
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noticed towards hybrid KR techniques i.e. rules'Trames, semantic 

nets, etc., for design related problems. 	The use of blackboard 

architecture, object oriented programming, fuzzy logic etc. was 

being explored. 	Nevertheless, rules and inferencing techniques 

for the same were popular in the situations where the knowledge 

was of a simple nature as rules were easy to understand and 

inferencing from them closely resembled the human reasoning. 

2.3 EXPERT SYSTEMS 

Expert Systems (ES) are a class of computer programs that can 

advice, analyze, categorize, communicate, consult, design, 

diagnose, explain, explore, forecast, form concepts, identify, 
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interpret, justify, learn, manage, monitor,I plan, present, 

retrieve, schedule, test and tutor [14]. 	In short, ES are 

designed to codify and automate the knowledge and heuristics 

(based on experience and guessing ability) of human experts in a 
variety of specific problem domains to enable that knowledge to be 

available for others to use efficiently. 

Fig. 2.1 gives an top level architecture of an ES [15]. 

A brief description of each of these components is given below. 

(i) User : The end user of the system which includes knowledge 

engineers, experts from 'thesame or related fields. 

(ii) Explanatory Interface : It allows for 	human-machine 

interaction.. It should be as simple and as natural as 

possible. It can be anything from a simple text editor to 

standard spreadsheets to menu driven screens to a natural 

language interface. 	It is this module which allows the 

user to interrogate the system, normally by posing 'HOW' 

and/or 'WHY' questions. 'HOW' questions ask the system to 

justify is line of reasoning and 'WHY' questions ask it to 

explain why it requires some piece of information. Both 

facilities help make the system more usable; but human-

machine interaction is still the weakest link in the 

expert systems technology [15]. 

(iii) Knowledge Acquisition Facility : It is with this facility 

that knowledge acquired from the domain expert is 

represented in the computer. 	This determine the way in 

which knowledge may be represented. Advanced systems use 

inductive methods to create rules from examples, thereby 

discovering new knowledge [161. 

(iv) Inference Engine 	This controls the reasoning process of 

the ES. It uses the facts and rules in the knowledge base 

to derive new conclusions leading to a recommendation or a 

diagnosis. It is basically made up of an interpreter that 

uses the given knowledge to infer new knowledge and 
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scheduler that decides the order in which the knowledge 

• representations are applied. Forward, backward & hybrid 

of these two are some of the commonly used inferencing 

techniques [17]. 

(v) Knowledge Base . The knowledge base consists of 

information structures for encoding expertise. 	Usually 

this is elicited from a human expert & reformulated as a 

collection of rules, a network of facts or a frame based 

structure. 	A knowledge base differs from a database in 

several ways, in particular it is more active. That is, 

it contains rules for deducing facts that are not 

stored explicitly. 

(vi) External Programs : Expert systems cannot operate as stand 

alone programs when used in complex applications like 

design. Therefore interfacing with external programs like 

databases, procedural programs, graphical interface etc. 

is must [17]. 

2.4 EXPERT SYSTEM SHELL 

An expert system shell (ESS) is an ES stripped up of its domain 

specific knowledge. 	An ES is thus domain specific, but ESS is 

independent of any domain (though they may have features which 

facilitate design of an ES for a specific domain). Any system in 

which the interpreter can be separated from domain specific 

knowledge can be converted into an ESS. Thus interpreter along 

with a few support facilities is called an ESS [181. ESS may also 

be defined as a programming system that simplifies the job of 

constructing an ES. Fig. 2.2 shows the use of ESS to create an ES 

and it also shows the programs & players in an ES [14]. 

2.5 PRODUCTION RULE SYSTEM 

The term production rule system refers to several different 

knowledge representation schemes based. on the general underlying 
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idea of condition-action pairs, which are also called if-then 

pairs, situation-action pairs, production rule, or just plain 

productions [19). Production rules were inspired by the attempts 

to model the human cognitive process. Production rule system have 

been shown to be capable of modeling any computable procedure. A 

production rule base system consists of the following parts : 

(i) The rule base, which is composed of set of production 

rules. 

(ii) One 	or more databases.(DBs), which contain whatever 

information is appropriate for the particular task. 	Some 

parts of the database are permanent, whereas others only 

pertain to the current problem. 

(iii) A short-term memory buffer, which represents, the context 

or current focus of attention of the production rules. 

(iv) The interpreter, which. determines the task to do next or 

the production rule to fire next. 	Its operation is 

generally closely related to the resolution process. 

2.6 SEMANTIC NETWORK 

A semantic. network is a structured form of Knowledge 

Representation (KR). 	It is a declarative form of KR. 	It is 

general enough to be able to describe both events & objects. They 

give a simple, structural picture of a body of facts. 	Thus a 

semantic net is a collection of predicate calculus expressions 

that can be represented by a graph structure. A semantic net has 

two parts 

(a) NODES : Entities - Instances, class, subclass e.g. 

John, Mammal, Home, Floor, Foundation, Rock, etc. 

(b) LABELLED ARCS : These represent relationships among 

nodes .e.g. isa, owner_of, has, does, covering, are, 

is, etc. The arrow on the lines point from an object 

to its value along the corresponding attribute line. 

The direction of the arrow is very important. 
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A sample semantic net is shown in fig 2.3. 

A semantic net is a collection of frames. The individual frames 

represent the collection of attributes & values associated with a 

particular node. 	Frame add intelligence to the data 

representation and allow objects to inherit values from other 

objects. Thus an inheritance network can be created as a special 

case of semantic nets. 	The software provides support for 

creation of semantic networks & hence inheritance networks. 

t 
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__ /j \\ 
has 	SHELTER 

FOUNDATION 	ROLhas> CEILING 	LIVING 
is 

PILE 	CEI 

Fig 2.3 

A SAMPLE SEMANTIC NETWORK 

2.7 DYNAMIC FRAME STRUCTURE 

A semantic net is a collection of objects related to each other & 

forming a graph like structure. 	Each object represented as a 

frame consists of no. of attributes associated with it. Take the 

case of the object "Home" shown in the semantic net of fig 2.3. 

It has relations "Has", "Gives" & "Used_for". Now suppose we need 

some new attribute(s) also to be associated with this object 

"Home". Let the new relation be "isa" with attributes "Building", 

"temple", & "Tent". The addition of the new attribute should be 

done without altering the already present structures of other 

objects. 	The new attributes are associated with the already 

present object "Home", dynamically increasing it's size & without 

affecting the already present database representation. Care has 

to be taken while adding attributes which are already present, as 

new relations not clearly visible will have to be created. After 

adding the relation "isa" with three attributes in the semantic 
net (see fig 2.4), each attribute gets associated with the object 

"Home" in turn, thus preserving the consistency of the semantic 

network. This shows the dynamics of the semantic net structure in 
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terms of the no. of relations. The structure is also dynamic in 

terms of the no. of attributes with each relationships. As seen 

in the fig 2.4, the object "Home" has three occurrences of 

relation "Isa" & "Has" while one occurrence of relation "Gives" & 

"Used_for".  Thus there are two dimensions of dynamics in this 

kind of semantic net representation.  This approach makes 

updations much easier with no (or little) overhauling of already 

present database. 

H0USE 

has 

FOUNDATION 
is 

PILE  

has  

isa isa Aisa 

as \fives  BUILDIN~  TENT 
usedfor  

TEMPLE / ___ ___ 

has  SHELTER 
ROOM  CEILING 

has 

DOOR 

LIVING 

Fig 2.4 

SEMANTIC NET OF FIG.- 2.3 AFTER ADDING NEW RELATIONS "ISA" TO OBJECT "HOME" 



CHAPTER 3 
DESCRIPTION OF EXPERT SYSTEM SHELL 

3.1 SOFTWARE DESCRIPTION 

This section describes the ESS SHELL from the users viewpoint. 

For this this ESS can be brokenup into three main modules 

(a) Module for creation of semantic net with dynamic frame 

structure. 

(b) Non-learning Rule based Inferencing module. 

(c) Learning Rule based Inferencing Module. 

(a) Module For Creation Of Semantic Net With Dynamic frame 

structure 

module creates the DB of facts used by the two modules. 	The 

Semantic net as a form of KR for SHELL was: chosen because it is 

very easy to communicate facts with the help of a semantic net. 

Besides semantic nets can themselves be used independently to 

provide much information to user based on queries by exploiting 

inheritance feature of the objects in it. 	Various facilities 

have been incorporated which exploit the inheritance feature of 

the semantic net. 	There is no restriction on the type of 

knowledge that can be stored in the semantic [18]. The knowledge 

from several independent domains can be stored in one file & thus 

each isolated semantic nets form a sub-domain with a complete 

knowledge being the integration of all the sub-domains. Facility 

is provided which can Inform one of the head objects (i.e. the 

objects which have no parents but only children), so that one can 

separate each sub-domain for his purpose. The various facilities 

incorporated in this module are 

(i) Create / Update the KB. 

(ii) View the objects with their attributes, called simply 

qualifiers here. 

(iii) View all or only those objects which do not occur as 

attribute(s) of'any other object(s). 
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(iv) Traverse the KB in any direction or randomly and view 

various relations to/from each object. 

(v) Find the path between two objects w.r.t. certain 

relation(s) or with no fixed relations. 

(vi) Have queries answered for finding a value of an object 

w.r.t. a given relation. 

(vii) With respect to a certain relation find objects which have 

children w.r.t. that relation or find objects which are 

children of some objects w.r.t. to that relation. 

Object Name Relatioship 
House  Has  

Foundation 	Attribute 1 

Ceiling 	Attribute 2 	A  
Qualifier 

Room 	1 Attribute 3 

Floor 	Attribute n 

Fig. - 3.1 

SAMPLE DATA I/P FORMAT 

(i) Creation / Updation Of Knowledge Base 

The data is entered in the format shown in the fig'3.1. As seen 

from the fig a the information is entered as relationship of an 

object (here "House") w.r.t. other objects called attributes (here 

"Foundation", "Ceiling", etc.) with a certain relation (here 

"has"). 	At this stage care has to be taken so that new data 

entered does not result in KB inconsistency. If such a qualifier 

already exists in the KB, the user is prompted, similarly if the 
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relationship or object name is a qualifier is missing an error 

message is given. Appropriate error messages are also given if 

two attributes are same or the object and attribute name are the 

same. 

This facility is used not only to introduce new objects in the 

semantic net, but also to add more information to the objects 

already existing in the knowledge base. 	Eventually one is 

expanding the already existing semantic net by this facility. 

Viewed from the perspective of the inferencing modules one is 

adding facts and thus expanding within the domain, areas on which 

decisions can be provided. 	If one wants proper decisions, it is 

necessary to store facts using this facility properly, as any 

discrepancy will lead to the inferencing modules providing false 

or no decisions. 

(ii) View The Objects With Their Attributes 

This facility displays all the objects and the attributes 

associated with them w.r.t. a certain relati-on (fig 3.2). As seen 

from the fig 3.2, one can browse around the qualifiers entered by 

him by using cursor keys (for chronological order of display) or 

use facilities to recall a qualifier by name or by number (each 

qualifier is assigned is assigned a unique number in ascending 

order when they are entered).. Searching is strong in the sense 

that even search string like 	HoUSe 	haS 	." is able to 

recall the qualifier "House has". 	The facility is used to view 

all the qualifiers entered with the help of the previous facility. 

This facility can be used to.gather facts from the client of the 

architect about the various objects or components of building that 

he want, and will not be present when the session with the ESS is 

underway. 
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fig 3.3 
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(iii) View All Or Only The Objects At The Highest Level : 

A facility is provided to view all the objects which do no occur 

as attribute(s) of any other object(s). These super objects (as 

they are called here) are those objects which have only outgoing 

arcs & no incoming arcs. 	An example of such an object is the 

object "House" in fig 2.3. 	This. facility displays all or super 

objects.in alphabetical order for users convenience. The facility 

for tracking super objects in each sub-domains is useful in future 

traversal of the complete KB for finding any information from the 

semantic net. As each object is displayed, so are the information 

related to the various relationships emanating from the object. 

In fig 2.3 semantic net for object "House" these will be "House 

has", "House used_for" & "House gives". If an ordinary object is 

displayed, the name of the qualifiers which have that object as 

their attribute are also displayed. This facility can be used to 

trace out the semantic net manually and check the correctness of 

the KB. 

(iv) Random Traversal Of Semantic Net : 

This facility can be use to move to any object in the KB 

randomly. To start with user i is -presented with the options shown 

in fig 3.3. The user enter a string which may be an object name 

or the name of a qualifier. 	As an string is entered and 

associated information displayed, the available to the user (fig 

3.4) allows him to go to the qualifiers attribute object, see any 

related qualifier or see any qualifier which are containing the 

specified object (called parent qualifiers), or he can simply move 

to any unrelated object in the KB by entering a new search string. 

Thus three degrees of freedom of movement can take place from any 

point, thus allowing a flexible, manual traversal of the semantic 

net to gather any information. 	This facility can be used to 

gather Information if one is not able to get information from the 

remaining query answering facilities.. 
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1. House has Room 
	

DESTINATION : FLOOR 
2. Room has floor 

SOURCE : HOUSE 

RELATION(S) : GENERAL SEARCH 

)ath between the Source and Destination. 	...Press any key 
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In this facility, if. the string entered is present both as an 

object as well as a qualifier, the user is provided a chance to 

take decision to continue traversing from any one of them. Thus a 

perfect tool is provided to. gather any information from the 

semantic net depending upon one's query. 

(v) Find A Path Between Two Objects 

A facility is provided to allow one to find a path between two 

objects. One has option to specify a set of relations as a basis 

of search or can even specify a search on all the relation in the 

KB (fig 3.5).  This is a specialized facility, using the 

connectivity of the objects in the semantic net forming a graph. 

This facility is used to test connectivity between two objects and 

if no link is found (but was expected), one can be sure to deduce 

that KB is incomplete.  In the context of the semantic net 

alone,this facility can be used to confirm or give the reasoning 

that why certain •fact is true, like if one has a semantic net for 

storing facts about the animals in general, then this facility can 

be used to prove on the basis of the net, why• a dog is a mammal, 

for which the line of reasoning may be "Dog isa animal", "animal 

are mammal" 

(vi) Finding A Value Of An Object w.r.t..A Given Relation : 

This facility answers queries about values of an object w.r.t. a 

given relation.  The simplest case is of display of a qualifier 

attributes.  More complicated cases .involve exploitation of the 

hierarchical feature of the objects in the semantic net. For the 

semantic net of fig 3.6, a sample query is shown in fig 3.7. This 

too is a specialized facility like the previous one.  This 

facility can also be used to check the correctness of the semantic 

net in the sense 

(a) If value(s) is (are) found, whether it is correct. 

(b) If no value if found but one was expected. 
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VALUE(S) : 	 OBJECT : PEE WEE REESE 
1. 	.262 

RELATION : BATTING AVERAGE 

Value is ....... 	Press any key to continue....... 

fig 3,.. 
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These tests ultimately help increase one's reliability in the 

decisions provided by the ESS's IE modules. 

(vii) Find Objects Related To Other Objects w.r.t. To A Certain 

Relationship 

This facility helps one find objects which are attached to other 

objects w.r.t. a certain relationship. 	For a given relationship 

like "isa" there are objects which form qualifiers with it, 

"Corridor isa", "Bedroom isa", etc., while there are objects which 

occur as attributes of these qualifiers like "circulation", 

"room", etc.. This facility can display list of names of the 

either type of objects. This facility is very useful in checking 

the correctness of the semantic net w.r.t. a certain relationship, 

as these facts are used by the learning IE module. The decisions 

will be unreachable or may be incorrect if proper- semantic net is 

not maintained. This facility may also be used to find a list of 

objects which are associated with a certain relation, a 

specialized function w.r.t. a semantic net. 

(b) Non-learning Rule Based Inferencing Module : 
This module has rules in the form of if-then statements forming 

the rule base. A sample production rule used by this module is 

shown in fig 3.8. 

IF 

Weather is sunny 

[Temp] > 37 

THEN 

Drink Water . 10/10 

Take Umbrella while going out - 10/10 

fig 3.8 

SAMPLE PRODUCTION RULE USED BY NON-LEARNING MODULE 
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The operation of a transformation rule or production rule in a 

design grammar is shown in fig h. 

CONDITION 	RULE 	CONSEQUENCE 
(PREMISE) 

Condition) 	 Consequencel 
Condition2 	 Consequence2 
Condition3 	

> [Rule 
	

> Consequence3 

fig 3.9 

OPERATION OF A PRODUCTION OR TRANSFORMATION IN A DESIGN GRAMMAR 

With respect to the rule in fig 3.8, the conditions in fig 3.9 are 

"Weather is sunny" & "[Temp] > 37", while consequences form the 

decision taken by the ESS. •Thus a rule simulates the thinking or 

decision mechanism of a human being, who decides on something 

(consequences) only when conditions (premises) hold true. 	The 

advantage of this kind of ESS is the ease of transfer of knowledge 

from the domain expert to the ESS KB. 

Various facilities provided by this module are 

(i) Enter new rules 

(ii) Save rules 

(iii) View entered rules 

(iv) Fire rules 

(v) View successful/failedrules 

(vi) View results or decisions reached 

(i) Enter New Rules : 

The user is allowed to enter rules whether temporary or permanent 

to get decisions based on the facts valid for the session. The 

format of the rule is shown in fig 3.8. 	The user has to input 

certain conditions or premises forming the "IF" part of the rule 
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as well as certain consequences forming the "THEN" part of the 

rules. 	The "THEN" part as explained, earlier constitute the 

decisions taken by the ESS. 

The user while entering the premises has two choices viz, either 

use a qualifier or use a logical mathematical expression to decide 

upon the present situation. 	In fig 3.8 the first premise was 

formed by using a qualifier "Weather is", while the second one was 

formed by using a logical mathematical expression "[Temp] > 37". 

For the first premise the complete qualifier is shown in fig 3.10. 

Weather is 

1. Sunny 

2. Rainy 

3. Normal 

fig 3.10 

A sample qualifier used in rule of fig 3.8 

User chooses one or more instances of the qualifier to create a 

premise, so that when the rules are fired, the instance which hold 

at that moment will decide which decision has to be taken. 

The other method of constructing a premise as already indicated 

is by using mathematical expressions. 	The user can use any 

mathematical expression to test a condition. 	Besides using 

variables, various mathematical operations supported are addition 

(+), subtraction (-), multiplication (*), division (I), power ("), 

modulus (%), sine (sin()), cosine (cos()), tangent (tan()), sine 

inverse (asinO), cosine inverse (acosO), tangent inverse 

(atan()), flooring (floor()), ceiling (ceil()), square root 

(sgrt()), exponentation (exp()) & natural" log 	(log()). 

Relational operators supported are greater than (>), less than 

(<), "equal to (_) and not equal to (!=). Besides these the use of 

parenthesis ("(" & ")") is advocated to improve legibility and 
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understanding of the expressions at a future date. The variables 

entered can be initialized beforehand, given a text to explain 

their real name or meaning and also their values can be displayed 

at the end forming part of the decision list. 	Thus for an 

architect this combination can create all sort of conditions which 

are required to take any decision while designing a house. 

In the consequence part of the rule, the user has four options 

from which he can choose. Unlike the -premise construction, the 

user can also any external program or describe a goal statement 

with some probability. With the feature of calling an external 

program, one can thus use SHELL as a central. module, initiating 

various activities from itself, and delegating complex tasks to 

programs designed to do so. This provides convenience to the user 

in a sense that, interface with other programs becomes 

transparent, unlike other case where the user intervention is 

necessary to pass various data either manually or explicitly. As 

files are used to pass data between two programs, any amount of 

data can be communicated between them in either direction. The 

data communication is in terms of -real numbers, with the user 

specifying the names of the variables to be passed to an external 

program or those returned by the external program. Thus the user 

can not only handle complex tasks, he can use this facility to 

display intermediate results or designs, display error 

graphically, get any data which requires complex 'interaction or 

which requires iterative interaction with the user, initialize 

variables if they are larger in :number or if their values depend 

upon the project handled, etc.. 	Thus implications of this 

facility are limited only by the imagination power of the user 

The other method of consequence construction which involves using 

a text associated with some probability rating in the scale of 0 

to 10 is shown in fig 3.8. Probability rating of 0 means that the 

method or conclusion is absolutely false, while a rating of 10 

implies absolute correctness of a fact or met-hod. 	The texts 
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associated form the decisions of the SHELL. 	These texts are 

displayed at the end of the firing session, along with the 

probability associated (0 to 1). 	These consequences thus imply 

certain tasks or conditions valid for a project with some 

probability. 

(ii) Save Rules 

A user may sometime want to create some rules temporarily for a 

session or he may want to test the validity of the rules before 

inducting them into permanent KB. The user is thus allowed to 

create rules and save them at his discretion. Once the rules are 

saved they form the part of the permanent KB. 

(iii) View Rules : 

User may want to view all the rules he has created till date. The 

list of rules displayed also contain the temporary rules or rules 

which are not yet part of the permanent rule base. This facility 

may be used to check the rules entered for correctness. The user 

is allowed to browse around the list of rules using cursor keys or 

move randomly to.a rule by its number (fig 3.11). 

(iv) Fire Rules 

The rules are fired starting from the first rule to the last 

rule sequentially (forward chaining) by default, unless some 

condition requires some other rule(s) to be fired altering the 

normal sequence of rule firing (backward chaining). Thus order in 

which the rules are fired depend upon the the types of rules 

(premises and consequences), and their relative, ordering. 	Thus 

the order in which the same rules are placed may provide different 

result or different course of interaction if, the rules are not 

serializable [23). When firing rules, SHELL prompts the user to 

provide facts only when they can not be deduced from the rule 

base. This minimizes unnecessary interaction with the user. 
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(Rule #1 

IF 
WEATHER IS SUNNY 
[TEMP] > 37 

THEN 
TAKE UMBRELLA : Probability - 10/10 (Absolutely True) 
DRINK WATER : Probability - 10/10 (Absolutely True) 

revious (•- or t) , Next(-4 or I), Rule #(N),  Ex.it (X) 

fig 3,i 1  
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Whenever prompted to provide a fact the user is allowed to ask the 

ESS the reason by using the "WHY" facility and check the validity 

of IE for its reasoning methodology. 	This facility again help 

boost the confidence of the user in SHELL's decisions. At the end 

of the inferencing session, SHELL displays the various results it 

has prepared. 

(v) View Successful / Failed Rules : 

These facilities act as a crude form of implementation of "HOW" 

explanation facility. 	This can explain to the user how the 

results were reached, by informing him of the succesful and failed 

rules. These facilities can then be used to confirm the decisions 

of SHELL. These modules again help boost the confidence of the 

user in the SHELL's decisions. 	This-  facility may be suppressed 

once the validity of the IE has been checked and confirmed brick-

to-brick. 

(vi) View Results or Decisions : 

The user is allowed to view the results of the previous session 

at any time, If he is not able to recall the decisions reached 

during the last session. 

(c) Learning Rule Based Inferencing Module 

This module requires rules in the form of if-then statements. A 

sample production rule used by this module is shown in fig 3.12. 
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IF 

[x] has tail 

[x] does barking 

THEN 

[x] isa dog 

fig 3.12 

A sample production rule used by learning module 

These rules are also transformation rule like fig 3.9. 	The 

condition in this case, are "[x] has tail" & "[x] does barking", 

while consequence form the decision taken by the SHELL. 	This 

module differs from the non-learning module in the sense that, 

variable may be used to represent objects in the rules. 	This 

module takes the appropriate objects from the semantic net when in 

the firing session. 	This module thus relies heavily on the 

correctness of the semantic net to reach its decisions. 	This 

module unlike non-learning module automatically updates the KB 

both in terms of new qualifiers & in terms of new rules, when it 

learns to handle new situations. 	Learning is interactive. The 

user has to provide/confirm the ESS with appropriate reasons & 

rules when faced with a new or conflicting situation. 

This module provides various facilities listed below 

(i) Enter new rules 

(ii) Save rules 

(iii) View rules in the rule •base 

(iv) Fire rules 

(v) View successful/failed- rules 

(vi) View results or decisions 

(1) Enter New Rules 

The user can either enter all or partial set of rules applicable 
to project. The rules entered if not perfect or complete lead to 



learning situation at a later time. 	The format of the rule is 

shown in fig 3.13. 	The user has to specify the relationship 

explicitly, while he can use variables in place of objects to make 

rules as general as possible. The format of creating the premises 

and consequences is the same 

(ii) Save Rules : 

(iii) View Rules in the Rule Base 

These facilities serve the same purpose and have same format in 

the non-learning rule based module. 

(iv) Fire Rules 

The rules are fired sequentially from the first to the last rule 

and this flow cannot be changed, thus only forward chaining is 

supported by this module. 	The rules are displayed as they are 

fired. The interaction with the user is to get the object name or 

its instance, whose name is -represented by a variable. Method of 

minimizing this interaction is discussed in 7.2 (Suggestions for 

future works). 	The results are displayed as the rules become 

successful. The result is then used to update the semantic net if 

the user grants confirmation. If the user is not satisfied with 

the result, which happens in two cases i.e. if the results were 

not correct or if the rules were not •perfect. In the second case 

a new learning session starts leading to the refining of the 

existing rules. 	Towards this, the user is provided with some 

explanations, which SHELL thinks is causing conflicts with the 

previous successful case. The user may then either choose one of 

the explanations offered- to him or may provide a new reason from 

his own side. In both the cases, the system ends up learning new 

things & can now handle the present condition in the future 

correctly simulating the learning methodology of a human being. 
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(v) View Successful/Failed Rules : 

The aim of this facility is the same as in the non-learning 

module & need no further explanation. 

(•vi) View results : . 

This facility displays all the decisions taken by the ESS which 

resulted in the updation of the semantic net. 	The use of this 

facility is the same as in the non-learning module's corresponding 

facility. 

3.2 CHARACTERISTICS OF ESS 

The shell developed has several unique characteristics besides 

use of the HLL 'C' in its construction. 	Some of the important 

characteristics are listed below : 

(i) Very user friendly environment, totally menu driven. 

(ii) Special data entry routines to minimize data entry 

mistakes. 

(iii) Commands invoked by pressing single keys. 

(iv) Incorporation of explanation facility (usually absent 

in many ESS). 

(v) Creation of a backup file where necessary. 

(vi) Powerful searching engine (a strong foundation of SHELL). 

(vii) Incorporation of facilities to invoke external program 

to create very powerful packages. 

(viii) Very efficient in terms of memory usage. 

(ix) Very fast execution. 

(x.) 

	

	Extensive error messages provision, to make user 

_understand and rectify his mistake easily and quickly. 

(xi) Incorporation of hybrid control strategy, controlled by 

the user. 

(xii) User confirmation where mistakes in data entry are maximum. 

(xiii) Use of Dynamic Node Structure semantic net to 



represent facts. 

(xiv) Incorporation of facilities to solve complex mathematical 

expression, used extensively in complex application like 

design. 

(xv) Very modular and thus easily understandable for future 

modifications. 

(xvi) Handling of cyclic rules (fig 3.14), preventing the system 

to enter into a,deadlock condition. There is a danger of 

system entering into deadlock because of the triggering of 

backward chaining -when certain facts can be deduced from 

the rule base without the user intervention. 

#1 if A then B 

#2 if B then A 

fig 3.14 

Sample cyclic rules 

As in the rules of fig 3.14, deadlock is broker by prompting the 

user to provide data to solve B and hence solve rule #2, which 

will then decide the solution of rule #1. 
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CHAPTER 4 

KNOWLEDGE BASE FOR BUILDING DESIGN 

Three examples along with the test runs are presented here, 

indicating the versatility of the shell to handle different 

situations. 

(i) Foundation design 

(ii) Cost analysis 

(iii) Fault diagnosis and repair indication 

All of these examples have been implemented using the 

non-learning inferencing module, because of the modules capability 

to handle the complex rules of these problems. 

U) Foundation Design : 

The rules described following can help design the foundation. 

Inputs required are the various facts related to the soil 

conditions, and the output is the mini-mum depth of the foundation. 

Qualifiers Used 

#1 Base type is 

1. Rock 

2. Soil 

#2 Rock type is 

1. Hard rock e.g. Granite, Trap, Diorite 

2. Laminated rock e.g. Sandstone, Limestone 

3. Broken bed rock, cemented material 

4. Soft rock 

#3 Soil type_is 

1. Cohesive (Clay type) 

2. Non-cohesive (Sandy) 
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#4 Cohesive (Clay type) is 

1. Dry hard stiff clay 

2. Medium clay (can be indented with thumb nail) 

3. Moist clay / Sand mixture 

4. Soft clay (can be indented with moderate thumb pressure) 

5. Very soft clay.(can be penetrated several centimeters with 

thumb) 

#5 Non-cohesive (Sandy) is 

1: Compact Gravel / Sand Gravel 

2. Compact dry coarse sand 

3, Compact dry medium sand 

4. Loose Gravel.  

5. Fine sand/slit (Dry 1-umps) 

6. Loose dry fine sand 

Variables used ; 

S.No. Name 	Text 	Initialized Displayed Initial-Value 

1.' [PT] Mathematical 	YES 	NO 	3.14159 

constant 

2. [BC] 	Bearing 	NO 
	

YES 	---- 

constant of 
a 	

soil 

3. [PHI] Angle of repose 	NO 
	

YES 	---- 

4. [MIN_DEPTH] Minimum depth 	NO 
	

YES 	---- 

of the foundation 

based on soil conditions 

5. [DENSITY] A constant based NO 
	

YES 	---- 
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on soil conditions 

External Programs called 

NONE **" 
Methods or Conclusions 

*** NONE *** 

Rules : 

Qualifiers Used 

#1 Base type_is 

1. Rock 

2. Soil 

#2 Rock type_is 

1. Hard rock e.g. Granite, Trap, Diorite 

2. Laminated rock e.g. Sandstone, Limestone 

3. Broken bed rock, cemented material 

4. Soft rock 

#3 Soil type_is . 

1. Cohesive (Clay type) 

2. Non-cohesive (Sandy) 

#4 Cohesive (Clay type) is 

1. Dry hard stiff clay 

2. Medium clay (can be indented with thumb nail) 

3. Moist clay / Sand mixture 

4. Soft clay (can be indented with moderate thumb pressure) 

5. Very soft clay (can be penetrated several centimeters with 
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thumb) 

#5 Non-cohesive (Sandy) is 

1. Compact Gravel / Sand Gravel 

2. Compact dry coarse sand 

3. Compact dry medium sand 

4. Loose Gravel 

5. Fine sand/slit (Dry lumps) 

6. Loose dry fine sand 

Variables used : 

S.No. Name 	Text 	Initialized 

1. (PI] Mathematical 	YES 

constant fl 

2. [BC] 	Bearing 	NO 

constant of 

soil 

3. [PHI] Angle of repose 	NO 

4. [MIN DEPTH) Minimum depth 	NO 

of the foundation 

based on soil conditions 

5. [DENSITY] A constant based NO 

on soil conditions 

External Programs called 

NONE 

Methods or Conclusions 

*** NONE *** 

Rules 

#1 

IF 

1 = 1 

THEN 

[PI] = 3.141593 

Displayed ;  Initial-Value 

NO 	3.14159 

YES.---- 

YES 	---- 

YES 	---- 

YES 	----- 
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#2 

IF 

Base type_is Rock 

Rock type_is Hard rock e.g 

THEN 

[BC] = 3300 

[PHI] _ [PI]/180*45 

Granite, Trap, Diorite 

#3 

#4 

IF 

Base type_is rock 

Rock type_is Laminated rock e.g 

THEN 

[BC] = 1650 

[PHI] _ [PI]/180*35 

Sandstone, Limestone 

IF 

Base type_is Rock 

Rock type_is Broken bed rock, cemented material 

THEN 

[BC] = 900 

[PHI] = [PI]/180*35 

#5 

IF 

Base type_is Rock 

Rock type_is Soft rock 

THEN 

[BC] = 450 

[PHI] ='[PI]/180*32 



IF 

Base type_is Soil 

Soil type_is Cohesive (Clay type) 

Cohesive (Clay type) is Dry hard stiff clay 

THEN 

[BC] = 450 

[PHI] _ [PI]/180*30 

IF 

Base type_is Soil 

Soil type_is Cohesive (Clay type) 

Cohesive (Clay type) is Medium clay (can be indented with 

thumb nail) 

THEN 

[BC) = 250 

[PHI] _ [PI]/180*45 

#8 

IF 

Base type_is Soil 

Soil type_is Cohesive (Clay type) 

Cohesive (Clay type) is Moist clay / Sand mixture 
THEN- 

[BC] = 150 

[PHI] _ [PI]/180*15 

#6 

#7 
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#9 

IF 

Base type_is Soil 

Soil type_is Cohesive (Clay type) 

Cohesive (Clay type) is Soft clay (can be indented with 

moderate thumb pressure.) 

THEN 

[BC] = 100 

[PHI] = CPI1/180*0 

#10 

IF 

Base type_is Soil 

Soil type_is Cohesive (Clay type) 

Cohesive (Clay type) is Very soft clay (can be penetrated 

several centimeters with thumb) 

THEN 

[BC] =40 

[PHI] = [PI]/180*-40 

#11 

IF 

Base type_is Soil 

Soil type_is Cohesive (Clay type) 

Non-cohesive (Sandy-). is Compact Gravel / Sand Gravel 

THEN 

[BC] = 450 

[PHI] _ [PI]/180*35 

#12 

IF 

Base type_is Soil 

Soil type_is Cohesive (Clay type) 

Non-cohesive (Sandy) is Compact dry coarse sand 

THEN 



[BC] = 450 

[PHI] = [PI]/180*35 

#13 

IF 

Base type_is Soil 

Soil type_is Cohesive (Clay type) 

Non-cohesive (Sandy) is Compact dry medium sand 

THEN 

[BC] = 260 

[PHI] _ [PI]/180*30 

#14 

IF 

Base type_is Soil 

Soil type_is Cohesive (-Clay type) 

Non-cohesive (Sandy) is Loose Gravel 

THEN 

[BC] = 250 

[PHI] _ [PI]/180*30 

#15 

IF 

Base' type_is Soil 

Soil type_is Cohesive (Clay type) 

Non-cohesive (Sandy) is Fine sand/slit (Dry lumps) 

THEN 

[BC] = 150 

[PHI] _ [PI]/180*26 

#16 

IF 

Base type_is Soil 
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Soil type_is Cohesive (Clay type) 

• Non-cohesive (Sandy) is Loose dry fine sand 

THEN 

[BC] = 100 

[PHI] _ [PI]/180*26 

#17 

IF 

[BC] > 0 

THEN 

[MIN_DEPTH] _ ([BC]/[DENSITY])*(((1-SIN([PHI]))/(1+SIN([PHI])))"2) 

Test Runs 

#1 

Facts : 

(i) Base type_is Rock 

(ii) Rock type_is Hard rock e.g. Granite, Trap, Diorite 

(iii) [DENSITY] is given value 17 

RESULTS 

1. Bearing constant of the soil : 3300 

2. Angle of repose : 0.785398 

3. Minimum depth of the foundation based on soil condition 

5.71429 

4. Constant based on soil condition : 17 

#2 

Facts; 

(1) 	Base type_is.Soil 

(ii) Soil type_is'Non-cohesive (Sandy) 

(iii) Non-cohesive (Sandy) is Loose Gravel 

(iv) [DENSITY] is given value 17 

RESULTS 

1. Bearing constant of the soil : 250 

2, (,4773 
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2. Angle of repose : 0.523599 

3. Minimum depth of the foundation based on soil condition 

1.63399 

4. Constant based on soil condition : 17 

Test Runs 

#1 

Facts: 

(i) Base type_is Rock 

(ii) Rock type_is Hard rock e.g. Granite, Trap, Diorite 

(iii) [DENSITY] is given value 17 

RESULTS 

1. Bearing constant of the soil 

2. Angle of repose : 

3. Minimum depth of the foundation based on soil condition 

4. Constant based on soil condition 

#2 

Facts : 

(i) Base type_is Soil 

(ii) Soil type_is Non-cohesive (Sandy) 

(iii) Non-cohesive (Sandy) is Loose Gravel 

(iv) [DENSITY] is given value 17 

RESULTS 

1. Bearing constant of the soil 

2. Angle of repose 

3. Minimum depth of the foundation based on soil condition 

4, conetnnt Oftmed an mat t onMtt l a~n I 
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0 

(ii) Cost Analysis 

This hypothetical example calculates the total cost of estimated 

in terms of land, infrastructure & dwelling, it also calculates 

the difference in terms of cost estimated using thumb rules & the 

cost actually incurred in infrastructure & displays appropriate 

results. 

Qualifires Used : 

#1 Site is levelled 

1. Manually 

2. With Bulldozers 

#2 The kind of drains are 

1. Open surfaced 

2. Hume pipe drains 

#3 Landscaping is to be 

1. Minimal 

2. Moderate 

3. Elaborate 

#4 Construction is to have 

1. Raft Foundation 

2. Pile Foundation 

#5 Flooring is to be done with 

1. Kotah stone 

2. Mosaic 

#6 Walls are to be 

1. White washed 

2. Distempered 
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b 

Variables used : 

S.No. 	Name 	Text 	Initialized Displayed Initial-Value 

1.  [Tot cost] Total cost of No YES 	----- 

;the project 

2.  [L cost] 	Land 	cost No YES 	----- 

3.  [1 cost] 	Infrastructure No YES 	----- 

cost 

4.  [D_cost] 	Dwelling cost No YES 	----- 

5.  [DIFF] 	Difference in actual No YES 	----- 

and calculated cost 

the infrastructure 

6.  CAI cost) 	Actual No YES 	----- 

infrastructure cost 

External Programs called 

Act_infr --> It supposingly calculates the actual infrastructure 

cost. 

Methods or Conclusions : 

1. Deduced infrastructure cost exceeds actual infrastructure cost 

2. Actual infrastructure cost exceeds actual infrastructure cost 

3. Deduced and actual infrastructure cost are the same 

Rules : 
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IF 

Site is levelled Manually 

The kind of drains are Open surfaced 

Landscaping is to be Minimal 

Construction is to have Raft Foundation 

Flooring is to be done with Kotah-Stone 

Walls are to be White washed 

THEN 

[L_cost] = [T_cost] * 0.40 

[least] = [Tcost] * 0.25 

[D̂ costl = [T cost] * 0.35 

#1 

#2 

IF 

Site is levelled With Bulldozers 

The kind of drains are Hume pipe drains 

Landscaping is to be Moderate 

Construction is to have Raft Foundation 

Flooring is to be done with Kotah Stone 

Walls are to be White washed 

THEN 

[L_cost] = [T_cost] * 0.40 

[I cost] = [T cost]. * 0.35 

[D_cost] = [T costl * 0.25 

IF 

Site is levelled With Bulldozers 

The kind of drains are Hume pipe drains 

Landscaping is to be Elaborate 

Construction is to have Raft Foundation 

Flooring is to be done with Kotah Stone 

Walls are to be White washed 

THEN 

#3 
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[L cost] = [T cast] * 0.36 

[I cost] = [T cast] * 0.39 

[D cost] = (T cost] * 0.25 

#4 

IF 

Site is levelled Manually 

The kind of drains are Open surfaced 

Landscaping is to be Minimal 

Construction is to have Pile Foundation 

Flooring is to be done with--Mosaic 

Walls are to be Distempered 

THEN 

(L cost] = (T cost] * 0.49 

[ I cost] = ( T cost] * 0.21 

[D cost] _ [T cost] * 0.30 

#5 

IF 

Site is levelled Manually 

The kind of drains are Open surfaced 

Landscaping is to be Moderate 

Construction is to have-Pile Foundation 

Flooring is to be done with Mosai.c 

Walls are to be Distempered 

THEN 

[L_costl = [T_cost] 	0.42 

(I cost] = [T cost] * 0.37 

(D cost] = [T cost] * 0.21 

#6 

IF 

Site is levelled Manually 

The kind of drains are Hume pipe drains 

Landscaping is to be Elaborate 

Construction is to have Pile Foundation 
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Flooring is to be done with Mosaic 

Walls are to be Distempered 

THEN 

[L_cost] = [T_cost] 4  0.38 

[I_cost] = [T_cost] * 0.38 

[D_cost] _ [T_cost] * 0.24 

#7 

IF 

1 = 1 

THEN 

([AI_cost]) _ "Act infr" O 

IF 

[AI_cost] > [I_cost] 

THEN 

Actual infrastructure cost exceeds actual infrastructure cost - 10/10 

[DIFF] _ [AI cost] - [Icost] 

#9 

IF 

THEN 

Deduced infrastructure cost exceeds actual infrastructure cost - 10/10 

[DIFF] = [I_cost] - '[AI cost] 

#10 

IF 

[AI_cost] _ [I_cost] 

THEN 

Deduced and actual infrastructure cost are the same - 10/10 

Test Runs 

#1 
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Facts : 

1. Site is l eve l l-ed .Manually 

2. The kind of drains are open surfaced 

3. Landscaping is to be- minimal 

4. Construction is to have Raft foundation 

5. Flooring to be done with Kotah stone 

6. Walls are to be white washed 

7. Total Cost is given value 180 

8. Actual Infrastructure cost is given value 55 

Results 

1. Actual cost exceeds calculated infrastructure cost 

- probability 1 (i.e. Absolutely) 

2. Total cost 	180 

3. Land cost : 72 

4. Infrastructure cost :•45 

5. Dwelling cost : 63 

6. Actual infrastructure cost : 55 

7. Difference in actual and calculated infrastructure cost 	10 

#2 

Facts 

1. Site is levelled Bulldozers 

2. The kind of drains are Hume pipe drains 

3. Landscaping is to be Elaborate 

4. Construction is to have Raft foundation 

5. Flooring to be done with Kotah stone 

6. Walls are to be White washed 

7. Total Cost is given value 180 

8. Actual Infrastructure cost is given value 55 

Results : 

1. Calculated infrastructure cost exceeds actual cost 

- probability 1 ( i.e. Absolutely) 
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2. Total cost 	180 

3. Land cost 	72 

4. Infrastructure cost : 63 

5. Dwelling cost : 45 

6. Actual infrastructure cost : 55 

7. Difference in actual and calculated infrastructure cost : 8 

(iii) Fault diagnosis and- repair indication 

This. example illustates the use of SHELL in buildin fault 

diagnosis and to suggest a repair method. 	The fact base is 

Illustrated by means of the semantic net of fig 4.1. 

Variables used 

**** NONE **** 

External Program called : 

1. Det_crak --> Supposingly explains the cause of crack 
,2. Exp_repr --> Supposingly explains the repair method 

Rules 

#1 

IF 

stage of building is during service 

concrete member is beam 

orientation of crack is transverse 

crack pattern is bt3 

THEN 

cause of crack is excessive bending 

M 



i) 

m NO 



IF 

#2 

IF 

presence of water load is yes 

leakage at cracks is nil OR minor 

THEN 

water condition is slight 

IF 

cause of cracks is excessive bending 

density of cracks is isolated 

movement of cracks is dormant 

need to strengthen is yes 

water condition is slight 

improve appearance is no 

THEN 

repair method is external stressing 

IF 

cause of cracks is-excessive bending 

THEN 

O _ "det_crak" O 

IF 

repair method is external stressing 

concrete member is beam 

THEN 

() = "Exp_repr" O 
Toot Ryan i 

A test run was taken with facts which support the fact that 

external stressing repair is required. 

#3 

#4 

#5 



CHAPTER 5 

KNOWLEDGE BASE FOR ARCHITECTURAL DESIGN 

Architectural design is a job which requires creativity and 

extensive exchange of ideas between an Architect and the client. 

So based on the requirement, the learning rule., based module was 

used to implement an example of completing a plan. The problem is 

to make the module learn how to open the door in the right 

direction. The changes made or decisions made are projected via 

the semantic net. 

The initial plan consisting of two rooms (a bedroom and a 

livingroom) leading on to corridor (fig 5.1). 	The semantic net 

corresponding to the initial plan is given in fig 5.2. 	The 

architect initially provides the system with a crude rule given 

below. 

#1 

IF 

[z] isa circulation 

[y] isa room 

[x] isa door 

[x) belong_to [z] 

[x] belong_to [y] 

THEN 

[x] open_towards [y] 

The architect then places door D1 between corridor and bedroom. 

The system automatically opens the door towards bedroom (see fig 

5.3) and the solution is accepted. The semantic net is updated to 

fig 5.4. 	Fig 5.5 shows the configuration for the example 

concerning the opening of a door towards a room. Fig 6 & 7 show 

the solution of the situation of opening of the door between the 
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corridor and the livingroom and the corresponding semantic 

• network. 	Fig 5.8 shows the situation where a door is to be 

installed between toilet and corridor. The -solution provided by 

the system is shown in. fig 5.8, which is refuted by the architect 

who sees the solution as opening the door towards the corridor. 

The system is therefore faced with a counter example of the 

application of the rule #1 and considers that its knowledge on the 

direction of opening of door is still incomplete. 	It tries to 

specialize its knowledge. 	It looks for differences & the 

similarities existing in the configuration of the positive example 

(fig 5.5) and that of the counter example (fig 5.10). The system 

proposes following explanations to the designer 

• 1. Toilet contains washbasin 

2. D3 seal DW3 

Explanation '1 is accepted as the possible solution, so rule #1 is 

modified and duplicated & the new solution for opening a door in 

case a room contains washbasin is provided viz '[x] open towards 

[z]' • Fig 5.11 shows the configuration of an example concerning 

the direction in which a door opens between a circulation and a 

room containing bathroom installations. 	The modified rules are 

given below. 

#1 

IF 

[z] isa circulation 

[y] isa room 

[x] isa door 

[x] belong_to [z] 

[x] belong_to [y] 

[y) contains NOT washbas-in 

THEN 

[x] operi_towards [y] 
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#2 

IF 

[z]  isa circulation 

[y] isa room 

[x] isa door 

[x] belong_to [z] 

[x]  belong_to [y] 

[y]  contains washbasi-n 

THEN 

[x] open_towards.E-y] 

The rules are fired again and the new solution is presented to 

the user. The modified plan. after the user accepts the solution 

is shown i.n fig 5.12.  The system thus learns to handle new 

situation with the help of the architect who teaches it just like 

a human being giving clues for handling new situation. 



CHAPTER 6 

IMPLEMENTATION 

In this chapter, the various implementation details of the ESS 

SHELL developed are provided. The details are provide w.r.t. the 

modular breakup in chapter 3.' 

(a) Module for Creation of Semantic Net With Dynamic Node 

Structure 

(b) Non-learning rule based inferencing module 

(c) Learning rule based inferencing module 

(a) Module for Creation of Semantic Net With Dynamic Frame 

Structure 

The need was felt for storing the data in the semantic net 

because of the hierarchical nature of the data involved in the 

field of design. If we consider the fig 5.1, the facts associated 

with it can be easily and usefully conveyed with the help of the 

semantic net of fig 5.2. If we take the case of the architect who 

is designs say houses and towns, the facts can be depicted by the 

complex semantic net of fig 6.1. The need was felt for creating a 

semantic net with dynamic frame structure, so that any no. of 

relations can be associated to any object at time without any 

prior information about the size and no. of attributes. All this 

has to be done without compromising on disk or memory space. This 

has to be done without compromising on disk or memory space. This 

idea was successfully 'implemented with no compromise on the 

flexibility and facilities provided by a semantic net.  What 

follows is the implementation details of each of the sub-modules 

to create and use the semantic net.  The various functions 

associated with each modules are also described and named. 

Data structures used to create and manipulate the semantic net 

are 
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typed,pf struct choice_list { 

int choice ; / --ve choice for NOT choices / 

struct choice_list *next 

} SELECTION 

6(a) 

typedef st.ruct. frame 

char name ; 

int qualifier no 

int no childs ; 

char *childs[NO_CHILDS] 

} FRAME 

(3(b) 

struct qual_name { 

char *name ; 

int no_links 

struct. name _list *head 

long int line_gpr 

int no parents 

int traversed 

struct parent_list *root 

struct qual_name *left, *right 

} 

6(c) 

struct name_tree { 

char *name ; 

int qualifier no 

SELECTION *head ; /* Used when rules are fired */ 

long int line_gen ; 

struct name_tree *left name, *right  name 

struct name_tree *qual_left, *qual_right 
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struct parent_list_{ 

char *name ; 

/* char *child_ relation ;*/ 

struct parent_list *next 

} 

6(e) 

struct name_list 

char *name 

'struct name_list *next 

} 

6(f) 

typedef struct { 

int total_texts 

struct name_list *tos 

} STACK 

6(g)  

typedef struct relations { 

char *attribute 

int no_left ; 

struct name_list *left head 

int no_right ;  

struct name_list *right _head 

struct relations *left, *right 

} RELATIONS 

6(h)  

The structure 6(b) is used to store the information about a 

qualifier such as its name, its number (see chapter 3), the no. of 

attributes & name of each attribute, The information about each 

qualifier is stored in a file & not kept in memory. 	The 
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information where the qualifier is stored in 'a file and other 

firing session information (explained later) is stored in the 

structure 6(d). 	This thus creates an index file concept, 

resulting in faster data retrieval. The structure 6(c) stores the 

information about each -object, like its name, no. 1of'`outgoing 

links (i . e. no of qualifiers with that object) , list of names of 

each qualifier (using structures 6(f)), no. of incoming 'links 

(decides no. of parents)-  & a list of each such parentualifier 

using structures 6(e). Provision has been given in structure 6(e) 

to incorporate the name of relationship from child to it's parent. 

Say if we have qualifier "House has Room", then we` can also say 
"Room is_in House". This type of inverse relationship can also be 

incorporated to provide more sophisticated applications or for 

answering more typical queries involving the semantic net. 	The 

semantic net is simulated with the help of structures 6(b), 6(c) &. 

6(d) of which structures 6(c) and 6(d) constitute the binary 

trees. A sample simulation is shown in fig 6.2 for the emantic 

net of fig 2.3. 

The functions involved in creating/updating/retrieving previous 

semantic net are 

read_from_fileO retrieves the previously created semantic net 

from the files. This also updates the various data structures for 

further use/updation. 	This also call modules gdxjreadO, 

link_read_gdxO to read the dissected information about a 

qualifier. 	The counterparts are w_frm pr_ind(), ;w gprggdx(), 

gpr_wO, gdx_wO & gdx_link_wO. 

w frame() writes a qualifier information into a ::file, while 

read frmO read it. 

The function input_frameO gets various information about 

qualifiers from the user. This function call get_dataO to get a 

single qualifier information. 	The function also updates the 

semantic net data structures by calling functions process_frame(), 
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fig 6.2 

INTERACTION OF TWO BINARY TREES TO CREATE A SEMANTIC NET 

which in, turn- calls functions add_qua.lifier(), add_frame(), 

add_no qualO, add name_to_qualifierO, fill_relation_treeO & 

qual_parent_addO. 

These functions update the various data structures like binary 

trees & linked lists to update/create the semantic net. 

Various functions were created to retrieve a particular 

information from a given data structure, for e.g. get_objectO 

which returns a pointer to a node of structure 6(b) giving various 

details about an object, whose name is passed to it; 

get nm_qualifierO  &  get_num_qualifierO  which  retrieve 
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information about a qualifier depending upon the qualifier name & 

number respectively; get no_qualifier_in_tree() & get_frm_ptr() 

retrieve structure 6(c) depending upon the qualifier name arid 

number respectively; etc. 

Functions like dispno_qualifierO, disp_name_qualifierO, 

disp frameO, disp attr_infoO & disp_info_qualifie-rO called 

independently and also by the modules like show_qualifiers(), 

random_movementO, 	show each attributes() 	& 

show_super_attributes() which perform functions of displaying each 

qualifiers, allowing random traversal of semantic net, displaying 

information about each or only super objects respectively. 

The functions find_in_objectO & value_findO are used to answer 

various queries explained in chapter 3. 	They both use breadth 

first. approach to perform their job. 	Care has been taken to 

prevent the search from entering into cycles in the semantic net. 

This, approach also eliminates the consideration of the same object 

again when searching, thus ending the search •process earlier. 

These modules use function get_objectO to verify the presence of 

objects entered, so that user may be intimated about the precise 

error. These functions require extensive stack usage, so stack 

handling routines were created. _.These routines are used to 

create, initialize, pop or push an stack element & free the stack 

completely. 	The functions implementing them are get_stackO, 

clear_stackO, pop(), push() & free_STACKO, besides the function 

empty_stack(), which returns the state of the stack (empty or 

filled). 	As the structure 6(g) indicates, the stack element are 

string, a choice which makes the routine capable of storing data 

of any type from integers to double (after converting them into 

strings). 

Various functions which exploit the use of relation to link two 

objects are left_list_rel() & right_list_rel() which display 

objects which relate to or are related to other objects by a given 

relation. The function disp_rel_listO displays objects which are 
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related to other objects by a given relation provided the name of 
the relation &. extra information about the type of objects (i.e. 

whether objects which have outgoing arcs with that relation or 

those objects which have incoming arcs with that relation in the 

semantic net). The functions to read & write relation information 

are read_relationsO, read_one_relO and write_relationsO, 

w_rel{) & rel_wO. 	The functions fill_relation_treeO, 

add_relationO, add_left relation(} and add_right_relationO are 

used to add new relations. 	The structure used heavily in all 

these operations is given 6(h-). 

Other than the above,. specified specialized functions, various 

general purpose support functions like get char arrayO (to get an 

array of characters), dup str-O (to duplicate the string passed)., 
draw() and ver lineO (to create a window and draw a vertical line 

respectively), etc. were created to provide modularity, fast 

processing, efficient memory usage & above all reduced code 

length. 

(b) Non learning rule based inferencing module 

This module as already explained. in chapter 3 uses production 

rules in the form of if - then statements. The formation of rules 

was explained there, here the internals i.e. functions and data 

•structures involved in performing the job are explained. 

typedef struct { 

char *qual_name ; 
	

• 

int nom,  choices ; 

struct choice list *head 

} QUALIFIER ; 

6(i) 

typedef struct method { 

char *.method 

int probability 
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float result_probability 

struct method *next ; 

struct method *same  next 

} CHOICE ; 

6(J) 
typedef struct { 

int"var_expr ; 

char *expression ; 

char *left_part •; 

char "Eright_part ; 

char relation Cal ; /* "to accomodate "<" / 
} EXPRESSION .; 

6(k) 

typedef struct choice_list { 

int choice ; /* -ve choice for NOT choices */ 

struct choice_l is.t *next 

• } SELECTION 

6(1) 

typedef struct progs { 

char *name .; 

int share_count 

int pass no ; 

• struct name_list *p head 

• int returnno 

struct name_list *r_head 

struct progs *next 

} EXTPROG 

6(m) 

union qual_math { 

QUALIFIER *ql ; 

EXPRESSION *expr 

6(n) 



union choice_extprog_qual_math { 

CHOICE *ch 

EXTPROG *extprog ; 

QUALIFIER *ql ; 

EXPRESSION *expr ; 

} 

6(o)  

typedef struct ifs { 

int fired ; 

int act_rule^no 

int which ; 

union qual_math qm 

struct ifs *next 

struct ifs * left, *right 

struct ifs *same next 

} IF ; 

6(p)  

typedef struct thens { 

int fired 

int act-rule-no ; 

int which 

union choice_extprog_qual_math ce.gm 

struct thens *next 

struct then *left, *right 

struct thens *same next.; 

} THEN ; 

6(q)  
typedef struct rule { 

int fire rule_no 

int act _rule _no 
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int no_ifs ;. 

int tot_ifs_fir-ed 

IF *rule_if 

int no_thens 

int tot_thens_fir_ed 

THEN *rule  then 

int fired 

struct rule *next, *prev  

} RULE ; 

6(r) 

typedef struct var desc •{ 

• char *name ; 

char *txt 

double value 

int initialized 

int displayed ; 

int val accepted 

int disp_in_res 

struct var_desc *left, *right 

} VARIABLE 

6(s)  

typedef struct res stack { 

int act_rule_no 

struct res_stack *next 

} ELEMENT_ RULE_ STACK 

6(t)  

typedef struct-{ 

ELEMENT_ RULE_ STACK *tos, *curr_why 

} RULE_STACK ; 

6(u)  



The structure 6(r) stores information about a rule like rule no., 

actual (fixed) and fire_rule_no (to provide provision for future 

changes in the ordering of rules), no. of 'IF' condition and their 

list (a linked list of structure 6(p)), no of 'THEN' condition and 

their list ( a linked list of structure 6(q)) and the state of a 

rule i.e. whether fired or not (used at the time when inferencing 

session is going on). The rules are connected to each other by a 

doubly linked list. The structure of 'IF' and 'THEN' conditions 

have sub-structures which indicate the type of if and then 

condition viz, qualifier instance, mathematical expressions, 

external programs, or a text associated with some probability in 

the range of .0 to 10. The structures 6(i) to 6(o) provide means 

to represent each of the above conditions. 

#1 

IF 

Building is tall 

THEN 

Use deep foundation - 7/TO 

#2 

IF 

[no_storeyl > 3 

THEN 

Building is tall 

Qualifier used 

#1 Building is 

1. tall 

2. normal 

Variable [no_storey) indicates no. of floors in the building. 

fig 6.3 

A SAMPLE RULE INITIATING BACKWARD CHAINING 



The default control strategy to fire the rules is forward 

chaining, but the rules can be framed in such a way that they 

produce a goal and thus triggering a chain of rules which may lead 

to the goal. An example of such a rule is given in fig 6.3. As 

seen in fig 6.3, the default method of firing rules will first try 

to solve rule #1, but this rule requires a fact 'about the type of 

building to be built i.e. if "building is tall", now the 'IE will 

search for a rule that will tell it about the )state of building 

and so it sets a goal of finding the state of building. It finds 
rule #2, which has,. in its consequence the state of building, thus 

this rule is fired to find the. state of the building.  Thus we 

have implemented an example of backward chaining.  The IE's 

control strategy is thus a hybrid of forward and backward 

chaining. 

Explanation module for answering "WHY" is implemented by using 

the rule stack and reciting those rules- along with their various 

premises which are presently waiting to be solved.  The "HOW" 

facility is implemented- in a crude form by reciting the rules 

which were successful and ones which were not(along with their 

first premise which failed) . The rule stack was created using 

structures 6(t) and 6(u). The field "tot—ifs—fired" of each rule 

structure is used to determine the state of rule; fired 

completely, fired successfully, was unsuccessful, or is, currently 

under fire, by assigning special values. 

What follows is the description and names of the important 

functions used to implement this module. 

new_get rules() is used to input new rules from the user. This 

function in turn calls two functions get=ifs() and get_thens() to 

form a complete rule.  Function if_single_getO and 

then single_getO  get  a single premise and - consequence 
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respectively. The rules acquired are added to the list of rules 

by function add rule_listO. Within the function if_single_getO 

and then_single_getO code is written to accept the premise or 

consequence of any type viz, qualifier, mathematical expression, 

external program or a text associated with a probability. 

Functions which keep track of type and list of each type of 

premises and consequences are if new_rule_add(), each_if add(), 

if_q_add_treeO and if m_add_treeO with corresponding functions 

for the consequences of each type. 

Functions to store the rule base are rules_write(), 

one_rule writeO, 	.ifs write O , 	one_if_writeO, 	QUL_writeO, 

EPR_writeO, CHE_writeO and MATH writeO. 	Corresponding 

functions exist to retrieve the rule base with main function being 

read rulesO. This function sets the various-.data structures and 

global variables to the state in which the last session ended. 

Function disp_ruleO, di.sp_ifsO, disp_thensO, disp_choiceO, 

disp_all_methods() and ext_all-_disp() used independently and in 

other functions display various informations about the rules 

entered or part of rules. 

Various 	house 	keeping 	functions 	like 	discard rule(), 

if discard(), etc. were created to use memory efficiently. 

The function fire_rules() form the IE, calling function 

single_rule_fire() which fires the rules provided to it. 	This 

function calls the function true if ( ) to test the status of the 

premise. A rule is fired until either a premise turns out to be 

false, its premise requires a -fact obtainable from other rule 

(indicated by functions can fire-O and. can_var_fireO) or all of 

its premises are true. In the last case the function fire_thens() 

is called by single rule fireO. 	The results prepared by this 

function are added to the result list by function fire_CHE_t.hen() 

and update_var_in_resO. 	Function true qualifier() checks the 

premise of a qualifier type for truth or false. 	This uses the 

field 'head' of structure 6(d) to deduce its results. 



The 'WHY' facility if provided by the function why_answer() which 

displays the rules presently in the rule stack. This uses various 

rule stack manipulation function viz. 	rule empty_stackO', 

init_rule_stack(), prepare_for_why(), why rule_retrieve_stack('), 

rule_pop_stackO and ru.Le-_push stack -O. 

The functions which implement the 'HOW' facility are 

successful_ rules_view() and fail_rule de.tai1O,-which use the field 

'tot—if—fired' of each rule structure to provide the answers. No 

extra information is generated to explain the user its line of 
reasoning for reaching a goal. 	The results are printed by the 

module res_print()•, called both independently and automatically 

after the fire_rules() function. 

Various functions were created to parse and solve complex 

mathematical expressions using complex mathematical operators, 

functions. The variables can also be used to facilitate formation 

of complex rules. The =parser of the expression was implemented 

using recursive decent parsing principle [20, 21). 	The grammar 

•[221 for this application was specially designed- and implemented. 

The function which perform parsing also 	used to solve an 

expression, thus saving code. The backward chaining can also be 

triggered if the value of a variable can be deduced from some 

rule's consequence. 

The external program link is performed by spawning a new process 

and parameter passing is with the help of files in terms of list 

of real numbers. Parameters are parsed by file with 

extension 'PAS' and the parameters are received from a file by a 

file with 'the programs name with extension 'RET'. The values of 

the variables to be passed and if •they are not available at that 

moment, than rules which initialize those variables are fired, 

triggering backward chaining. 

(c) Learning rule based - nferencing module : 

This module like previous rules uses production rules in the form 



of if-then statements to provide inferences. It differs from the 

learning based module in terms of the type of premises and 

consequences used by it to form a rule (see fig 3.12).  lit uses 

simple structures to represent its premises, consequences and 

rules. 

typedef struct if_and_then { 

int left_part ; /* VARIABLE or OBJECT / 

char *left  object 

int right_part 

char *right object 

char *attribute 

struct, if and_then *next, *prev 

} It_THEN ; 

6(v)  

typedef struct rule { 

int no_ifs ; 

int tot_ifs_fired 

IF_THEN *rule_if 

int no_thens ; 

int tot_thens_fired 

IF_THEN *rule  then 

struct rule *next, *prev 

} RULE ; 

6(w)  

typedef struct vars_in_rules { 

char *name ; 

char *object 

struct vars_in_rules *next 

} RULE_VARS ; 

6(x)  



The structure 6(v) is used to represent both premises and 

consequences because of their similar nature. The rule structure 

is very much similar to the one. in the non-learning module's rule 

structure. 	The structure -for storing premises or conditions

• contain information about the type of left part (variable or 

object name).,. its name, the type of right part (again variable or 

object name), its name, the relation relating them. The premises 

and consequences of a rule are linked by doubly linked lists and 

so are rules. Structure 6(x) is provided for storing information 

about the variables at run time. The various-- such structures are 

present in a •alphabetically sorted list. 	Each such structure 

contains variable name and the object name it is assigned for that 

firing session. 

The function names and description is presented below which were 

used to implement t.his module. 

Rules are acquired by f,uncti-on get_rulesO which calls function 

get_if_then's() to get various premises and consequences of each 

rule. 

To view rules function view_rules() is called which displays all 

the rules in the rule base (both permanent and the ones which are 

created when system learns some thing). The individual rules are 

displayed by the function disp rule() or no-disp_rule(). 	Rules 

are saved explicitly by the user for the reason expla:i:ned in 

chapter 3 . 	The function rules write() is involved for this 

purpose. The rules are jread automatically when this module is 

invoked. 	The function read_rules() reads the rules, initializes 

and sets up various data structures and variables. This module 

is called in the functi-on initializeO which initializes all the 

data structures to the state in which last session ended, opens 

all, the necessary files and rads rules and the semantic net 

information by invoking module read_from_fileO. 

The decision process starts by invocation of the function 

fire_rulesO which fires rules sequentially from first to last 



rule. Backward chaining is not incorporated, so all facts have to 

presented , when the rules are fired, specifically when a certain 

premise is containing a variable is-fired, it should be known what 

object is assigned to it. This fact if not previously told, has 

to be provided. 	The system displays a list of probable objects 

vying' for" that variable. The rule which is currently under fire 

is displayed to help user input appropriate information. The user 	• 

upon having this information updates the variable information 

using add_varO. The function solve_prem-iseO is used to test a 

premise, which uses the semantic net to test that whether two 

objects in a premise are linked to each-  other by the relation in 

the premise. The rule is stopped firing, when •either one of its 

premise turns out to false or all of the premise prove to be true, 

triggering consequences and ESS providing decisions. The results. 

are displayed(function result_displayO)as the rules become 

successful and confirmation is taken from the user. If the result 

is confirmed by'the user, the semantic net is updated (by function 

update_semantic_netO) by adding new qualifiers as given by the 

consequences of the rule. 	The history is saved by saving the 

current status of the each variable, which can be recalled i.f any 

conflict takes place in dec-i-sion provided by the system & user's 

choice. If the user is not satisfied by the ESS decision, he may 

discard the ESS decision, leading to a new learning session. The 

ESS first tries to find the reason why the conflict has occurred & 

for this it compares the current semantic net with the net which 

existed when last time the rules were fired successfully. It then 

displays all the differences encountered as a suggestion to create 

a •new rule. 	The user can. then either select an explanation 

offered to him or can himself suggest a new reason. The learning 

session ends there, rules are duplicated & modified in conformance 

with the new situation. The rules are fired again to arrive at 

the decision according to the modified rules & the decisions made 

again are put before user for confirmation.& the cycle repeats for 
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all the decisions during the'session. 

The functions find differences() & var differences findO are 

used to find the difference between the successful case semantic 

net and the present case. 	The stack is used to save the 

differences. 	The explanations are retrieved and displayed from 

the stack by the function disp_explanationsO.. The -explanation 

accepted by the user is used to create premises, a job done by the 

function get complementary_premises(). 	Rules are duplicated by 

the function dup_RULEO & new premises added to both. New 

consequences are provided by the user for the new situation. If 

he does not provide one, -the -previous consequences are 

complemented for e.g.. if previous, consequence was "[x) has floor", 

then the complemented consequence will be "[x] has NOT floor". 

The complementation of a consequence is done by calling the 

function all_reverse_consequences(). 

The 'HOW' facility like previous inferencing module is implemented 

by displaying successful and unsuccessful premises & by displaying 

the list of variables, along with the objects they are assigned. 

This function is provided by succe.ssful_rule_viewO and 

fail_rule_detailO & res_printO. 

Global variables use was kept to a minimum, but was not avoidable 

due to overhead in passing parameters where recursion is a basic 

method of reaching a solution. 	The global variables were used 

mainly to represent certain flags used in many functions, pointers 

to data structures used in many function, represent the state of 

the system in terms of no. of rule, no. of qualifiers entered, 

etc.. 
T 

The shell has been implemented on Intel's X86 platform using 

Turbo C version 2..0. 	The source code was written in several 

files. The project facility of Turbo C was used to compile and 

link all the files. The large memory model was chosen because of 

large code size (some 15000 lines) and large run time RAM 



requirements. Various files are created (some 7 files) to store 

the information. Steps to minimize the no. of files is discussed 

in 7.2 (Suggestion for future work). Backup file "RBK" is created 

everytime rule base is updated, so that accidental updation of 

rule base does not lead one with incorrect rules permanently. 



CHAPTER 7 

CONCLUSION AND SUGGESTIONS FOR -FUTURE WORK 

7.1 CONCLUSION 

The work carried is used as central module for a Department of 

Electronics (DOE) government of INDIA project titled "Integrated 

Knowledge Based System. for CAD applications'. 	Results of the 

various rules and problems posed to it in chapter 4 & 5 clearly 

show that it can be used satisfactorily for Architectural and 

Building Design problems. The inferencing is fast justifying the 

choice of HLL 'C'. Choice for using the rule based model along 

with a semantic net for fact storage and use of both learning and 

non-learning inferencing modules communicating via semantic net 

proved right as a wide variety of problems were successfully 

solved. 	The developed can also be used for creating ES for 

domains other than Architecture and Building construction as shown 

by the rule base of fig 7.1, which is the rule base for an ES for 

medical domain. SHELL thus is a general tool for developing ESs 

for any domain, with facilities and features incorporated which 

ease the creation of ESs for Architectural and Building Design. As 

SHELL is written in HLL language, it can be easily ported to any 

platform which has support for the language 'C'. 

#1 

IF 

Person is sick 

Doctor is unavailable 

THEN 

Give him medicine - 10/10 

Call him again in the morning - 10/10 



#2 

IF 

• Face is green 

THEN 

- Person f is sick 

#3 

IF 

Temperature above 100 degree 

THEN 

Person is sick 

#4 

IF 

Hour is late 

THEN 

Doctor is unavailable 

Qualifiers used 

#1 Person is 

1. sick 

2. well 

#2 Face is 

1. green 

2. red 
#3 Temperature is 

1. above 100 degrees 

2. below 100 degrees 

#4 Hour is 

1. late 

2. early 

#5 Doctor is 

1. available 
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2. unavailable 

fig 7.1 

A SAMPLE RULE BASE FOR A HOSPITAL 

7.2 SUGGESTIONS FOR FUTURE WORK 

The shell at its present stage although is able to satisfy the 

purpose of its creation, still -leaves some space for future 

enhancements. Also in a work of this magnitude scope for system 

enhancement in terms of versatility and convenience is limitless. 

Some of,  the major directions in which work can be carried out in 

future are given below. 

(i) 'Learning module can be integrated with a CAD tool, so that 

user interaction is limited to making changes,giving 

confirmation & teaching the system method to handle new 

situations. User should no longer indicate to the system 

explicitly which instance of the objects he is presently 

interested in. Other approach may be to limit the no. of  

choices by looking ahead and trying all the combinations 

which fit that variable in all the rules, for e.g. in 

asking for choices for variable "(x]", one should list only 

the various instances- of door like "Dl", "D2", etc.. 

(ii) The Learning module in its present state, simulates 

learning by adding new -premises. 	This is good, but 

provision should be there to suppress previously entered 

not so important premises. 

(iii) The two inferencing modules at present share the semantic 

net, future works could try using the two modules in tandem 

to build an even more powerful -system. 

(iv) The shell can'be implemented on a LAN or a distributed 

environment, so that many people can use it - concurrently 

and perform their jobs concurrently. For e.g. one person 

may be creating the foundation, one may be analyzing the 

foundation built, -one may be designing interior at the same 

time,'speeding up the design process. 	
I 

92 

S 



(v) The explanation facility 'HOW' could be refined more & made 

more versatile, to make the user understand the line of 

reasoning of SHELL. 

(vi) Knowledge acquisition module using inductive learning can 

be added to ease creation of KB and allow smooth transfer 

of knowledge from the domain expert to the system. 

(vii) Facilities to provide more information about the KB, like 

indicating rules which contain a certain qualifier or 

variable or a method etc. could be incorporated helping the 

user in debugging and refining process of the rules. 

(viii) Facility to rerun the system, by changing certain facts at 

the end should be provided so that, user may test and 

analyze the result for change in certain facts.. For e.g. 

the change in cost if a 3 storey building is created 

instead of a 2 storey building with remaining facts being 

same. 

(ix) Facilities to edit ,present rules• i.e. add or delete 

premises to a rule, delete or move a rule, etc. should be 

incorporated. 

(x) A tutoring module should be included to teach a novice how 

to use the shell efficiently, create rules and perform 

debugging. 	This is a very module as writing rules is 
equivalent to writing a program in any language, 

(xi) Online help should be provided to make the system more 

convenient to use. 

(xii) The application can be ported as an windows application, 

having menu, mouse support, etc. 

(xiii) The source code written uses many files. Some of the files 

like the files with extension "GDX", "GPR", "REL" can be 

done away with, as information contained in them can be 

regenerated at some run time over head, by using the 

contents of file with extension "GEN". 

(xiv) Efforts can be made to get facts from the user in a 



graphical way. Each premise can trigger display of various 

choices & user can select one or more by using a mouse or 

some other pointing device. 

With the source code available one can make efforts to implement 

the above suggestions. 	Modifications may alsd be made to the 

source code to customize SHELL according to ones taste. One can 

make efforts to remove redundancies in the code to make it more 

compact and faster. The modular nature of the code will make the 

job of the programmer much easier in achieving these changes. 
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0 
/******* {_YS.h *;*fi***/ 

hlfnci f K2YS_INCLUCEJ 
,icief:ne KEYS INCL'tJ E 

J* Various ^cfinitlons us2cl.*/ 
9cla'in~ ESC 'tx11)' 
4clefina ENTER ' 1xOci' 
r`d,-fin2 LEFT _AR R ^x4ib 
+cI iin,2 RIGHT ARn Cx4cl 
9cleflna UP_4R7 Cx48 
ncloflrc- 004 ARR 0x5J 
i;ciefina YES 1 
ricieflne NO 0 
uafIne EXTEN EG G 

4cicf'ino 3ACKS°ACE 0x75 
~defIn T?UE 1 _ 

gciefine FALSE 0 
idL,fin2 3EGIN 1 

Rclafina t'V0 J 
#cI tlna NO_CHILDS 20 
4 cd f ln-z MAX  LENGTH  500 
ac fine CHLJ 1 

4dofin i PARENT 2 
Arclafina PRNT_CHILG` a 
ifci fine PART PENT w 
ffciufIna PA T_CHILC, 5 
4cleflne MF~G_LLNGTH 150 
~iclot1n2 MATT '-RROR STARTl.NG 1000 
~nu;n (VARIASLE/ OBJECT) ; 

<IF/ Tai--N) ; 
num I;LEFT, RIGHT} ; 

enur {;UL, OATH/. EPR/ CHE) ; 
~n^ (PARSINu, SOLVING, RES PEEP); 
enuii {VAR, 'SX?R) ; 
~n.,x ~SIid=1 i C051 TAN, AS IN, 1Lt ~; nTN; 	S; FL 0R; CEI _ ST, 	vn-r -- = 

,nu ,, <ELIr11TER, 'vU,"'';i,:R. VAR _FJ NC) 
Rerc!if 



.1.n 1b 1J: J4 11 -5 	P ,gC. 1 

/****** 3H LL.H *****,../ 

1inc1ude <stdic.h> 
ginc1ud9 <s  trin;.h> 
A,inc1ucl3 <ctypa.n> 

-,Finclucle <a11oc.3",> 

	

fl1nC IUCI 	<Stcl11 1). n> 
include <conlo.h> 

#;include <clos.h> 
gincIude <<nr tr.h> 
i,ncludc <.?rrrc.r,> 

Ninclucle <5&tjmp.h> 
inCIUCIC <Id.r,> 
inc IucI9 „ keys.h i!  

	

incIucl 	'ruIss.h" 
PincIucfe "samn.ntic.h' 
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/*****/Si\iTIC.H ******/ 

typecief struct choice_list { 

int choice ; /* -ve choice for NOT choices 

*1 
struct choice_list *next ; 

} SELECTION ' 

typedef struck .fran,a { 	 /* for .GEN file *1 
char *n,Zm2 
1nt .qual ifier_no 
int no childs 
cnar *cbilcls[- NO CHILDSJ ;  

struct qual_name { 

char *name 
int no_link_ ; 

struct name list *head 
long int line_c~ior 
int no parents 
int traversed 
struct  rent _ list *root ; 
struct qual_nsme *lefty *right ; 

struct narie. tree { 
cnar *n1 
int qualifier_no ; 

SELECTION *he.: ci 
lonci int line 
struct name_tree *left_name, *right_name'i 

struct name -tree' *qual_left, *clual_richt i 

struct parent _list { 
char -nam,> 
/* char *child relation ;*/ 

struct rarent_list *next ; 

Ii 

strut`- name_list { 

.czar *nams 
struct name list *next 

tyaecaef struct { 

int total texts ; 
struct name_list *tos i 

} STACK ; 
tynecoef struct relations 

char * n t t r i h u t 

int nc_ieft ; 

struct name list *left_head 
.nt nc_right ; . 

struct nane_list *righthead 
struct relations *left. *right 

3 RELATIONS i 
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/****** I^i_SCR..C ' ***•V**/ 

-'include "she11 ,f 
.. 	t 

/* In Jth~r Fila-s */ 
struct nam2_1ist *get_link_nocle(void) ; 

void 1ist_disoosa,(.struct namelist *) 
/* In This Pile */ 
char *got_ch txt(Int, int, in t, int) ; 
char *~!st_val_vsr_txt(int, :nt, int, int) ; 
char 4 get_proh_txt(int, int, int, int) ; 

char *-nput_cnoices(int, int, in?. int) ; 
void dr u(int.int,int.int ) ; 
void status w1ndow(ch-ir *) ; 
void vor_lin`(int,int,int) 
char *cjet_char_array(int) 
void clear windows(void) ; 
char *trim(ch_~r *) ; 
char *clup_•str(char *) ; 
STACK *cjet stack(voicE) 
void push(cF)ar *, STACK *) 
char *~op(STACK *) ; 

int cipty_stack (STCK *) 
voice clear_staack (STA.CK *) 
voice fre _ST.ACK(STACK *) ;  
char *get_ch_txt(int x1, int yl, int x2, int y2) 

strict text info ti ; 
char *txt =l NULL, *rat txt = NULL 
int raspor,s = TRUE, index = 0 ; 
int kay, cur_x = 1. cur_y = 1 ; 
.mnt maxino = (x2 * y2) - 1 
gattaxtmnfcC'ti) ; 
--x1, --y1 ; 
x1 += ti..t;inleft ; 
y1 *_• t:.wintop ; 
txt = cjchCr_arrc!y(ntnxind) 
textattr(b ACK I (CYAN << 4)) ; 
wInc~ow(x1,y1,x2+x1-1.ya+y1-1) ; 
cIrscr() ;  
txt3] _ '\U' ; 
;uniIc~(TRU •) 

{ 
key = c?etch() ; 
if (ispnin*. (key) ) 

response = TRUE ; 
if (inclLx =_ )naxind) 

reso r3e = ACS  
lf(restpbns2 _= GALSE) 

con+ir.ue ; 
else 

txtCindsx }}3 _ !< -y 
txt~inclax7 = '\9' ; 
gotoxy(cur_x,cur_y) ; 
crprint 4 .( 	c",key ) 
cur x = wh3r3x () ; 
cur_y = wh?ray () ; 
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1 

} 

1Se 
{ 

switch (key) 

casa ENTER : if(index '._ 0) 
Coto finis` 

case ESC  : free(txt) ; 

txt = NULL; 
goto finish ; 

case ;XTFNDEU , key = vetch() ; 
if(key != LEFT_ARR) 

break ; 

case SACKSPACE : if(i.nclex != 0) 
t 
--index 
txtCindexJ = '\Q' ; 
cur x, - (index % x2) + 1 
cur-y = (index / x2) + 1 
gotoxy(cur x, cur_y) ; 
ci~rint f (" U) ; 
gotoxy(cur_xe cur_y) ; 

} 

break 
/* s;itck(kay). */ 

3 /* els. */ 
} /* uhil (TRUE) *I- 

f~.nish 
wincox(ti.winleft, ti.wintop, ti.winrignt, ti.winbottom) ; 

textc,ttr(ti.z.ttrl!)ut2) ; 
gotoxy(ti.curx, ti.cury) ; 
it(txt == NULL) 

return NULL ; 

ret_txt = clup_str(txt) ;  

free(txt) ; 

txt = NULL ; 

return ret_txt 
} 

I 

char *yet_vai_var_txt(1rt xlr ,nt y1 int x2, int y2) 

t 	 , 
struct taxi info ti ; 
char -txt =-̀ IIULL, *ret_tx ; = NULL 
int c!ecinal t = NC ; 
int response = TRUE, index = 0 ; 

int key, cLr_x = 1. cur_y - 1 ; 
int maxlnd = (xZ * y2) -1 ; 

gcttxtinfo(&ti) ; 
--x1, --y1 

x1 *= tiin1e t 
y1 *= ti,wintc ; 
txt = gat_chnr_arr iy( c11?xlnd) 
textttr(LCK 	(3ROV;N << 4)) 
;jlnciow(x1,y1,x2+xl-1.y?+y1-1) i 
clrscrO' ; 
txtLIO] - 	 U 



whii?(TRJ=) 

{ 

key = retch() ; 

if(key =_ .' H '<cy __ •+' H key  

resrone _ ? U ; 
if (ind x =_ m;exincl) 

resi~onse - FALSE ; 

11 isciigit(key)) 

else if(irciex > 0 "" (k=y -- ''+' i I key  
rescconse - FALSE ; 

else i.f(key =- 	& clecimal_pt == YES) 
response = FALSE ; 

l.f(re  a _rons == r-LLSE) 
continue 

ei 
I 

if(k y =_ '.') 

cieci:;ia1_pt - YES 
txt[ir,Jex++] - key 
txtCindexa = '\O' " 
cotoxy(cur_x, cur_y) ; 

c rintf ("%c" key) ; 
cur x = uher'xO ; 
cur_y = wherey() ; 

ls 

Saitch(key) 

case E Ei . if(index !: 0) 
cioto finish 

case ESC  : free(txt) ; 

txt = NULL 
Coto finish ; 

case FXTENDEC , key = getch() 

if(key != LFFT_ARR) 
break 

case BACKSPACE  if(index != 0) 

? /* swltck (I<ey) 
} / else */ 

} /* .ini1?(7kUt) */ 
fir.isn 
inclow (ti. winleft, ti. wl me , 

textFttr(ti.rttri:hute) ; 

gctoxy(ti.curx, ti.cury) ; 

it(txt = NULL) 

-- inciex ; 
if(txtCindsx7  

decima l_ot = NO 
txttindex] = '\O' ; 

cur_x = (index % x2) + 1 

cur_y = (index / x2) + 1 

cotoxy(cur x, cur_y) 
ci~rintf (" ") ; 

gotcxy(cur_x, cur_y) 
} 

br?ai< ; 
*/ 

t~.winri~ht, ti.winbottom) ; 



return NLLL 
else 

{ 
r3t_txt = clu(D_str (txt) 
fr3e(txt) ; 
txt = NULL 
rryturn rct txt ; 

J 
crir *c3t_prc)_txt(int x1, int y1, int x2, int y2) 
{ 
struct t?xt_info ti ; 
cn it *txt = >1LLL, *r2t txt = NULL ; 
int res~conse = TUE. incl-x = 0 ; 
mnt key, cLr_x = 1, cur_y = 1 ; 
int ;11 xincl = (x2 * y2) -1 ; 
ccttsxtinfo(ti) ; 	4 
--x1, --y1 ; 
X1 += tl.dlin1 ft ; 
yl T= tl. L:tintctD ; 
txt = c2t c"~r~rryC »x incl) ; 
textttr( i1TW 	(LI1TY << 4)) 
uwinaow(x1,y1,x~+x1-1,y2 -!+y9 -1) ; 
cirscrO ; 
tXt L3 	= ' \'r 
.uhii2(TriU ) 

t 
key = 	tc() ; 
1f(lscliy1,t t<ey)) 

rzsoors? = T•!Jc 
1f (index == m xincl) 

r25ao• s 	_ = ALSE 
if(-esconsc =_ FALSE) 

cor'tinus 

txtCincLL.x+-] = key 
txt—"li d'I xJ = '\0' ; 
cotcxy(cur x, cur_y) ; 
c~rintf(" c",kzy) 
cur x = yn rexO ; 
cur_y - wry() ; 

} 
Ise 

s uitc`1 (key) 
{ 
CC.53 = "dT:_R 	if ( inclve x ! = 0) 

coto finish 
:se ESC 	free(txt) 

txt = NULL ; 
cgcto finish ; 

cas=e c.XTENOE^ : key = Match() 
if(k y !- LEFT -ARR) 
break ; 

case 5ACKSP C_ : if(indox 1 = D) 



--index ; 

txtCinciex7 = '\O' ; 
cur_x = ( index % x2) 	1 ; 
cur_y = (index / x2) + 1 ; 
cjotoxy(cur_x, cur_y) ; 

ciDrintf (" ") 
gotoxy(cur_x, cur_y) 

} 

break ; 

} /* sLritck(key) */ 

} /* else */ 

/* unile(TRU) */ 
finish . 

winciow(ti.winleft, ti. winto;)x ti.winricht, ti.winbottom) ; 
textDttr(ti. ttri;bute) 
cctoxy(ti.curxx ti.cury) ; 

it(txt == NULL) 
raturn NULL : 

?1so 

ret txt = clup- str(txt) ; 
tree(txt) ; 

txt = NULL ; 
return ret txt 

I 
char *in,Dut_choices(lnt x1, int y1. int x2, int y2) 
t 
strict text info t1 ; 
char *txt = NULLS *ret t.xt = NULL ; 
int prey 	0 : 	- 
int res;onse  TRUE, index = 0 : 
int :<y, cur-x = 1, cur_y = 1 : 

int maxinci = (x2 * y2) -1 : 
gettext:.nto(3ti) ; 

--x1. --y1 

x1 *= ti.winleft ; 

y1 += ti.uintop 

txt = c .t_cher _irrey(n; rind) 

textcolor(w.IXTE) ; 

tr,ex ruci<ground (SON) 
wincou(x1.y1.x2+x1-l,y2+v1-1) 
cirscrO ; 

txt. _ '1(7' ; 
wnile(T !UE) 

key = tcupDer (c;etchO) ; 
it(kwy == 'N' II  k y =_ ' ' I key =_ '.' 1l  isdigit(key)) r t 

res.00nse = TRUE ; 

if(indsx == mz)xmnd) 
e  response = =ALSE ;  

e1s 1f(inc!ex > C &? key =_ 'N') 
response = FALSE ; 

else if(ind x -_ 0 && (key =_ ' 'H key =_ ',')) 
response = FALSE ; 

else if((key =_ ' ' II key =_ '.') &9 (txt[inclex-1 
II txt=mnciex-lJ =_ '.' I txtf_inciex -1J  

re300nse  FALSE ; 



if(^cs;ponss =_ FALSE) 
continuo ; 

C 1s 
t 
it(I«y __ •u') 

t 
txt-03 = 'N . 

txtC11 - '0' / 
txtCCJ _ 'T' 
txtC?J _ .+. r J 	 / 

prev = 0 
incicx = 4 / 

else 

txtE1nd exj = key ; 
'Drev = lncl,-x*+ ; 

txtCinc!exj = '\O' ; 

gotoxy(cur_x, cur_y) ; 
cpr in t f (tx t{  Jr ev ) 
cur _x = .therex() ; 
cur_y - whcreyO ; 

else 

snitch (key) 

case ENTER 	if (index '._ 0) 
cjcto finish ; 

cease ESC  frse(txt) ; 
txt = NULL ; 
gcto finish ; 

case -IXTENi.:S . key = getch() ; 

if(key != LEFT_JRR) 
break ; 

case BAC'KSDACE : if(incicx !_ 0) 

---ncl ex  
if(txtCinciax3 =- '+') 

t.xtCQ3 = txtC1] = txtC27 = t . . xt3J 

txtC43 = '\O' ; 
index = prev = 0 ; 

else 
{ 
,orc:v = index ; 
txtCprev] _- ' ' 

} 
cur_x = (index % x2) + 1 ; 
cur_y = (index / x2) + 1 ; 
ciotoxy(cur_x, cur_y) ; 

corintf(txt+orev) ; 
txtCindex3 = '\O' ; 
.ctcxy(cur_x, cur_y) ; 

1 



break ; 
i /* awitck(kcy) */ 

/* else */ 
? /* while(TRUE) *I 

finish 
winclo.z(Zi.win1eft, ti.wintop, ti.winricjht, ti.winhottor) ; 
toxtettr(ti. .ttriouto) ; 
gotoxy(ti.curx, ti.cury) ; 
if(txt. __ '; LL) 

return "i'J'LL 
Clee 

ret txt = cIui_str(txt) 
tr~?(txt) , 

txt = "N'JLL ; 
return rot_txt ; 
, 

void v-r lin2( int x, nt tor,int I)otto~r) 

int i ; window(1,1,'`,2) 
for (i=too: 1<bottom : i+") 

r 
gotoxy(x,:.) ; 
putcha' (17y) ; 

J 
} 
voici draw(int left,int too,in± right,int bottom) 

{ 

int 
uzncdow(1,1,dO,2 ) 
for (3-1~ft*1; j<=richt; j++) 

C o t o x y( j, t c o) 

putch ~r(2'J5) 
cotoxy(j,Ijottom) ; 
autchar(5) 

or ( 	topt1; j<= ID vt lon'; j++) t 

Cotoxy(left,j) i-
outcher(1 Mt) ; 
gotoxy(ric~h',, j) 
hutchzr(1r:) ; 

caotoxy(left,too) ; 	outcher(201) 
c;otoxy(richt,to!o) ; 	putchar(187) ; 
gotoxy(leftottoA~) ; 	outchar(200) ; 
gotoxy<right,00ttom) ; 	outchar(188) ; 

windo.j( ett*1,too+1,rig'-'t-1 ,bottom-1) ; 
cl-scr() ; 

} /* and JT CdrC;.i */ 
void sttus w"mnCIC4'(C~ r * 
{ 

struct text Info ti 
:jettextinfo(ti) ; 
window(1,25,O,25) ; 
textbE ck round (W- ITr) ; 



textco?or(BLACK) ; 

cirscr() 
cprintf("%s"rmsci) ; 

iwincw,u(ti.winl°_ftiti.wintoptti.winr:_;!ltiti.winbottoill) ; 
gotoxy(ti.curx,ti.cury) ; 

text=ttr(ti.=ttribut? ) ; 

) 

char *yet_ char_Errey(j.nt n) 
t 
char *p 
o = (char ') malloc(sizeof(char)*(n+1)) ; 

if(p == NULL) 

;)rintf("\nCLT CF t1E."•"ORY r ABORTING ! 	(cet_char -array)") 
ffiasn(stdin) ; 

yatchO ; 
exit(1) 

*JJ ' 	\ ' i 
return j 

void clr_windows(void) 

t
f 

strict t&xt info ti ; 
sett?xtinfo(S,ti) ; 

w1nc,ow(41,3.77i23) ; 
c..rscrO ; 
winciow(4,3,3S,23) 
cirscr() ; 
winCIJL(ti.wl1n'Lottiti.',14-ntof^.itl.winrightiti.win!)ott'on1) ; 
return ; 

J 
char *-tri (ch_-r *str) 
{ 

lnt ii k = U 
crar txt:~1AX LENGTH) ; 
char prev ; 
for(i=ctrl?n(str)-1 ; i >= 0 ; --i) 

t 

if(isspace(strCiJ) 11 iscntrl(strCil)) 

'\0' ;. 
e1s'e 

ti 
far(i' ) i < strlen(str) ,a (issalce(strCil) I 	iscntrl(strCil)) ; + 
+i) 

strcJy(txt,str+i) ; 

for(J<=U, m=J, orev='A' ; J. < strler(txt) ; ++i) 

it(i35o~ce(txtCi?) H iscntrl(*.xtCil))  

I I 	' ') 
txtCij _ '  ' 
,se 

continue ' 

	

if((orev == txtCiJ) 	(,orev =_ 	')) 
continuo ; 



tXTLiJ ; 
,prev = txt:i7 
} 

strLkl - \' ; 

return str 
} 
char xclu,D_str(c-ar *:niaut) 
t 
chE~r *~ - ~;Yt cnrarr~yCstrlen(in~u°)) ; 
strcoy(;Drinout) ; 
return p : 

I 

STACK * 	t c~<.(void) 

STALK *13 
= (STACK *) r ~lloc (sizeof (STACK) ) 

it( 	CLL) 
{ 

,.)rtf ("\'OL.T OF 1EM0 Y, 
ff.uh(~•tc ln) ; 

tcn(). ; 
etC1) : 

} 
p>tot?1 texts _ 3 ; 
D ->tos -,vULL 
return D ; 

I 
int 2mp*.yst=.ck(STACK *S) 

NULL) 
r~,turn YE= S 

return r4C 
I 

void  *info STACK *S) 

strci nm~.ist *n  info ; 
ne.L_into 	2t_1jnj<_nocjeO ; 
naw - info->na ,, 	.clup_str (jnfo) 
new info->n2xt = S->tos ; 

S->tos W not info ; 

+ta> t t_ 1 tx', _ 
return ; - 

t 

choir *op(STACK, *S) 

struct nlms_1i s-t *r;;gcl_info ; 
cner *tc:tTp = NLLL ; 
r_gc,_into - ;-> tcs 
temp = rega_info->n Imo ; 

= S-,,tcs ->n~x -t ; 
free(regd_in`o) 

recd _info = '.uLL 
5>tot1_txts 

return tUD : 
} 

volcl c1ear st-ck(STACK *S) 
t 

ABORTING 	...(c~et_stEck)") ; 

if ( ->tos) 



istcfis 3se CS—>tvs) ; 
JLLL ; 

} 
r: t 4 r n 

I 

voicl free _STAC. (STACK *$) 
r 
cicar_stnck(S) ; 
frsa(S) 
S = "N J L L 
•return 
} 



**, struct qucl_neme **, int) 

*, struct neme_list *) ; 

/*** **« SLL.0 *******/ 

ftinclud "shell h" 

extern int curr rule no ; 
struct qual_nnme *quz~lif ier_ .rna ; 
struct n 	tree *frtree, -noc;ual_tree ; 
ion g int curr_gen - 1. curr_cr = 1 ; 
int curr._:ivalifierno = 1; 
STACK *res_st'ck ; 
ant 	0 ; 
char file nirn [401 = "GFNERRAL" ; 
FILE *frm_f~ / *trmncix_fp, *frm or _ fp. *frmrel ; 
/* in L.ther r ,las -/ 
void status xinclow(c`-sr *) ; 
char -gst_cher_'rrav(int) ; 

void cfre i(inte inti inti int) . 
vole var_line(i,nt, i,ntr int) ; 
cnar *get _cn_txt(lnt, into into int) 

chz:r *c`t_,oroI~ txt(int, int, into int) ; 
void ce t_ru125 (void) ; 
void viox rul3s(void) ; 

void rules_writs(voic) ; 

void read ru1~s(voicl) 
void fire_rules(voicl) 

void res_ori n t ( vole!) 
void release resulter,;orv(void) ; 
volt{ succasssu1 ruIas v.ia'uj(void) 

vole fail rule cLet il(void) ; 
char *tri(cna -) ; 
char *dup_str(chsr *) ; 

voice cleer_winciows(void) 
STACK *get_st ,ci<(voici) ; 
void pusn(char *, STACK *) ; 

emir * op(STACK *) ; 
1nt emptystack (STACKK *) ; 
void fill rel tlon_4rwe( nA 1 L' *) ; 
RELATICIS *gat_ RELATION node (void) ; 

RELHTIONS *zndci reletion(R'=L ATIONS *. RELATIONS *) ; 
ntt4TIC°jS *RLLA TCNS et(cnar *) 
void cicl_left_reletion(char *, RELATIONS 
void acici_rla!htrelation(c?^ar *. RELATIONS 
int rCd_ra1 tions(voiu) ; 

int write_re1_1tions(voic!) ; 
void show relc,tlon info (void) ; 
voici new_ru1e_sevu_o~tion(void) ; 

/* In This File */ 

void initialize(void) ; 
void r 	cl_tron_f1le (void) ; 
m.nt oIDen_fi.les(void) ; 
void! input frame (void) ; 
lnt exist fre e(c' r *, struct n? tree 

int gdx_re~cl(struct qu~i_name *) ; 
int link_rer~d_cclx(struct na,ne_tree *) 
int go r_roed(struct qusl_nam2 *) ; 
int g-et_d'ta(vcid) ; 
struct na:n4_tree * list_ oet_nsrneetr(char 
int ge r_vor)_lnci(chr *) ; 



voIc, toto_linn(:ILE *. lonc int) ; 

char *n na_got(ch r *) ; 

void q,a1_I3lr-nt_ad d (cn~r *, struct c;ual_naao *) 
void scicl_n ,aie_to_clu7lifier(cha.r *, struct qual_nanle *) 
struct nomc_trec r add_ne_clual(struct name_ tree *, struct nama_tree *) 

struct nEna_tr'eC? *add fror (struct name_ tree *i struct name_tree *) i 

strict qu_,1_nmc * acici_c;uc1if:er(struct qual_ 	is *r struct qual_namu 
*) ; 
struct na_t^ss 	a ot_frm_ptr(char *) ; 
mni ufr" s (r 'A'' 	*) ; 
FRa~-ft *resc rm(FILE *) ; 
int j;_frm_ar_incl(voicl) ; 
1nt a_ygr_7c!x(struct quai_namc *) ; 
int gpr_w(struct qual_name *) 

int dx_w(struct qual_nam? *) ; 

mnt cclx_link_.c(struct na.mcs_tree *) 
struct c l_nam.e * -„atquainocle(void) ; 
iR,: *;etnoc~? (voice) ; 
struct nams_troe *~ ct_naiic_nodc (void) ; 
strut* parent list -get_iaarcnt_nocl (void) ; 
struct na~iaist *gc _li.ni<_noc1e(void) 
char *nWtrcoy (char *, char 	int) ; 
FR *cst_nn_qualmfiar(char *) ; 
FtI -cat_num_c:ualifier(int) ; 
struct n ame_tree *g2t_no_qu?lifier_i,n_trc ,a(int) ; 
voice cliso nC civa mfier(int) 
void d1s,)_nCm2_quaifier(char *) ; 
void a.sq_fra,meCFRA,!E *) ; 
it ,how_clua.iifiers(int) 

void rerdom_movament (void) 
int Show_ s, 	r_et,tributes(struct qua3.name *) ; 	 A 	- 
1nt snoa_--acn_attr;butes(struct cival_name *) ; 
struct na,ne_tre? *disp_info_c;uslifisr(struct qual_name *, char *, int 
*) ; 

void dm,W,j_attr_info(struct qual_naame *) 
struct quJi_n mo *qual_na•iic_nocic(chs~r *) 
int finci_zn_o!)jact(voicl) 
struct cuil_n7m,e *get _objcct(ch r *, struct qual_namc *) ; 
void list_ dis000se(struct name list *) 
void . nit_obj: cts(struct c;unl_nainne *) ; 
void patn_)rn?('STACK *) ; 
1nt find_out(char *, char *r struct n-nme_list *) ; 
lnt et_v iue(vCicl) ; 

int valut_finc~(cnCr *, char *, long int) ; 

voice rocessfr 1ti(F At1 *) 
void free_Ft(F RP1 	*) ; 
namn(mnt ar c, char *arcjvt -) 
t 
mnt choice  

int fired = NC ; 

Winc;ou(1,1 ;2, ?5) ; 
tsxtcolor(w -1ITE) ; 

textl»ckgroncl(3LCK) ; 
clrscr() ; 

if(argc > 1) 
{ 

a~ sseci = vcs ; 
strcqy(f11s_na,mc, rcv:1~) 



} 

initialize() ; 
coo /* h113(!?Xit) */ 

{ 

cholca = 'K' ; 
if(strcnr("KR",choice)) 

t2xtcolor(SLACK) ; 

l 2x l: oc k r oL,+ncl (YELLOW)  , 

8 cir~w( 3 ,~.7,24) ; 
v?r 1 in~(39,W,24) ; 
st_-ltus_ulnclo'.U("(K)nowletdq? 	(}s)u1 base, e(x)it") ; 

} 
chose = toup,)er(g. tchO) ; 
it (choice =- 'K ' ) 

r 
cl 0 

cnoice = a ; 

if(strchr("IARESLPV",cbojco)) 
{ 

t xtcolor(5LACK) ; 
tsxt!)ackc)roundl(YELLOW) ; 
cir-?w'(3,2,78,c4) ; 
vsr line(39,3,c4) ; 
status_wincjo,:("(1)n=:ut,(a)il,(R)~nclom,(E)ach/tS)u;aer.re(L) 

-it1on, (P) Eth, (V) aluo, (C')uit") ; 

cho1cry = touoocr(getch()) ; 
switch (chci :2) { 

case EXTENL O . cootch() ; 
break ; 

case 	 break ; 
c~so 'I'  : input_frama() ;  

break ; 

case 'A'  shcw_qui1ifi rs(1) ; 

1)r2 ak ; 
case 'R' 	: rcnnclom_movement() ; 

hr2 k ; 
case 'C"  show_=~ch_ ttribut2s(nu~nlif er_tree) ; 

break ; 
case 'S' 	snow_superttributes(civalifier_tre ) 

break ; 
c5• 'L' 	show re1zition_info() . 

hr:eak ; 
case 'P'  : find_in object() ; 

break ; T 
case 'V'  :  tvaluoO ; 

!,re k ; 
det7ult 	iDl:tc~lcr( ' \c1 ' ) 

breik 
} 

} ; hile(cho:.ce !_ ' ') ; 
} 

61sp 1f(cnoic -_ 'R') 

c0 



choice = '' 
if(strchr("IVRS AU" .choice)) 

taxtcolor(SLACK) 

textbac!<c~round(YE (YELLOW) ; 
draw (3, ,78 24) ; 
textcolor(YELLOW) ; 

textbackground(3LACK) ; 
c1rscr() ; 

status winclow("(I)nput.(V)iew.fi(R)e,(S)uccesful/(F)a 
~lecl,s(A)ve rules,res(U) its, ( )uit") 

choice - toup'oer(cetchO) ; 

3uLItc`l(Choica) 
{ 
case EXTENDED_ : retch() ; 

break ; 
case 'Y 	. break ; 
case 'I' 	do 

r 
ver line(39,3,24) ; 

cjst_rules() ; 

status_winclow( "Add more Rules 
? (Y/N)") 

do 
{ 
fflush(stdin) ; 

choice = toupper(getch()) 
} whi1-(!(choice -_ 'Y' II c 

hoice _= 'N')) ; 
choice = choice == 'Y' ? YES : 

NO ; 
) 	whjle (choice) 

window (4,3,77,23) 	; 
clrscrO 	; 
break 	; 

case  '' rules  write()  ; 
break 	; 

case  'R' :  if(curr_rule_no  >  1) 
t 
window(4,3,77,23)  ; 

clrscrO 	; 
release_result_ memory O  ; 

fire  rules()  ; 

window(413.,77/23)  ; 
r?S_print()  ; 

fired  =  YES  ; 
} 

break 
case 	'U' : 	if(fired) 

I 
clrscr()  ; 
windcw(4,3,77,23) 
resprint() 

break 
case 	'S' : 	if(fired) 



clrscr() ; 
winclow(4,3,77,23) ; 
succossful_ru.les_view() ; 

break ; 
} 

case F 	 if(fired) 
{ 

clrscr() ; 
winclow(4,3,77,23) ; 

il rule detail() 

break : 

c ise ' v ' 	 : view rules() 

break ; 
default 	: IDutchar('1a') 

break ; 
} 

? wnile(choico !_ 'Q') ; 
J 

) wnile(.:ho~ce != 'X') ; 
releose_rssult_nemcry() ; 
new_ruui o_sav?_o;Dtion c ) 
fcloseailO ; 
wincIow(1,1,i ,25) ; 
tcxtc01or('vf,HITE) ; 
text~ack -,rouncl(6LaCh) ; 
clrscr() ; 
return 0 

Y 

void initio ii: a(voicl) 

{ 
mt success 

clrscr() 

frame trees - ro_qual_troa - NULL 

cuaiifiar_tree = NULL 
curr_gen = curr_gpr = 1 ; 

curr_:~ualifier_no = 1 
success = o;J?f_fiiC5() 
if(succsss) 

{ 

read_from file() ; 
read rule() 

return : 
I 

mnt oien_ file e(void) 

t 
char *- txt/ f ' amSCMA — LENG HI ; 

int choice, i ; 
int nanw = "a0 ; 
int x1,y1 ; 
struct text info ti ; 

gettextinfo(3ti) ; 

if (p assaad) 

strc,)y (f_nave, fi.1a_n., ,̂ ) ; 
else 

*t_name - ' \O ' ; 

do 
f 



new = YES 
} 

fclo::C(frnl_ f ~D) ; 
it(!nau) 

{ 
spr:ntf(f n~1i19/ "%s.C,3X "~fil!e nzimq) 
frm_ndx_fp - fo2n(f_nG,ma,"r") ;  
if(frmndxfh =_ NULL) 

stCtu51ncotll('!C innot find all thenecessry data files.... A80 

fc3osecl() ; 
exit(1) ; 

sprintf (f_ne'ie,"%=_. PR",f..i1e name) 
frin_ar_f1) = topnn(f nmn,"r") ; 

NULL) 
{ 
status_windcw("C.,nnct find 	11 the necessary data files.... 	8O

• RTiI L ! ") ; 
fclose X11 () 
axit(1) 

I 
sorintf (f_nF,i,,i ~"%s.REL".f~ 1s n., iie) ; 
frm rel = fo en(f n,"r 'r ) ; 
if(frm ^e1 == NULL) 

ti 
stltusinclow("C.nnot find 211 the necessary Clete files.... ABO 

RTI 	1") ;  

(closes 11() : 
exyt(1) ; 

} 
} 

I. 

FIL E *fi3 

do 

sprintf (f_nc,ne,"''s.RUL".fiie name ) 
fh - fchen(f nom=,"r") 

if (f 	-= NL'LL) 
C 
s:rintf(f_n me,"C~nrot open \"s.RIUL1". 	New(N), Retry(R) 

„,tile_nama) ; 
status windo (f n~H' e) 
do 

fflush(stdin) 
choice = tcun!Der(cetchO) ; 

) whila(!(choice =_ 'R' {I choice =- 'N')) 

} 

ui)a(f^ =- NULL) : 
if( fa = 	°LLL) 

i 
sprint ((; ll?'?R "!os . UL ' ,fi le_n?me) 

f,) = fc.er,(f_nz~r,_,"uj") 
if(iD -- NULL)  



r 

stntus_winciow("Cannot creDte file. 	..ABORTING 	... 
Press £.ny key's ) ; 

fflusn(stdin) ; 

c~etchO ; 
fcloseall() ; 
exit(1) 

1 

fpr1ntf(fi),'cl\n",1) ; 
fclos•e(fp) ; 

} 
else 

read rulesO 
} 

sryntf(f na'ne,"%s.GEN",fi1 	;e) ; 
frm_f,) - fop~n(f_n' nee+") ; 
if(frm_fo == NULL) 

st<<tus_window('Error while creating(oueninc) a new(old) file....AB 
0RTIP~G ! ) 

fclos a11() ; 
xIt(1) ; 

} 
return new ? NO : YES ; 

} 
void injoutfrimo(void) 
t 
int sure, oor2 = YES, write = NO 
struct t xt_info ti ; 

gettextinfo (ti ) ; 
c1rscr() ; 
,Lin:.low(3,2,7~,24) • ; 
tcxtcclor(CYaN) ; 

textI)ackgrouncl(SLACK) ; 
cIrscr() ; 

clrz,;u(3,2,78,24) ; 
var_l.ine(3 ,3,24) ; 

do 
{ 
sure = get_clsta() 

write += sure 

status_w1nclow("Enter more •cualifirs ? (YIN)") 
c$ o 
i 

?cu~aoer( etchO) ; 
) while(!(more =_ 'Y' Hfore =_ '1J')) 

more = iore =- 'Y' '? YES : NO ; 
f wnii (more) ; 

it(write) 

1. 

w_frm_r_nclO ; 
write_relticnsO ; 

} 

,Incicu(tz.. vinIeft,tl.w nto' ,t 1.winriQht.ti.win1 )ottom) ; 
texts*.tr (ti.ttribu t) 
gotoxy(ti.curx.ti.cury) ; 
rwturn 

} 

void raacl_fronn_file (void) 



{ 

int finish = NCB don^ _ NO ; 

int x i 
Ion; .int In : 
strict quc~ln~rte *G 
fsc~inf(frm_ndxfp,"% cl /d\r ", 1n.,Rx) 
if (f 20 of ( frei_ndx_f p) ) 

cIrscrO ; 

,Jrmntf("A;)norm.Eil 2nd of \"'(s.GOX\"..... ABORTING..\n",file_nime) . 
axit(1) i 

2152 

{ 

curr_Qen = In i 
curr_qualifier_no = x 

if(curr_gen > 1) 

{ 

wnileC!finish) 
{ 
q - rnt_qu:l_nodeC) 

finish = gclx_r?ad(Q) 
if(!dcna) 

{ 

if(fnish) 

done = YES ; 
qpr_reci (q) i 
qualifier_tree - acicl_aualifi•ar(cI,ciuilifier_tree) 

} 
} 

rc1 reirtiensO i 

return 

int cclx_raad (struct ciu.1_n2 me *c) 
{ 
lone, int In ; 

in x i 

struct nme tree *r, = NULL : 
cnr txtCMAX L NGTdj ; 
fscanf(frnm_ncix_fo,"%C ^ \nl,\r U ,txt) ; 
cl ->nams = 

 
duo_str (txt) ; 

fscanf(frm nelx fry,' 1d\n', in) 
a ->iine_gpr = In i 
fscsarf(frm_n-Ix_fp."/c!\n",tix) ; 
for(. x >0 ; --x) 

{ 
getnamenoclaO i 

Iink_re ocldx (o) 
E~dci_ns,nc_to_couo1if 1er(I:->n?. me ,n) 
f r m2trce = F.cIGframe (p,fram2_tree) i 
nc_Gual_tr2e = eciclno_glual(o,no_ ~uaatree) : 

l 
f (feof (frmnclx_fp) ) 
return  

21s-- 

. return NO 

} 



int link_reoc!_cc!x(struct nane_tree *p) 
t 
char txtCMAXLEENGTH] ; 
int finish = fu C, x 
long int In ; 

fscanf (frm_ncixfI)/"%CA\nJ\n",txt) ; 
p->name = duo_ str(txt) ; 
fscanf(frm_nclx_fr_,"%ci\n",max) 
u->qualtfier_no - x 
fsc.nf(frmndx_fo,"Ilcl\n°', ln) 
p->1in2_gen - In ; 
return finish ; 

int rj+or_read(struct cua,l_name *,cc) 
{ 
int x ; 
char txtEM1AX_LENGTH) ; 
fsccnf(fr°lir_fp,[ ^ \n]\n") ; 	 /* As "C!" already contains 
the 

qualifier name */ 
fscinf(frm_pr_fo,"Y.ci\n",?,x) ; 
for(; x > 0 ; 	x) 

t 
fscanf(frr -!Drtr,')E"\nJ\n"itxt) ; 
pualrent_scicl(txt,q) ; 

if(ftiof(frm_iDr_fp)) 
return YES ; 

else 
return NO ; 

} 
int exist-frame(cnar *txt, struct name tree **13, struct qua]. name **ci 

int search for) 

cnsr *name only ; 
int test ; 
struc; qual_nare *curr 
*1) = NULL ; 

*q = NULL ; 
;.f(search_for == CHLD) 

{ 
for(curr=lifior tree ; curr ;) 

r 

if((test = stricrip(txt,curr->nCme)) >0) 
curr = curr->right ; 

else _f(tast ( 0) 
curr = curr->left ; 

else 

*c; = curr ; 
return YES ; 

} 
} 

return NJ ; 
} 

else 	/* siearch_for =_ PARENT */ 

name only = na-»e:net(txt) ; 
tor(curr=cluaii+ter treC ; curr ;) 



4- 

iftttast = stricA!1D(nam?_oniyicurr->name)) >0) 

curr = curr->right ; 
else if(test < 0) 

curr = curr->left ; 

slsa 
{ 

= curr 

if(curr->no links != 0) 
r 
*r~ = list_get_name_ptr(txt,curr->head) ; 

NULL) 
{ 
if(curr->no_pa'rents > 0) 
return PRNT_CHILD 

0?se 

return nARENT 

Lelsn 
{ 

*p = cje tt_fr~n_atr (curr ->heac}->name) 
if(curr->no_pzrents > 0) 

return PART CHILD ; e1s;' 	' 

return PART PRNT ; 

else 
return CHLD 

} 

} / for */ 

return NO ; 

} /* else of if(_earcn for == CHLD) */ 

int ;=t_data(void)  /* returns YES if additions are clone 3 otherwise 
*/ 

{ 	 /* returns 190 
*/ 

.int no_of_attributes = f' ; 
int exists = PENT, sure = NO 
FrAME frm, *f 

char *teitp_txt : 
cner txtCMAX LENGTH;, cenCMAX LENGTH] 

strict name_tree *~D, *o),rer-t_O.tr 
struct cival_naaie *a 
struct porent_lmst *curr 

int x1, y1, y2. i. !< 

int error = NO 
struct text info t1, t2 

frm.n:ame = NULL 
frm.c;ualifier_no - v 
frm.no_chiIcls = U ; 

for(i=3 ; i < NO CrILCS ; t+l) 
„ frm .chiidsC~= NULL ; 

geztextinfo(?t1) ; 

winoow(4,-,,~3,23) ; 
cl~c}r_winclomc() ; 
gotoxy(2,1) ; 
stctus_winclo~J("Entsr c9 text ending in. a verb") ; 



fflusn(5tdin) ; 

eprintf(" ''d ",curr_qu-)1ifier nc) ; 
tc-mp_txt - et_ch_txt(wnarzmx OiuherevOi30,3) ; 
if(tamp_txt -= NULL) 

{ 

clrscrO ; 

Soto f~.n.isn 
ti 

triai (temp txt) ;. 

if(strin(`.p_txt) == 0) 

Qoto finish ; 

strcpy(txt,t2i1 o_txt) ; 
fra0 (tsm:D_txt) ; 
it(ç) et_verb_inci(txt) -= 0) 

ff11.,sn(stciin) ; 
stclturs_wlndoww("Error; Quslif 2r name or Verb is Missing.. Press an 

y key to continue..") ; 

~3tcnO ; 

status_wirdo";("") ; 

goto finisn 
} 

exists = 2xist_fr~me(txtr  , PAcENT) ; 
if(exist ) 

r 

çottextinfo(&t2) ; 
window(41,r3 77,23) ; 

c rscrO ; 

,3w Itch( exists) 

t 
case CHLJ 
case PART_CHILr : textcolor(3LACK) ; 

textbackgrouncl(WHITE) ; 
cpprintf("Present in the following qualifi 

ers :\n\r") ; 
taxtcolor(WHITE) ; 
textbsckorouncl(BLACK) ; 

for(i=0, curr = ->root ; i < j->no_o~rom 

is ; cirr = curr->next) 
4- 

o rent_otr = cet_frm_rtr(curr->n~ime) 

sprintf(;en," %2cl. (%2d) Xs\n\r"r+ 
+i, per nt_t)tr ->cluaiifier_no, p?rent_otr->nlme) ; 

crintf(ien) ; 

bresk ; 
case PA (JT 
cese PRA T CHILC 
c,5e PART_PRNT  goto„line(frm fp,o->line_cJen) ; 

f = read frm(frm_fiD) . 
if(f == NULL) 

s;printf(cn,"Error in file \"%s.GOX\". 

... A3C~T 	G.. \r'\ - ") 	• 
clrscr() ; 

orintf(txt) ; 
exit(1) ; 



cif=p frama(f) ; 

5rcE,l< ; 
} /* swi'.ch(?Xists) *1 

window (t2.uinieft,t2.win top,t2.winri 	 t,*2.winbottom) ; 
tax t~Yttr(t2.attrihute) ; 

cotoxy(t2.curx,t2.cury) ; 

/* if(exlsts) */ 

 

if(cxists =_ P RENT  exists == PRNT-CHILD) 
{ 
strtus wlnclow("T his cIuiifi~r alrasdy exists... Press -)ny key to c 

ontinua..") ; 

f"flush(stdin) ; 
otch() ; 

Coto firlsh ; 
} 

else 

{ 

clrscrO ; 
gotoxy(2,1) ; 

tex tcolor(bLACK) ; 
textI)ecksrounci(WHIiC) ; 

co.rintf C" 	":ocl 	''s\n\r",curr_qualifior nc, txt) ; 
t2xts,ttr(t1, ~ttrib1tL-, ) ; 
frn>.nz)nm? = dL;D_str(txt) ; 
stetus_.Jinclow("Entor ttrlbut°s 	..<ENTER> to finish") ; 
c( C 

{ 

xl = wherex() ; 
yl = wheroy() ; 

error = NC ; 

cprintf (" 	°o 2d. 	",no_ofttrjbutss+1) ; 
fflush(stclin) ; 
tetxt = get _ch_txt(uh,srex(),,uherey(),25,3) 
1t(tem;, txt == NULL) 

irk ~ ; 
trina(tarro txt) ; 
if(strlon(temp_txt) _- 0) 

br? k ; 
stre yCtxt,tan~. txt) ; 

fro(tenip txt) ; 
y2 = wharey() ; 
if(stricn,p(txt,n~m2cct(frm.nsm2)) _= 0) 

{ 
statu5„window("Error: 'uelifisr ° attril)uts names can't i)C 

se,ma..?ress _iny k y to continuo „) ; 
fflush(stclin) ; 

t c b ( ) ; 

error = YS 

else 

{ 

for(k=' ; k < no_cf_ettri1)utes ; '4k) 
{ 

if(stric;~,o(txt,frm.childs[k]) _= 0) 

strtus_winclow("Error: Two attributes can't have s 
e iic n~,.nes.. Pryss z ny key to continue") ; 

fflush(stclin) ; 
;etch() ; 



?rror = YES ; 

1 

for(k=y1 ; k <= y  k <= y1+2  ++h) 

i 
gotoxy(1,k) 

clreolO ; 
I 

if(srror == NC) 
I 

gotoxy(x1.yl) ; 
cprintf (" 	°' 2d. 	Ys\n\r",++no_of_ittribut&s,txt) 
frn .chiIclsCfr,'..no_chiIcls; = clul,_str(txt) ; 
++frn„no_chiicls ; 

else 
{ 

status tindow ("Enter attributes 	.. <ENT ER> to finish") 

aotoxy(xl/y1) ; 

} while(no_o _attributes < ;-IU_CllLDS) ; 
if(no_of_attriutes > 0) 

sttus_window("Ar You Cur, ? (YIN)") 
fflush(stdin) ; 
do 
{ 

ura - toupo r(cjetcn()) 
s while(!(sura -_ 'Y' 	sure -_ 'N')) ; 

sure = sure == 'Y' ? YES . NO ; 
if(!sur~) 
{ 

free(frmn.nEma) ; 
Tor(i=O ; ; < frrn.no chills ; ++i) 

fre (frm.c-ilclsCiJ) ; 
dote finish ; 

} 	 .4 

olsa 
{ 
froe(frm.n);r) ; 
for(i=C: : 1< frm.no chllds ; ++i) 

freo (fr!nn.cnilcI=CIJ) ; 
qo'.,o finish ; 

I 
process_fr're( Jrr) ; 

} /* e1s of if(exists =_ 2GQENT 	exists == PRNT_CHI1.7) */ 
fre~(frm.nimt?) ; 
for(i=3 ; i < arm. cchilds ; +Ti) 

fr (frm.chihis i ) 
f1risn 

cleE.r_wincloWs( ) 
winclow(t1.winl?ft,t1.  intooait1 .winricjht,t1 .winbottom) ; 
text~ttr(t1 .-~ttriout3) 
cjotoxy(t1 .curxr L 1 .cury) 
status winclorn("") ; 
if (no_of_attr-IbLtes 	sure,) 



return  YES  ; 

els: 

return 	N 
I 
struct 	nr~_tr'e2 	* 	lisf_get_nia_I.tr(cher *txt, 	struct 	name_li.st 	*root 

{ 
strict  nama_list  *curr  ; 

for(curr  =  root  ;  curr  ;  curr -  curr->next) 

if(stric 	 (curr)nem 	,txt) _= 	0) 
r_turn  çLt_frm_ptr(txt) 

return  NULL 
} 

int 	c, 	t_v ?rb_ind(char 	*txt) 
t 
int 	i 	; 
for(i 	= 	strlen(txt)-1 	; 	i 	> 	0 au  

i 

return  NO 

Ci5a 

return  *+i  ;  /*  i.  1  plus position  of  last  '*/ 

I 
void  gotc_linC(FILE  fID,  lone  int line  no) 
{ 

long  ant  i  ; 

r-tv1nj ( 	.~) 	; 
for(i  =  1  ;  i  <  lin4  no  

fscanf(fp."%*i^1n;A^'~) 
rjturn  ; 

} 

char 	*nam?_gat(char 	*txt) 

int  n  =  yat_verb_ind(txt)-1  ; 

ch2r 	*,o 	= 	gc*•._che?r_arr7y(n) 
nstrcy(Detx`,n) 

return  o 
} 

void 	1o~.r 	ntcid(ch2r 	*pn~ re, 	struct 	aual_nire 	*!p) 
{ 
struct 	per?n%list 	*ci 	; 
q 	= 	g~t_oarz-+t_nodeO 	; 

q->next  =  I)->root  ; 

p->root  -  i 

rutirn  ; 

void 	cic!_n i+n atouslifier(cher -p_nsme, 	struct 	quil_n~rne 	*p) 

struct  n_-ma_list  *q  ; 
q 	- 	y?tiin<nocI. () 	; 

cu__ tr(fanclie) 	; 
cl ->next 	= 	0->hs ,cl 	; 
p->ho,,id 	= 	0 
++Ip->no_linl<s 	; 
return  ; 



struct ram2_tr2e * zdci_no_ouli(struct ndme_tree *o, struct name_tree 
root) 
{ 

if(roct =_ •\IIJLL) 
root = r 

else 

it(o->c;u~lifior no > root->oualifier no) 
root ->cwal_rignt = adcl-no_uual(p,root->cuc)1_right) 

e1so 

root->cluaI_l.eft = ,cid_no_qual(o.root->cGual_left) ; 

return root r 
1 

struct name_tree *add1_frafie (struct name_tree *tai struck nenie_tree *roo 
t) 

if(root == NULL) 
root = p 

CiSC- 
{ 

if(ctrIcmp(i)->nc,m.e,root->nama) > 0) 

root ->right_name = acid _fram.a(o,root->rightname) ; 
else 

root->leftname = acid fra i,e(o,root->leftname) 

return root ; 

struct qual_namo 	acld_quaiifier(struct aual_name *o, struct quel_nam? 
*root) 

{ 

if(root -= NULL) 
root = ,o 

else 

if (str lcmp(p'>'fame,root ->na"12) > 0) 
root->ric~ht = 	cld_qualif? er (o.roct -)riejht) i 

cisc 

root->1t = Lcicl_cualrier(,root >left) 

return root ; 

struct name_tree * get_fr;?+_~Dtr(ch_r *name) 
{ 

mnt test 
struct name_tree *curr 

for (curr = fr;:me 
- 
tree i curr ;) 

{ 
if((test - stricm (nana,curr->name)) >0) 

curr = curr->rignt_ncros 

else if(test < 0) 

curr = curr->lef- name cIsc 	 -  

break ; 

return cure ; 

ink ,u_frarc(F~A!'c *fr",) 



int ucC=sS - Y:S ; 

ant I ; 
f~cok(frrf1) u SCt.K_ENG) 
fprintf (frn;_f t,),, \n".frm->n.= r.4) 
f4)r1ntf (fr~nf,' Cl\n"/f^:17->c uc 1iii r no) 
fpr~ntf(frr r:) 	ci\n".frm->no_chi 1c!s) ; 
for(i=^ ; i< frr->no childs ; ++i) 

farmntf(trm_fps" s\n",fr ,ii->chi1ds[i7) ; 
eurren +_ (frm->no_chilcis+3) ; 
fflush(frn f.) 
ret0.~rn succors 
i 
r=RA"he 	read frr(GILE *fj) 
{ 
int X ; 

FRAME *frn 
char txtYy4X_LENGT"7 
lnt SUCC3~s  YC.3 ; 

frm = c2tnoc.O ; 
fscanf."i0\n3\n.txt) ; 

tr (*.xt) ; 

fscE-,nf(fr~r tc~",vc\n". x) ; 
frm - >queJ fm r nc = x 
f scan f(fpr"/,:I\n",&x) ; 

frm->nc_cnilcL; = x 
for(x=G ,' x < frm->no childs ; ++x) 

t 

fscanf(t~," [^\nI\n",txt) ; 
fr,~->cni.iclsCx: = clup_str(txt) ; 

1 

1f(!succe3s) 

trcw (frm-)nc ' ) ; 
for(x=G ; x < frm->no cnild: ; ++x) 

fr32(tri->chi1x) 

fr(frv) ; 
frni - NULL ; 

return tr,n 
I 
int ifrmrnd(voic) 

cnar t 1 CMAX_LEt G.TH! ; 
int succ?ss = Y:S ; 
int choke = N' ; 
fclose (frm nc!x to) 
fclosc-(frm_,)r f~a) ; 
sprintf Ctair~~."'s.U0x „ ~fil~_namc) 
do 

Choic2 = ''J' ; 
frm nclx_fo = fo;Dtin(t'ThD, "W ") ; 
If(frn,_nclx_ r, =_ NULL) 

t 
st .tusincicw ("error; 4fnaule to cra=, to ircl x flies.. Retry ? (Y 

/N)"`  

ff. sn(stdmn) ; 
do 



t 

choice = tou.00er(cctch()) 
} wni?e(!(choice 
 choice == 'N')) ; 

s tdus_ f.~ind oW ("" ) 

if(cholce  
r_turn NO 

else 

continue ; 
} 

sprintf(tompr"<s.PR",fi1e naie) 
frm_pr_fo = fopen(tCD,"(IJ") : 
if(trm_!Dr_fa =_ NULL) 

C 
fc'Lose(frmndx fp) ; 
status ,winclouw("Error: Un:ble to creete files.. Retry ? (YIN)") 

fflush(stcltn) 
do 

r 
choice: = touo er(cetchO) 

} whi1e (! (choice =- 'Y' 
stDtus window("") ; 

if(cboice -_ '"N') 
return NO 

choice __ 'N')) ; 

} 

}  while(cnoice  --  'Y')  ; 

?printfCfr ,n 	rdx_fo,"%lcl 	%d\n",currc~en~currc~unlifierno) ; 
curr_gpr  =  1  : 
:u_gpr_gdx(clifi 	r_tre2) 	; 
return  success  : 

in -t 	wpr_gclx(struct 	civai_neme 	*o) 

int  success  =  YES 
NULL) 

t 
9pr_w(i:) 	; 
gdx_() 	: 
j_ 	pr_!dx(;p->left) 	; 

w_apr_ ~•dx (I,_>riGht) 
} 

return  success 

} 

znt 	çjpr l(s truct 	qua1neme 	*p) 

struct  perent_list  *curr  ; 

int  success  =  YES  i 
p ->line_cj 	r 	= 	curr_gor 	; 
fprintf (frm_ Dr_fID. ' 	s\n",->nz- me) 
fl.-rintf(frm_ar_fp."%c!\r", 	->no_perents) 
for(i=O, 	curr 	= 	o-)root 	; 	i 	< 	>no_ID~rents curr  

r->next) 

ferintf(frm_prfo," Gs\n",curr->nE,,ma) 
/* 	Le ter 

tprintf(frnar_f,a,"%s\n",curr->child_reletion) */ 

curr_gar +_ (i:->no_perLntc + 2 ) : 

return success 

curr = cur 



I 
int ycfx_ ,u(struct qusi_r.'n *p) 
t 
int success = YES  

strut-, n7~ne list *curr 
fprintf(frm_ndxfcrfsln",o>nm ) ; 
fgrintf(frn_nclx_h," lcl\n,D->?iner) ; 
fpr:.ntf(frm_ndx_fh,"%cd\n',p->no_links) ; 
for(i=O, cure = a->n.a2cl  i < c-)no_ilnks  curr  ++i, curr = curr- 

>next) 

gclx_link_a( ~t-frm_,)tr(curr-> ern2)) ; 
rturn success : 

1nt cjdx_1ink_ (struct na,i _tra *o) 
{ 
int success = YES ; 

fprintf(frmnclx f;~,"°'S\n"~a->n~.ma ; 
f;printf(frmndx_fp/''ci\n",o->quaiifi=r no) ; 
fprin t f (frm_ndx_fp,"%1 ci \n",p-> 11ne_gen ) 
return success ; 

I 
struct cua1name * a2t_du~l_nccH (void) 

struct qual_ne.,re *o ; 
p = (strict qu:ilnams *) m 11oc (sizeof (struct qu1i_name)) ; 
if(p == NULL) 

{ 
cirscr() ; 
printf("Out of ve,,iory. 	...ABO TING 	....(c~et_oual_nocle)\n 

fflush(std:n) 
vetchO ; 

exit(1) ; 

NULL ; 

p->no_links - I.-;no_;en`.s = w 
p->iine_gppr = 
p->he7d = NULL 
p->root = NULL ; 

p->ic;ft 	->ricrt 	NULL ; 
o->tr iv3rsed = ^JO 
return p 

} 

FRA'',t * getnocle(voici) 
{ 

int i ; 
FRAME *p 
p = (FR;;'tt *) malloc(sizeof(FRAM )) 
if(p == NULL) 

{ 

c1rscrO ; 
(7r~,ntf ( "Out of n emory. 	.. . AE0RTING 	 • . . • (getnocie ) \n ") ; 

fflush(stclln) 
cetCh() ; 

exit(1) ; 
} 

->n-)m,- = NULL 
p->qual.finerno -  ; 

p->no_cnilds = 0 



for(i=J  ;  i  <  NO_CHILDS ;  i) 

p->chilclsCla 	= NULL 	; 
return 	p 

} 

struct 	neme - trey 	* cet_ne ,nocIc. (void) 
{ 
struct 	nnm-e_tr2e *p 	; 
p 	- 	(_trjct 	nema_ tree 	*) 	mslloc(sizeof(struct n~m,.._tr~o)) 
if(p 	=_ 	'JJLL) 

( 
clrscro)  ; 

printfC"Out  of memory.  ...ABORTING ....(get_neme_node)\r 

fflush(stct .n) ; 
cetcn()  ; 

~xit(1) 	; 
} 

p->neinc 	= 	NULL 	; 
p->Une_;,n = 

p->neacl 	= 	NULL 	, 
I? — >cjuo,llfl2r_no C 	; 
p->iett_nm 	p- >rignt_1 me = NULL ; 
Ic ->puE,l_left >pu71_ri 	ht 	= 	NULL 	; 
rCturn  p 

} 

struct  persntlist *gst_;~?rant_node (void) 

struct  pDrent_list *p 
p 	= 	(struct 	par,,rt_list *) 	melioc(sizeof(struct 	o 	rent_list)) 
if(p  ==  NULL) 

{ 

clrscr()  ;  

p-intf ("Out 	of memory. .... (g 	t_oeront_nocle) 
\n"') 	; 

fflUsh(stdin) ; 
vetch() 	; 
xlt(1)  ; 

} 

p->neme  =  NuLL  ; 

/* 	p->child - relcitlon = 	NULL 	: 	*/ 
p>next 	- 	NJLL 
return  p  ; 

struct 	nmme_list 	*l nrnocl 	(vol(i) 

stract  n  me_list *aa 

p  _  (struct  n'1+re_list *)  mi loc(sizeof(struct name_list))  ; 

if(p  =T  NULL) 
{ 

c:rscr()  ; 

;:rzntf("uut 	of »c;o^y. 	....+BORTING ....(get_link_nocle)\n 

ff;.usn(stn) : 
C'tchO 	; 
xt(1) 	; 

p->nsmc 	_ 	NuLL 
p->next  =  NULL  ; 

return 	p 



1 
ch r *nstr'cry(chEr *clastr char *SrC, int n) 
{ 
s trncpy (d3s ti src in) ; 
ciestCn7 = '\J' ; 
return crest ; 

FRAME * g?t -nmit_ciuc,lifier(chcr * neme) 
{ 

s'truct n~. i e_treo *i:. 
p = y, t_frmmm_rtr (nee) 
it (p) 

ti 

gotc_1 ne(frm fc,o->lir,~ c•en) 
return ra? c6_frm (frm_t,D) ; 

1 
else 

return f' JLL 
} 
FPA%lE * get _num_cju~i1ifier(int ciu,l_no) 
{ 
struct nc7ma-tree 
p = got_noquiifier_yn_tree(auei_no) 
ifi) 

t 
gotoIiro (frnifr, ;a->lini ;en) 
return ren(I frm(frm fo) i~ 

I 
else 

return f1JLL ; 
} 
struct na,le - trey 	got_no_ctu~lifier_in_tree(int au1_no) 
{ 
struct ne_tree *curr 
for(curr = no_cuL,i_tree 	curr :) 

if (q,jal_no > curt->cu~ ? i fierno) 
wort = c.arr>ci 	I_ri ;nt 

else if(c~u'l_no < curr ->cuElifier_no) 
curr = curr - >oual left ; Sc 	 - 

i)re'?!< i 

1 

return curr 
} 
void dispnoaueIifi,r(int cu 1_no) 
{ 
dis; _fr me (g 	_num_auaiificr( cue 1_ no) ) ; 
return ; 

} 

vc1Q oisp_name_cucitier (cher *nc^'m?) 
{ 

dlBID_frame(cj *__na;_qu 1i+ierCnc „ ~)) ; 
rturn ; 

1 
void cfis,ofravia(FR4'1 	*f r') 
{ 
int i 
textcolor(SL ACIc) ; 



textci<aroincl(W}HI E) ; 

cpr~nt~(" ;i.d Y.s\n\r",frm->ciu~lifi=r_no, fr ->namo) ; 
textcolor(.4r1i1E) 
tcxtbz~ckgro.:n cl ( BLACK) 
for(i=C ; i < frm->no_chi]ds ; ++y) 

c2rintf (" 	;n2ci. 	'!,s\n\r'",i+1/ frm->cni1clsCi7) ; 
r,turn ; 

int 3row__iu-z, l:.tiers(ini ciiso_no) 
{ 

struct text info ti 
int key, x 
F42 * f 

char ms~1 LM•1 sG_LcNGTH]. txtCMAX_LENGTHJ ; 
char *t2»;. t(t ; 
if (curr_clusimfiier_no == 1) 

r 
cle r_ i.ndows() ; 
ztutus_wlnclow("No quE ifier's Entered Y t thus No movement. 	..pre 

ss Any Key\s") ;  
tf1ush(stclmn) ; 
.,etchO ; 
tatu5_wi.nclo( „ ') ; 

return G 

if (cii~ ~_no < 1 	clisp_no > (curr_auc 1ifior_no -1) ) 
I 

Drin-,f(msg1,"(9'/c!):No such qualifier no.(ni me) in the clot.l!»,e. 
” 

5ta is wlncloW(msyl) 
ff?u;h(stclin) ; 
etch() ; 

return 0 

g~ttext.Info(rti) ; 
tcxtcolor<Wry1TE) ; 
t:xtl)e;ckçrcunci(BLACK) ; 
cicar windo: s() ; 
u;incio,w (4,3,77,23) ; 
clrscr() ; 

cl1srnc_auelificr(ciisn_no) 
spri - tf(r"sc'1, Previous(%ac or /xc)/ Naxt(c or C), Qualifier t"(N), Qu 

.~ifiir name(r~1). Exit(X)"27.24,26,25) ; 
do 

4. 
ste tus_ J1nclOw( isgl ) 
Tflush (=_tcfin) ; 

tcupper(gstch()) ; 
$Witch(key) 

{ 
case 'N 	: wincicw(1.1, 0,25) . 

st: tus wind1 U ('r " ) ; 
cotoxy(1,25) ; 

c;orintf("Enter qualifier 14") ; 

t ,"ila_txt = got_,)roib_txt(wnorexO,whorey{),8G-whe 
rexO-2,1) 

if(tern txt _- NULL) 
5r1<~; 

1T( tr1en(teno_txt) !_ 0) 



rcoy(txt,temp_txt) ; 

fr2?(t2miD txt) ;+ 
X = atoi(txt) ; 
wincicu(4,3,77,23) ; 

if (x < 1 { 1 x >= curr_qualifier_no) 
r 

char msg2 LMESG_LENNGTHI 
so.rintf(nmscj2,'( %d):No such c;ualifier no. in 

tha CI~t€1)EIS2. 	...Frsss any i<ey",x) ; 
status winclow(,isg2) ; 
fflush(stdin) ; 
_fetch() ; 

} 

else 
r 

disi~ no = x ; 
clrscrO ; 
disnnoci ,lifier(disnno) ; 

t 

break ; 
case '^,' 	window(1'i, 0 25) ; 

stItus window("") 

cotoxy(1,25) 
cprintf("Enter qualifier name  ") ; 
t?mp_txt - get_ch-txt(wherex(),wherey(),8O-where 

xO' ,1) 

if (temp_txt == NULL) 
break 

trim(ta!s~ txt) ; 
if(strlon(tcmtxt) != 0) 

strc,oy C tx t, te;,,;txt ) 
frea(temo txt) ; 
window(4,3,77,23) ; 
f = get_mv_qua?iffier(txt) ;  

NULL) 
C 
char msg2L'MCSG LCNGTHJ ; 
sorintf(ms•~2,"(%s):No such qualifier name in 

the datai)asia. 	...pres 	ny Gey}' ,txt) ; 
status _windo'w(msCi2) ; 
fflush(stc1 in) ; 
gc,tch() 

} 
else 

t 

clisp_no = f ->oualifier_no . 
clrscr() ; 

clisao_frame(f) ; 

break ; 
case X 
case ENTER 
case ESC  uindow(1.i3O.25) ; 

vtr line(39,3,24) ; 
window(ti.winleft,ti.wintop,ti.winright,ti.win 

bottom) 

tax tattr(ti.attribute) ; 
jotoxy(ti.curx,ti.cury) ; 

return dis~o_no ; 



case EXT NJ ED : switcn(key = g.atch()) 

case U° _ AR 
case LEFT _ R 

 
if (clisp_no T= 1 ) 

{ 
diso_no = curr_ci 

ualifier_no - 1 ; 

iDutcher("\a') ; 
} 

else 

-̀ci sr_no ; 
clrscrO ; 
ciisj_no_qualifier (ci 

isp_no) ; 
break ; 

case GOWN ARR 

case RIGHT_ARR : if(ciiso_no == curr_ 
qualifier_no - 1) 

ciisp no = 1 ; 
putchar('\a') ; 

else 

++djsp_no ; 
clrscr () ; 
Clisi~_no_qualificr(ci 

lsp_no) ; 
break 

break ; 
} 

uhile(1) ; 
I 

void rCncloml !novement(vo1cl) 
ti. 
cnar txt-LMAX_LENGTHJ ; 
char xtem _txt ; 
struct n me tree *o1, *;j?. *p - NULL 
struct quei_naire *cl s *q2, xz = NULL 
int avCttrloute _ NO, as_qualifier = N0. ciisplay_va1id - NO, sec_chl 

Cl 	0 ; 
i.nt keys qual_no ; 

struct text info ti ; 
if(curr_qualifier_no = 1) 

clear winddows() ; 
startus_winclowC'rya qualifier's Entered Yet thus No movement.  ..Pre 

ss Any Key\a') ; 
fflush(stdln) ; 

:fetch() ; 
S to tus_un nclow("") ; 
rot'urn ; 

} 
e t t e x t i n f o( , ti) ; 

cledr_wlndowsO ; 
winclo (4 , 3i 3R, 23) 
do 

{ 

status_wincicw~("A,ny text (T) 	ttri!bute(A), Rsletecl cqualificr(n)r Pa 



hilclsIchl_no-11) ; 

t) != 0) 

_txt) ; 

% 

1f12r(p—>n,1 ) ; 

Chino > frn->no_chilcis) 

r'nt(P)i =xit(X)„) ; 
ff~ush(stclir) ; 
k^Y - touooer(getc)) ; 
sw,.tch (key) 

{ 

c3 	"Q” : if( !d1soi yV11C() 
break ; 

is2 

swatch( sC;u 11fIer) 
{ 

case PARENT 
casa PART PRNT 
c~sc PRNT_CHILD 

FRAME *frm ; 

int chi no ; 

:uinclow(1.1,80 25) 

stratus window('I 

gotoxy(1,25) ; 

i2cl S.NO. ; ") 	 ct~rintf("Enter Ch 

ob _ txt(wncr ex () .whoroy().~C-wtiere x ()-2,1) ' 
LL) 

	 ; 

dnf 1t 

frm = get_nrn_qu~.1 

if(chl_no < 1 if 

break ; 
strcpy(txt,frm->c 

see_chlcl = YES ; 
) 

break ; 
see chlcl = NO 
bre-ik 

free(temo txt) 

win c(ow(4,3,38,23) 

chl_no = atoi(txt 

if(temr~_txt == NU 

break ; 
if(str1 n(tcrn tx 

str coy (txt.,tenip 

ttmp_txt = cot_or 

J. 

Uri-)k ; 
c7-,o '; " 	(!;oechlc() 

uincfow(1,1.SO,25) 
sttus winclou("") ; 
''OtOxY(1,25) ; 
c;)r 4.ntf ("Enter any text 	„) . r 



get -ch_txt(wherex().wherey(), 30-wh 

erexO) -2.1) ; 
if(t2m, _txt == NULL) 

brs k ; 
trimCt Gulp _txt) ; 
if(strlen(temp txt) != 0) 
strcoy(txt.ter;D_txt) ; 

free (tpnio txt) ; 
window(4.3.3.23) ; 
trim(txt) 

if(get_verb ind(txt) != 0) 

zs_civalifier = existfr~,we(txt, 1. c41.PARENT 
; 

e1s^ 
s -c up lif ier = NO; 

ss ~.ttributs = exist-fr~me(txtRp2.$c12.CHLD) ; 

if(iscttri0ute H s_aua1ifier) 

see chld = No ; 

di o1ay_valid = YES ; 
clesr_uinclouss() ; 

f( s_ttribute '8& ! ss_clualificr) 
t 

2 

cl = l°12 
textb cl<c;round (BLACK) 
t,xtcc1or(WHITE) ; 

cprintf(p->nanic) ; 
text,attr(ti.:ittribute) ; 
diso attr info (0) ; 

C 
if( s 7urilifier 99 !as attribute) 
{ 

ci = a1 
p = cliso_info_qu~1ifier(a.txt.&~ns_au~1if 

iar) ; 

c? sc 
C 

if(as cttributs && as ciuclifier) 

int first = YES finish = NO ; , 

status windcw ('"P resant as both a au 
alirlcr and a attril)ute. See 2uciifier( ,)i Attribut ,?(Q)") ; 

do 

fflush(stclin) ; 
key = toupper(c)et.hO) ; 
switch(key) 

t 

c se 'A' 	p = 1)2 ; 
a = q2 ; 
first = NO ; 
clear wInciows( 



(3LaCK) ; 

e) ; 

tr1hut3) ; 

(q) ; 

c ; 

textbackground 

textcolor(WHIT 

cprintf(q->nam 

tax tattr(ti.at 

disp_attr_info 

break 
' case 	w Q q 	1  

first  =  NO  ; 
clear  windows( 

ID 	= 	diso_info_ 

break  ; 

case 	ESC . 
case 	ENTER 
case  'T' :  if(!first) 

finish 	= 	Y 

break 	; 

; 

quali.fier(c,txt, is_quclifiar) ; 

status window("'Quali.fier(Q), Att 
riuute(A)~ Tr~v=i(T)") ;  i 

} whila(!finish) ; 

else 

if(!as_attrioute g& !as_qualifier 

char mesgCl0!}J ; 
clear windows() 
sgrintf(mes ,'"(/s):No such att 

rii)ute or qualifier.  ....Press any key",txt) ; 

status_window(mesg) ; 

fflush(stdin) ; 

getchO ; 
clisplaay_vnlicl = NO ; 
p = NULL 

ci = NULL ; 

break ; 1* case 'T' *0 
if(!riscl~y_valicl) 

)reaK ; 
if(a->no links == 0) 

brea< 
it(ci->no 1.rks == 1) 

clear_winclowsO ; 
' u a i if i?r - -  ; 

ID = dD_info_que,lifier(c,q->head->name.&ns_q 
ualifier) ; 



else 
I 
int correct = NO, i 
char o_noi_20) ; 
struct name tree *nt 
struct name list *curr 
i ncioww(1,1,80,25) ; 
status window("') ; 
iotoxy(1,25) ; 
c,orintf("Enter ivalifier 9") ; 
temp_txt = y= t_prob_txt(wherex(),whereyo ,8 

0 -wherexO -%,1) ; 
if(temp- txt == NULL) 

break 
if(strlen(temp txt) != 0) 

strc;py (c_no,temo_txt) 
free (temo txt) ; 
qu'.,1_no =-catoi(c;no) 

if (:ival no < 1) 
correct = ►d0 ; 

olso 

for(i = 0, curr = q->heacf ; i < a->no_ 
links 	curr 	*}i, curr = curr->next) 

if (p ! = NULL ' 	stricmp(p->name, c 
urr-)n 	 ) _= C) 

continue 
else 

nt = cet_frm_ptr(curr->name) 

if(nt->clualifier -no == qu91_n 
0) 

F 
correct a YES ; 
0 = n t 

} 

ti  J  

status window('') 
if(corr•ect) 

a' 
clear windows() 
window(413,38,23) ; 
as .ivalifier = -1 ; 
di so_ Info - oua1ifier(q,p->name,9as_pua1if 

13r) ; 

} 

break i /* case 'R' *1 
ca 	. if('ciist,Dlay_valicl) 

break ; 
i f (c,->no_parents == 0) 

;)reai< 
if(p->no_c-rents -= i) 



cloar wincIowsO ; 
0 = coat_fr-r -otr(ci->root->na!ne) 
q = ausl n?,n?_node(nan;e_cet(c1->root->name)) 
as ctuulifier = -1 ; 
n - ciisiD_info_nualifier(q. >ne, s_qualifi 

er) ; 

int correct = 14C. i 
ciar q_noi2O3 
struct name tree *nt 
struct ioarent_list *curr ; 
window(1,1.s30.25) ; 
st?tus_winclow('") ; 
cjotoxy(1,25) ; 
corintf("Enter c1uelifier +

1t
) 

ta ,i+;_txt = c)et_prol3_txt(wherex()rwherey(),8 
G-wharexO-2,1) ; 

if(temp_txt == NULL) 
!)reek ; 

if(strien(temiD_txt) != 0) 
strcooy(q_norte+nn_txt) ; 

frse(tamp_txt) ; 
dual-no 	toi(ci_no) 
if (cual_no < 1) 

correct = NO ; 
21=e 

{ 
for(i = 0, curr = q->root ; i < q->no_ 

parents 4& curr ; ++i, curr - curr ->next) 
{ 

nt = cjet_frm_otr(curr ->name) ; 
if(nt->nualifier_no == c=ual_no) 

{ 

correct = YES ; 
o = nt 
break 

} 
} 

) 
status window("") 
if (corr=c t) 

{ 

clesr_windowsO 
window(4,3,3 ,23) ; 
q = qu21 nznmenocle(neme_get(p->name)) ; 
as qualifier = -1 ; 
clisi._info_civa1ifier(q.a->name, es_qualif 

ier) ; 
} 

} 
break ; /* case 'P' */ 

case 'X' 
Case ENTER . 
ease ESC 	, status ulndow("") ; 

char windows O ; 
wind ow(ti.  win 1e ft, ti. win top,ti.winright,ti.win 

bottc:,i) ; 



tsxtFttr(ti.et'tribute) ; 

cotoxy(?i.curx,ti.cury) ; 

return ; 

J 
) wh le (1 ) 

} 

int snow_super_ctt-ii)utes(Struct quc1_nc1re *)  /*  is 1  ciu11ifier tre 

/* when it's called fi 
rst */ 

int finisn = NC ; 

if (curr_alualif: er_no -= 7 
{ 

cie-r windo.usO ; 

statu_window('No qualifier's Entered Yet thus No Super Objects. 

Press any Key\o') ; 

tflush(s din) ; 

vetch() ; 
status_wlndoC'') 

return .Y  ; 

if(c; '.= NULL) 

£ 
finisn = sho;-super_attribut`s(a->left) 
s.f(! finish) 

if(c+->no_perents -- 0) 

t 
int key ; 

clear windows() ; 
uinclox(4,3,3 ,23) 

textcolor(SLACK) ; 
Lextlbackground(4WHITE) ; 

cprintf("Attribute nave :\n,\r") ; 

textb ckground(SLACK) ; 

textccicr(4WHI C) ; 
o " cl:,rintf(  1<5  q->name) ; 

clisp_attr_info(ci) 

text back Ground (YELLOW) 

status_winzio ("Orsss -,ny key to continue.  .....<ESC> to Exi 
t) 

ffius' (stclin) ; 
key = ;;etch() ; 

if(key == cXTCNC=C) 

getcn() ; 

mf (key __ `SC) 

f_n13r - YES ; 

J 
2' (! finish)  
finish = snow_S c:?r- ttrli;utes(q->right) ; 

J 
return finish 

} 

int sno-'_?ach_cttrlh)ut?s(struCt nual_ncame *cl) /* ci is "quelifier_tree 

t 
 

/* when it's called fi 
rst */ 

int tmnjsn = NC ; 



if(curaIi+ier_no  ==  1) 

{ 
clr  windowsO  ; 

st~itua_alr,dcww("ado 	clu~.lifier's 	Entered 	Yet 	thus No 	Objects. 	Pre 
ss 	Any 	Key\,") 	; 

ffius'(stdin) 	; 
getch()  ; 

tctus 	window("") 	; 
return  Y:S 

} 

~f (; 	! _ 
{ 
finish 	= 	;how z ,—ich_ittril)utss(cl->I-ft) 	; 
if(!tinis') 

i 

int 	I<2y 	; 
clear 	w 	nclows() 	; 

winclo.u(4i3,39 ,23) 	; 
textco?or(rLACK) 
tax tuck-;round(WHITE)  ; 
c)rintf("Attri')u e 	nam• 	\n\ r-") 	; 
taxthscl<c. round (BLAC;K) 	; 

textcolor(,gHITE) 
cprintf (" 	%s"r 	q->nante) 	; 
c;is,~_ttr_info(c;) 	; 
textbickcround(YELLOW)  ; 

stcltus_window("Press 	ciny 	key 	to 	continue. .....<ESC> 	to 	Exit") 
i 

fflus~(~tuzn) 	; 
k ey 	= 	4tcb() 	; 
if(k?y 	XTENDEJ) 

if(key  -=  '-SC) 

finish 	= 	YES 	; 
} 

if(!firis,) 

fini3n 	- 	sho,i_ each _ 	ttributes (c->ric;ht) 	; 

return  t1ria"  ; 

struct 	namz_tr ,a 	* 	disoo_ info _au~lifior(struct 	qual_name *q, 	char 	*name 
int 	*as_a) 

{ 
st-uct 	text_:nfo 	ti. 
struct  name_tre.  *o  ; 

struct 	c a1 	n~ re 	-Cl 
get text info C:>t1) 	; 

exi 	t_fr7,(numni * o, 	gl,PARENT) 	; 
q 	= 	q1 	; 
switch(' 	S_C) 

case 
ca s? 	2kNT_Cr IL i case 

 

case 	CHL0 	 _ 	yet_frm_ptr(name) 	; 
Clisp_frame(r2t 	n,n_auaIifier(name)) 	; 
dish  attrinfo(o)  ; 

break 	; 
case  °APT  CHILD  : 

- case 	PA9T°D17T 	: 	:, 	_ 	NULL 	; 



indow(4i3✓  ✓ 23) ; 
clrscrO ; 

textcclor(Wr;ITE) ; 
tax*!be:ckground(aLACK) ; 
;.grin-tf("%s\n\r"✓name) ; 
t?xto,ttr(ti.a,ttri!bute) 

cprintf("  No such attribute or qualifier") 

dis;5 -,ttr_info(q) ; 
bre k ; 

} 

status window Y ') ; 
window (ti.w1ll?ft,ti.winto!C,ti.winright,ti.winbottom) 

text=ttr(ti.attri!bute) 
gctoxy(tl.curx,ti.cury) : 
return p : 

void c!is;)_attr_info(struct qual_nere *q) 

int 1 ; 

struct tex t_info ti. ✓  
struct nam trc  p ; 

getiextinfo( ti) ; 

winciow(41,3,77,23) ; 
1t(q->noparents) 

struct !]arena list *curr ; 
textcolor(t>LaCK) ; 

textb_,ckgrcund ("IT .) ; 

c.orintf("orescnt in following qualifier(s) :\n\r") ; 
textcolor(vhITL) ; 

textuack;rouncl(`;LOCK) : 

for(curr = q,->root, i=O ; curr ; curr = curr->next) 
t 

g-t frm 3tr(curr->nEm:e) ; 
c,orintf ("  "',:d.  (.2d) %s\n\r°'✓ ++i, p->clualifior_no, rD ->name) 

if(q->no_link°_) 

struct na ,e list *curr ; 
1f(q->no„narent ) 
cprintW \n\r") ; 

textcolor(SLACK) : 

t=xtback ground (WIITE) ; 

cprintf(";ie1atec! c!usllfiers :\n\r") 

textcclor(WHITC) ; 
text1) ckcround(6L4CK) : 

for(curr=Q ->haac,, 1=0 ; curr : curr = curr->next) 

p = get_frm_otr(curr->nime) ; 

crDrintf ("  %2c1.  («°;2d) '.s\n \r",++i, o->qualifier_no, o->name) 

} 

window(ti.wi.nleft ✓ ti.wintoc, ti.winric?ht,tiwinhoto) ; 
textattr(ti.n;ttribute) ; 
gotoxy'(tl.curx ✓ tl.cury) ; 



return 

i 

struct Guai_nnme *qual - na^;i_nodc(char *q_n rne) 
t 
struct Cival_name *curr 

int test ; 

for(curr=qualificr_treo ; curr i) 
{ 

strict (ci na me.curr->naime)) > ©) 
curr  curr->r~;ht 

else if(test < 0) 
curr = curr->lcft ;. 

:Ise 

break ; 
} 

return curr 

int find_in_o'bj@ct(voic~) 
t 
int correct = YES. result = NO ; 
chCr *txt = NLLL ; 
struct toxt_info ti ; 

cnar *in_object - NULL, *what object = NULL ; 
int x,y ; 
struct qual_name *o = NULL 

struct name list -reiaations = NULL ; 
if(curr_c,uaiifiar no == 1) 

{ 
clear windows'() ; 
status_window("ado qualifier's Entered Yet thus No Paths.  Press 

Any Key\a") ; 

fflusn(stdin) ; 
c.etch() ; 

status J1ndow("") ; 

return YS ; 

gett.x Unto (zti) 
ciear_windloa~sO ; 
cl 0 

{ 
correct = Y&S ; 

mta tuswmnclow ("EntQr 	?s tlna tion Object') ; 
inclow(4.3i; ~. 3) 
txt = jet_ch_txt(1.1,35,2J) ; 

if(txt == NULL) 

return "iC ; 
trlm(txt) ; 

if(strlcn(txt) =_ r) 

free(txt) ; 
return NO 

1 
a = ~?t_o')JCct (tx±. ouclifier_trea)  

NULL) 
{ 

int cncicc- ; 

stotus_window("No such o'5;ect in the K?, Retry ? (YIN)") ; 
CO 



fflus'(_tciin) ; 
choice = touer(getchO) 

). whi1.e (± (choice: =- 'N' 1 	choice =_ 'Y') ) 
fr-2(txt) 
txt = NULL ; 

~C-0 4irisn r 

else 
correct = NO 

} 

ci 
{ 

nrt_oI)ject = clu~D_str(txt) 
free(txt) ; 
tx t = NULL 
winciow(41 ,3,77,2) 
textcolor(BLACK) ; 
cr~ntf ( 'S STINAT!ON 	") 
tcx`color(WHITM) 
crintf ("ion\n\r ' ,w c1tobject) ; 

x - whor?x() ; 
y = wnercy() 

} 
) W niie(! corract) 

Cl o 
{ 
correct = YES ; 
~t~tu- winclow("Enter Source Object") ; 
incicw(4,3,33,23) ; 

T x t 	J e t_ c r_ 4 x L( 1 .✓  1/ 3 5 / 2 V ) / 

i ` (tx t == NULL) 

int cnoicc 
correct -.iO 
sty .us window ('R etry  ? (YIN)'') 
d J 

L 

t r iuwr (tcI1n) i 

choice = tauo,Der( etc)) 
.} unmie(!(Cnoice -- 'N' }i choice =_ 'Y')) i 

if (Ohoic2 =_ 'N') 
C 

rea (U,bc t_o;D jec t) 

ot: finisn 
} 

t 
trim(;:xt) 
if(tr1n(txt) __ 3) 

t 

ant choice 
frcc(txt) ; 
t)Ct = NULL 
correct = tiG ; 
stetus_w:ndow("Retry ? (YIN)") ; 
clo 

4' 
fflusn(Stc!in) 



choice = toupper(cetchO) 

} while(! (choice _- 'N'  choice =_ 'Y')) ; 
if(chozce =_ 'N') 

{ 
f?' -e (whct_oo ject) ; 
Coto finish : 

else 
t 

if(stricm;)(txt, what_object) _= 0) 

stotus_window("Source & Destination Objects are same. 

..PrAss any key„ ) ; 
fflusn(stdin) ; 
getc'hO ; 
correct = NO 

status Window() 

continue ; 
} 

p = get_object(txt, qualifier_tree) 

if (p == NULL) 
{ 
i.nz choice ; 
status_winclow("ado such object in the K8, Retry ? (Y/ 

i 
Ci o 

fflush(stdin) ; 
choice = tcupi,er(cjctch()) 

} whiie(!(cheice _- 'N' II 
free(txt) ; 

txt = NULL ; 

if(choice __ 'N') 
r 

free (what_object) 
eto finish ; 

else 

{ 

cerrcct - NO 

continue 
} 

@1st? 

choice == 'Y')) ; 

in_obJect = du>o_str(txt) ; 
free(txt) ; 

txt = NULL ; 

windoJ(41'3,77,23) 
textcolor(BL~CK) ; 

c;otoxy(x,y) ; 
cprintf("\n\rSOURCE . ") 
textco 1.or( iITS) 
cpr1ntf("%s\n\r",ir_ohject) ; 

x = wh rexO ; 
y = wh re,() ; 

l 
J 

1 



} whil2(!corr=ct) ; 
st~tus_.iincIou(nt3r r?lation(s) for search (<ENTER> or <ESC> for jen 

er a1 srchi) ") ; 
window (4,3'31 23) 

txt = gat_ch txt(1r1i35i2O) ; 
if(txt -- NULL) 

relations = NULL 

alse 
t 
trim(txt) 

if(strlen(txt) _= Cl) 

relations = NULL ; 
} 

Elsa 

r 

chsr *tem ; 
struct n1 _11-st *n - NULL, *tai.l - NULL ; 
t.?'11J = strtck(txt, , U ) 

,unit (t`nip) 

i.f(rslattons == NULL) 

C 
n = D-t_link_ncclo() 

duo_str(tamp) 
relations = tail = n ; 

struct name list *curr 
for(curr=reltions  curr ; curr - curr->next) 

if(stricnnj(t2i]1p,curr ->n~311Q) =- 0) 
break ; 

if(curr == NULL) 

n = r?Y_iiflk nod?() ; 
n->n~im = dup_str(temo) 
tDil ->next = n 

= n 
} 

Z 
temp - strtok('\O',",. ") 

} 
} 

frae(txt) 
txt = NULL ; 

} 

window( 1.3.?7,23) ; 
taxtcolor(33LACK) 
gotoxy(x,y) 

c,.rintf("\n\rRELATIOt(S) . ") 
if(relEtions == NuLL) 

tax tcoior(CY~+N) 
corintf("GE'NRAL SE4RCh") ; 

I 



elsa 

{ 

struct naive list *q = rs:_ticns ; 
taxtcolor(,,riITE) i 
cprintf(°s",c ->nmc) ; 
C = q->next ; 
'for-(; c, ; q=q ->noxt) 

c rnt ("r 	s"rc-n, n ) : 

winciow(4,3,3 ,23) ; 
clrscrO ; 
stc tus -winclo,U("P -, am 	.it ... .... i m ss rching") 

r s_st.ock = ;t_ctckO 

lnit o ,oJects(cjulifi?rtre ) ; 	 ., 
rasolt = fin:l_o t(whc t_0:)ct/ in_object, relations) 

if (rn~ult == NC) 

st~tus LincIor(' o link between the Source and Destination.  ...Pr 
ess any Key') ; 

fflusr(stdir) ; 
99tchO ; 
staatu5_'1llnciou C' ') : 

else 
{ 

Stcl`usincjow("P tr i7Stween the Source ncl Destination. 	..Pre 
s s a ny !< e y') ; 

window(4,7 x :,27) : 

fflush(td .n) 
;etc() : 
Stites WincIcw() i 

1 
if (result) 

rss st ,ci< = ^NC,LL : 

free(wne:t_ooject) ; 
freM(1n_oct) ; 

l~st_dis,~ose(rc?~tions); 

rely ionL = \ULL ; 
finish 

~inclo,(ti.win1eft, ti.uintolD, ti.winrioht, ti.winbottoin) : 
taxt-ttr(ti.attri")ut.) 

20toxy(ti.curx/ tl.cury) ; 

return r, cult ; 

struct cluE 1_n-.+r 	o jsct(ch-r 	struct cqual_n. me *root) 
{ 
struct qu)1_nF;1e *curr = root ; 

lnt test 
for(; curr ; ) 

C 

if((tast = s'r1c11;3(nann2.curr->na11e)) > 0) 

curr = curr->ricnt ; 

Elsa if(*.sst < J) 
cirr = curr->1=ft ; 

ols~ 

br, k ; 

return curr ; 



I 

voici 11st_cii5)os2(struct nz.n, s_list *~a) 

it( :D) 

iist_clisposs(o->noxt) ; 
fres() ; 

p = NULL 
} 

return ; 

} 
void lnit_ob3scts(struct -Iua1_namo *p) 

if (p) 

p ->trzivorsecl = NO ; 
initol)n.ct5(D->l•ft) ; 
lnIt_o)3ects(o >ric;ht) ; 

} 

return 
I 

void Dath_ilrnt(STACY\ *S) 

int i ; 

cr.ar *p5rt_r25 
for(i = 3; ! 3 'rpty_~taci<(S) ;) 

t 
oar 	res = ; op(S) ; 
toxtcolor(NLaCK) 

,- xtiback-,round (wr1TTE) 
cprintf("%;cl. %s\n\r", ++i, p rt_res) ; 

froo(hart_ros) ; 

pert_res = NULL ; 
} 

return 
1 
int tmncl_out(ch=r *whuti chsr *i.n♦ struct neme_list *relations) 

int no cnilds, found = NO ; 

char *quaff -verh = NULL ; 
struct qua1_n~.t2 *o = NULL 
struct n,mo list *curr = NULL 
F N•ie *p = NULL ; 
q =  tbject(in,oun1if13r_trn ) 
if (>tr<<ver_ sci) 
return NO ; 

else 

p->trvers2d - Y_S ; 

for (crr = ci->ho~ci ; curr fit, !found ; curr = cum->next) 
t 
if (ralstions =_ NULL) 

qu,)l_vrh = ciu,D_str(curr ->nio) ; 
a 1 

 

Se 

struct n~," list *r = HULL 

for(r - relations ; r ; r = r->next) 

ou~i_vwrfb = cet_char_arrzy(strlen(in)+strlen(r->name)+3) 



ins",inrr->n,mr) 
if(=tri mi~(nu~l verL~curr->namu) != 0) 

fre (quc~l_verb) 
qual verb = NULL 
continue 

} 

else 
brtzzk 

,f(que1_verb =- NULL) 
continue ; 

3 
t_nm_civa1 iffier (qual_verb) 

for (io_Chllcls = r ; no- c~iIcis < gyp->no_chilcis && found ' ++no_chi 
1cis) 

f(stricmo(whet.ee->cnilcisCnochilcis]) -- 0) 
ti 
char *path ; 
found - YES ; 
o th = cet_cher_array(strIen(au:al_verb) + str1en(p->chi1c{s 

Cno cnilcis7) + 3) ; 
sarintf (ath," 's 	 ; 
push(1)aIr.,r2s - - tack) ; 	 - 
rree(1D~th) i 

1i (! f ouncl ) 
r 
ror(no_cnilcis = 0 ; no_childs < o->no_chilcis && !found ; ++no- 

Ch11cts) 

found = find out(wh<t,o->childsCno chilcis],relations) ; 

1'•' ( found ) 
{ 
cbelr *oe,'tn 
c~th = cje±_c r_erreytstrl~n(quei_verb) + strlen(p->chi 

lcino_cnilcis~) + 3) 
sprintf(t3 th.";s %s",qu.nl_verh,aa->chilcisCno_chilcls]) 
push(p .,tr.rss_st 'ck) 
freo(o tr) 

J 

} 
free(cue1_verb) ; 

gJz.1_vcr;) - NULL 
} 

return found ; 

lnr yet_vc'.lue(Voi.ci) 
t 
znt correct - YES. result = ^!0 ; 
cn r * tx t = NULL 
struct :?xt_info ti 
char *in object = NLLL, *re1Et,on = NULL ; 
mnt x.y 
st -uct cJJcll — ne{Pe *!J = NJl LL ; 
if (cur r_q,~s1;.fiar_no -- 1) 



t 

c1= r windows() : 

s` tatu!_wlncio:i(":Jo civailflcr's Entered Yet thus No Queries. 
ss Any Kay\n") ; 

fflush(stcin) i 

c,~tcnO 
t=tus_:i, I)Cl0JY „ ) 

return Y  ; 

Ccjettextinfo(.ti) 

CiCclr_WlnciO' 'O 
cI o 

{ 

corr?ct = Y`_S ; 

StcFtu; :LIIC4ojC Ent'Cr Object nerve”) 
wincioj(4,,3 t,2i) 
txt  tcntxt(1i1r35r20) : 

If(t x t - _ NULL) 
yoto flnls'~ 

trl^t('txt) ; 
1(=_trz?n(t t) _= 0) 

I 
{rec(txt) ; 
Coto finish ; 

} 
gat_o)jCct(txt, c,;;alifier_tree) 

1flA == 'JuLL) 
{ 
lnt Choice 

stitus_w1cc :(Tho such object in the KB,  Retry ? (Y/N)") 

t{ u 
{ 

f 	us!b (std in) 
cho'. ce = tou;ppor(1ctch O ) 
wniia(! (choics -_ ',N' I 	choice -- 'Y')) 

fr_ (txt) 
txt = NULL 
if(choIc  'N') 

goto finlsr, 
1sa 

correct = NC i 

ci c 

{ 

in_cact - ciuID=_tr(txt) ; 

fre?(txt) i 

NULL ; 

winclow (41 13, 7 7, 2 3) i 
taxtcclor(=LACK) : 

c i,ri tI("03J=LT . ") ; 

t~xt:cIor(w1IT ) i 

cprintf('/s\n\r",in_o5 ect) i 

x = jhpr2x() ; 

y = rn2rO ; 

} uhil~(!correct) i 

cl o 
t 

corrcc` - Y 

Pre 



Zl*c~tus WincIC~:1(EntC!r rC1c} ticn Nclm ") ; 
window (4,3,3o,C0) ; 
txt = y2t_Cl', txt(1/1,3D/CC) ; 
if (txt == IjLLL ) 

{ 
lnt C 'olc W : 
Cor' :Ct _ 'o i 
stF tuswinc'ow("Retry ? (YIN)") ; 
do 

I 

t 4 1.,sn(=tdin) ; 
choico = toul]per(gotchO) 

1 whii2(! (choice -- '^1' j j choice -- 'Y')) ; 
i f (choic ? _- 'N' ) 

fr3 (in_object) ; 
-joto finish : 
} 

tr.i(tx t) : 
if (s r1on(txt) _= 0) 

{ 
I-t choic? i 

.fre?(txt) ; 
txt = NULL ; 
corract = NO : 

uzndoxC"Petry ? (Y/N)") 

fflu_n(stdin) 
chcicA = tcut3l]cr (gstch()) ; 

.r .J^i l o (! (choice -_ 'N' j 	ch ;ic2 __ 'Y') ) 
l4 Ccno;co =_ 'N') 

{ 
fr?a(ir_oojoct) ; 
c~o~o finish ; 

} 	f 

cr 1 r *t 11'] = NULL ; 
Mello _ strtok(tx t./e[, ") 

r?Iz7tion = -Iu!:_str(temo) 

r ? C (t X t) ; 

, x t = %, 'j L L : 
winddow(41,'♦7!♦ 23) ; 

taxtcclor(;.LCK) ; 
cctoxy(x,y) 
c,.rintf("\n\rKELATION 	") ; 
t xtcoior(HIT; ) 
C:]r"lntf( 11 's\n\ -",r°1 ition) ; 

} 
} 

? wni (crrct) 
winc~o,,(4,S,s~,2 o) 
cIrscr() ; 

tU~_~ InClO]1 ( P~ c S ? Svc it . . . . . . . Ic',11 se rchmnc") ; 



init_obj cts(cIuolif1cr_troe) ; 

r°asult = v:=ilu-_find(in_oajoct, ralat:on,1) ; 
if(rssult == NC) 

tatus_'wirclow("Cannot find Fny V lu.3 	...Pmts any key\~') ; 
tflush(stclin) ; 
cetch() ; 

status window("") ; 

} 
clear ,endows() 
free(in o:)j?ct) ; 

free(reltion) ; 
finisn 

.flnc!oi(ti.winloft, ti.wintop' ti.winriyht, ti.winbottom) ; 
t?xtttr(i.ttrluty) ; 
gotoxy(ti.curx. ti.cury) ; 

r:dturn rssult ; 

int v2lua_t1ntl(cn=r *o!)joct, ch-r *reel~tion, long int tries} 
{ 

int no cHi1c1=, found = "t(` ; 
char *cH~i_v r;) = NULL ; 
struct 7u1_nFir2 *c! = NULL ; 
struct nFm list *curr = NULL ; 
FRAi'iE *p = N'JLL 
if (trios == 1) /* i.. rirst CALL */ 
{ 
++tries ; 

q = cyst_o,DJcct(obJact.au1lifier_tree) 
if(cl- >tr V 	d) 
return 4C ; 

else 

ci->tr?v:r tcl = YES ; 
7ua1_v~ru _ gc'_cr r_orrr,y(strlen(object)-tstrlen(reletion)+3) ; 
s,orin f(cuI_v3r),''s 's",object,re1E1tion) ; 
for(curr - c!->noad ; curr && ! found ; curr = curr->next) 

{ 

if(strl ra(au~~l varl~.curr->r:a~~e) _- 0) 

fojnc, = " r 
 ;,jt nnti_c~u-11fi2r(qualverb) 

(c,ual_ver )) ; 
ou l varb = N LL ; 
,u1ruc,(4,3,:Q , 3) ; 
t.?.x tcolor 	:T: ) ; 
textl)ackcrounc (LACK) 
COOr1ntt( 11 VALUt(s) :\n\r") ; 

text ;ackgqround (Y:LL O ) ; 
t~xtco1or (CY U ) 
fo-(nochilds = (' ; ro_childs < o->no_childs ; ++nochilds) 

CDri.ntf("%2c'.  s\n\r",no_chiids+1,n->c hildsCno_chilcIsJ) 

s:, tu-z -winclo,r("Value is....... 	Press any key to continue. 

' flush(Stclln) ; 
So7ch() ; 
St?tu5 w1nC, Jw( UH ) 
r3turn found ; 
} 



fr'ee(quc'.l__verb) ; 
ciu~l_v~ri) - R;;LL 
quel_ver') - ^tche,rrr.,y(str1en(obje'ct)+strien("instance")+3) ; 
sprintf(quel_verb,'Y0s instance',obj?ct) : 

for(curr  ->reed ; curr  curr = curr->next) 
{ 

if( stric,niD (au~i_verb, curr->ne) -- 0) 
t 
found = vteelue fz,ncl(cival_vwrb,relrtion,trios) ; 
ree(caualverb) ; 

qutl_v,rb = NULL ; 
return fownc! : 

} 
1 

tree(ctual_verb) ; 
quel_verb - NULL : 
return NO ; 1* No instance relation *1 

else /* NOW object pessecl is "0b!ect"+("ise" or "instcenc!e") 't1 
{ 
struct nar e tree *t.-mo - NULL ; 

	

qu-l_verb 	name rst(Of)j@ct) : 
7 = :5et_cbJect(aUel_verb,Ouclifier_tree) ; 

if (ci->tre versed ; . tries++ ! = 2) 

fr33(cluol_verb) 

cluol_verb = NULL 
return NO ; 

} 

q->trc,versec' = YES 
0 - gn!1'_Cluelifier(o1),'ject) ; 
for(~io_childs = 0 1 no_chilcis < p->no_childs & !founcl ; ++no_ch 

ills) 
r 
cluC?_verb = get_cher_erray(strlen(p->chilcfs[no_childsJ)+strl 

en(rel tion)t3) : 

s(~rintf(quel_ver13,s %s',o->chlldlslno_childsI.reletion) ; 
temp = got_fr»_otr(ciu-i_verb) ; 

	

1 f ( t e 	) 

found - vs 

0 = c,e _r.m_cue1ifier(quel_v2rb) 
.jincloa.(4,3'3'✓ ,23) ; 
textcolcr(WHIT=) 

textibickgrounci(SLACK) ; 
corintf("VALUE (s) 	\n \r") ; 
`ex :I) 	Segrourc (YFLLOW) ; 
textcolcr(CY N) ; 

for(nc_chilus = 0 	nc_childs < p->no_chilcls 	++no_chilci 
s) 

cr ntf(" 2d. 'Ss\n\r".nocnilds+1/o->chilcis[no_childs 

) 

Et ,tus_,i1nCdo~.C( "Vc lue 1s....... 	Press any key to continu 

fflush(stdin) ; 
etch() ; 

status _ window("") : 



return found 

1 
e1s 

free (cluai_verb) 

gqu.ul_v?rb = NULL,; 

I 

olds) for(no_chiias = 0 ; no_childs < rp->no_chilcls  !found ; ++no_ch 

C 
ctu.,l_v=rib = cet_chor_Err,y(strlen(p->chilclsCno_chilclsl)+strl 

en ("isri' ) rS) ; 
sorintf(;~ual_v,4rb,"%s 1sa",!3->chilcls[no_chilcis]) ; 
t2mo = cgat --Irn_ptr(au1_verb) ; 
if (temp) 

found  v~lua_find(Qual_varb,relzition.trias) ; 
} 

roturn found 

I 

void process _frarnte(eR ME * 1a) 
{ 
struct clual_nar,e *a. *s 
struct na.na truce *n, +r 

ant i, presant ; 
cn7r *n1e = NULL ; 
name = nd1n12 2`,(0,->n~m ) i 
q = cj t_ol)?act(nanis/ qu_11;f1'2r_treL~) ; 
if (o -- NULL) 

{ 
cl = get_qu,il_nocl() 

= nE-ro ; 

} 
qualifier_tree 	cicl_Qu lifier(0. qualifier_tres) ; 

n = get_naane_nccle O ; 
lIu'0_str(p->r1?) ; 

p->Gualifierno = n->ciuL7lifi~rno - curr_cu~lifier_no++ ; 

frrime. tr 	 ; 
no_clual_tro 	_ : dci no ou l (n.nc clue l_tre ) : 
ecicE name to_ aueIi,fiar(:0 ->n?me,c) 
f11i relation_tree(o) 

for(1=0 ; i < ;a->no_chiIcls ; ++i) 

present = axJ.stfrz:i (o->chi1d5CjIr r, s,CHLD) ; 

if(!orcS nt) 

t 

s = gat_ctuainocl~O : 
S->nama = dupstr(o->childsCi7) ; 
cluali{ ier_tree = Fccl_qu2lif1er(s,c,ualifier_tree) ; 

} 
cll_Narnt_cId(a->nrnw.$) 

I 
n->line_gen = c~rr_Scn 
w_frz;me() 
return ; 

1 
voicl free 	 *o) 
i 



/**** 'nELGTIJ^lS.0 ****/ 

;i.nclud: "shall .h" 
extern =ILt *+rmrel ; 

extern cnar fill n~ ;;?~) ; 
RELATION:) *^alotion tr? ; 
/* In „tn~r =.~s */ 
chr)r 	(ch r *) ; 
int get_v3ri.Lnd(chE,r *) : 
char wdup_str(c"?r *) 
struct na _list *g^`.lini<_noc±^(void) ; 
void status winclo.(c" r *) : 
char *get_ch_txt(i.nti into into int) 
ch?r xtr1 -(cn'fr *) ; 
/* in Thal F:lc */ 
void fi11_rol_tior_tr(FRGE *) 
RELATIONS *2t =LdTi0"vnoci (void) 

RELATICN *~.cicI rolc-tion(R c LAT ONS *, RELATIONS *) ; 
RELATIONS  LaT~CS_. t(Chir *) ; 

voice acid_ loft _r211tio^(c ,)or *r RELATIONS *) ; 
voice 6,cicl.^i htr~1 tlon(cn,,r *r RELATIONS *) 
int write 	I'tions(voic~) 
1nt w rei 	LaTIC'S *) 
int rol_w(r2_L~T101. 	) ; 
int re d_rel ions(Vic) 
RELATIONS % ,-d_iu_onc r21(vcicl) 
struct nair:list *loftlist_re1(char *) : 

struct naoe_1ist *richt_list_ral(cnir *) 

void dmspIay_r"1_I1st (chr *, int) ; 
voted clislp_roiiist(st ruct n ,re- list *h ,?c?cl) 
voIcl snowroi ~tlor_irfo(void) ; 
in± can loft=iclo(crr *, char *) ; 

:.nt c n ri;ht_siu?(chor *, char *) 
voice fill rel ior trea(F^aMF 'to) 

m int i, lncl = c.V t_v^r:)_ind(o->nIzme) 
RtL.;TIONS *r = Kr LATICN5 	o*. (,->n7 e+incl) F 
one r 	; 
if(r -- °NJLL) 

r = çotLATIC~u_ncdo() ; 

r->t.riout: - clustr(D>nom?intl) ; 
reirticnro_ - z'dd_r2l tion(r, rltiontroo) 

i 
n110 = n-ima-,°t(o.->n..'»o) ; 
add ioft roi?tion(na112,r) ; 
for(i = D ; i < .o->ro_cnilds ; ++i) 

aclcl_ri.yht_roltion(,D->childs[iJ,r) ; 
return ; 

KELATIONS *cjet_ RELATION _nocio(voici) 
t 
Rc.LAT.IG,NS *, ; 
p = (RELATIONS *) malloc(sizoof(RELATIONS)) ; 
it( 	NULL) 

r 
.)riot` C"\ ,DLT OF MENCkY, 	ABORTING ! 	... (çjet_RELATION_node)") 



fflus~+(5tcl1n) ; 
cctch() ; 
exit(1) ; 

} 
p->attrz.)uta = NULL 

;D ->no_right = 0 ; 
p->Ticght_n3 d = NULL 

p->left = p->ric,ht = NULL ; 
return p 
} 

ELTON. *n dd_relat1on(L'FLATIORS *p. RELATIONS *root) 
t 
if(root == NULL) 

root - p ; 
e150 

i` (strlcmi,- (o-> attr1 )ute, root->attribute) > 0) 
root ->riç ;t = 	dd_r21 tion(ID~root->ri ht) ; 

el s 
cld_rLelLtion(N,root — >1'e ft) ; 

return root ; 
3 

RELATIONS *RcLATIONS_;ot(char *=ttril)uto) 

REL ATIONS *curr = r e1 ation tree 
int test 
tor(, curr ; ) 

str cmp(c-ttribute, curr->ttr•ibuto)) >0) 
curr w curr->richt ; 

e. se If(twst <U) 
cure - curr->i?ft 

• 4 1 J w 

I) r e ek 
I 

return curr ; 
} 

Void cct_1c-,"tre1W:t1cn(c Er *non , RrL,ATIONS *r) 
t 
str-ct 	list 	; 

NULL) 

r = got_link_noclo () ; 
clu_str(n?) ; 

r->1ef the Cj = f) ; 
++r ->no-1?tt 

} 

{ 

s+_rust n=;^ list *curr = r->ICft_hocl 
ant test ; 

__ 0) 
rctur-i 

e1s= if(t~st < 2) 

p - çet_link_nodeO 
cdu7 str(nE"re) 

a->ntixt = r->12f* head 



r->left red = o :• 

++r-)no left ; 
return 

~  `t 

struct n me list *;rev ; 
for(curr-.,rev=r->left-head ; curr  rrev - curr, curr 

= curr->next) 
ti 

if ((test = stricmo(name,curr ->nema)) -= 0) 
return 

else if (trest < 0) 
l;rezk 

n = cjet_link_ndeO ; 
ciup_str(nme) : 

!rev->n xt = r 
p->noxt = curr ; 
++r->no l2rt ; 

return ; 

3 

void edd_right_reltion(cher +name, RcLaTI0NJ *r) 
t 
struct none list *0 
if(r->right_heacl -- NULL) 

t 
oo _ get_link_nodeO : 

= cIup_str(n,)me) 
r->righ,t_n2e..d - p 
++r->nori-t : 

else 

strict n?:re_list *curr = r->right_h d ; 
lnt test ; 

lf((t~St = stic; 0(nemeicLrr ->nme)) __ 0) 
return ; 

els.a if(tes-t <3) 
r 

p = get_link_node () ; 
o->nzor 	= cluo str (name) : 
,~->next = r->richt_head ; 
r ->r1cht_ ,,e ,c = D 
++r->no r1cht ; 

return ; 

I 
s"'ruc t rc i e list *!Jrnv ; 

for (curr=~orev=r ->richt_hec,d ; curr : prev - curr. curr 
= curr->next) 

I 

jfCCtest = stricmo(n n"e,curr->ns,me)) _= 0) 
r etLrn 

e13e if(t?st < 0) 

break ; 



= c2t1Ink - noc4~ ( ) 
clu,)_str(nam4) 

or?v->n~xt = (J 

p->ncxt = curr ; 

T*r->no right ; 

return ; 

} 
} 
m t writo_relrtions(void) 

cnar temoEMsfX LENGTH) : 
intsuccess - YES ; 
int c'flOIce = 'N' 
fclose(frm_rnl) : 

rlr, tf(te11,' %s.RCL" /'1i? nctnl3) ; 
do 

choice = 'N' 
f'rm rel - f0~Jan(t?lil~,"w,ie) 
if(fr,^_rei =_ NULL) 

{ 

status_u:indc;u("Error: Unzb1e to crecite rslrtion fi?e.. Retry ? 
(Y/N)) 

fflush(stdin) 
do 
{ 

choice = touaoer(çetch()) 
} wile(!(choice -- 'Y' I{ cnoic e== 'N')) ; 

status wincicwY' ) ; 
it(choice =_ 'N') 

return NO ; 
else 

continue ; 

} 

} wnils(choice == 'Y') 
success = w_rel(relation_trec) ; 

r_et'Jrn success : 
r 
int w_ro1(R=LAIICJS xo) 
{ 

int success - YES 

if(,)!= NULL) 
{ 
rel_ju(p) ; 
w_rel(p->1et) ; 

_rcl(p>rmht) ; 
} 

return success ; 
I 

int rat ju(RELATZO14S *J) 
t  - 

strjct ns~m? list *curr 
int successr= YES, i 

fprlrtt(fr-eli"s\n"r ->ttribute) ; 
fprintf(frm  ft) ; 
fcr(i.=U, curr = o->loft_ned : _ < o->no_lqft F curr ; ++i. curr = c 

urr->next) 



f~ rintf(fr!il_rel."%s\n".curr->na,ile 	; 

f;printf(frm_reI,' /cl\n".p->no_right) ; 
for ,i=Q, cure -  ->ri~hth~pcl ; i < »->no_ric;ht €  curr ; ++ir curr 
curr->next) 

f;pr~ntf(fra%re1,' %s\n".curr->nan2) ; 

ret,.rr success ; 
1 
int recl_relaticns(voicl) 
t 
int success s YES ; 

RtLiTiCNS 4r = NULL ; 

Cl o 
{ 

r - r2d_one_re1() ; 
if(r) 

reletion tree 	dcl rel~tion(r,rel tion_tree) ; 
,chile(r) ; 

return success 

J 

mELATICNS *rencl-  one _ra1(void) 
{ 

int i 

char txtE1ESW_L ENGTH; 
RELATIONS *p - NULL ; 

fscnf(frm ro1,'ZE^\nJ\n".txt) 
if(!feof(frmrel)) 

{ 

p = jet RELATION node O ; 
p->ettrioute = clupstr(txt) ; 

fscF,nf(fr rel."%d\n"rsi) ; 
Tor(; 1 > W ; --1)  

fsc nf(frm_re1."r^\n;\n"rtxt) ; 
icicl_12#t _re 1 ition(txt.r:) 

} 
fsc.~nf(frai_rel,".~d\n"ri) ; 
for(; i > G ; --z) 

{ 

fscnnf (frm re1."%Y \n,\n".txt) ; 
sidd right relticn (txt. r) 

} 
return i) 

} 
1st 

return NULL ; 
} 

strut; n~'nelist *left_ list_rel(chsr *attribute) 

ti 
RcLATICNS *r = RI LATICNS_get(ettritbutc) 
if(r == NULL) 
return NULL ; 

else 

return r->la'ft_h?ad ; 
} 
struct nar.e list *ri(ht It rel(ch-ir *-ittri)ute) 



ii 

KLL4T1ON  *r = n` LATIONScet(sttribute) ; 

if (r == NJLL) 
return ;DULL ; 

r2±u^n r->rigght_hed ; 
I 

void cl~splay_rel_list(char *attributes int left_or_right) 

t 
struct ncme list *u ; 

textcolor(BLaCK) ; 

textbackçjrojnc (v19ITE) 
if( left_ or right ==' LEFT) 

t 
clprintf("The  following  occur  in left  side  of  \"%s\"  :\n\r\n\r",att 

ril;utu) 	; 
p 	= 	1?ft_1istre1(attri1)ute) 	; 

} 

ci se 

cpri_ntf("The  following  occur  in right  side  of  \"%s\"  :\n\r\n\r", 
?ttributc) 	; 

p  =  ri  ht_l~st  rel(.ttribute) ; 
} 

disp_rel_list(p) 	; 
return 

} 

void  ciisp_re1_list(struct  nime_iist *held) 

struct  nEme  list  *curr  =  hoed  ; 

int 	i 	- 	1 	; 
tcxtcolor(8LtCK)  ; 
textbckground(b-,OWN)  ; 

cprintf("(#/0c)",i+*) 	; 
tex tlb 	cl<grouncl(CYAty) 	; 
cprintf(" 	%s",curr ->nsme) 	; 
for(curr  =  curr,->next  ;  curr  curr -  curr->next) 

taxtb 	ck 	rcuncl ( 	4owN) 	; 
cprintf("r 	(t%cl)",i++) 
tsxtbackgrcund(CYN) 	; 
cprint1 (" 	/s",curr->nC-~ne) 	; 
i 

carintf("\n\r") 

r?turn 	; 
} 

void 	sho~;_relc~tion_xnfc(voicf) 

struct  tsxt_info  ti 

char 	*txt 	; 
jettsxtinfo(Sti).  ; 
Window (4,3  77,23)  ; 

t2X 	b 	ckcround(SLACK) 	; 
clrscrO 	; 
ste.tus 	wwin:loL)( 1° Entdr 	the 	r?lation 	") ; 
txt  =  get  ch  txt(1.1.20'?)  ; 

-NULL) 1t(txt  -- 

Qoto 	finish' 



t 
tr1Si('txt) ; 
lf(atrlsn(txt) __ () 

t 

r2(Cxt) 
7oto  
} 

215? 
{ 
~t(r LATIONS_Qct(txt)) 

1; t c n o i c e 

'.atuswinclow("(L)eft side or (n)i7ht side c)') ;; 
do 

fflush(stdin) ; 
choiCCC - touolDer(yetchO) ; 

} while(! (choice -- 'L' e  choice __ 'R')) ; 
cIrscr() ; 

disolay_rcl_list(txt, choice =_ 'L' ? LEFT  RIGHT) 
free(tx1) ; 
status_ainclow("dress any key to continuo") ; 

fflush(stclin) ; 
C~?tChO ; 

status .ndoi( , ') ; 

Disc 
{ 
free(txt) ; 
stetus_windcw("10 such Relation.  ..Press any key to 

contmnu2") ; 

ffiush(stdin) ; 

getch O 
s 4a us i!. i -IC,ow ("'7 ) 

1 

1 
} 

flni n 	clrscr() ; 
window(ti.a;inleft, ti.wintoo. ti.winricjht, ti.winbottom) ; 
t?xt=ttr(tl.attri1)ut3) ; 
otoxy(ti.curx. ti.cury) ; 

r' turn ; 

lnt c-n - ieft_sicle( char *txti char *c,ttribut,-) 
{ 
strict n ,»?list *cure. *ho:id = 1eft_ list _rel(attribute) ; 
in 'test ; 
for(curr = heed ; curr ; curr = curr->next) 

if((test = stricmp(txt, curr->n8me)) -- 0) 
return YES ; 

else if(test < 0) 
b r e : k ; 

J 

return N3 ; 
} 

int c~n_r1 htsiclo(cb-;r *txt, char *_attribute) 

struct n2me_!ist *curr. *heed = right_1ist_re1(2ttrihute) 



m Il t test ; 
for (curr - r -E cf ; curr ,% curr = curr->next) 

{ 

ifCtt==t 

 

= c±riciu (txt. :urr>nm)) _= 0) 
return Y=S ; 

I=e if(t--st < C) 
0r2clt ; 	 ` 

return ND ; 
1' 



/****** `du^N — LEAPAIN(, P"C LE x***+**/ 

typcd.)f 5truct . 

Char *ctu 7l_nc'?al's ; 
int no choices 
struct icnoi.ce_list *head ; 

} ' UALIUIER ; 
ty;p2o f truct method 

char *r thud ; 
int orcbsbiiity 
float, result1)robab1lity 

struct m thod *next ; 

struct n's thod *snext ; 
} CHOICE ; 

typeuef struct 

1nt v:Dr exor 

char *exor?ssion 
char 'Ieft_i,,art 
char *rJ.rht_part ; 
cnar rela tion 13J ; /* to accomodate "<>" */ 

) EXPRESSION ; 
typedef struct choice_list { 

int choice ; /* -cc choice for NOT choices 
*/ 

struct choice list *next ; 
} SELECTION ; 

typedef struct prods 

ch:er *name ; 
int share„ccunt ; 

int p ss,_no 
struct 	?n;e list *Dheacl ; 
int return na 
struct name -list *r_h.eacl 
struct props *naxt ; 

} c.XTFRCG ; 

union p u r l_ ^~ a C 

UALIFIE *cl. ; 
CXPR;SSIow *sxpr ; 

I, 

union c oic2ryxtras_ au lmath { 
CHOICE *ch ; 

EXTPR"G *extoroca ; 
QUALIFIER *ql ; 

EXPRESSION *expr 

typeclaf struct is { 
.int fired ; 

int act rul? no ; 

lit which ; 
union ccua,l_math ciii ; 
struct if= *next ; 
struct ifs *lsft, *right ; 
struct ifs *same_next ; 

i IF ; 
typec+ef struct teens- 

znt fared 

int Pct_rul`_no ; 



I n t if h i c h r 

union cojc2eX 	f"J' 	 uc 1_illctth c111 
struct thsns *next 
struct thins *12ft, *right 
struct th-tns -s--hme_nsxt i 

} ThEN 
typec(ef struct rule 

in firs rule no 
int 	c t ru1e_no 
int no ifs ; 

int tct i.fs_firecl ; 
IF *ru12 if ; 
int ro thens ; 

int tot_thens_fmred 

THEN *rule then ; 
int fired 

struct rule *next *prev 

1 RULE ; 
typecief struct var_desc 

char *nc11Se i 

char *txt 
double value 
in t initialized 

int displayed 
int val_cceoted 
lnt disp_in res ; 
struct var_d sc *left, *ritght : 

} VARI.?LE 
ty1-def struct res_st~ick f 

int act_rule no 
struct res stack *next 

} ELEMENT RULE STACK i 

ELEMENT -RULE -STACK *tos, *curr_why , 
RULE STACK 

I 



/******* NON -- L 	NINS MO'lULE x*******J 

/******** RULS.0 *,******x/ 

;inciucls "shall. h' 
extern in+_ curr_c;ualiflar_no 
oxtorr cnar tii~_n~m~L4Oa ; 

extern VARi LE *vDr_heaci. kva:r_tail; 
1nt read _varla:i)l2S = NO 
FILE *v_c_fp , *v_c_ndx_fo ; 
long int curr_c 	1 ; 
lnt parsing_soiving = PLRSING ; 

lnt curr_rul?_no = I ; 
1nt curr_c.homc3_no = 1 
int currroc._rc = 1 ; 

lnt no:~ rulasc.dd d = NO ; 
IF *q_lf_root, *m_if_root ; 

THEN *ci_ -th?n_root, *m_th2n_root, *o h 	ci_then, *0_ tail _then ; 
cX1P a *e_he—c than. *a tail then 
RULE *rule hc!, *rulo_tail ;_ 

VAnIhBLE *ver root ; 
CHOICE *head methods *ta ii motncc! ; 
VAR:ASLS *v_ tr 	; 
/* In Other PilIes */ 

void Status wmndow(char *> ; 
char *:yetcnarrray(int) ; 
void drau,( t'; into mnt, int) ; 
vold ver tine(int, mnt, int) 
char *du) str(cksr *) ; 
vold cle r_ nc!ous(void) ; 
char *tr~i.m(cn= r *) ; 
void 1115 	Tra ' 2 (FPA ('lE 	) ; 

FR~i'Ic * atnfc;ua11 fi?r(char *) 
FnA t~ *y trd",c;u,- 1 i f for (i nt) ; 
char 	c1 c,n 3xorc ssion(c~'or 	 ) 
€XPP~S~IC *i`s,plitexor =5ion(char *) ; 
char * o l~ft_;oart(char *. int *) ; 
lnt if 17 	_oxprsss:on(EXPPESSION 4 ) ; 
lt. oarS_ex,or(cn.ar *) ; 
void look_n,-; _vcri.ables(EXPRFSSION *) ; 
void oroc~ss_var(cn_r *) ; 
mnt xist_varizl,la(chor *) 
VAkIa~..= *gctvcria1)1aCc"-r *) ; 

VAr2IA3u_ *ado_ variable (VARIABLE *, VARIABLE *3 ; 
VARILE *~c._noa_variable(char *) 
VA IL *et VA'IA5LE_noc!?(void) ; 
vela varsr~oc!(voic!) 
volc, vcrs_ari*_e(volc!) 
void free_var_list(VAv1a 3Lc *) ; 

Char *~°t_C ^_txt(int. int, int.it) ; 
char w9et_val_vzr_txt(lnt, mnt, int/ int) 

cnar * 	tJroi)_ t(t(1n`.♦ lnt, mnt, lnt) ." 
char *in~)utC`~oIcOS(inti mnt, int, int) ; 
struct n ne_list *cet_lini<nod (void) 

v01d IISt_o15,00se(struct nc'1'2list *) ; 
/* In This -:le */ 
F *If_S1n :.w~Ca t (1nt) 
voici dms _Ci_rj1C((..uALFIth *) ; 
int aCfcl_cH ca(yU~LFIt? */ int' int) ; 



I 	*ç2t_1f S (jn t *) ; 

TF .. u * 2Lt 1 rS(int *) ; 

THL% *tnorrsincict(i.nt) 
void n _c~t_rulc3(void 
void) CI15cc,rc3 r- .,I3(FtUL`' '4 ) 	; 
void ir_ul>c irc! (Ic' * ) 
vo ici i1 _, .nQ3.:=cla. c r cl CIF * ) 
void tr)2n_cl1ScarcI( TNc."d - ) 
void thWnin-i12_dzsc-rc! (TH 7EN *) 
void :UL_cii s.:)7 s ( _liaLIFI _ Ê *) ; 

void S=. 1ec t1r)s cl1 soo Sis ( $ r L CTICN *) ; 

vO1cl SfL CT IU':cl1S0os?( SELEC TION ') ; 

void `iATH csi5Doti (EXPQESSION ) ; 
vo~cl C -iCIC__cIis'Dos2(CH0ICE *) 
vcicl =NG_c!isp-_aC -XTvrtC 	*) ; 
void n~ u r,si 	cici (RUL c * ) 
void ncicf_rul_listtJL_ *) 
void If n?-a rji -a 	 ictdl (1F *) ; 
Vold ? e cb 1 { acs C! ( IF *) ; 

IF * It c1.1CICI 	r?3 ( iF */ 	"t) i 
IF *.2f v' zcicl tr:,.o(I *s IF *) ; 
void tnan r.ow r13 cicicd(TNEN *) 
void e.1ceth,3~ ~ clC, (,TMcv * ) 
THEN *tf`+e1cl'CICi_..rZ-s(THE'J */ THEN *) ; 
THEN * Lhen~-~. c!c!tr~et7 -'F'~ */ THE' 	*) 
volcl tM1 n_c_aC,qiis t (Tr N *) 
void then 	cYd_ ~i s ( _ XT PP0G *) ; 
void acIcl_rt2_!??ro. _1ist(COICE *) ; 
void cllsp_m_ru1~(FX 	SSI')N *) 
void cli.so_c_rjl (CiCICt *) 
void c ISp_~_ru ?(` XTPP3G *) 
IF -get 1 _r~cl=(volc!) ; 
THIN *c j~t_T .-1~^._r'ocl2(void) ; 
SELE2T1 	tS~L :CT: \_r 	void) ; 
UAL1 I rZ *~€?f_:i 4LIf=It _ 'ock?(voId) i 

RULE * c 3'r _ z'-J _ . 	r~ oci ? (v o 1 <1) ; 

XTPRGG * ~t=XTP Cnoci vo1.c') ; 
CriuIC_ *g0t_C CIC - _nocfo(void) 
~XPRaS -II"i *=~~t 	TH nodI (void) 
vole viGW_ru. 4s(v^ici) ; 
~21:L *nor 	t-(in*) ; 
r' UL 	no_ci p_r~ ! ( nt) 
void c11s1D_ru1 ( PULL *) ; 
void C1iS D_itS( F *) i 
V 01CI V12..1.1f_S 1n 1 2 (Ii- 	) ; 
void cl1 :p_ th3''1 ( Tr _ N *) ; 
void V1th3n' ncj1e (THEN *) 
void Ci1=.,J_"11Ir3thocf Sivoic)) ; 
V 010 c(1 S;.J_c hlo 1c ? (Cr Ca C E *) i 
CHL~ LE *;=±_cnoIc?_no(lnt) ; 
void r.~12s_writ2 (voice) ; 
Znt Cne_rl?_ uric ? (PU'LE */ FILE *) ; 
eel t if _writ ( -F */ FILE *) ; 

irrt t 	ns_wr1te t Tt-cN * ♦ FILE *) ; 

lt ona1`_. rit~(IF X. "ILE *) 
1t one h r_ rltL? (TF v *, FILE *) ; 
lnt UL_write(CLALiFIER *, cILE *) ; 
nt EPxwrit(EXT~KCG *. FILE *) ; 

i.nt CHc .:,rit2(CHUICE *. FILE *) 



int MATH tiurte(EXPRESSION *. =ILF *) ; 

void r~aacl rulas(voicl) ; 
RJLL *r c1 oneruia(FILE .*) ' 

I= *reed_I fs (: nt. RILE *) 
THEY *r ac 	FIL E *) ; 
I *lf_ons_ra°cl(CILL *) ; 

THc,V xth?n one reacl(FILE *) % 
Q.UAL:pI:K * JL_reacl( =ILE *) ; 

EXTP Cu * r'nr2cl(F?LE *) 
i:HuICE *: h 	 ro d(FILL *) 
XPK:SSION *THreacl(FIL= *) ; 
void Cooy(char *, char *) % 

Vold ext ca11 zIls!o(vo ci) 
tXTPQC, * at_Droc_no(int) ; 

EXTPr 	ext rec,_c)et(char *) ; 
i *if_sin l_a*(.nt key) 

char *Ch txt ; /*tx+1EM4X_LFNGThJ*/ 
char ms g !1:j^-LE GTHJ 
struct t_xtnfo ti ; 
int correct = YES, clone = NO ; 

int clua1_no = 1, x, x1, y1, tyce_choice = YES, no_choices = 0 ; 

IF *rule i.f = NULL 

:QUUALIFi 	* 	NULL ; 
EXPRESSI 1 *7 = NULL ; 

FRAME *f = \ULL 

gettext:nfo(~ti) ; 
window(43/3,77,2 ) ; 
Switch ({< y) 

{ 
civa l_no - 1 
if(curr_rualifier_no > 1) 

f = et_r.unm._clua1ifier(qualno) ; 
else 

status 	 ndow("No Qualifiers added yet. ....Pr 
ess any 	y.") ; 

e  fflusr(~tdi,n) ; 

getch ( ) 
s atu5 window(") 
rule _ if - NULL ; 
break ; 

clrscrO ; 

clispfrr:me(f) ; 

xi = where x () i 
yl = wh?rey() ; 

do 
1 

done = NO ; 
correct = YES 
sorintf(Il1S)i'Previous(%c or %o), Next(%c or %c)♦ 

. ualifier ' (?I), Cualifier nai;ie(M). Choices(C)",27.24,26,25) ; 
status window(m=c) ; 

fflwsh(stdin) ; 
key = touDer (getchO ) 
switch (key) 

default . correct = NO 



bre' k ; 
cese t SC 
cese ENTER . clone = YES 

rule_if = NULL ; 

break; 
csse 'N' : wincicw(1,1,80,25) ; 

status wincicw("") ' 

yotoxy(1,25) ; 

cprintf("Enter qualifier #") ; 
fflush(stcdin) ; 
ch_txt = )et_orob_txt(wherexO 

. whereyO, o, 1) ; 

if(ch_txt == NULL) 
{ 

correct = NO ; 
bresk 

} 
x  etoi(ch txt) ; 
winclow(43.3,77,23) 
if(x < 1 11 x >= curr_qu~-~lifie 

r no) 

{ 

soarintf(msr."(Is): No such 
clualifier no. in the cl tabese. ..Dress sr.y key",ch_txt) ; 

ststus_winclow(m=g) ; 
fflush(stclin) 
getch() ; 

status winclow(") 
correct = NO 

break ; 

else 
{ 

qual_no = x ; 

f = get_num-qualifier(qua 
1_no) 

clrscrO ; 

diso_frame (f) ; 
x1 = wherex() ; 

y1 = wherey() ; 

break 
case 'N' : winclo,u(1,1,30,c5) 

stetus_windowC"") ; 
uotoxy(1,25) ; 

corintf("Enter qualifier name 

fflush(stdin) ; 
ch_txt = get_ch_txt(wherexO, 

whareyO, )-xherexo -2, 1) ; 
i.f(ch txt == NULL) 

correct = NO ; 
lJre csk 

} 
trim(ch txt) ; 
winclow(43.3.77r23) ; 

if(strlen(ch_txt) _= 0) 
{ 



corract = NO ; 
br`ak ; 

} 

f = cJ~t_nm_caualifier(ch_txt) ; 
if(f == NULL) 

{ 
snrintf(ms:j."(✓s); No such 

ciuci114 1ar In ci ctcb s3, „ b rass any kPy',cntxt) i 

strtus_window(msg) ; 
fflush(stclin) ; 
Batch() ; 
correct = NO ; 
are k 

} 

cu=i_no = f->Qunlifier_no ; 
clrscr() ; 

dish_fram (f) 
xl = whornxO 
y1 = where y () ; 
brc k .; 

case EXTENDED : key = cjetch() ; 

switch(key) 
r 
d fault 	correct 

f(quG-i1_no == 1) 

{ 

c,ual_no = curr_qualzfiar_,no -1 ; 

putchar('\a') ; 

break ; 
case UP ARR 
cese LEFT_ARR : i 

is 

--quell no ; 

ct_num_r,uli`ier(qual no) 

lrscr() 

lsp_frE1ma(f) ; 

1 = wn rex() ; 

1 = wheray() ; 

r )ak ; 

curr_clifi 3r_no - 1 ) 
{ 

cc)se DOWN RR 

case RIGHT_AR'R 

9 

f 

c 

d 

x 

y 

I) 



quino = 1 

putchar('\i') : 

} 

else 

++.4 i nc ; 

f = g~t_nu~_nu~~lifi~r(qu_1_no) ; 

c1rscrO ; 

cisp_fram?(f) 

x1 = in--r~xO 

yl = wnsroyO : 

break ; 

} /* switch(key) 

break ; 
status window("=ntor choice no 

(s), ~Ui+n: t~)~r(5), clone <EN7EP>") ; 	-  
ch_txt = in;put_choiccs(x1+2.y1 

no choices = 0 : 
if(ch txt != NULL) 

trim(ch txt) 

if(str1en(ch_txt) !_ 0) 
{ 
char *next _token ; 

p = NULL 

next tcken = strtok(ch t. 

if(next_tokon != NULL) 
{ 

) if(*next-token =_ 'N' 

type choice = NO 
alSC 

{ 

type choice = YE 
a ;  ' 

x = Ftoi(next to 
ken) ;  - 

if(x > 0 && x <= 
f ->nc_cnii:ls) 

t 
p 	get_ UALI 

rIER_nocic;O 
P->qual_name 

= dupstr(f>nave) ; 

no_choices +_ 
E,cicl_choica(p,x r GY:~e_Cho ~~) 



trtok('\J',,i ,")) !_ NULL) 

UALIF1ER node() ; 

C 	= 0u 7 s'tr (f->ra:i e) 

= ~ncla_choica(o,x,typo_choice) ; 

() ; 

olces ; 

} 

while((next token = s 

{ 

x = atoi(next t 

if (x > 0 && x < 

{ 
if(p == NULL 

p 

qua1_n 

) 

no choices + 

} 
} 

if(p -= NULL) 
I 
cirscr() ; 

cdisID_framo(f) ; 
correct = NO ; 

Dreak 
} 

else 
done = YES ; 

rule_if = get_IF_node 

rule _if->which = QUL 

o-)no_choices = no_ch 

rule_if->gm.ctl  

} 1* if (n'ext token !_ 

cken) ; 

= f->no cM11cdL) 

NULL) */ 

} /* if(strlen(ch_txt) != 
C) */ 

} 1* if(ch txt != NULL) */ 

break ; /* case 'C' */ 

} /* switch(I<y) */ 

if(!done) 

correct = NO ; 
else 

correct = YES 

} ahlle(corrc*) 	J* clo */ 
lhresk ; /* cEse '0' */ 

Cs o 	 P,' 	do /* while(done) ; */ 
{ 
clone = YES ; 
stctus_wi.nclow("Enter , logical mathematical expr 

esion, CV1r]") ; 

cn_txt = cet_ch_txt(x1+2, y1. 26 14) ;  • 

if(cn txt == NULL) 

5re k ; 
cleen ex.oression(ch txt) ; 



re(n txt) ; 
ch_txt = NULL ; 

uor,e = NO ; 
ccntinue ; 

C, = if_split exnression(ch_txt) ; 

if(a == NULL) 

st *.us_winclow("Erroneous Expression.  .,.Pre 

53 lny i<2y to ratry\") ; 
fflu_h(stdin) ; 

catchO ; 

fre(ch txt) ; 
ch_txt = NULL ; 
Clone - NO ; 

continu ; 
} 

correct = if_oarse-exiaression(G) ; 

if( !correct) 
r 

ci = NULL ; 
frea(ch txt) ; 
chtx: = NULL ; 
Clone = NO ; 

continue ; 
} 

look new -v3ribles(G) ; 
ru.Le_if = gett _noci2() ; 
rul.~ if->whicn = MATH; 
rul_if->cim.expr 

} whil?(!dona) ; 

break ; /* CS? 'M' */ 

} /* -alto(!<ey) */ 
ainca~(ti.~inlatt, *,i.wintop, ti.winright, ti.winbott rn) ; 

text: `.tr(tl.:rttrl')ute) ; 
raturn rule if ; 

} 

void clisp_q_ru±a(.4UaLIFIE *) 

ScLcCT Ot' *cur , ; 
f KaiIC *7~i1' ; 
G p rintf ( n 
	I' , 	 >qul_r1c:'ti',2) ; 

curr = p->re cl ; 
it (curr ->c'bo ;ca c }) 

cprintf ("~vY 	") ; 
frni = get_nn_c!uwiifier(n->cIu?lnwwe) ; 
cprintf(",.s",fr;n->chilclsC'hs(curr ->chcice) -11) . 
curr = curr->next ; 

for(;curr; curr = curr->next) 

cprin~t(" or %5",fr'?t ->c"il,)Slc1bs(curr ->choice) -1]) ; 
cpr ntf(\n\ - ) ; 
return ; 

} 
int dcl_cho1cs(;'jALi c? *;~, lnt choice, int type) 

ScLECTION *curr, *;)rev, *x ; 



int unique - YFS ; 
x = ;et --tLC TI,' _noCl2O 
x->choice= tyae -= NO ? -choice : choice 
it (s~->head -z 

 
NULL) 	 - 

p>heec{ - x ; 
else 

{ 

lf(nolc. __ o->nad->choice) 

i 
unic,u= _ NO 
returp un1ci-2 

} 

if( i)s(->!-ieeci->cho1ce) > abs(c?hoice)) 
i 

x ->next = ->he r, 
O ->h ecI = x 

J 

IL 

curr - ra->he~cl ; ahs(choice) > abs(curr->choice) 
curr ; or~v = currr, curr = curr->next) 

if('cs(choice) !_ ebs(curr->choice)) /* To remove ciup1icate 
s */ 

x->next = orev->n,axt ; 
x 

I 

unique - N  

rsturn  

IF *zjet_i`s(int *no-ifs) 

IF *heel - "NJLL, *tail 	NULLS *curr - NULL 
in* .t_y ; 

lnt key 

do 
C 

MF,,th (M). cons <ENTER>") 
cio 

fflusn(stclin) ; 

key = *,ouoper(Setch) 
;ini1~(! (key -- 'y' H k y =- 'N' 	key =- ENTER)) 

if{kay != ENTER) 
{ 

curr - mf_sin 1,e_gat(key) ; 
lf(cjrr !- NULL) 

NULL) 
n~acl = taii = curr 

e1s? 

tDil->nGx = curr ; 



tc 1 = curr 
} 

curr->@ct_ru12_no - curr_rula_no ; 
gotoxy(1.if_y) ; 
switch (curr ->U.whi.ch) 

case UL 	cii_sn_c_rule(curr ->c;m.ci1) ; 
1) r"k ; 

case MATH 	clisp_+n_ru1e(curr->gm.exnr) ; 
brook ; 

++(*no if) ; 
lf_y =wherey() ; 

} /* if(curr !_ NULL) */ 
} /* it(k2y != ENTEQ) */ 

`1s? 
;3r~ak ; 

} whila(TRUE) ; 
gotoxy(4,if_y) ; 

return head 

d 
Tt,LN *get_th?ns(int *no_thens) 

ThEN *b cl = NULL *toil = NULL *curr = NULL ; 
int to n_y ; 

int key ; 
struct text info ti ; 
c,jettextm.nfo(~ti) ; 

*no thens = - 
then_y = whareyO ; 

do 

tatus_winciou("nu,lifi r( ). Na h(t1). choico(C). Cxtern~l urogr m( 
c). dons: <cNTcR>") ; 

c+ a 

fflush(std n) ; 

k&y = tout-);39r(CtchO) ; 
) U,, b mie(! (i<2y -- '' (' kCy =_ 'N 	H key -- 'C' 11 key —= '6' 

Key == _.VTt°')) ;  
f(key !_ ENTER) 

{ 
curr = then_s 	' 1't (a<y) ; 
if(curr !_ NULL) 

4- 

-f (heed == NuLL ) 
h- d = toll = curr 

aloe 
{ 

tC11_>r.4xt - curr ; 
tail = curr ; 

} 
curr->ect_rul&_nc = curr_rulu_no ; 

gotoxy(i,then_y) ; 

switch (cur r ->arhi_ch) 
t 
case y!ii.. 	ciiso_ci_rulc(curr ->cegm,a1) ; 

Ivey~k ; 
case MATH . cllso_m_rule(curr->ceon?.expr) ; 



b)re2k ; 

cse EP R . ci1sl7_3_ru1e(curr->cec1n1,extorog) 
bre 'k 

case CHE  disr_cru1e(curr—>csqm.ch) ; 
br:a:.k 

_ 
 

++(*no- ?hens) ; 
then_y= wheroy() ; 

} /* f(curr !-• NULL) */ 

i /x if(key ! _ ENT) */ 
plan 

or2ak i 

uhiio(T:'.UE) ; 
uinclo:i(ti,wlnIeT 	ti.,uintoor ti.winright, ti.winbottom) 
tcxtttrtt .'ttr1buta) ; 
return meed 

J 
THIN *theen_sinole_got(int kay) 

chr -ch_txt ; /*txtr'-IAX_LENGTHI*/ 
cnar ms;LM=SG_i E.MG.THJ ; 
strct text_info ti ; 
int correct = YES clone = ND ; 
int quc.l no = 1, x, x1, yl, tyoe_choice = YES, no_choicees - 0 ; 
Td.7 N *r;;io then = NULL; 
UALIritR *p = NULL ; 
ExPr<ESSION *c = NULL ; 
CMOICc *c = NULL 
EXTPROG *e = NULL ; 

kA~iE *f = NULL 
ettex*]nf0(?ti) ; 

xinciow(43,3,77,23) ; 
switch (t<2y) 

case 'C'  cirscrO ; 
if(curr choice no > 1) 

tsxtcolcr(BLACK) ; 

textb ckc;round( ,.gHITE) ; 
clDrintf("Choices :\n\r") 
textc;ttr(WHITE j (SLACK <<4)) 
dis~_~11 m~thoasO ; 
stc tus_wirclow("Choice v (N), Neui(W) ") 
Cl o 

k y = toupoer(getchO) ; 

} uh1e(! (key =_ •N' II key =_ 'W' I I key =_ E 
NTR)) ; 

i`Ckey == ENTER) 
!croak ; 

i f (i< ey =,: 'N ' ) 

r 

u;inclow(1.1. 50,25) 
status win clou("") ; 
cotoxy(1,25) ; 

carirtf("Enter Choice #") ; 
1f1ush(stdin) ; 

ch_txt = get_,orob_txt(wherexO, whereyO, 4,1 
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i{(ch_txt == NULL) 

break 

else 

x = atoi(ch_txt) ; 
c = cue* choicc_no(x) : 
if(c ==~NULL) 

r 

free(ch_txt) 

ch txt = NULL ; 
break 

} 

clsc 

CHOICE *t?mo = c 
c = get_CHOIC E_nocle O ; 

c->metnod = clup_str(temp->m+ethoci) 
do 

U( oScIut'Miy -rise) & 10(:1bso1ute1y 

nereyO.3r1) ; 

status winclow("") 
Qotoxy(1,25) ; 
cprintf("Enter m y no. betweeen 

True) . ") ; 
ch_txt = yet_orob_txt(wherex()rw 

if(ch txt == NULL) 

brcz+k ; 

x = stoi (ch txt) ; 

) while(x < 0 11 x > 10) 
if(c^_txt == NULL) 

{ 

tree(c->methocf) ; 
frec(c) ; 
c = NULL 

rule then = NULL ; 
break : 

else 

c->hrobability = x 

rui._then = çjet_THEU_nocle() 
rule then->which = CHE ; 

rj1c_thcn->cegm.ch = c ; 

acicl to +liethocl lisk(c) 
} 

/* i.e. s New Method is being chosen */ 
5 t 2usuiii do ("Enter e text") : 
clrscrO ; 

ch_txt - cet_ch_txt(2,2,26,14) ; 
if(ch_txt != NULL) 

{ 
tr111(ch txt) 
i`(strlen(ch_txt) !_ 0) 

{ 



c = c;et_  CHOICE _rccL () ; 
c ->oethocf = ch '`xt 
do 

{ 

,uinc!ow(1,1, 5Q, 25) : 
s± tus window(

" „ ) : 
jotoxy(1,25) 

cr.rintf("Enter any no. betweeen O(Absolute 

ly False) s 1J(4 olutely True) : ") ; 
cn_txt = c;1^+,_orolh_txt(wherex(),wherey(),3, 

1) ; 
if(ch txt == NULL) 

break, 

x = :?toi(ch txt) 
} -Ihile(x < 0  > 10) 

if (ch_txt == NULL) 
{ 

free(c->methoc!) i 
free(c) ; 

c = NULL i 
rule then = NULL ; 

'creek ; 

else 

,: ->proI),)bility = x ; 
ruie_then = cet_THEN node() ; 
rule then->whicn = CHE ; 
rule then->cegn.ch = c ; 
adcl to method 1ist(c) ; 

>1* if(strlen(ch tx?) != 0) */, 

) /* if(ch._txt != NULL) */ 
window (43. 3.77,23) 
breek ; /* case 'C' */ 

c~nse ''E' : clrscr() ; 
if(curr_oro _no > 1) 

t 
textcclor(3L AC's) i 
textbsckcround(4HITF) i 
coorintf(".External arcqr~m(s) :\n\r") 
text'ttr(WHITE ( (BLACK <<4)) ; 

cxt i1 disoO ; 

st~tus_uincloa("Program #(N), Ncw(w)") ; 

do 

i<sy = touooer(getcnO) 
? wh1l e .(key == 'N' 1( key =_ 'U' H key =_ E 

,%Tt )) ; 
if(key == cNTE ) 

5t-c'ek ; 

'N ) 

windoui(1,1.a0.25) ; 
st?tus ,uinctow("") i 
cotoxy(1,25) ; 

corintf("Enter Program 0') ; 

tflueh(stclin) ; 
ch_txt = c,.et_rrob_txt(wherexO. whereyO, 4.1 



•if(ch txt == NULL) 
hrc k 

else 
{ 
x  toi(ch txt) ; 
= get_prog_no(x) ; 

if(@ == NULL) 

frso(ch txt) ; 

ch txt = NULL ; 
break ; 

} 

else 
{ 

++o s- >.,h~rccaunt 
rule tn`n = g t_THEN_nodo() ; 
rule -then->which = EPR 
rul_thon>cegm.extrog - e ; 

break ; 

s -totus_,uindou;("Enter the Program's name") ; 
c1rscr() ; 

ch txt = cjet ch_txt(212126/14) 
if(ch_txt != ~NULL) 

trim(cn txt) ; 

if(strien(ch tx'.) !=.0) 

Cher temp = NULL ; 
struct neme_ii.st *n = NULL. *2nd = NULL ; 

2 = nerve ext oro _ get(ch_txt) ; 
if(e !- NULL) 

++e->shar2_count ; 

rule than = got_ThEN node() ; 
rule T_then->which = EPR 

rule then->ceqm.extorog  
frse(ch_txt) . 

ch_txt = NULL ; 
break ; 

o = ;et_EXTPROG_nodeO 
e->sbere_count = 1 

dui str(ch txt) ; 

frae(ch txt) ; 	r 
ch txt = NULL ; 

status window("Enter the list of vnriebles (1 
v13 v2J or CV1J CV23 ) -to be 02550(1") ; 

c`~ txt = get_ch_txt(212,26,14) ; 
if(ch txt != NULL) 

-tri-r (ch txt) ; 
if(strleen(ch txt) != 0) 

temp = strtok(ch_txt,'. ") 



ujni1?(t?mn) 
{ 

if (o->a_hepci == NULL) 

n = cjet_link_nocle O 
ciul~_str(temh) ; 

orocess var (tn;; ) 
++e->nass no ; 
e->,_hoacI 	2nc1 = n ; 

{ 

struct n~me_list *curr = NUL 

L i 

for (curr = e->p_he~cl ; curr 

curr = curr->nlxt) 
if(stricmp(t mp.curr->nam 

br2ik ;' 
if(curr == NULL) 

t 
n = cjot_link_nocie() ; 
n->namo = ciuo str(tamlD) ; 
procoss_var(teno) ; 
++e->Qass_no ; 

encl ->next = n : 
end = n 
} 

emin = strtok('\O',", n) 
>1* while(t iTtla) */ 

free(ch txt) 

ch txt = NULL 
? /* if(strlon(ch txt) != 0) */ 

} /* if(ch txt != NULL) */ 
str tus ~uinclo;Q ("Enter the list of variables (I 

uV i s, .V 	or lV i i :V22 ) returned by Orocjrc.nt") : 
ch txt = c_,jotch txt(2,2.26,l4) ; 
if(ci txt != NULL) 

trir(ch txt) ; 

if(strien(ch txt) != U) 
r 	- 
temp = strtok(ch_txt,", ") ; 

lthI1 e (toma) 
{ 
if(e->r_he-icl == NULL) 

{ 
n = gat,link_nocfe() ; 
n->name = clun str(temp) ; 
nrocos=_ var(tomp) 
++e-)returnno ; 

e->r_he d = end - n 
} 

also 
i 
struct name list *curr = NUL 

for (curr = e->r heacl ; curr 



; curr = curr->nnxt) 

if(stricmp(temp,curr->nam 

e) _= u) 
breik ; 

if(curr == NULL) 
{ 

n = cj t_1 4.nk_nocleO 
n->name = clustr(temp) ; 
orocess vor(temp) 
++.->r~turn_no ; 
end->nsxt = n ; 
,anc! = n 

} 

tema r = strtok('14',', it ) 

} /* whi12(temp) */ 

fr ,ee(ch_txt) ; 
ch txt = NULL ; 

} /* if(strlen(cr_txt) != 0) */ 

} /* if(cn txt != NULL) */ 
rule then = het THEN node() ; 
rule then->which = EP; 

rule_ tben->cecJm.extnrog = c ; 
then e acla list(a) ; 

1 /* if(strlen(cn txt) != 0) */ 

? /* if(cn txt != NULL) */ 
bre k ; 
clua _no = 1 : 

if(curr_qualifier_no > 1) 
f = c~ct_num,_civa1ifier(cIu~,no) ; 

else 

st'tus_winclow("No Qualifiers added yet. ....Pr 
ess any kay.") ; 

fflusr.(stclin) 
r .-tcnO ; 
status window("") 

rule then - NULL ; 

Freak 
} 

clrscr() i 

diso_freme(f) ; 
x1 = uherex() 
y1 = wherey() 
do 

.,'ua iifiar 

clone = NO ; 
correct = Y`s 
sorinti(mso ."previous(%c or %c), Next(%c or %c), 

u11f1  neme(M), Choices(C)",27,24,25,25) ; 
status windaw(msy) ; 
fflush(stc!in) ; 
key = toui:oer (cjetchO ) 
s i'ch(ky) 

t 
ciefault . correct = NO 

break .' 
case ESC 

cise ENTER ; clone = NO 



rule then = NULL ; 

break; 
cage 'N' 	window(1,1,80,25) 

stitus window(") ; 
cgctoxy(1,25) ; 
c,3rintf("Enter qualifier 4") ; 
ch_txt = get_prob_txt(wherex() 

, ih.sr;yO,,1) ; 
winciow(43,3,77,23) ; 
i.f(ch_txt == NULL) 

{ 

correct = NO 

break ; 
} 

x = atoi(ch_txt) ; 
if (x < 1 •1 1 x >= curr_clualifie 

r no) 

si~rintf(msq,"(;;s): No such 
qu_iiifz.er no. ln tn2 database. ..Press any key",ch_txt) ; 

status window (lilsc) ; 
fflush(stclin) ; 
vetch() ; 
status window("") ; 

correct = NO ; 
break ; 

} 
Cisco 

qua.l_nc 
f = net_num_qualifier(qua 

1 no) ; 
clrscr() ; 
disp_frame(f) ; 

x1 = wherex() ; 
yl = wherey() ; 

} 

breal< ; 
case 'M' 	winclow(1,1,80,25) ; 

status window("") ; 

çjotoxy(1,25) i 
cprintf("Enter qualifier name 

ch_t.xt = c, ~et_ch_txt(wherex(),w 
her2yO,.,7-wn~rexO-2.1) 

window(43,3,?7,23) ; 

if(ch_txt == NULL) 
r 

correct - NO 
break ; 

trjm(Ch txt) 
if(strlen(ch_txt) -= 0) 

r 
correct = NO 
I)ra, ak i 

} 
f = c!et_nm_civalifier(ch_txt) ; 
if(f == NULL) 



C 

si)rintf(ns ,"(%s): No such 
quaIificr in clatabas: 	..Press tiny key",ch_tx1 ) ; 	 ' 

stYtus_window(msg) ; 

ff1ush(stciin) ; 
cjetch() 
correct = NO 
breek ; 

} 
ciuc,i_no - f ->cu,lifier_no ; 
cirscr() ; 
diso_fr~ime(f) ; 
x1 = wherex O 
yl = wherey() ; 
brn k ; 

c,se EXTENDED : key - c;etch() ; 
switch (key) 

r 

cfefault : correct 

break ; 
case L+P APR 
case LE1~1_ARR 	i 

f (qu1_no == 1 ) 

quil_no = curr_qu,- 1ifier_no -1 ; 

putcnar('\e') 

e 
1sa 

--c~u 1_no ; 

f 
= c 	_nu"_c~u i1ifi r(cu ?no) 

C 

lrscr() ; 

d 
isfre (f) 

x 
1 - WharexO ; 

y 
1 = whery () ; 

b 
reek ; 

case DOWN APR 
case RIGHT APR ; 

i.f(c;ua1_no -= curr_qualifier_no - 1) 

1 ; 

nutcr(\') ' 

} 



ise 

++cRJci_no ; 

f = 9ct _nun,_qual~fier(Qua3_no) ; 

cirscrO ; 

clisp_fran;c(f) ; 

xl = wnerex() ; 

:vherey() ; 

breE,i< ; 

} l* SWitCh(key) * 

1)re ik ; 
C C? 	r 

(s). ANGT*nJmber s  st~tus_winclow(""enter choice no ( )~ clone <ENTER>") , 

'26,14) :  ch-txt = input_cheices{x1+2,yl 

0 ; 

if(ch_txt != NULL) 

trim(ch_ ,xt) ; 
if ( strlen(cn_txt) ?= {1) 

{ 

char *n.~xt tcksn ; 
o = NULL ;! 

xt," .+")  n'xt_token = .strtok(ch_t 

if (next_tck-an != NULL) 

i`{*next_tolcen =_ 'N' 

tYPC_choic? = NO ; 
else 

{ 
tYne_choice _ YE 

ken)  x = atoi(next to 

f ->no_chzlcfs) 	 if(x > 0 &, x <_ 

4- 
fiI~R_r,ocla<1 ; 	 - ~'t_~'UALI 

= bu i~_Str ( t'->nn;77C~) ; 	 ~'> tlucll~ncl!)1e 

add_cno2ca (a. x ,t pa 	e)  , 	 no_choices +_ 

} 

trtok('1}'." ,u))  NULL)  while((nnxt_token = s 

{ 
x = etol(next 



oken) ; 

if (x > 0 && x < 
= f->no crilcis) 

if (p == NULL 

LALIFI_R nodeO : 
 p = cjet_Q 

acne - clup_str(f->n ime) ; 
	 p->qua2_n 

acid _choice(,x/tyra_choice) ; _ 

nocle O ; 

) 
no choices + 

} 
} 

if (p == NULL) 
{ 

clrscr() ; 
disp_frEme(f) ; 
correct = NO ; 

break ; 

else 
clone = YES ; 

rule then = get_THEN_ 

rule _thenr>which = QU 
L  : 

i->na  choices  =  no  ch 
olces _ 

rule 	then->cecn.cli 
p  i 

}  /*  if (next  token  != 
NULL) 	*/ 

} /*  if(strlen(ch_txt)  != 
0)  */ 

} /* if(ch_txt 	!= 	NULL) 	*/ 
break ; /*  case  'C'  */ 

/*  switch(key) */ 
if(lclone) 
correct  -  NO  : 

else 

correct  =  YES ; 
}  while(!correct) :  /* do */ 

break 	; 	/* 	c 	s 	J */ 

case 	'M' , 	do 	/* 	wnile!clone) 	: */ 

done 	= 	YE 	; 

II 

status_~ulndowC 	Enter a variable's name 	within 	L] 

c17 txt = _et_cn txt(x1+2,y1,26,14) ; 
if(ch *xt == NULL) 

break ; 
Cle an_ expression (ch_txt) ; 

{  r 

`ree(ch txt) ; 

ch tx.t = NULL ; 



lane = Q ; 

continue 

if(! (*ch_txt =_ 'C' &?4 ch_txtCstrlen(ch_txt)-1] 

free(ch, txt) ; 

ch_txt = NULL ; 
don? _ NO ; 

con t inue 

91sT 
{ 

if(3trlen(ch_txt) <= 2) 
{ 

frae(ch txt) ; 

ch_txt = NULL i 

clone = NO ; 
continue ; 

mnt j 
for(j = '1 ; cn_txt[j7 ; ++ j) 

{ 

if(is=lnum(ch_txtCjJ) 11 ch_txtCjl 
= = 

 
, 	' ) 

continue ; 

else if(ch_txtEjj =-  & ch_txt 

break ; 

else 
{ 
frea(ch txt) ; 

ch txt = NULL ; 
clone = NO ; 

break 
} 

if(dol4 == NO) 

continue 
9ise 

{ 

char *tee = ch_txt ; 
status Winclox("Enter Expression/V 

aloe you uant to cssign this variable in this rule") ; 

clrscr() ; 

ch_txt = gat_ch_txt(xl+2.y1.26.14 

if(ch_txt == NULL) 
{ 

free(tern) ; 
break ; 

} 

clan ex,Dressjon(ch_txt) ; 

;f(*ch_txt  
{ 

free(ch_txt) ; 
cn txt = NULL ; 



free(temp) ; 

cone = NO 

continue ; 
} 

cone = pa rse_expr(ch_txt) ; 

if (dons) 
{ 
a = get_t1ATH_nocle() ; 
ci`>left part = temp ; 
ci->riciht_o~irt = ch_txt 
u->relcltion[Oj _ '=* i:l">rilclti 

o n_ l J - 	\ U , i 
look_new_variables(ci) ; 
rule_then = get_THEN_nocleO ; 

rule than->which = MATH 
rule_ th,en->caam.expr = q 
} 

21s 
{ 

free(ch txt) ; 
free (temp) 

} 
}  /* ei5e  */ 

}  /*  L15e *1 

}  /*  else  *1 

} 
	

Wr 11 a (! d cne) 	; 
brec k 	; 

t 	/* 	__, itcr(k=y) 	*/ 
w..ndow(ti.wsnleft,  ti.wintop,  ti.winright, ti.winbottom) 
Tex ettr(t i.Cttr;.5ute) 
return  rule_then 

void 	new_get_rc:les(voic!) 
{ 

int  cnoice  -  YES  eJZ~in  =  NO,  discard  = NO  ; 

r2ULw 	*noi: 	rule 
;r 	*if 	heE~c! 
ThEN 	*than 	heed 	,; 

 if  no_if-c,  no_tn2nsr  y1r  y2  ; 

struct  text  .info  ti  ; 

rettextinfo(  ti)  ; 

wiruow(4,3,3 ,23) 	; 
textbec<ggrounc!(6LACK) 	; 
clear 	wlnclows() 	; 
textcclor(BLACK)  ; 

textbck 	rounc!(WHITE) 	; 
carintf("Rule  #%cI\n\r"rcurr_rul__no)  ; 
gotoxy(Lnerex()rwh.ry())  ; 

cprintt("\n\r  I~\n\r")  ; 

text~!ttr(i CITE 	j 	(BLACK 	<< 	4)) 	; 
it  need  =  aet  ifs(  no_  fs)  ; r• 

if (no 	ifs 	== 	C) 

statu._al.ndo,;X'No 	\"I\" 	 ...press any 	key") 
ffiusn(stc!in) 
gatch()  ; 

return  ; 

) 
textcclor(SLaCK)  ; 



teXt'~lCKgrcjnc..(A IiITL) 	; 
cprintt("\n\r  Tria%\n\r") 

text~.ttr(v,i1T: 	(SLICK 	<< 	4)) 	; 
yl 	= 	whareyO 
ntw_rui 	= 	S~ti.1L 	 nodeO 	: 
nee  rula->no  ifs  =  no  ifs  ; 
nes_rU12->ru,~_if  -  if_h?id  ; 

cl 0 
r 
th.?n_n2lcl•t_tnon5(t:no_t'^2ns) 	; 
c1Coin 	- 	y 	; 
if(notha-s  =-  C) 

{ 

sty tus 	,incC'"Jo 	\"THEN\" 	,art. ...-Again 	? 	(YIN)') 
du 

t 
fflLsh(StCIIn) 
acair  =  touoper(getcn())  ; 

uhii 	(! (i(in 	-_ 	'Y' 	I I -- 	 N")) 
Y 	? 	YES 	NO 

if (~ ç, aln) 
r 

for;y2  =  w'ner?yO,i  =  yl  ;i  <= y?  :  ++i) 
clrol()  i 

Sotoxy (1.yl) 	; 
} 

eis 
{ 

f~02 	var_list(vr 	̀ read) 	; 
y 	r 	road 	- 	v _ t1 	= 	NULL 	; 
cla scarc9 	- 	YES 	; 

} 
} 

	

wni19(E,. 	min) 	: 
it( ! clIscsrd) 

{ 

status_:u~.nciow("Are 	You 	sure 	? 	(YIN)") ; 
cl c 

t 
fflush(stdi  )  ; 

choica 	= 	toup;Der(petchO) 
}  wh11=(!(c1)oic?  _  'Y'  33  cholc2  -_ "N'))  ; 

if(choic  'N'  H=  discard  -=  YES) 

cliscaro_r„i2(n=w_ru12)  i 
fro(iLw_^u1  ) 

n3w 	rule 	_ 	NULL 	i 
fr?_var_list(varheacl) 
var_naocl 	= 	v ~r_ til 	= 	NULL 

} 
is 

-C { 
nwW_rui?->rule_thcr  =  then_hescl  ; 
nsw- rul?- >no_th?ns 	= 	no_thens 
ne;u_rul?->flre_rul:_no  -  rew_rul?->act_rulo_no =  curr_rule_no++ 

naw_rui 	_F)cla(n~_w_ru1_) 	i 
n9w_ru;~=_acicl2ct 	+= 	YES 	i 



v~-~rs writs ) ; 

return ; 
1 
voice di=card_r uie (PULE *a) 
t 
if( ->no_i#s) 
{ 

f_ciiscarcf(o ->rule if) ; 
_ IIULL ;• 

3- 
Lf(Q >nothns) 
{ 
th~n_d1sc_~rd( ->rule_then) ; 
p->rul _ tr.er = NULL ," 

return ; 
3- 
void  if oiscarci(i *p) 
t 

it (p '. = NJLL ) 4- 

if_sin lc c!iscarcl(p) ; 
3f_di c rd(p->next) ; 
tree ( )      ; 

p = NULL 

return ; 

	

void if 	*o) 

s itcn(,o> ;ncr)  
r 

ci.a "!UL . QUL_d sposa(r-->gnm.c,? ) 
.a -,NLLL ; 

hr2?k ; 
c s 	MATH 	,̂1 AT&_cdisposo(o->c!€r,.oxpr) ; 

o->c ii. oxpr = NULL. 
break ; 

torte ; 

void tnen_cIisc rci(THEN *p) 
{ 
it(c, !_ "+ULL) 

C 
thn_sln ?e_d1scard(p) 

	

tre 	ciisc~ rcl(o->nsxt) ; 
tree) ; 
p = NULL ; 

3- 
return  ; 

void thin_31.n .i-_a13cwrcl(Tr1EN *~.) 
t 
switch (p-?which) 

C 
csc "ULUL_cli,=pos2(J->cegr,.O1) ; 

O>cecm.cJ = NULL ; 



1)r 2z,f< 	i 
Case °'N4Ti 	M4 H -dispos9(r -- >cec n. expr) 

O->cOcim.sxor = NULL i 
breai< 

case _F P" 	E°P_ciisocso(;:->ccq;n.extrog) 
1->ccctrn.ext,Droc! - NULL 
brr,k 

case C-E 	Cb0ICE disooso(tD->ceam.ch) 
->c2ciai. ch = NULL 

break 
I 

return ; 

void 	ULdis1 ose(^UaLIFItR *;~) 

free(p->ciuc71nnic) 
selections _ciiscose (^->he d) 
p->hocl - NJLL 
return 

I 
void sC1Cc ion5_d1SF~osC(SEL t.3IQN *p) 
{ 

if (p ! = NULL) 
{ 

selections dispose ( ->nxt) 
SELEECTION_disoose(t ) 
p = NULL i 

return i 
I 
void  S E L .t C 1 I O N _ CI .tea s p o .7 e( 3 z L E C.. T I O 1 V * ) 

free(p) 
return 

void MIMI T.H-clisi)osL-( EX PRE SS ION *D) 
{ 
free(p->expr3 ssion) 
free(; ->left_, art) 
free (p->riyhtrosrt) 
return ; 

voicl CHOICE_d soose(CHIOICE *r) 
{ 
free(p) 
return ; 

void EPR_clys ose(EXTPROG *) 
{ 
if(--p->snaro_count 

f ree(h->na m=) 
free(o) ; 
if (P->pass_no) 

= 0 

NULL 



if(t~->return_ro) 

{ 
a->return_no = 3 ; 

lit_dispose(ID->rheacl) : 
NULL ; 

} 

return 
} 

void l n,,w_rule_ocici(RULE *new_ru. ?) 
{ 

odd rule list(new rule) : 
:tnsw,rle_Eicd(n?w_rui->ruleif) : 
the nrerule_ccl(newrule- rul_then) : 

return ; 
} 

void add rule _list(RUL E *o) 
t 
if(rule_heacl -- "BULL) 

rule head = rule tail = ID 
Ci58 

{ 

rule_tedl->noxt - IJ : 
p->orav = 

 
rule tail 

rule- tail = f~ 

return 

I 
voir. if new rule acld(IF *o) 

IF *curr : 
for(curr  : curr  curr - curr->next) 

each it acicl (curr) 
ret4'rn ; 

void ecich_if_acIcj(TF *1;) 
{ 
s.uitch(o->which) 

{ 

case LL ; q_if_root - if_q_acici_tree(p,G_if_root) : 
break ; 

case MAT!-i , m_if_root = if__acicl_tree(p,m_if_root) i 
brSel< 

} 

return i 
} 

I *if_q_acicl_tree(IF *,r,, IF *root) 
IL 

ant ;2s : : 
it(root == NULL) 

root 
 

NULL ; 
?1s,R 

F 

str1cmp(r->ci .c;l>puslname,root->cm.l->qualname)) 
> L) 

root->ricjht = if_a_ acid - tree(p,root->right) 
else ir(test < 0) 

root->left - if_cy add tree(p,root->left) 
ece 1* test == 0 *t 
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IF *curr ; 

*or(curr = root ; curr->same_next ; curr = curr->same_ 
next) 

curr>smenext  

} 

return root ; 
} 

IF *if_m_ ctc1_tree(IF *o, IF *root) 
ti 
mnt test ; 

it(root =- NULL) 

root = NULL ; 

else 

:f(Cto,t = str~c.~r(a->w•••• xiar-.>1~ft_p-irt~root->gm.exor->left_ia r 
t)) > 0) 

root->riQht = if_r_add tree(p,root->right) % 
else if(tsst < 0) 

root->ieft - if_m cid_tr`e(;a,rcot->1eft) ; 
el:e /* test -= 0 *% 

IP *curr % 

for(curr = root ; curr->sa,me next ; curr - curr->samo 
next)  -  - 

curr->senhe_next =  i 
I 

} 

return root ; I 

void then_ne _rulo_acic1 (Tr':N *p) 
i 
Th=t curr 
for(curr - ;a ; curr ; curr = curr->nsxt) 

~:.ch_tnen_adc;(curr) ; 
return ; 

void eacn_thsn_zcicd(T "tw *,) 

su;itcn(~a->whicr) 

case JL 	c._then_root = then_ci_acld_tree(p,q_thon-root) ; 
break ; 

case MATH : m_then_root = then_n_add_tree(on then_ root) ; 

break ; 
case ?FR : thon_c_edc1_list(p) ; 

oreak ; 
} 

return ; 
} 

TNcN *+henc_ocldtr e(Tt-EN *,a, THEN *root) 
{ 
.nt test i 
if(root =- NULL) 

root = i~ i 
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( 
If(ttes' = stricmh(;o->team.cll->qual_nams,root->cegm..q1->qual_nam 

e)) > Li) 
root->richt = tn..nqacldtre~(~3,root->rictht) i 

else if(te=t < ) 

root->left = th~n_c_add_trae(p,root->Ieft) i 
_Ise /* test -- 0 *1 

{ 

TrEN .*curr ; 
fcr(curr = root ; curr->>~me next ; curr = curr->scime 

next) 
i 

curr->s me_naxt 	; 

) 
return root 

1 

Tr1E v 	;»ticltree(T aFN *o, THEN *root) 

int test ; 
mf(rcot == NJLL) 

root = p ; 

else 

lf(tt~St = st"1C,ilpt~ ">Cc?C{pt.?xpr ->left_i~nrt,root->cna,m.expr->left 
pert)) > U) 

root ->rigght = teen_m_dcl- tr-!e(r,root ->right) 
else it(test < 0) 

root->Ieft = then_tr_adcl_tree(p,roct->lef.t) 
else /* test == 0 */ 

t. 
ThEN *curr ; 

for(curr = root i curr->s2me next ; curr - curr->same_ 

next)  

i 

•curs->ss,me_nsxt = a 

} 
return root 

} 

void tnen_s_.;;{cl_li.st(EXTPRQG *p) 

ir( _hacl_tnn = NULL) 

ee_need_tn.n = e_teil_then  
++curr_orono 

} 
else 

{ 

e_t2ll_then->noxt = o 

) *+curr_)rcc-no 

return i 

void diz P-m,_ru:c (EXPRESS: Q', *o) 
t 
cprintfC us es 9 $\n\r",' ->13ft'oert,p->r'e1etion,U->right_p1rt) 
return ; 
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void cIiscru: ? (Cr0ICE *o) 
{ 
cprint 	 rCi)c!)i11ty - `od/10",p - >in:thocj i:)->probab jilt y) 
it(p->orci)_')iiity == 10) 

cprintf(" (Nosolutely True)\n\r") 
else if (~->oroI; clI)111ty == 0) 

c.~rintf(" (Ab=olutsiy Else)\n\r") 
alp_ 

c rintf("\n\r") ; 
return ; 

void cl1s)_orJle(EXTF:R0G *p) 
{ 

struct nine list *curr = NULL ; 
clprintf("(") ; 

curr = D>r h?Eid ; 
cprintf („' s",curr->nsme) ; 
for(curr = curr->next ; curr  curr = curr->next) 

c,)rint { (", as"/curr->ham2) ; 
I 

cprintf(") _ \\" ("ria->n mom) 
31 (p->! - '.Ci) 

{ 
curr = o->p_ns:d ; 

cprintt(" s",curr->namC) ; 
for(curr = curr->n?oxt ; curr  curr = curr->next). 

C': 1n±f (", Qs ' ,curr>i?cifie) ; 
M 

cpri.ntf(")\n\r") ; 

return ; 
} 

L 	*cJ; t„I=_r00 	veicl) 

IF *p 

p = (IF *) '?lloc(si~.eof(IF)) ; 
1f (!a = 	'tut. ) 

clrscrO ; 

printf ("Jt t o+ memory. 	...:+B0RTING 	.. (get_IF_nocie) \n") ; 
ff:.u_^(stein) ; 
c; etch() ; 
xit(1) ; 

o—>fir2c = v? 
iD->ctrulano - C ; 

,p->whicn = =:LSE ; 
p ->nex.t = :D->isrt = p->right = o->same_n?xt = NULL 
raiurn 

Tnth *y. t_Ty=V_nocl?(voicl) 
{ 
Th_N *h 

P = (Tt,E" *) mC11oc(sizCof(TH N)) ; 
II (,D -- NjLL) 

t 
c1rscrO ; 
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prlrtf("Jut  of morcry.  ...a30RTING ..(get_TH:N_nocle)\n")  ; 

ff~ush(std:.n) ; 
getCh()  ; 

ax'.(I)  ; 
3 

p->firQj  =  v  ; 
p->act_rJl2_no  = L 
p->whiCh 	=F] LS: ; 

o->s  me  next 
- 

=  NULL  ; 
return  o  i 

J 

JELEI T IO' 	* 	?? -SELCCTIOU.nocle (void) 
t 
SELCCTIO  t~  i 

ip  _  (SEL:CrI  -) alloc(si~oof(SELECTION)) ; 
%,LL) 

{ 
c i r s c r () 	; 

printf("Jut 	of m.mory. 	...ABORTING ...(ct_SELECTION_nocle)\n") 

ff1uSb(st•!1n) ; 
~actcn()  ; 

xzt (1) 	; 
} 

1a ->cnoic3 	= 	; 
o->next 	= 	PvuLL 	; 

turn  o 
1 

LAL II E 	*; 	t_ y~J L iFI ER_ noc 	(vc jc1 ) 

i 
i LA:FIEF 	*> 
p  =  (  UALI=I  ) maIIoc(s.iz`of(QUALIFIER)) 

if (p 	=_ 	";JLL) 

clrscrO  ; 

prtf("Jut 	of nc~rery. 	...A80RTING ,.( 	nt_QUALIEIER_nocle)\n") 

fflus'i(stcllr) ; 
fetch()  ; 

oxit(1)  ; 
} 

p ->qu~7l_nvv2 	= 	NULL ; 
13->no_cnoic2s  =  G 

p->hecd  .NULL 

return  p  i 

RULE 	,gst_RUL=_,noclo(voi4cl) 
{ 
RULc 	*p 
p 	= 	(RUL = 	*) 	ma.~11oc(si`cof(RULE)) ; 
it (p 	=_ 	lquLL) 

Clrscr O 	; 

orintf("Jut 	of memory. 	...A8CRTiNG .. (9at_RULE_nocle)\n") 	; 
fflush(stc!in) 
ystcn() 	; 
4xzt(1) 	; 

} 
.a ->fire_rule_nc  = o->  c+rulcsno  -  0  ; 
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1D ->no_its 	= 	> 	; 
p->tot_if_firscc 	= 	0 
p->rule 	if 	= 	NULL 	; 
p ->no_th2ns 	= 	G 	; 
->tot_tn• ns_fird 	J 	; 

p->rulL_tn2n  -  NULL  ; 
p-sired 	- 	NO 	; 
p->nsxt  =  p->~rev  =  NULL  ; 

return  p 
} 

EXTPROU  *cat_=XTPROnod,-(void) 

t 
EXTPRJG  *p  ; 
p 	= 	(cXTPROu 	*) 	n 	11ec(siz 	of(EXTPROG)) 

NULL) 
{ 

clrscr()  ; 

printf("Out  of  memcry.  ...ABORTING ..(get_EXTPROG_node)\n")  ; 
fflush(stdxn) 

ggetch()  ; 
xit(1)  ; 

p->nz,m ,e 	_ 	NULL 	; 
h ->shar2 	count 	= 	p->pass 	no 	= 	p ->return_no = 	4 	; 
p->p_neacl 	= 	p->r_head 	= 	NULL 	; 
;o ->next  =  NULL  ; 
r 	c u r n 	p 

} 

CHOICE  *cot_ CHOICE _rode (void) 

CHOICE 	*p 
p  =  (CHOICE  *)  ralloc(sizeof(CHOICE))  ; 
if(p  ==  NULL) 

{ 

clrscrO 
printf("Jut 	of 	me mory . 	... A8OPTING .. (cget_CHOICE_nodt) \n") 	; 
fflush(stdin)  ; 
g—tchO 	; 
xit(1) 	; 

} 
p->nnethocl 	= 	NULL 	; 
p  >probb ility  -  J 
p->resu 	 prob'bilzty 	= 	0.0 	; 
p->next  -  p ->s~me_next  -  NULL  ; 

return  p 
J 

cXPRESSICN 	*get_,M4TH_nocle (void) 

EXPRESSION  *~ 

P  =  (EXPRESSION  *)  in ~slloc(sizeof(EXPRESSICN)) ; 
if(p 	== 	NULL) 

{ 
clrscr()  ; 

printf ("Out 	of 	;-- nory. 	...ASORTING ..(get_MIATH_nocie)\n") 	; 
fflusn(stdin) 

jtchO  ; 

exit (1) 	; 
J 

p->exprossion  =  p->left_oG,,rt  =  p->ricjht_p~rt =  NULL 
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p->relationC 	= '\Q' 
r xturn p 

void I vle_ru1?s(voicl) 
t 
RJLC #a 	rL1 1 v W h.~. l  

struct t_xt_info ti 
int r1 _ no - 1 ; 
cn~r !1s1 ,-M iX_LENG T NJ, *txt ; 
int k2y~ x ; 

if(curr_rjla_no -- 1) 
return ; 

Gett?xtlrfo(?ti) ; 

textcolor(4HITE) ; 
tcxtbackgrouncl(bL.4CK) ; 

cl2 r xinclows O ; 
wmnciow(4,3,7~,23) ; 

ctrscrO ; 
ciis_p_rj13(o) ; 
sarintf(m3g1,"Previous(Yc or %c), NextC%c or Zc). Rule 4(N). Exit(X)" 

,27,4,o,25) ; 

ci o 

sty tus wmnc(ow(msg1 ) 
ffiush(3tciin) ; 

toupper(getch()) ; 
switcn(kcy) 

c 
ca-s8 ESC 
case ,NTER 	st tus window("") ; 

wincioaj(ti.wuin1.eft, ti.wintop, ti.winright, ti. 
winoottoi) 

t2xt=ttr(t1.attribute) ; 

aotoxy(ti.curx, ti.cury) ; 
return ; 

case 'N' 	window(1,1,80,25) 
st l' us_winclow C"") 
Chofoxy(1,25) ; 

corintf("Enter Rule p") ; 
fflush(stdin) ; 
txt = c2t_oorob_txt(wherexO,wherc~yO,6,1) ; 

window(4,3,77,23) ; 
if(txt == NULL) 

hrcak ; 
x  toi(txt) ; 

ifCx < 1 H x >= curr_rule_no) 
r 

char m,Sg22 CMESG LENGTH] ; 
s,Drintf(msc,2,"(%s): No such Ruts no. ...Pros 

i any K2y",tx:) ; 
status winclow(ms;.2) 
ff1usn(stclin) ; 

;matchO ; 
} 

ssss 

rut-, no = x 
clrscrO ; 
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p = no_dirule(rule_no) 

break 
EXTENDED : switch(key = cctch()) 

{ 
C52 UR ARR 
c~i5e LEFT_ARR 	if(rule_no == 1) 

{ 
rule_no = curr_ru 

12 no - 1 
p = rule tail ; 

putcha.r('\i') 

else 

--rulo no 
p = p->prev 

clrscr() 
cfisp_rule(o) 
break 

case DOWN ARR 
case RI°_HT_4RR . if(rule_no -- curr_ 

rulo_nc - 1 ) 

rule no = 1 
p = rule hericl i 
rutch,r (' \,') 

else 

{ 
++rule_no i 

{3 = 0->nQxt 
} 

c1rscr () 
clis'~ rut (p) 
brezii< 

l,r 2ak~ 
} /* swi tch(l<y) */ 

) jhll (TRUE) i 
) 

KULc * ro_ruls_get(int fire no) 
{ 

RULt *curr ; 

lnt sarch_ f roll' i 

if(fire_no < 1 11 fire_no >= curr _rule _no) 

r.turn NULL i 
search fro!,; = firs no > (curr rule no/2) ? END , BEGIN 

it(;e rch_from == SL,IPN) 	- 	- 
{ 
for(curr = rule _ head ; curr : curr = curr->next) 

if(c:rr->tire_r'ul _no == firt-no) 
')ra l< 

015e if(curr->fir2_rule_no > fire no) 

{ 
curr = N rLL 
iD r 	k i 
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J. 
} 

eisa 
{ 

for(curr = rule_tail ; curr ; curr = curr->Orev) 
r 

if(curr->firc:_  rule _no -- fire no) 

if(curr->fi.re_ rule _no < fire no) 

curr = NULL ; 
break ; 

Z 	 y 

return curr 

KJ__ *no_:!isa_rule(int fire no) 

; 
Q = no r ,1.get(f;.re_nc) 
it (p 	,;LL) 

0.1sru .e (Q) ; 
raturn 

void cllsp_rjla(RULE *o) 
t 
i~xtcolnr(c~L~CK) ; 

t 4 xci<c;rounc"(;w~ITE) ; 
cprintf("Kule #%d\n\r\n\r  IF\n\r",o->fire rule no) ; 
taxtattr9IiE I (?LACK <<4)) ;  
clislo_ifs(;D-)tule- lf) ; 
t.xtcolor(,LaCK)a; 
t~xtiDacKroun(I('WH ITE) ; 
cprintf("\n\r THEN\n\r") " 
T,-:xtettr(, riI F- I (SLACK <<4)) ; 
dlsp_tnens(p->rule_then) ; 
return ; 

void c115a_1f3(IF *head) 
i 
Ir -curr ; 

for(curr - h~7cl ; curr ; Curt- - curr->next) 
vleuif _r:ncle(curr) ; 

return ; 

void viaJ_:incle(Ic *)) 
t 
swltcn(p)w11ich) 

c-D3: 'UL . disp, ci rul(:->nn.c1l) ; 
brecl< ; 

cEt52 ','ATH 	clis~Dn, rulC(n ->dlm.?x!Dr) ; 
break ; 

} 

return ; 

volt) c;1sp_t.h~-t (TFE"d *h2-ci) 
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t 

TrEN *curr ; 

for(curr = n-_Ecl ; curr  curr = curr—>n xt) 

vi?w_tnen_sincjle (curr) 
return ; 

} 

voic; viou_th 	_sInc1; (T'-iEN *p) 
{ 

; 1tch(,a>wh•1C") 
r 

case .'t1JL 	disp_cru1C(O —>CaCiOl.g1 ) 
br2E, 	; 

c ~s 	MATH 	disp_n,_rulo (o—>c 4c,iT, . ex;ar) 
bre k 

CEse _PR 	Cdiser"u1e(j7— >Cectm.axtproq) ; 
braak ; 

case CHE : disp_c_rule(;->cecim.ch) 
break ; 

return 
} 

void CI1Sj7 all methods(void) 
{ 

l,n i ; 

ChCICc *curr 
for(curr = h?acl method, •i = 0 ; curr 	curr = curr — >next) 

{ 
cpr1ntf (" ';2d. ".*+i) 
cdIs,)_choi ce(curr) ; 

J. 

return ; 

void c1is?_choic (Cri3!CE *r) 
I 
cprintf("%s\n\r",,D->method) ; 
return ; 

J 
CHCICE *yot_chcice_n3(int choicc3_no) 
{ 
if(choic? no < 1  choics_no >= curr_choice_no) 
return NJLL 

2 1s CL 
r 

CHOICE *curr = head}io' ad 
in , 1 = 1 
for(; curr '.'_2S 1 < choice _ no ; curr - curr ->next, ++j,) 

ret,_rn curr 
} 

void acid to nthod lis(CHOIC *o) 

if Cnte~ci n }nee = _ N LL) 

n~~,cl •etrocl = tc it metnacl = o ; 
++curr chice no ;— 
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CHOICE *curr ; 

for(cur- = heso_method ; curr ; curr = curr->next) 
r 

if (stricmo(curr->methcd.lp->methoci) -= 0) 
t 

~ ->Sa?`le -naxt = curr->santc_nex t 
curr->s7,)2„next = p ; 
return ; 
} 

} 
++curr cnc:ce no ; 

tail methoc$ ->next - u 

} 
return ; 

} 
void rules writs('voicl) 
{ 
int cnolce, success = YES ; 

char txtCMAX_LEN;TH] 
F:... *ruleSfp 
RuL, *curr ; 
if (new_rules_adcled == NO) 

return ; 

sprintf(txti">u:..ROL",filw name) 
rules fly = fopen(txt,"r")-; 
if(rules_fo != NULL) 

{ 
char inp~M SGLENGTH] , outCMESG_LENGTHJ ; 
tcloss(rules_`p) ;  

scrintf (ino,"s,RUL",fi14_nstie) ; 
-Print_t(out."s.R3K",file nz-ne) ; 
Copy(ino,out) ; 	 -  

} 
else 

fclose(rul,Ds_fp) ; 
do /* while(! uccess) ; */ 

{ 

slarintf(txt,"%s.RJL",file name) ; 
do /x wh11e(rules-fig _= NULL) ; */ 

{ 
rules_fo = foo?n(txt."w") 
it (rul?s_fp __ NULL) 

t 
s;irintf(txt."Error whil? (over)writing file 1"%s.RULY'. 

Retry ? (Y/tai) "Mile na m.) ; 
ci o 

{ 
fflL~h(stclin) 
choice - touoper(Cetch()) ; 

. wnil(!(choice =_ 'Y' 33 choice =_ 'N')) 
status w:ndoa(„") ; 

1f(:hoice __ 'N') 

fclose (rules_f o) ; 
r?turn 

J. 
r wnhle(rules fro == NULL) 
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fprintf (r1ss_fP,"%d\n",curr_rule_no) ; 
for(curr = rule_head ; curr ,3 success ; curr = curr->next) 

success - ona_rui__writ.~Ccurr,rul,hs_fo) ; 
if(!siccess) 

t 
sarintf(txt,"error while writingfile \"✓s.RUL\". ..Retry ? (Y 

1)",f~l3 n_,mn) ; 
status_winciow(txt) ; 
cl o 

f;lus'(stdln) ;  
cno:.ce = tou;DI)ar(cje*.chO) ; 

nil?(! (choice =_ 'Y'  choice =-- 'N')) ; 
it(choic? _- 'N') 

C 	 , 
cnair inpty1ESrG LENGTH] , outEMESG_LENGTH] ; 
fclo_e (rubs f,o) ; 
scr . ntf (out," oS RUL", fi? o n~ma) ; 
s,printf(ino/'%s.RSK",fi1en1me) ; 
Cooy(inoo,out) ; 
return ; 

} 
} whiie(!success) ; 

ne~_ru1e _cidecl = NO 
fclose(rules_fp) ; 
return 

int cr__ruie_!~rite (RULE xo, FILE *f~a) 
t 
in succass - YES ; 

fi,-rintf({,,-,"",ci %d\ 	fire _rule _no, o->G,ct_rule_no) ; 
f,jrintf(f)," cI\r,",p->no_ifs) ; 
success - if;wr1te(p>rule if,f) ; 
if(ucc~ s) 

Tprintf (to,' cl\n"i 	 >r o thCns) ; 
succ25s = thens_writ~(t)->ruie_then,f;p) ; 

I 

return success ; 

int 	write(IF *hecdr FILE *f) 

lnt succ?a - YES 

I- *curr ; 
for(curr = head ; curr 	success ; curr = curr->next) 

success = one_i.`_ur.ite(curr,fo) ; 
return success ; 

I 

.lnt thansxrite(THEN *head, PILE *f!D) 

int success - YES ; 

Tn&N *curr ; 

for(curr = n,zci ; curr & success ; curr - curr->next) 

success = one thenwrite(curr,fD) ; 
return success ;~ 

int one_if_writ. (IF *oo, FILE *f;;) 
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int  cc=ss = Ylc ; 

fpr2ntfCt,.)r"',.c'\n"~o->act_rulo_no) ; 
fprintf(f3,"ccaAr",o->which) ; 
swltcn(,D 	xn~c!, ) 

C 
:is .uL 	Succ2ss - f;~1.1 IL_dJrit^(!J ->cifl.Ciifl~) ; 

br? ok ; 
c s7 tTi 	success = MATHu,rite( ->gni.oxpr.fp) ; 

break 
} 

r3turn success ; 
t 
int onthan_writc(THEN *p. FILE *fc) 

int succe>> - YS ; 

fprintf(f,), ,' 'cl\n„ moo ->Eic' rul~_no) 
frintt(tp,,' ci\n',p->uwhich) ; 
switcr (,D->wnic') 

{ 
rose 	success - QUL_writc(p->c~cln,.gl,fp) ; 

breek ; 
c_' 	success - M A H_write(p->cec i.expr,fp) ; 

break 
cF,ss '_PR 	success - EPRwrriteCp->cr~cln~,extorcc,,ft~) ; 

break ; 
success - CHE -write(p->cegm.ch,fp) 
1)rcol< ; 

1 
return success ; 

lnt 	6 L_wr, i t (LU;4LIFIER *t~, FILE *fly) 
i 

lnt success - YS ; 
S~L~CTI'C *cJrr 
fpf lntf( f F ," 's\n,p'>CjUjname) ; 
fprintf (f;.,"":cj\n",q->no choice=_) 
for(curr = !D->--- cj ; curr ; curr = curr->next) 

fprintf (f j,"ic!\n",curr-`.choice) ; 
return success 
i 

mnt cpkwrit (cXTPR0G *c, FILE *f:) 
i 
int success = Yss ; 
struct name list *curr 
fprintf(fj,"'!s\n",p'>name) ; 
fprintf(fp." d\n",p->IDass_no) ;. 
for (curr = D->,o_hac)d ; curr ; curr = curr ->next) 

fprintf(t~,"i,s\n",curr->n ^:o) ; 
fprintf (`,o " ci\n", ->return_nc) 
for (curr = 	->r heacl ; curr ; curr = curr->next) 

1,)rintf(t , ; n",curr->n-),r2) 
return succLcs ; 

I 

int CNEwrLte(CH ICE *t~, FILE *f13) 

int Succ?ss = Y_- ; 
f pr in t f (f p, ' ; s \ n", - ->mw thoc1 ) 
`printf( 4- o, cl\n",p->1rcbabi1ity) 
return success ; 
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} 

int htai I_urite(~XFRF SS,ON *i FILE *fr) 
i 
lnt SUCCess = YES i 

fprintf(gyp,\n"gyp->1sftpert) ; 
f; rintf(fp,"';s\n' /o->re1etion) ; 
fprintf (fiD, "%s\n",Q->right_,Dc rt) 
return Success 

} 

void 	d_rul s(void) 

int SuCCCSS ° YES cheic.P i 
char txt:MES~_LENGTH] i 
FL *rulesfp 

mnt x / 

do /* while(rules_fn =_ NULL) ; */ 

IL 
Drintf(txt,')s. UL"rfile_nmo) ; 

ruies_fp = fo tDen(txt,"r") ; 

if(ru1s_f;  NULL) 

sn '(txti"Error Lhile Oj?CninCj file \"%s,RtL\"„ 
Y/N)'.file n  ) 

stntus_window(txt) 

do 

fflush (stc!in) 
Choice = touol-°r(v9tch'()) i 
whilc(!(choice -- 'Y' ji choice -_ 'N')) ; 

st.)tus wi~d0w("") ; 

if (choice == 'N') 
{ 
fclosec11() ; 
clrscrO 

exit (1) 

..Retry ? ( 

} uhiie(r',lcs_xp -- NULL) 

fsc.nf(rjles_fp/"7d\n"/.I,x) i 
it(x != 1 ?a feof(ruies f;)) 

C 

sorintf(txt,"k'hnorm l end of \"s.RUL\".  .,ABORTING  ....Press 

-iny key"rfile_n gym, ) 
stctuS windcw(txt) i 

fflush(td1n.) i 
cctchO i 
fclosec111 O i 
exit(1) i 

} 

curt ruleno = x i 
for(x  1  x < curr_rul?_no :? succass ; ++x) 

{ 

if (p) 
neu_rL,1e_,ddCo) 

el see 
succss = too r 

1 
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1t (! succ s-,) 

{ 
Spr1ntt(txti"F 1 \Zs.RJL\" 

any I<'y ,fllana) 
stetus wlncfcw(txt) ; 
fflush(stdln) ; 
;3tcO ; 
f c o s E 1 1 () ; 

ex-, t(l) ; 
} 

fcIosw("Ula_1 ) ; 
return ; 

} 
KULE *read on_ rula(FILF *fo 

t 

RULE *'D ; 
it- *1t_n~ cl ; 
ThEN *tnen n=lad ; 
int x, y, succesuz = YES ; 
p = c t Q ,JL.:_nccl2 O ; 
fscsnf(fp,' c! %cl\n",Px.&y) 
p->fira_ru1L_nc - x 

o ->c,ct_rui= nc = y 
fs cant (f!c, 	d\n",,,x) 
i.->no_lts = x ; 
if_n2acl = re2c! 1fs(x,foo) 
fsc~inf(f.,o\n",x) 
p->no_tn-zns  x ; 
thennead - ra'cith.;ns(x,f1) ; 

1 f -h - aCI 

if(! succ 3s) 
r;: turn NULL ; 

els° 

c orruoted . 	..ABORTING  ....Press 

r3turn 

IF *reacl_ifs(;nt nc_ifs, FILE *f D) 

IF *need = NJLL, tai1 = NULLS *curr = NULL ; 
jjhil(no_fs-) 

t 
curr = If_cna_reEd(f~a) ; 
if (cures ! _ NLLL) 

t 
if (hey cl -- NULL)  

tail = curr ; 
els 

{ 
tell->nzxt - curr 
tail = curr 
} 

aisa 
C 
char txtE"•1FSG LFNGTNJ ; 

sorintf (ixt,"File \"/s. RUL\" ccrruoted. 	..ABORTING 	.... 
?rasa any key",fi.a_name) ; 

status_wznclowu(txt) ; 
fflush(stclin) ; 
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getc() ; 
fcloseaii() ; 
c1rscrO 
ox3t(1) 

} /* whilc(no_;+s--) */ 

retLrn n?acl 
1 
TrLN *read_tnens(in*, no_th. ns. CTLE *fo) 

ThEN *henct = NULL, *tail = NULL, *curr = NULL 
wri.la(no_ thens--) 

curr = then one rsac (fo) ; 
if(curr  NULL) 

if (he d == NULL) 
h2acl = *,ail = curr 

9 1s t, 

tail->next - curr ; 
tail = curr 

} 
ti 

else 

chzr txtE°1ESG LENGTH] ; 
sprintf(txt,"s=ilo \"%s.RUL\" corruptecl. 	..ABORTING .... 

Press any kay",file_na,me) ; 
status :uinclow(txt) ; 
fflush(s`clin) 
,itchO ; 
fc1ose lI O 
c1rscrO ; 

a-xjt(1) ; 

i /* whii2(no thcns--) */ 

return neat! 

F 	ono rend(FILE -fc) 
t 
int succgss = YES ; 

I t` 	x !) ; 
let x ; 

o = got `lF nocie() ; 
fscanf(fp, "Zd\n".fix) 

p->ect rulL nc - x ; 

fsc2~nf(tr}."/,cl\n".,:x) 
p ->hlhlch = x ; 
Sti t 

	

	- >wnich) 
{ 
case ^UL 	a ->c,,r. ci - yUL_r?acl (fr)) 

ifC ->gm.cfi == 
 

NULL) 
success - o 

)rea . ; 

	

cc MATH 	;o->gm.ex;)r = MATH r ead(fp) 
NULL) 

Success = NO 
creak 
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} 

1f(!succoss) 
return NULL ; 

Lls 
ret.jrn 	; 

} 
THEN *t$,;:n_onn_r~ td (~ILr *fr) 

int succ?5s = YES ; 
TrtEN *p ; 
int x ;  
p = g2t_ThEy noct3() ; 
fscanf(t~a."%d1n f fix} ; 
p->act_r'!e_no = x 
fscanf(fp,"i„l\n",Wx) ; 
p->whlCh = x ; 
suJitch(„->wnicl ) 

{ 

'UL 	. o ->c`cim.ul 	- 	QUL reed(fp) 
NULL) 

success 	= 	NO 	; 
1)rec~k 

case 	MATH p->cec;ii 	ex ~r 	= MA,TH_raacl (fp) 	; 
if(pp->cecinn.expr == 	NULL) 

success 	= 	NO 	; 
bre?k 	; 

czas 	PR Il ->Ceaam.extorow = 	E 0 Rread(fl~) 	; 
if (c->c 	elm. extoroc, _= 	NULL) 

succ?sS 	= 	NO 	; 
br?2'k 	; 

case 	CHE 	: p->cec,m.ch 	= 	CHF_reed(fa) 
if Cu->c~ra~3.ch 	-- NULL) 
success 	- 	No 	; 

br 2c I< 	; 
} 

if C! success) 
return NULL 

return o 

wJ—LIMIER * .IJL_r.-ed(FILE *fo) 
t 
int x. 5-.cress = YES y ; 
+tJ•QLIFIEF *p ; 

char txtr-MAX LEN'STH3 ; 
c tJUALIFIEF node() ; 

fscnf(fp."7oEA\nJ\n",txt) ; 
p ->qul_riamL = cluostr(tvt) 
f s c a n f ( f p/ '" eo it i n f" / (y x) ; 

o ->no_choic?s = x 
for(x = 0 ; x < p->no_cihoi.ces ; ++x) 

t 
fscnf Cto/"/u\n",;y) ; 
edd_cnoc(p,y,YS) ; 

if(!surerss) 
rturn NULL 

slse 
r>turn p ; 
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} 

cXTPROG * R_-e~cj(`ILF *f!D) 
{ 
int success = Ye5/ i. ; 

EXTPuG *p 
char txtEMAX_LENGTHJ ; 
fscnf(fp,")C^\nS\n,txt) ; 
:,) = na.me_2xt_prog_ ,_t(txt) ; 
if(r: _= 'JJLL) 

r 
r struct n_ime_list *curr = NULL, *tail = NULL ; 
p = get_:XTPRCG_nocl:~() ; 

durr_str(txt) ; 
p->share_count = 1 ; 

fcnf(f ,' cI\n' ,j) ; 
p->pclss_no = i ; 
if (p->pF,ss_no) 
if(v trey ==.NULL) 

v~irs r=EtcIO ; 
for (i - u ; i < o->D ssno ; }+i) 

{ 
f scclnf (f 7J" oC A \n! \n"/ txt) ; 
curr = get_link_ncd () ; 
curr->n ,mo = duo str(txt) 
if(p->p_hci == NULL) 

tail = curr 
else 

{ 
tE.i1->next = curr ; 

tail = curr  ; 

fscanf (fi)/"%d\n". i) ; 
p->return_no = i 
if (p->return_no) 
if(v_,rne == NULL) 

vary r@d() ; 
forCi = 0 ; i < 	ip ->rstur n_no ; ++i) 

{ 
fs ce'1n f ( f,7/ " f `^ \ nJ \ n" /'t x t) 

curr - get link nocl•? O ; 
curr->nani = dup_str(txt) ; 
if( p->r_h2ad =_ NdLL) 

+3->r_head = tail = curr 
91 3E 

tc[il->next = curr ; 
tail = curr ; 

then_3_add_125t (;p) ; 
I 

Ise 
{ 
+}J->sn,re_count 
fsc'nf( 	/ U Z d\n",; ) ; 
for(. = J ; i < p->>.iss no ; ++i,) 

fscnf (f~."i4^\nJ\n",txt) 
f s c a n f( f o, 	d \ n 	1) 
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for( = G ; i < o->roturn_no ; ++i) 
`sc.nt(tp,"',i^\n-"\n",txt) ; 

1 
lf(!succ ss) 

rotfurn NULL ; 
2 l S 

return o ; 

CHL,ICE *C-c r-ad(rILE *f~D) 
t 
lnt siccess = YtS/ X ; 
CriOIC: *'D ; 
char txt:M X L ENGTHJ ; 

= y twrf )ice_ 	nocIL () 
fcnf(t ,hI/o ^\n:\nu,txt) 
p ->mathod = cd~D str (txt) ; 
fLcnf (f ),'3; c'\n",,Nx ) 
p->~roi)a:)ility = x ; 
if(!succass) 
return NULL ; 

cicl to_mthocf_ist(o) ; 
return ,: 
1 
cXPR SSION * i TH_ropci(:=IL 	*fp) 

lnt sfuccoss = YES ; 
EXPRESSION *0 ; 
char txtr;taX_LFNGTH ; 

fscan(fo,\na\n",txt) ; 
i~ ->left_.3art = clup_str(txt) ; 

strcp/ (p->rti Lion, txt) 
fscz,nf(f / 11 4 1 A\nom\n l,txt) ; 
p ->ricnt_,)'rt = c'uc_str(txt) ; 
it(strcrr( ->1 ftoart,'r') 1 	strchr(p->rightart,'L')) 

{ 
raE.cl v6ri~b1Qs) 

t 
vary rc d() ; 
re cl_v~riahles = YES ; 

} 

.l'f(!zucc ss) 
roturn NULL ; 

else 
roturn D ; 

vO.Icl r-3F y<c - ' *sourca/ C' c r *ci 3st) 
{ 

PILE win;:/ out 
crar c ; 
inp = foo n(sourc ."rb") ; 
out = fo,D3n(c:--t,"wb") ; 
it (inp =_ NhiLL 	I oc,t == NULL) 

i:rintf("crrcr in court 	or destin ition file\n") 
ax.it ('1) 	; 

} 
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c = ;atc(intD) ; 
wn.I (!f=of(in )) 

ou tc (ci cut) ; 

	

C 	c(in) ; 

fiur i11() ; 
fcl~s~(inp) ; 

fcics~ (:.Lit) ; 
ret ;rn ; 

} 

cXTPRJ *fat_^rog_no(.int rrog_nc) 
{ 

if (proc_no < 1 1 + oroci_no >= curr 	rog_no)  
re'urn 1JULL ; 

olsa 

EXTPROG *curr 	_hicith n ; 
int i = 1 ; 
for(; curr ?& i. < ;Droc;_no ; curr = curr->noxt. ++i) 

return curr 

I 

voice 2xt_4:11clisp(void) 

1nt 1 ; 
cXTPROG *curr 
for(curr = o_hcacl_then, i = 0 ; curr r curr = curr ->next) 

I 
c~rin*.f (" %2c1. ".++.) ; 
clmsp_oru1 (curr) 

r 
r.:tu^n 

} 

cXTPKCG *n 1e xt_p^cgcj t(chr *n 11.) 
t 

x1 ?C *curr =ho cl th~r ; 
for(; curr . currr= curr->next) 

	

if (s 	 'J) 
)rd=l< ; 

return curr ; 

J 
void tn=n_c_ icid_iistCT;iEN *p) 
{ 
if(o_ head _than == NLLL) 

o_na~~cl_tnan = o_ tail_thon = o ; 
oisc 

{ 

o_tail_th@n->right = p ; 

return 
I 
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NON_L_aRJ-.ING MODULE ******/ 
/******* F1E.0 ******/ 

4incivac "she i1. h" 
nlnc1udG <dir. h> 
include <proc?ss.h> 

extern RULE *rule he d 
extern TH1~I *c_tnon_root, * then root 
extern struct nacre_ tree *fr ~as tree : 
extern jmc_buf jbuf ; 
extern int p2rsinc_solvinç ; 
extern char *-a x r r e s 5 i o n i 

extern VARIABLE *v tree : 
CHOICE *heEctrnsuli. ;iEilrauit ; 
RULc_STACK *R_STACK 
/* 	In 	Othor 	F11es 	*l 
void stEtus 	,uindow(char 	*) 	: 
cnar *Det_c'iar_erray (int) 
char *clup_str(cbeir 	*) 	: 
struct nEn e_tr•ee 	*get_fr,li_orr(chrar *) 
void disnocluelifier(int) 

ti *get_nuii_cuelifier(int) 	: 
char *lnpu t_chczcc-s(int. 	into 	int, int) 	: 
SELECTIOt *get _SELECTION 	node(voicf) : 	 _ 
void selcctions_d;soose CSEL 	CTIC'v *) 
CHOICE *g?t 	Cr4D 	CE 	no;le(voici) 
void disp_rila (RULE 	*) 	.; 
void next 	t o k 	n (void) 	; 
voici E(doui31? 	x•) 	; 
Vold V(Clouu1a 	*) 	; 
void _RRCR(ent) 
VARIASLG *qt_ verial)l3(cirar 	*) 
void upc17•t:_vrr_in_res(cULF 	*) 	r 
void uraw(int, 	int, 	int., 	int) 	: 
void prapare_v -ar(VAQ 	ASLE 	*) 	; 
/* 	In This 	ci 	e 	*/ 
in*_ is 	fired(RULE 	*) 	; 
in campl 	t21y_fi.rucd(RULE 	*) 
void incr_ rule _fi.reci(int) 	: 
KUL-- *c?t_csct_rul 	_no(int) 	; 
gold fire 	rui?s(void) 	; 
vo1.co snit 	tor_ firin j(void) 	: 
void sin;lo_ruE e_fire(RULE 	*) 	: 
void fired_rule(RLLC 	*) 	: 
mat true 	if(I 	*) 	; 
int true 	e xoressmon(EXPRESSION 	*) : 
mat truo_cu 	fier(a 	 Lip TER 	*) 
THEN *can _f ire (iUALIFIER 	) 
T h 	N *get _then _na:n` (char 	*) 
void s~t_cncices(QUaLiFIEc` 	*) 
void get 	chomces(struct 	n_m e_tree *) 
SLLci.T1C J 	*scld_S`LECTICNJ(int, 	int. SELECTION 	*) 
int test 	cfu 	ilfier(cL 	LIrlr 	*) 
vold release 	rCSult 	mernary(void) 
void l crocerasultd1sDose(CCICE *) 
void sei_cilsioose(str"uct 	na ie_tr`e *) 	i 
fire_inens(TH_N *) 	; 
void fxre_thonsi 	Ie 	T- N 	*) 
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void) `ire_M.4 T H_then (LXPR SS TON 	*) 	; 
void fir e_:,D _th  n(FXTFRCC  *)  ; 

void fire_.JL 	thsnL!4LIFIER 	*) 	; 
void fira_Cr!c_then(CHOICE  *)  ; 

void r~s 	~rir,t (void) 	; 
void init_ifs(i-'  *)  ; 

voice if_1nit_one(IF  *)  ; 

void init_th3ns(TI-EN 	*) 
void then  init  one(TH  N  x)  ; 

int succ_fired( 2UL-  *)  ; 
void successful  rules  view(voicl)  ; 

int whatnor_f mled_rule(RULE 	*) 	; 
voicl fail_ruie 	cleteil(void) 	; 
voice mnit 	vers(VAR?ASLE 	*) 	; 
voice res_vars(VARIABL 	*.lnt 	*) 	; 
THIN *var 	et 	then 	nerne(char 	*) 	; 
ELt1:NT_RULE_STACK *t._nocle_cet_steck (void) 
RULE_STCK *n_cjet_stack(void) 	; 
int ruln_en;sty_=_tack(RULEE_STACK 	*) 
init_rule_stac1<(RULE_STACC *) 	; 
vo-cf ;prrepare_for 	wny(RUL 	STACK 	-) 	; 
in t why _ruic_retrieve_stack (RULE_STACK *, 
Int rule_000_staci<(RUL4 	STACK 	*, 	int 	*) ; 
void rule_pusn_stack(RULE_ST"CK 	*, 	in*.) ; 
void wny_snswer(RULE 	ST^CK 	*) 	; 
int ms 	firecf(RULE 	*o) 

return p->tot_ifs_firec!  >  0  ?  YES  :  NO ; 

lnt co iiol4tely_fircd(RULE= 	*o) 
4- 

return  !p->tot_ifs 	fmreci 	> 	Ip->nc_ifs 	? YES 
s+1 all  rules  were  fired  */ 

1 

s+1 Forced  to  terminate  */ 

void incr_rule_fired(int  "ct_ru}e_nc) 
t 

RULE *p  =  cet_act_rule_no(act_rule_no) ; 
++p- >tot_ ifs _fired  ; 
return ; 

I 
kU—~: *get_ act_ rule_no(int  act_rule_no) 

RULt *curr 

int *) ; 

NO ;  /* if == o->no_if 

/* if > p->no_if 

for(curr = rule head ; curt ; curr = curr->nwxt) 

if(curr->act_rule no == act 
- 
rule no) 

brsal< ; 	 - 
} 

return curr ; 
} 

voic fire rues(void) 
S. 	- 
tuL. *curr 

NULL) 
n_STaCK - "_cet_s-tackO ; 

init_forfirinc ) ; 
for(curr = r.ji= h2 ;cl ; curr 

t 
; curr = curr->next) 
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if (Co mp1etely_fired(curr)) 

continue ; 

single _rule _fire(curr) ; 
f 

return ; 
I 
vcid init_for_*iri.rc}(void) 
{ 
RULE *curr 
for(curr = rule_heed ; curr ; curr = curr->next) 

{ 

curr->tot ifs fired = a ; 
init_ifs(cu,rr ->rui2_if ) 
init_ thens (curr ->rule_then) 

I 
init vars(v tree) ; 

return ; 
} 

void single_rule_fire(RULE *p) 
{ 
int true_rul?_ifs = YES, x 

IF *curr 
rule_push_st7ck(R STCK, ;p->act rule no) ; 
for (curr = ;)->rule i f ; curr c;& true rule ifs ; 

ifs _fir?d i 
curr->fired = YES ; 

true_rule_ifs = true_if(curr) ;~ 

ifC1true rule ifs) 
fired_ rule (1) 	; 

else 
4- 

+-+io->tot_i fs_f , red 
fire_thens(.a->ru)ethen) i 

uodat'_var_in_res(,o) ; 
} 

curr = curr->next) 

rule pop stack (n_ST4CK, ?x) 
return ; 

} 
void firreci_rulc(ULF *p) 
{ 
Ip->tot ifs fired += o->no_ifs + 1 
complete firing *l 
return ; 

1 
1nt true_if(1F *!7) 
{ 
.int true_rule_if = YES ; 
switcn(p->wnmcr) 

r 

; /* To distinguish it from natural 

ce se 'UL : true rut _if = true_que,,lifier(p->gm.ql) 
break ; 

case MATH 	true_rule_if = true_exeression(o->om.exor) ; 
break ; 

} 

return true_rule_if ; 
J 

lnt truu_~xor?ss1on(EXPR~SS1ON *) 
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/* char mesg.L.MtSG_LENGTH] ;*/ 
i.nt i' result = TRUE ; 
CIOuoia 1gft_smd& = 0.0 	ricjht_sic 	0.0 ; 
char *te n;o 

/* sprint -I (imssc, "Testin , cxor?ssion \"%s %s %s\ 'J ,I]_>Ioft_pclrt/p->relcl 
tion,a->ri nt_pc'rt) ; 
st.jtus_win -Iow(mesg) ;*/ 

rsing_solvinc, = SCLVIfiG 
clu,Dstr (I]-> eft_p- rt) ; 

ex-ore_sion = temp 

i = satJmp(buf) 
J) 

{ 

n?xt token() ; 

(left_sicie) 
1 

; 
temp = nULL 
if(i) 

r 
4 tRCr2 (i) 
r?turn PjO 

ieml] = cIutr(p->right_oirt) ; 
axpr~ssion = tsml ; 

f(i == 3) 
C 

next  token()  ; 

C Girl 	ht_s.J cIe) ; 
} 

free(tam~)  ; 

teoi,o 	= 	NJLL 
it (m) 

( 
ERROR(1)  ; 

return 	NO 	; 

5witcn(*~D->r?1etion) 
{ 

case 	'<' rc_ult 	= left id < 	right side 	; 
break  ; 

c_. 	'>' result 	= left_sicla > 	right side 
breek 	; 
resu1t  = left_sicle !=  right side  ; 
break 	i 

else resul'.  = 1?ft_sic!e ==  right side  ; 
break 	; 

1 
/* s,?rintf(mascj."_xor_ss1on 1";s ',.`s %s\" is °4s. 	..Press a key"ip->le 
ft_i]c~rt~p'>r~lctiOn~l~->ri~'ht_aart~result ? "TRUE" , "FALSE") ; 
stz.tus winclow(mesc,) ; 

~Ir ffln(stclin) 
getch() ; 

st~tu3ndo.0 ("") ;/ 
return result ; 

int true_  lifler(ULIFIEQ *) 
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t 

int is true  

THEN *to_fir2 = ce,n_fire(ip) ; 
str:ic t n-.i e tree *x = NULL ; 
if(to_fir  DULL) /* i.=. Forward cheining */ 

sat_cno1c35(,o) ; 

_1se /* i.c.  c<ierd cht:ininc */ 
{ 

RULE *q ; 
Ti cN *cur-  to fire 

fcr(. cur- : curr = curr->seme_next) 
{ 

?t :ct rulc:no(curr->act_ruleno) ; 
1f(1s ir?cI c)) 

continue 

sin 1._rulc_ire(q) ; 

x = gct_frm_;)tr(p->quel_neema) ; 

NULL) /* i.e. rill the rules failed to set the choice 

set :ho.lc2s(A) ; 
Ii 	

0 

is_tru3 = tsst_cqu ilifier(p) ; 
return is true ; 

J 

T-1tNN -can_tirc (~•U4LIFIER *io) 
{ 

strict n-im? tree *x 	get_frm_ptr(p->cjual_nme) 
NULL) /* i.e. elre?dy selected choices by some, means 

return NULL 

cisc 
4- 

TH 	*h: ed = gcAt_then_nc me (ro->quel_neme) 
if(h2tDa == NULL) 
retur^ NULL ; 

else /* Test to wreck e deccliock or cycle */ 

t 
Tr1 NN *curr = hued 
for(; curr ; curs - curr->scme_next) 

t, 
if(!is_fired(gat_sct_ruIa_no(curr->cct_ru1e_ne))) 

return curr ; /* Ectter make it "return head i" */ 

return NULL ; 
} 

J 

THtN 	ct_thcn_nsn:e(cner *ciuel_n mo) 
i 
mnt test ; 
TrIEN *c;.Jrr = c!_then_root ; 
for(; curr ;) 

t 
if((tst - stric;no(qucl_Wane,curr->ceam.gl->qual_nme)) > 0) 

Corr = curr->r1crt ; 
else. if (test < 0) 

Carr = curr->left ; 
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!)r:?z,k ; 

} 
return curr ; 

void Sat -C ~ 0! :~G 'A,-LIFI P *a) 

struct nine -tree *x = etr^I_ctr(1D->ciu71_neme) ; 
it(x->h2ecl == NULL) 

lnt Ciolc^ ; 
CI O 

{ 
cirscr() ; 
stetus window("Inter (C)hoic2, (W)hy") ; 
r.lso_no_c;u- lifltr(x->cualifier_no) 
do 

r 
ff1u=_h(stdin) ; 
cnoics = touo+eer(getchO) ; 

} wnmie(! (choice == 'C' 11 choice _= 'w')) ; 
it(:ro:cs  

5rc e'< ; 
CISC 

{ 

3-eo re_tcr_ery(R_STACK) ; 

} 
x- y_ cr n s w a r (k~ _ S I C K) ; 

Whll?{C h oicC' __ 'W') ; 

t_c'oic^=_(x) ; 
clrscrO ; 

return ; 

vo1cl gatchoicas(struct nemetree *o) 

cnsr *to'<an, *txt 
str.,ct t?xt_, no 11 
int y1, x. tyo?_chcace ; 
ScLcCTIJ'J *neec! = NULL 

*f 	nui cluelif.ier(o->cjuci.ifierno) ; 
gcttextinfo( ti) ; 
if (tl. wln:)ottoir == whereyC) ) 
1nslinaO ; 

y1 = wner2yO ; 
stFtu:~ 111ndo.L ( 'Enter Choices....") 

do •/ 	whli?(need == NULL) ; */ 
{ 

cl 0 
t 
txt = mncut_choicos(2,y1,ti.winright-ti.win1 ft,ti.win1)ottom-ti 

.wlntoi•"+ -y1 ) 
1 ;n 11c (tx t == NULL) 

toi<n = trtok(txtr ,+") ; 
1f (*tol<?r =_ 'N') 

type_cholce = NO 
else 

ty;)2_choics = YS ; 
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x 	'tc(token) 

f(x > 3 s9F. x <= f->no cniids) 

head - wjcicl_SELECTION(x,tyDe_choice.,head) 

wniie((token = strtok('\,0'," ,")) != NULL) 
4- 

x = atoi(token) ; 

if(x > C ?& x <= f->nc childs)  
add _S_LECTION(x,type_choice,head) 

1 
frae(tx) ; 

txt = NULL ; 
uni1a(heaci == NULL) ; 

p->nead = head 

status_winClow("") 
return ; 

SELECTION *acicl_SELECT7CN(int choice, int type, SELECTION *head) 

SELECTION *curr, *crev, *x 
x = get_SELECT1ON_nodeO ; 

x->choice = tyo: _= NC ? -cnoice  choice ; 

if(nead == NULL) 

head = x 
else 

if(choice - head->choice) 
{ 

tree(x) ; 
return head ; 

I 
if (c11)s(heacH>choic?) > abs(choice) ) 

t 
x ->n ,?xt - neaCl 

x 

else 

for(priv = curr - head ; ales(choice) > abs(curr->choice) & 

curr ; Iorev - cum curr = curr->next) 

if(abs(choic.) !_ aD (curr->choice)) 

x ->nCxt 	rc~v->next ; 
prev->next = x 

else 
free (x) ; 

) 

return head ; 
J 

int test_cu iiifier(~LaLIF ER *p) 
{ 
int orasant_ne ative = niO 
ScLcCTION *curro = NULL, *curry = NULL 

struCt name tree *x = cet_frm_ ,.tr(o >cjua1nanie) ; 
int nticj~tiv4-ccnditm.ons = P->head->ehoic2 < 0 ? YES , NO ; 
FKA( 	*f = got_num_Gualifiner(x ->qualifier_no) ; 
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int nc_choicis_z = 0, no_choic:s_s = 0 ; 

if(!naga'Yve_ccnditions) 
{ 

for(currq = ;p->head ; currq GYP., ! present_nog_,tiv2 ; currq = currq-> 
nex) 

r 

for(currs = x->he~c! ; currs ; currs = currs->rext) 
t 
if (currs ->choice <C) 

if(e!bs(curra->chcice) !_ ;)bs(currs->choice)) 
4- 

if C  resent - n e cj t iv e)  
rresent_noaative = YES ; 

else 

t 

if (oresent -negative) 
oresent_negstive 	NO ; 

DrLC'k / 

cont•jnuM- ; 

i+(currq->chcice == currs->choice) 
return TRUE ; 

} /* for(currs .....) */ 
} J* tor(curra ...) */ 

~f(pr~son± negetive) 
return~TRUE ; 

else 

r: turn FALSE ; 

else 

for(cur'-c: = o->ns~.cl ; currq ; currq = currcr->next) 
t 
++no cnoI* Ce>_C! ; 
for(currs = x->head ; currs ; currs = currs->next) 

t 

i`(currq->choic? _= currs->choice) 
bro1< ; 
f(ebs(currcf>hoice) __ ebs(currs->choice) && currs->ch 

oiCC: > C) 
return FALSE 

) /* for(currs .....) */ 

} /* for(currc, .....) */ 

for(noho.ces_s = G . currs = x->heFcl ; currs ; currs = currs-> 
next) 

{ 

+ 4no_ch,oices_s ; 
l + (currs->cholc? > i ) 
returr Tr:Uc ; 

if(no_cnoicas_s =- (f ->no_chilas-no_choicos_q)) 
return ;aLjc ; 

else 

return TRUE 
} 

1' 
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void rcl2 s3_r2sul t -m~mory(voicl) 
i 
cnolc2_r2su1'CIIspOS2U'32CIr2sult) 
heacf_ras.jlt - tr.ii_r~-ult - NULL 
s~ 1_clis Jose (r mn_tr2e) 
/* rzejt Lato^ *1 
return i 

voice c h oic 2 _r?  Suit _clis J os 2 CHOIC E  *a 
t 

! 	uL,) 
{ 

Cho1C? r25JltCi1S OS2(p >n°Xt) i 
fraa() i 

7 = NU L i 
} 

r&turn 
} 

voice sa1_clisJos3(str+uct ncm11c_tr2c *p) 
i 
if (p '. _ 'J'LL) 

ss"_cti30oso(~->rn.Qhtn-)mo) ; 

if(. ->neec1 !_ NLLL) 
r 
s=lections cissocs=(r ->he2ci) ; 

= `GULL 
} 

return ; 
} 
fiir3_th2ns(Ttfv *n2z,cI 
t 

Trti;,a *curr  
RuL 	p = 	ctrule nc(he ci->actrulono) i 
fcr(; curr i curr = curr->next) 

++o->tctt~ ns_fir9cl ; 
curr ->fj.r3cl = YES ; 
fir2_ti r_s1.r12(curr) 

} 
return i 

I 
void +1ra_th2n_=inc:lc (T"~!v *p) 
{ 

sw? t  h (p">L. n -..Ch ) 
r 
c2 :JL . tire_^I_IL_then(p->co7ua:j1) ; 

br k ; 
c so 	 TH 	fir3_+MATN_then,(o->cegm.expr) ; 

br3~k i 
cas? P2  firs_EPR_thsr(iD->cogm.extoro ) 

or. _nl< 
case CHE 	fIroC`+Ethen(a>c?cn.ch) i 

bre k ; 
} 

return ; 
1 
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voia fira 	T-! tr?n(cXPKESSION *n) 

int 1 ; 
/- cnar 11:?3g '1 ~ Sv 	ENO- TH~ ;,'/ 
chir *taD : 
v: 3L_ *v - +u' LL 
cIoui.10 rm;ht_sicic = D.o ; 

/* spr1nt`(i,c: ,"C1rincj ExIDrssslon \V  V0s %s is\" 
lert_ipart,~->relr~tion,i)°>right_part) ; 
st tug°wincic+u(ir( Sy) ;*/ 
ioirsinc_solvin  SOLVING ; 

temp = clu!D_str(o->riJhrt) ; 
2xpressi~n = t?' 

i = sii (jbuf) ; 
if (i 

t 
n2xt_tc<r'() ; 
E(6ri6rt_sid2) ; 

fr tte,mll ; 
temp = NJLL ; 
if 

{ 
ERROR(:) ; 
return ; 

v = get_vc.r174J1e(p->1eft-pclrt) ; 
v->vciue - r1c,htsicIe ; 
v->VE1 acc~pte6 = 

 

YES; 

/* sp r m ntf( ,nw> ç , " Assic,neci \ ' ,og1" to \ " s\".  
1un.v>n,) ; 
Sty tt~s_wincl 	(i'es c') ; 
fflusn(stclin) ; 
getchO ; 
sttus_winclo("") ;*/ 
return ; 
I 

void fire_:CK_then(EXTPROS *D) 
t 
char mcs 	 'E SG_LZNGT93 ; 
int St,itjs ; 
VAk.ALE *v 
struct ns,Ais_:ist *curr ; 
FILE xfp ; 

.Press any key",p-> 

...Press a Key",v->v 

cnar c;r1v?:MAXCRIVEJ, c!ir[MAXDIR7, fn~meCMAXFILEJ, ,xtCMAXEXT], pathn 
cameaAPAThJ ; 
/* sprintf("=55, C~11inc .XternE1 Progrc,ni \ " s\" 

	.Press any key"rp- 
>neme) ; 
status uinc!ou(irasy) 
ffl-sn(5tciin) 
getch() ; 
stEitus window("") ;*/ 
fnsp1it(D->n me, drive, clir, fr,z ,e, ext) ; 
ifCp->pass_nJ) 

t 
fnmerc ( 	' nsms, drive, dir, fn@m,-, ".PAS") ; 
ci o 
{ 

fp = topen(p thn_ is,"u") 
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f(fp -- NULL) 

i.nt choice ; 
sprintf(masc,"Error while cre tine file \"'/,s\". Retry ? (Y/ 

N) ".pz.thn~me) 
itatus_aindow(m3sc) 
00 

t 
fflush(siclir) ; 
choice = tcuooer(getchO) ; 

} wriie(!(choice _- 'Y' {{ chojce == 'N')) ; 
if (chance == 'N') 
returr ; 

wr:.le(fp -_ NULL) 
for(curr = pp->p_hosci ; curr ; curr = curr->next) 

v 	getvari.~Lle(curr->nain9) ; 
i-̀ ('.(v->inLtielized {{ v->val_occeated)) 

orei): re v r (v) 
fprint f(foo,"/lg\n",v->voIuo) ; 

fclose(fo) 

errno 
textcolor(WTi1TE) ; 
textbickground(BLACK) ; 
status = spE,,jjnlq(P WAIT,o->rams/NULL) 

uindow(1,l, ,25) 
textbsck round(''ELLOW) ; 
cirscr() 
textb~ckgroLnd(BLACK) ; 
cirE~u(3.e.iw,?4) 
if(status =_ -i) 

c:lar *txt ; 

txt = strerror(?rrno) ; 

txt[strlen(tx'.)-13 = '\O' ; 

..press c,ny k<ey ",p ->ncimeltxt) ; 
at~Lus wzncict (mesg) ; 
fflusn(stdin) ; 

getcn() ; 

status_window(") ; 
} 

else 
{ 

if(p->return_no) 

double ve iues ; 
fn~ttarca(csthnee, drive, dir. fnanmer ".RET") ; 
(la 

{ 
?!o = tooen(oethna e,"r' ) ; 

"BULL) 
t 
int choice ; 
sprintf (ti s ,,"Error while opening file \"%s\". 	Retry ? 

(Y/"])".~ethne e) ; 
strtc:s_-:,Jinclos; (wesg) 	; 
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do 

{ 
fflush(stdin) ; 
choice = touoper(cgetch ()) ; 

} while(! (choice =_ 'Y' +1 choice =_ 'N')) ; 
if(cho ce =_ 'fN') 
return ; 

} uhiie (fig -= NULL) ; 
for(curr =  r_he id  curr ; curr = curr->next) 

{ 
v = onot varicble(curr->name) ; 
4scanf(fp,Y,1g\n",,',v_ilue3) ; 
v->viue = vaiues 

v->val. accented = YES ; 
I 

fclose(fo) ; 

1 	 ' 

return 

I 
void fxre_ UL_ then (QU.LIFIER *o) 
t 
struct n €:le_*ree *x - get_fr!m_otr(l)-)cjue1_ncme) 

SELECTION *:I. *curr, *arev, *y ; 
for(y = p->haa,l ; y ; y = y->next) 

t 
f (x ->r eecl == NULL) 
{ 

G = çr??t_SELECTIQNnode() ; 
q ->ch•o1ce = y->chhcice ; 
x ->he U = G 

else 

if (ai1)s (x ->heC,cl->choico) __ abs(y->choicc) ) 

if (x->he7cl->choice > 0  y->choice < 0) 

x->heaCl->choice *_ -1 ; 

continue ; 

if(abs(x->haad->choic-) > ahs(y->choice)) 
{ 
cl = c,et_SEL=CTION_nod3() ; 
7-> choice = y->choice ; 
q->next = x->neecl ; 
x ->heacl = a ; 
continue ; 

for(prev = curr = x->heacl ; curr & ebs(y ->choice) 
r->choice) ; rev - curr, curr - curr->next) 

if(ebs(curr->choice) -= ebs(y->chcice)) 

i 
if(curr->choics >0  y->choice < 0) 
curr->cho'.ce *_ -1 ; 

I I 
ls if(as(curr->cnoice) > >bs(y->choice)) 

t 

> ebs(cur 
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q = got_SELFC""ION_nocle() ; 

u~ ->cho1c2 = y->choice ; 
q->next = !orav->next ; 
prev->n~xt = q ; 
} 

} 
} /* -4 or(y......) */ 

return ; 
} 
volci f1r=_i;Nc th--n(CHCICE *) 
{ 

Cm(,.i.Cc *x 
it(neacl_ras,Jlt == NULL) 

( 
x = ge* CHGiC{ noc!2O 
X ->11t?tnoci = p->m hoc' 	; 
x->pro)ability = r_->pro!)ability 
x ->result_probiblli'y = (flora) x->probability / 10.0; 
heacl_result = t.xl_r sult = x ; 

} 

else 

CHJIC *curr - h?ac!_r~sult ; 
for(; curr ; curr = curr->rext) 

{ 

if (stri cmp (curt->rethocI,o->method) 
{ 
iiC!(curr->proba=aility == 10 I~ 
{ 

if(ra->;arobabiiity == 10 ( ia->prcbability == 0) 

curr ->result_prob.a.bility = (float) p->probability ✓  
10.0 

cur>~->rol; bility = o->prohability 
} 

Oise 

curr->result - rrob bility *_ (float) p->probrability 
/ 10.0 

}J 

return ; 
} 

} 
x = ;et_CHOiCC_'lode() ; 
x ->-at tnod = •)->metnoci 
x ->orouebility 	-> ro'5ahility 
x->rsultiarobiailit 	(float) 
tail result->rext = x 

t@11_rasult = x ; 
} 

return ; 
} 
void rasr .nt(void) 

C1CICE *curr = heao_result ; 
lnt i = 1 ; 
c.:rscrO ; 
textcolor(5LAC~C) ; 

cpr~-itf('"Result(s) :\n\r") 

x->oro!»bility / 10.0 

== 0) 

curr->probahility == 0)) 
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t~xtcoIor(WHIT*) ; 

textb ickgground(c,LCK) 
fcr(; cjrr ; curr - curr->next,14i) 

i 
cprintf ("2d.  s  probability %ag",i,curr->mcthod,curr->result_ 

pro~)e')i1: ty) 
if (curr->,~ro') biiity -- 10) 

crintf(" (i.e. a;)soiut.ly)\n\r") ; 
else if (curr->proloab lily -= 0) 

crint f (" (i.2. ,Jev?r) \n\r") ; 
2152 

cprintf ("\r \r") ; 
I 

textcolor(CYA~i) ; 

re3_vers(v_tr•2e.~i) ; 
textco1or(v:'1iTw) ; 
st~tus_wincloa("Press ?ny key to continue..........,....") ; 

ffiush(stclin) ; 
lf(g2tch() -- cXTENDED) 

getc"1() i 
return ; 
} 

voice init_ifs(Ic7 *had) 
{ 

Ir *curr = need ; 
for(; cirr  curr = curr->next) 

if init_ore(curr) ; 
return ; 

} 
void if_init -one(IF *D) 
{ 

o->fired = ND ; 
return ; 

} 

voic in1t_'thens(THEN *hci) 
{ 

TriEN *curr = hs d ; 
for(; curr  curr = cu'rr->next) 

then in~t ono(curr) ; 

return ; 
} 

void tnen init one (THFN *D) 

NO 

return 

lnt succ firard(RULt *0) 
t 
return (;p->to*._ ifs _fired > I. 	o ->tot_ ifs _fired == I:,->no_ifs + 1) ? 

fE5 
 

NO 
} 

void succ_ssful- 
 
rue s_v12wu(voic1) 

{ 
RULE -cjrr = rjie heeCd 
int no_success  C, '<cy 

for(; curr ; curr = curr->next) 

{ 
if(succ firec1 (curr)) 

r  - 
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+no succssc 

clrscr () i 
ciis~ rule(curr) ; 

st~~tu:,_uanciow("~'re:: Deny key to see next successful rule ..... 
ft t 

fflush(stdin) ; 
getcti()) 	SC) 

i 
st?tu5 windoJ("„) ; 

clrscr() ; 
return ; 

} 
else if (key =- EXTENDED) 

getchO ; 
} 

if(no_succes == 0) 

{ 

cIrscr() 
status_winciow("No rule was a success.  ....Press any key to cont 

nue") i 
} 

also 

	

status _,iindow ("No more successful rules. 	... ■ Press any key to 

continuo") ; 
fflusn (stciir) ; 
it(cjetch() =- EXTENSED) 

Q•atch () 
status JJindo("") ; 

return 
} 
int whe tner_talleci_rule(RULE *;)) 
IL 

return p->tot_ifs -fired - (t~->no-ifs + 1) ; 
} 

void fail rule detail (voicl) 

JLc *curr = rule heat! ; 
int no feile-cl = C}, ieil_oremis.e_no, key ; 
char tx tCMz ~G LENGTHJ ; 
for(; curr ; curr - curr->n2xt) 

{ 

if((f..il_prha^is,a_nc = whether_faileci_rule(curr)) _= 0) 
continue 

else 
{ 

++no faller! 

C1rscr() ; 

close rule(curr) ; 
sprintf(txt,' eilad at orermisa 	°;cl. 	...Press any key to s 

cc next f- sled rulet t ,4alram; eno) i 
status_winclow(txt) ; 

tfiush(stdin) 
if((k=y = retch())  ESC) 

status_windc Yt") 

clrscrO .• 
return ; 

} 



Jar, 1c 1u: }1. 1, ) 	rge is 

als? _f(k^y -- EXTENDED) 
getch() ; 

t 

if (no_f_5i,~cl =_ C) 

clrscrO ; 
rule feilecl. 	....Press -Iny key to continue") 

else 

stit.lsincloi("No more fcsi1ed rules. 	1...Press ciny key to cont 
nue") ; 
ff'jush(stuin) ; 
if(c,etchO -= EXTENDED) 

çetch() ; 
status ,uindoi ( f ) 
raturn~; 

} 

void initv?r^ (v4lk I45L E *;)) 

if(p)  ,1 
d 

{ 

->vcil_@ccs',.teCI = NO 
p >disp_inres  ;o ; 
mnl'_VE SC)->1@ft) ; 
znit_vars(oo->r1çjht) ; 

} 
return ; 
J 

void ras_vors(VARrABL= *;p,int *i) 
{ 

f (p) 

{ 
if(o->disalFyeCl& o->disinres) 

{ 
l'(D->yniti@lizeclH p->val_-ccepted) 

cerintf("%2cL,. 	cos 	 ; 
9 i .5 C 

cr-)rirtf C '; 2cl. 	°ds : ***W.—is not deducble ***\n\r", (*i)++,p- 
> txt) ; 

r3s_v~rs(p->left,i) ; 
ras_v- rs (p -)right,j) ; 

} 
return ; 

} 

THEN *vr_Det_t hen_r ie(char *nFmo) 
{ 
lnt teEt 

TrIEN *curr = m_tbden„root ; 
fcr(; curr ;) 

r 

if((test = stricnp(n~;n_,curr ->cecim.expr->lefttD~rt)) > 0) 
curr = curr->risrt ; 

e:.se lf(test < G) 

curr = curr->left ; 

bresk ; 
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} 

retjrn curr ; 

I 
ktj.E_STACK *r,_C ?t_5tc ck (vo1Cl) 
{ 
RULt_STHCK *r3 
0 = (RULr-_STACK A),n~.11cc (sizwof (RULE_ST"ACK)) 
if (a =_ NULL) 

t 
clrscr() ; 

•. 

 

rin t ,t „ 
vet c  memory,  .....A?ORTING 

fflush(stcl.n) 
;?tchO ; 
ex.it(1) 

1 
p-> tos = p->curr_wh'y = NULL 
return p 

} 

rL t-`1cNT RULE_STACK *h node_cat stack(voici) 

...(R_g't_stack)\n") 

_L4M.ENT RULE STACK *p ; 
Is - (ELcENT_RULE_STACK *)11oc(sizaof(ELEMENT_RULE_ST.ACK)) ; 

NULL) 

C 
clrscr() ; 

~r nt`('Cut of m^.iary, 	....,AEORTING 	...(R_gct_st ck_nocla) 
\n") ; 

fflusn(stdin) ; 

;etch() ; 
xit(1) 

I 
o->ect ruls no = C 

Q->nc2xt - NULL ; 
return p ; 

} 

int ru1?_nmoty_stacl<(RULE_STACK *RS) 
C 

returnRS->- 5 =  NULL ? YES : NO ; 
} 

inYt_ru1e_stack (RULE _STACK *RS) 
i 
RS->tos  RS->curr_why = NULL ; 
return ; 

I 

voicl ,,r?p ra_for_wny(RUL"_STACK *RS) 
{ 
RS->curr_ ny = RS->tos ; 
return ; 

} 

int u;hy_. rul.e_rotrievo_stc"ck<(RULE'_STACK *3, int *. ct_ru1?_no) 
{ 

if(RS->curr_iuhy != NULL) 

ectru: no = RS->curr_why->sct rule_nc ; 
nS->curr_xhy = PS->currhy->next ; 

return YtS ; 
} 

els& 
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t 

*ac* rule no = 0 ; 

raturn NO ; 

int ruie_ocp_  stack (RULE _STACK *RSA int *act _rule _no) 
{ 

if(r.S->tos != NULL) 

{ 
cLEM NvT -RULE_STACK *c = RS ->tos ; 
kS->t0s 	RS -> -I0s ->n4X* 

*G~ct rule nc = ;D->act_rule_no ; 
tr?e(p) ;~ 
p = NULL ; 

return YES ; 
} 

else 
{ 
*ac*_ rule no = '? ; 
return NO ; 
} 

y 

voic role_push_ stick (RULE STACK 
t 

EL MENT RUL= STACK *0 ; 
p = R_nocl2_c;=t_stcI<O ; 
o->ct_rule_nc = act_rule_no ; 

p->next  RS->tos ; 
RS->tos = 17 

return ; 
} 

voice ,uny_nnswer(RULE_STACK *RS) 
{ 

let Cct rule not Choice  

cirscr() ; 
(1 0 

*RSA int act_rul`_no) 

x, y, more , 

I 

acre = wh.y_ruie_retrieve_stsci<(f?S, aact_rule_no) ; 

if (:;iore) 

0 = get c± ruie_no(act_ru?e_nc) ; 
clrrule () ; 
c,)rintf("\n\r\n\r") 
textttr (Ux7O ; 

if (! p->tct t hens fire c{) 
cprmntf("Trying to solve pre}nise %cl of the above rule', p->t 

ot_ifs_fired) ; 

else 

c,:rmrtf (' Trying to solve corsequencs r Ucl of the above rupe e ' 
P->tot_thens_firecl) ; 

textcolor('wHITE) ; 

t2xt ,)ackcround(ELACK) ; 
x - uner'?X() ; 
y - jh2rey() ; 
stCtus_window("(W)hy, (C)onti.nue with firing rules") ; 
do 

f`iush(stci? n) ; 
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choics = tour)r2r(cg?tchO) ; 

} wails(! (croice _= C 	1 	choice _- 'w')) ; 
if(coic? -- 'C') 
r2tJrn 

otoxy(x, y) 

cprintfY'\n\r\n\r") ; 

J 
13'? 

stDtu~_w,1ncio,u("Ndc (L?st) Rule for your que_tion. Press a key 
to oontlnua firing Rules") ; 

f',1 h(stdin) ; 
tCb() 

1 

} un21(chalc 	'ti'+ ' amore) ; 
return ; 
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/****** JtJu 	RNN s 	CDULE *****/ 

VAC.  

4inclua "sn211.n" 

gxt2r1 int osrin.olvinc; 
~xtcrn VA L: _'__ *vtre~ 
extern cn_.r fIIe_n~meC 4 '~J 
extarn currruic_nc 
extern T 	*: hacl th?n 
ext?rn Ru! _ST~Ci -'_STACK 
Int 1n err no = 2 
struct xcaoticn =xcci> 
,7m,p'.uf 	out 
mt to<rttyo  
char tckenX_' E'.GTHJ ) 
char *2x 	SELOn 
V4RIH3'•_ 	varheac1. *var„t it r 
char *ia tr_2rrcr_me L] 

"No Error", 
r ' rgurnen t cicc ain error"I 
"drgumont sinculcri.ty error", 
"Overflow range error". 
"Und. rflo:w rangy+o error",, 
"To*.a1 'Loss of significance" 

} r 
/ Of ether I-i1es *I 
cXPR:SSION *g t_P1},TN_noc!~(void) 
char *..,2t_ch r_array(int) i 
char *dup_str(char *) 
void stat 	.0 ndow(ch~1r *) i 
c-ir -g t_ch_txt(inti lnt, int, int) i 

char *tri(ch'r *) 
char * Lt_vnl_ver_txt(int, into ii -t, int) 
RULE *r. 2t 	ct rule no(int) 
Int ic_tIrecF(-LH *) 
int sin 12_r,ig4ire(RULE *) ; 
TNCN *varç tthonnamo(char *) 
voIcl Or 	r ?_*or wr,y ( ULE STACK *) 
void wny_ nsunr(RULE_STACK *) 
/* In This File */ 
char * c1=C,n2xDr sslcn(cher x) 
cXrRSS1 	*if_  split _exoression(cner *) 
char * c; 3t_12ftIlrt(char *, int *) 
int if_;:.)rse_?xoress,-on(tXPRESSIG\J *) 
In : Oars. _exor (char *) 
void look_n . _varieh1•e=_(EXPRESSIQN *) 
volcf oroC?ss_var(char *) 
int exist_v ari ab .e (char *) 
VARIAS-_ *~2tvEr ,a1)le(chnr *) 
VAI3c *7davrial:i(VAR 1SL *, VARIABLE *) 
V.a>ZIu3LE cet new vEriable(char *) ; 
VA 1A L 	 tVa iI.ASSL 	_node (void) 

void ((Ioul)ia *) 
Voi(I S(CIOU")12 ) 
void T (clou°)).e *•) 
voI(I = (doul2 +) 
v01C1 P (CIOui~1? ) 
V oIcl r. (c!OiJo1a *) 
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void 'a(CIOuI)la *) 

void M(doubl2 *) ; 
void V(dou;bI. *) ; 
void r3port_:rror(1nt) 
void n~xt_tckan(voicI) ; 
voice orat~on(douibla *.' doul)1e *, cnar) ; 
voice unary_op;rst2.on(double *, char) ; 
volcl func_oosr'tion(ciouble *r char) : 
void sl<ip_sp c25(void) 
void _RRO (int) ; 

voice vars write(void) 

voice a,cid_to_wri.te_var(V4pi4BLF *) ; 
void var_,uri te_z ad (V.KIA~Lt *) ; 
void varsrccad(void) ; _ 
void free y r l st(VA?iA 1r *) 

VAR,.:SLE*in vt;r list(cbar *) 
voice u~ciit_vrinr s (t<ULt *) 
voice can_var_f~.re(char X, THEN **, THEN **) 
int return_DroQ(cnar *, EXTPROG *) ' 
void prehare_vsr(Vc1Ri BLE *) ; 
cnar *clean_oxpr~ssi.on(cihar *str) 

int' i, k = u : 

char txtCM.AX LC'NGT !J 
for(i=strlon(str)-1 ; i >= 0l ; --i) 

t 
if(isspace(strCi]) 1I iscntrl(strCi])) 

str[17 = '\G' ; 
21 se 

break 
} 

for(i=C ; str[iJ S' (,ss,,J?ceCstrCi.7) 11 iscntrl(strCiJ)) ; ++i) 

sircpy(txt,str+,) ; 

forkG, io  txtC~1 
{ 
if(? (issice(tx tEiJ) 

	
iscntrl(txtCiJ))) 

strCk++) = tx2CiJ 

str Lk] _ '\j' 
return str 

} 

cXPRaSSION *ifsp1ijxre3sion( ' r *exror) 
t 
int ;Dosn 
EXPRESSI3N *, 	NULL 
chE,r *left _part = NULLS *riciht part = NULL, 
left_part = r- et_left_onrt(,sxo)r,&oosn) ; 
if(!left_part) 
return NULL ; 

if(exprC;)osn. =_ '!') 
r 

:.f(ex•orC+*,)osn7  

free (1:tt cart) ' 
return NULL ; 

} 
else 

{ 

relationE37 ; 



r~1~ticnr03 _ '!'. ro1stionC1J _ '_'. rel~tionC2J _ '\0' ; 
++,Dcsn  

V 1 J 2 

rsjE.ti.onIC 	axprCoosn++Jr relationC13 _ '10' 
} 

f(!?xprr•osn1) 

fr3o(lftp rt) 
r=turn ^1ULL 

} 
r:.c;nt_i,art = cj=t_chir_zrray(strl~n(expr) - ,Dosn) 
strcpy(ri ht_p rt. 3xor+oosn) ; 

p = ,'etMATNnocle() 
p->xpr~ssior = duo _str(exaor) ; 
p->left_o=~rt = 12ft_oart ; 
p->right_p»rt = right osrt 
s.rc;Dy(,~->r~lationr rolstion) ; 
rstLrn 

J 

char * cgat_19 4 t_iDEirt(ch~r *-exor. int *posn) 
{ 
for(*porn = 0 : 3xprC*;)osn)  

Z 
-f(ztrcnr('<>!=".exrrC*posn )) 

braak ; 
1 

jf(*osn == 0  *oosn >_ (strlan(expr) -1)) 
rctjrn NULL ; 

aloe 

t 
ch-,,r *lo = get_char_?rray(*posn+1) 
strnciay(lcc. expr, -oosn) 
LhC*'D0Sn3 = ' \U ' ; 

return Ia ; 

1 
lnt 	f_penrse_oxpression(: XPRESSIJN *o) 
{ 

int correct = YES : 

correct - parse_xpr(o->left_Drt) ; 

if(!corr~ct) 

returnn NO 
correct = o rs3 expr(p->riyht_ert) ; 
return correct ; 
J 

ant 3°@rs3_2xpr(cnar *2xpr) 

double result ; 

Int i ; 
char *13~imp = du,)_str(axpr) ; 
2xpr2ssion = t2mr0 
i = s'zto( bUf) ; 

_= 0) 
t 
next tck2n() ; 
of (*toi<en) 



t 

o rsin _solving = PARSING . 
E( result) ; 
if (token) 

i = 12 ; /* New Error  */ 
} 

} 

{ 

tRROR(i) ; 

return NO ; 
} 

isC 

return YS ; 

void look_now_vnrialb1. s(EXPRESSION yip) 
{ 

char *temp 
char *tokens ver_n_,meCNPX_LENGTHJ ; 

ir,t i, j = 0, var_only = YES ; 
temp = p->left_'part ; 

for (.=0 ; 'temp : ++i, temp+'+) 

i (*temp __ •C') 
I 

token - temjD++ ; j 	1++  

while(*te ar != y J J) 
-C { 

++ ;. 

ifCi-j == 1) 
RROR(13) ; /* Emoty C3. i.e. Variable name missing */ 

strnc'py(vir_name,token,i-j+1) ; 
var_na.ma C:.-  j+1 ] = ' \0'' ; 
;Drocess_var(var_name) ; 

I 
else 

v r_only = NO 

if(var_onIy) 
p->var_expr = VAR ; 

else 

p->var_expr = EXPR ; 

temp = p->rigght_oart ; 
for(i =0 ; *tamo ; + tip tmp++) 

{ 

' C' ) 
t 

token = temc++ ; 

J = 1++ ; 
While(*tem p !"" '3') 

t2mo+±  

i++ 
} 

strncs:y(var_name, to!<en.i-j+1) ; 
var_n -)m2 C1-j*1 a = ' \ 0' ; 



proce sys r (v r_nmo) ; 
1 	 ' 

1 

return ; 
I 

 

void procass_v=~r(ch~r *var_namo) 
{ 
int prhsent = NO •; 
VARIABLE tp = NULL ; 
present = exlst_var: able (vnr_namo) 
if(present) 

return ; 
clss 

{ 
p = c~'t_nawvari~131(v~~rn~~mc) ; 
if (p)  

add to writs vir(o) 

return 
} 
ini 	 *varna}o) 
ti 
retu, n get_variable(var_n?me) -= NULL ? NO 	YES ; 
} 

VARIABLE *get_v~:riablo(chc-rr *var_n-nme) 

VARIABLE *curr = v tree ; 
int test 
for(; curr ;) 

t 
i ((2st = s tri cmoo(vcir nal ,,ieicurr — >nam2)) > 0) 

curr = curr->right ; 
else if(test < 0) 

curr = curr->lsft 
else 

break ; 
} 

if(curr == NULL) 
curr = zn_ver_list:vr_name) ; 

return curr 
I 
VARIABLE *ecicf_varia!51?(VARIABLE *u,, VARIABLE *root) 
t 

if (root == NULL) 
root = ,o ; 

CiSC 

if (str~cni (o->namc. rot-)name) > 0) 
root->righE _ aidd_verinblc(o. roct->right) ; 

eisa 
root->1eft = edcvariib1a(p, root->1eft) ; 

} 
rCturn root ; 
} 

VARIABLE *c tnc-wvsrzab1 (c1^-ir *var_n)' 
{ 
in answ?r= NO ;r 
char *txt ; 
VARIA`J' LE *17 	Cet_V ,KiaB! _nocleC) 



cnar mos;.ti!tSG_L`NGTH1 ; 

struct text _info ti ; 

gwtt)xtinto( ti) ; 

sprintf (ii s , "enter the text E ssocioted with the New variable . %s", 

var name) ; 
statusinclow(mesy) 
w1nc1ow(43,3, '7,23) ; 
clrscr() ; 

,Io /* wnile(txt == NULL H  s•trlen(txt) _= 0) ; */ 

txt = get_ch_txt(2,2,26,14) ; 

if(txt != NULL). 

tri(txt) ; 

:if (*txt  

tree(txt) ; 

) while(txt == NULL  strlen(txt) __ 0) ; 

= duto_str (var„nac»e) ; 
p->txt = txt 
clrscr() ; 
sta tus - inclow("Do You wish to initialize this variable ? (Y/N)') ; 
do 

fflush(stciin) ; 
answer = touoper(getch()) ; 

i while(! (answer -_ 'SY' H  answer -_ 'N')) ; 
if(answer -_ 'Y') 

p->initializecl - YES ; 
status_winclow("Enter the initial value of the variable") , 

cc /* while (txt == NULL) ; */ 

{ 

txt = ;let_val_var_txt(2,2,2b.14) ; 
} wnile(txt == NULL) ; 

strtod(txt, NULL) ; 

else 

p'->inl.tialized = NO ; 

c.rscrO ; 
sta!ws_xindow("Uo You wish to display the value of this variable at t 

he end ? (y/)") 
do 

tfush(tcin) ; 

answer = tocp1er( etchO) ; 

} wnii}(!( nswer =_ 'Y' jj answer -_ 'N')) 

if(.F,ns:uer =_ 'Y") 

h->cl1s,DlayecI = YES ; 

else: 

p->disolayecl = NO ; 

return o 
} 
VARIASLE- *get_vAR:ASLE-noc!e(vcid) 

VAK1..4 L E *a 

= (VAkIM3L: *)  lloc(sizaof(VARIABLE)) ; 

it( _= NULL) 
{ 

clrscr() ; 

irintf ("Uut of memory.  .. ABORTING ...-(get_VARIASLE_nocle) \ 

0 



n If.) 
	; 
	 - 

fflusr(stclin) 
atcnO ' 

axit.(1 ) 
} 

p->nclme = p->txt = NULL ; 
p">Vc~iU 	D.(J ; 
,) —>1nitizliz3cI = YES; 
P — >Vc~1_c~oceptecl = NOJ ; 
ID>CI1SL1yCE = 

 
NO ; 

p->disp_in_ros = NO ; 
p->left = ;~->richt = NULL 

return p ; 
} 
void F(doubie *r-zsult) /* F -> S { +S  -S } */ 

dour to hold ; 
cn.,r op ; 
S(result) ; 
w h i i e ( ( o o = * t c I< L n ) == ' + 	==  

next_token.() ;' 

 

S(hold) r  S 

op9rt1on(resust,&hod,op) ; 

r.turn ; 

void S(clouble *result) 	/* S -> T { *T 	/T 	%T ) */ 
t 
douole hold 
char op ; 

T(result) ; 
wnilo('(oo _ }token) -_ '*' II c _= '/' { 	oo  

t 
ne<t token() ; 
T(&nold) ; 

opsrc, tion(rasultr&holciro,)) ; 
} 

return ; 
} 

vo,d T(cloubl *result) 	/* T -> F j .^T */ 

dour >1e hold 
F(rosult) 

if (token == 'A') 
{ 	 , 

naxt_to!<2n() ; 
T(&hold) ; 

opc-ration( resul4~gholcl.- 	; 
} 

return ; 
} 

void F(,clo-ubla *rult) 	1* F -> [ + 	- 3 P */ 
t 
char op  

H ,token =- '-') ;~c token_type == DELIMITER) 
{ 

o no = *token ; 
n xt_tokanO ; 



P (result) ; 

if(op) 

unary_oper?tion(result,00) 
return ; 

} 

voic P(dcu.)la *result)  /* P -> (F) { C { w */ 

if(*token =_ '(' &Q, token_type =_ DELIMITER) 

next token() ; 
c(result) ; 

report_ rror(0) 

next,_t0ken() ; 
} 

else ;f(isc!ih.t(*tcken) I{  
C(result) ; 

else 
A(result) ; 

return ; 
} 

voice C(cicuble *result) /* C -> A floating cr integer constinnt */ 
ti 
i f (tol<en_type -- NU-MBER)  

*result = s; tof (token) 
next tok.enO ; 

} 
return ; 

} 
void A(double•*result)  /* A -> CV] { M */ 
{ 

if(*token =_ 'C') 

next_{a}<enO ; 

t(result) : /* Don't need if only parsing is required */ 

Yf(*toKen !- J') 
report_error(1) ; 

next_tokenO ; 
} 

else 

M(result) ; 
return ; 

voice M(doubIS *result)  /* M -> SIN(E) { COS(C) { TAN(E) { ASIN(E) 
ACOS(E)- { ATAN(E) */ 
{ 

char which = 0 ; 
if(token_tyn  VAR_FUNC) 
report_error(11) ;  

if (toper (*token)  
{ 

if (stricnD(tokcn,"5IN") _= 0) 
which = ASIN ; 

ls2 if( s'.rlcil!p(token,"'ACOS ) -- 0) 
wnicn = ACOS ; 

else if(stricmp(toksn,'ATAN") -- 0) 
uhiCh = ATAN ; 

I 



else i*(strici^p(toker ,"A8S") _= 0) 
wh~cn = ABS ; 

else 

reoort orror(2) ; 

else 
t 
1f(stricn„p(token,"SIN") _= 0) 
.thicn = SIN ; 

else if(stricmp(token/"COS") _= 0) 
which = COS 

else if(stri'cmo(tokon."TAN") _= 0) 
• which =TN ; 

else if(stricmp(tokon."FLOOR") -= 0) 
which = FLOOR ; 

else if(stric,mmp (token."CEIL") _- 0) 
which = CEIL ; 

else if(stricmo(token,"EXP") == 0)

•which = EXP ; 
else if(stricmp(token."LOG") -- 0) 

which = LOG ; 
else if(stricmp(token,"SQRT") _= 0 

P 

wh•icn = SQRT ; 
else 

report_error(2) 

next_tcken() ; 

a .t(*token  
report_error(10) ; 

next token() ; 

E(r, sult) ; 
func_operEtion(.result/which) ; 
yf(*token  
report_crror(9) ; 

next_to~<snO r 
return ; 

void ERRUR(int e no) 

t 

char mesgC'•1AX_LENGTNJ 
•static chNr *s_messa cC3 

/* 0 */ "Unbelancecl  Parenthesis,  missing  \")\", 

/* 1' */ "V_riabl:e  not  terminated  with  \"7\"", 

/* 2 */ "Undefined  function  called", 

/* 3 */ "attempt  to  divide  by  Zero", 

/* 4 *1 "Attemp  to  find  \"%\"  with  second  operand 

Z3ro", 

/* 5 *1 "Invalid  constant", 

/* 6 */ "i11-gal  character  in  the  expression". 

/* 7 */ "Cannot 	raise 	-ve 	no\'s 	to 	any 	power", 
/* S */ "C~nnot  have  operand  of  ARC  sine,cos,tan 

> 	1 	or 	< 	-1", 
/* 9+/ "Unbalanced 	paronth 	sis 	of 	a 	function, 	mi 

sling  \")\ s , 
/* 1u */ "Missing  bracket  \"(\"  with  a  function", 

/* 11 */ "Error  in  expression", 

/* 12 * / "Unwanted 	character (s) 	". 
/* 10 */ "Ewpty  C],  Variable  name  missing", 



/* 1 + */ 	 "C annot fine! Scivare Root of a -ve number" 

/* 1: *'/ 	 "Cannot fine! LOG of a non-positive number 
W 

sw.itcn(4 no) 

case 2 

ca3e 11 

case 12 . sorintf(;;,esg,"%s 	ERROR 	%s. ...Press a key\a",tok 
en,e_„iessag Ce_noJ) ; 

break ; 
case o : sprintf (mesg,"%c 	ERROR 	'/s. ...Press a I<ey\al",*exp 

ressionie_messageCe_no]) 

break 
defaj1t 	if(e_nc < M4T_ERROR_STARTING) 

sorintf(mesc,"ERROR . %s. ...Press a key\7".e_mess 
agel e_noJ) ; 

else  - 

sorintf(mesq,"%s  %5',exceo.name.math_error_me 
sg~exc°p.tyQe]) ; 

break 

status_winclow(>esg) ; 	 J 
ftlush(stdin) ;' 

cc,etch() 
status_wincloar("") ; 
return ; 

void next tck3n(void) 
t 
char *temp = token ; 

if(isspace(*exuression)) 

si<ip_soaces () 
1f(strchr("*/°o+ -A rjO "'cxpression)) 

token typo = DELIMITER ; 
temp++ _ *expression' ; 

} 
else if(isal-)ha(*exi~ression)) 

tck n_tyoe = VAR_FUNC ; 

do 
{ 

*expression++ 

}uwrile(isilnum(*exor sszon) II *expression =_ '') ; 

else if(iscligit(*expression)  *exoresslon -_ ',') 

C 
i.nt nad decimal = NO 
token_type = NUMBER ; 
do 

i 
*expression++ 

4. 
if(!"acl deci'tm_,l) 

had _ decimal = YES ; 
else 



rsport srror(5) ;1 

+*terp ; 
} while(iscligit(*expression) 11 *exoressi'on -_ '.') ; 

} 

also 

report-error(o) ;  
*temp = NULL 
rturn ; 

} 

void operzitlon(ciouble -op1, double *opt, char op) 

 

switcn(co)  • 

case ' 	if(oarsinq_sclving ! -SOLVING) 

	

r 	 ' 

*0p1 = 13.0 ; 
i)rek ; 

m_err no = 0 ; 
*oji += *o„2 ; 

• if(m_errno) 

rei)ort_orror(m_err_no) ; 
break ; 
if(p~rsincg_solvincj != SOLVING) 

13.0 
bre ~!< ; 

} 
r, _err_no = 0 ; 
*oa1 = *o!~2 ; 
if (rn_err_no) 

report_errcr(r -  err _no) ; 
brecik 

c ge "*  .if(parsing_solving != SOLVING) 

•

z 	 { 

 '13O 
break ; 

} 

r_orr_no = `0 
*op1 *= *oc2 ; 
if (n5 err no) 

re;Dort_error(i7_  err _no) ; 
break ; 

c se 'I' : if (i~arsing_solvinq _= SOLVING) 
{ 

if (*op2 =_ 0.0) 
report_error (3) ; 

m : rr no = 0 
*orj1 /= *op2 ; 
if (m err 'o) 

reoort_error(m_err_no) 

else 

*opt = 13.0 
I)r. ek ; 

 

ci ti  if(oarsing_solvinc =- SOLVING) 
{ 

0.0) 



resort srror(5) 1 

+rtn p ; 
whi1e(isclicjit(*'axnression) 	I *expressjon == '') 

else 

r.eoort_error(6) ; 
*temp = NJLL 
r_turn ; 

} 

volt! operation(double ' oplr double *opt, char op) 
{ 

switcn(orD)  

cise 	. if(,aarsin _solving ?= SOLVING) 

*opt = 13.0 ; 

I)rnnk 
3. 

m err no = 0 ; 
*p1~1 += *Op 7 

if (rm_err_no) 
repor;_error(n,_err_no) ; 

break ; 
if (parsingg_solving ! - SOLVING) 
{ 

+0;:1 = 13.0 ; 
break 

m err no - 0 
*opt -_ *op2 ; 
if (rn err_no) 
report_errcr(n:_err_no) ; 

break ; 
case '*'  .if(parsing_solving != SOLVING) 

t 

*p1. _ '13.0 
break ; 

} 

m_err_no - '0 ; 
*opt *= *ola2 ; 
if (m c rr no) 

report_error(ii_err_no) ; 
hreak ; 

c-se 'I' : if (raarsing_solvinq == SOLVING) 

if(*opt _= 0.0) 
report_error(3) 

+li ,3rr no = 0 
*o~a1 /= *op 2 ; 
a.f(m err no) 

reoort_error(„m_err_no) ; 

else 

*0pp1 = 13.0 r 
lrFak ; 

case '%'  if(parsing_soivi;ng -= SOLVING) 
4' 



reoort_2rror(4) ; 
m_err_no = N ; 
*0p1 = fmod (*orp1 , *ot~2) ; 
if (i nrr no) 

rct3crt_error(m_err_no) ; 
1 	 ' 

else 
*oo1 = 13.0 ; 

break ; 

if(o. rsinc_scjviny -- SOL-VING) 
I 

00) 
{ 
if (*0»1 < 0.0) 
report_error(7) : 

rn_ err _no = 0 ; 
*ot.1 = exr (*op2 * locj (*opl) ) 
if (rn err_nc) 
re000rt error(m err no) ;  

} 

*0o1 -- 13.0 i 
break 

return 

void unary_o;)ertIon(double *results char op) 

m_err_no = 0 ; 

I f (o13 == 	-' ) 
*result x= -1 ; 

if(m_err_no) 
report arror(m_orr no) 

return ;~ 
} 
void func_opor:tion(doub 1 *r-sult, char co) 
i 
s:uitch(op) 

cz,se SIN : it(j~srsinçi_sclving != SOLVING) . 	 r 1 
*result = .7657 ; 
br ~k ; 

m_err_no = 0 ; 
*result = sin(*result) ; 
if (m err no) 
rs,)ort_crrcr(m-9 rr_no) ; 

break ; 
cis; COS 	if(p rsinc;_sclvincj != SOLVING) 

{ 
rult = .7657 ; 
hre,< ; 	 ' 

»_err no = 0 ; 
*r , s;,lt = cos (*result)- ; 
if (rerr_no) 

re,)ort 2rrcr(rn err no) ; 



)rea k 
cE.se  TAN  . if(persing_soiving  !=  SOLVING) 

*rasult 	= 	.7657 	; 
bre=k 	; 

} 
m_err 	nc 	- 	0 
result  -  tan(*result)  ; 

i f (m 	err 	no) 
recor±_Lrror{;}i_err_no) 	; 

break 
case  ABS  : if(parsincj_solving  !=  SOLVING) 

{ 

*rasul 	= 	13.0 	; 
break 

J 

m 	err 	no 	= 	U 	; 
*result  fabs(*result) 

if(m  err  no) 
report errcr(m_  err _no)  ; 

break 
c^ss 	SIN :if(parsing_solving 	== 	SOLVING) f 

if (f)s (*result) 	> 	1 ) 
report  error(3) 

-= .n_arr_nc0 
*result 	= 	)sin(*rnsult) 	; 
if (rn_`rr_no) 

repor~_error~rn 	rr-no) 
} 

else 
*result 	= 	13.0 	; 

break 
case  ACOS :  if(parsincj_solvinr_  _=  SOLVING) 

Fi  (fabs(*result)  >1) 
report_error(ss) 	; 

m err_no 	= 	0 
*result 	- 	acos(*result) 	; 
~f(r  err  no) 

renort_erro-(m_err_no)  ; 

*rssu1t 	= 	13.0 	; 
break 

case 	ATAN : 	if(parsing_sblvincg 	== 	SOLVING) 
{ 

if(4u' 1Js(*re sult) 	>1) 
re,Dort_error( 	) 

s,, 	err 	nc 	= 	n 	; 
at.an(*result) 

if (rn -err_no) 
r=cor; 	error Cm 	err 	no) 	; 

else 
*rosult 	= 	13.0 

break 	; 
case  =LOOK if(pirs  ng_solving  =-  SOLVING) 

{ 



i) ;rr nc = 0 ; 
*resjlt 	= 	floor(*result) 	; 
?f(m_err_no)' 

re,~crt_error(m_err_no) 	;. 

else  

*result 	= 	13.0 	; 
brezk 	; 

case 	CELL if(oarsinc_5olv1ng 	?= 	SOLVING) 

xrasult 	= 	13.0 	; 
break 	; 

} 

m_arr_no 	- 	C 	:. 
*result 	= 	ceil(*reFsult) 	; 
if(ni 	err 	no) 

repoort_srror(m_err ,no) 	; 
break 

cast 	SQRT : 	if(a_,rsing_sclvinq 	== 	SOLVING) 
{ 
if(*result 	< 	0.0) 

recort_crror(14) 	; 
m_rr_no 	= 	G 
*result 	- 	scgrt(*result) 
if (,n_err_no) 

reoort_error(m_err_no) 	; 

e1s= 
* r e s u 1 t 	= 	1 3. V 	; 

break  
-case 	"-XP if(persing_solvinc 	-= 	SOLVING) C 

m 	err 	no. = 	0 
*result 	= 	exo(*result) 	; 
i`(:n 	err 	no) 

• report_error(m_err_no) 	; 

else 
*result 	= 	13.0 

• Freak 	; 
case 	LOG 	. if (p irsinqsolving 	-- 	SOLVING) 

i 
if(*result 	<= 	0.0) 
report_error{15) 	; 

m_err_no 	= 	0 	; 
*result 	= 	loc(*result) 	; 
if(m-,err_no) 
reoort_error(m 	err_no) 	; 

eiso 
*result 	= 	13.0 

1)re71< 	; 
} 

return ; 
i . 
void 3k<ip_spaces(voicl) 

wnIle(isspaca(*ex or assicn)) 
expression++ ; 



return ; 

void V(clou'5le *result) 
{ 
VARIM1 3LE *o 
crier txtCMAX_LFNGTH ; 
sprintf(txt."C%s"7",tcken) ; 
i.Trsing_solving -- PARSING) 

{ 
*rasult - 13.0 ; 
next tokenO ; 
return ; 

} 

p = cet_vc)riE,b1e(txt) ; 
1*(p->initialized) 

*result = h->vaiva ; 

elsa 
{ 

if (! p ->val_ accented) 
jorepar?_var (p) • ; 

*result - P->valua ; 
} 

clrscr() ; 
status wwinclow("") ; 
next token() ; 
return ; 

void can-var_fire(char tname, THEN **j:z_ to fire, THEN **e_to_fire) 
t 
VARIAdLG *x = cget_variab.le(nemc) ; 
*m to firs = *e to fire = NULL ; 

if(! (x->valauteci { I' x ->initi~Iize<!)) 	/* i.e. not initialized or 
already assigrec1 value by some reans */ 

{ 

THEN *head = varc,et_thennti.e(name), *curr = NULL; 
for(curr = head ; curr ; curr = curr->same_nixt) /* Test to break 

a deadlock or cycle */ 
if (! is_f Iirec) (c et_act_rul2_no(curr->act_rule_no)) ) 

*rn to_fire = curr 

} 
for'(curr = o_hd'then ; curr ; curr = curr->riQht) 

if(return_grog(n~ihc,/curr->ceom.extoror)) 
{ 

,f(!is_firecl(get_act_rul2_no(curr->act_rule_no))) 
{ 

curr ; 

ti 
break ;- 

1  ' 

} 

return ; 

J 
int return _pro c;(char 'nan», EXTPROG *) { 

it(P->rcturn no == C) 

return NC 
else 



{ 

struct nacre_ list *curr = c->r_hsnd ; 

for(; curr ; curr = curr->next) 

{ 
if(s*tricmp(curr ->namername•) _= 0) 
r?turn YES ; 

} 
return NC ; 
i 

f 

void l r,3 oort ..rror(int e no) 
t 

ton Jmp(j)uf,e_no) ; 

void var_writa_.cId(VARIABLE *p) 
{ 

FLL *v r_fp = NULL ; 
char txt[M.AX-LENGTHI : 

lnt choicer success - YES, 
sprintf(txtr"%s.VAR",fiI-_nemie) ; 

do /*'uwhila(v~r_fp == NULL) : */ 
{ 

var fo = fopen(t.xtr"ay") 
1*(var_fo == NULL) 

t 
srrmntf(txtr"Er.ror while (appending)writing to file \"%s.VAR\". 

..Retry(R)r Exit(X)"rfile_name) ; 

do 
{ 

fflush(stdjn) : 

choice - toupper(get=ch()) i 

} wh11e('.(c.hoic  choice =- 'X')) 
status_window(°') 
it(choice -_ 'X') 

fclosell() ; 

clrscrO : 

exit(1) ; 

} 

} .Jhile(v@r_fp -- NULL) ; 
/* fsek(vrfp,O,SEEKEND) ;*/ 
cholca = fprintf(vir fra,"%s\n"rp->nc)me) 

choice = fprintf(var_foi'X s>n"rp->txt) ; 

choice = fpr%ntf(erfo,'t Z i\n' ,p->ini tializedI) 
it(p->initializ d) 

choice - iprintf(V~rfor"~lg\n"rl~->Value) i 
cholc,, = f!orintf(verfr"I: CI\n"rl?->dlsol1y?CI) 
if(!succ?ss) 

{ 

s,orintf(txtr"Error while writing file \"%s.VA \". ..ABORTING ... 
.Press any key"ifile_nsn+e) 

tc)tus JJlnclow(txt) ; 
fflusn(stdin) 
tcn() ; 

fclosellO ; 
cxl t(1) ; 

} 
flush~allO ; 



fclosc: (vr f:) ; 
return ; 

} 
void vars reed (void) 

- 
FILc var_fp ; 
cnr txt:MAX_LENGTHJ ; 
int cnoica, success - YES : 
VARIABLE *i0 ; 
sprlrtf(txt,"%s.VAR",fi1e_ncme) ; 

do /* uhile(vz.r_fp _- NULL) : *✓  
{ 
v~nr fp = 'open(tx ,'r") ; 
if(var_fp _= BULL) 
{ 

sprintt(txt,"Error while opening file \"%s.VAR\".  ..Retry(R), 
Exit(X) '' /flit n~1me) ; 

stcltu5_winciow(txt) ; 
do 

t 
fflus"(stclir,) ; 
choice = toupper(getch()) ; 

} wnile(!(choice -- 'R' H choice -_ 'X')) ; 
Statu3 :window("") ; 
if(choice  

{ 
fcloseall() ; 
cirscr() ; 

ex;(1) ; 
} 

} while(var_fp == NULL) ; 

fsc-,nf(vGer fray"/*C."\n1\n",txt) 
wnile('.foor(v'r_fo)R success) 

p = get_VARIABLE_r,ode()- ; 
dur._s?r(txt) ; 

fscnf(ver f!o,I /[A\n'j\n"rtxt) ; 
p->txt = duh_str('.xt) 

f3canf(vr fp, %d\ni(p- initic lazed)) ; 
if ( 	>initilizc CI) 

dou!)1e x 

fscanf(var_fp,"°'mac\n", x) ; 

x 

fscenf(vrfp,'Y cl\n",&(o >disolyed)) 
if(!SJCCCSS) 

{ 

s,orintf(txt,"Frrcr whil  e.ding file \"%s.VAR\". 
U ....Pr'ss ?ny k2y",fila_n7ire) ; 

St itu' •wincio.u(txt) ; 
fflush(stcl1n) ; 
getchO ; 

clrscrO ; 
exit(l) ; 

} 
v tr--?e =ciciv~;ri~~;t?(o~vfr?~) 
fscnf(vr_fD,' C'\n\n",txt) ; 

..ASORTIN 



} /* wn1I~(!1 of(var_fo) i7 success) */ 

fclo;z (v. r_to) ; 
r,turn ; 
} 
void vE1rs write(vo.id) 
{  ~. 

VARIAdLt *curr = var_neid, *rext = vr_head->right; 
for(; curr ; curr = next) 

t 
yir urit-?_F.cicl(curr) ; 
next = curr->right 
curr ->right = MULL ; 
v_tree = cicicf_vc?ri ble(curr,v_tree) ; 

1 
var_head = vzir_ti1 = NULL ; 
return ; 

void 	dcl _to_ irite- vrCV.ARIABLE *p) 

if(vr head == NULL) 
var_head = virtaii = p ; 

CiSC 

va,r_tail ->ric~ht = p 
var_tii1 = p ; 

} 
return ; 

} 
void free_var_l,ist(VARIABLE *) 

t 
if (p) 

{ 
free_var_list(o->right) ; 

fre(p) ; 

p = NULL ; 
3 

return ; 
} 

VARIABLE *in _var_list (char, *var -name) 

VARIAtLE *curr = v,ir_he~7d ; 
for(; curr ; curr = cu.rr -)rlcjht) 

if(stricmp(vrnr_n me,curr->neme) -- 0) 
break 

return curr ; 
} 
met rn therr(struct excerption *e) 

excep = *e ;  
m_err. no' = M TH_ERRCR_STARTiNG+.e ->tyo ,e. ; 
return rn_err_no ; 

} 
void update_v r_ih_res(PULE *r) t 

VAR:oLc *n ; 
int ,; 
char 	v r_nameC1AX,_LENGTHJ, *temp, *expr ; 
IN *cirri ; 

*cjrrt 



EXT?RJS *.a ; 

`for(curri = r->rule_if; curri ; curri = curri->ncxt) 

if (cum.->whjch == MATH) 

4 tc,ttp = axpr = clup_str(curri->dm.exIDr->left_oart) 
whiff?((tkn = str;.hr(expr,'C')) != NULL) 

{ 

CIO 
{ 

v,7r_nammtpCj+++J _ *tkn++ 
} whii2(**tkr, !_ 'j') ; 
_  jl.+  'J 

vr1• _nam2Cj] - '\o' ; 
ex~r = 1^•tkn 
p = got_v~,rizble(var_nnitte) 
p->cdisp_in_res = YES 

1 

free(ten,p) ; 
expr = NULL ; 

temp = exQr - club_str(curri->c;nn.expr->ricjht_p rt) 
while((tkn = strchr(expr,'C')) -!= NULL) 

do 
{ 

var nam9Cj++J _ *t1<n++ ; 
} while(.*tkn !_ 'J).; 

vr_ri im C j++] - 	], 
var_nameEj. - '\J' ; 
exor = ++tkn ; 

p = cg.et_variable(varname) ; 

1p->c!isp_in._res = ,YES 
} 

free (t.e,l,p) ; 
expr = NULL 

} 
} 

for(currt = r->rule_then ; currt ; currt = currt->next) 
{ 

if (currt->whi.ch =_ MATH) 
{ 

temp - ex pr 	clubstr(currt->cegisl.expr->1eft_o rt) 
while((tkn = strchr(sxor,'C')) != NULL) 

{ 
= 0 ; 

do 

C 
varn-axle! j++1 _ *t< - ++ ; 

} ̀ while(*tkn ! = 'J') 
v'r_nrn Cj±J 
vEr„n@m CjJ _ '\O' ; 
exor = ++tkn 
p = get_voriahle(var_name) 
P->disp_in_res = YES ; 

} 

fr~~Ct`nc) 
~xpr = NULL ;  



temp = exor - clup_str(currt->cogm.cx;ar->rightp~r,t) ; 

whi1e((tkn = strcnr(expr,'E'))  NULL) 
{ 

3 = C 
do 

{ 	 / 

var_n veL;++1 = *t!<,++ ; 
} while(*tkn _ 'Y) 

J 
v~r - nc1meCJJ - ' \O ' 
exor = ++tkn ; 
p = get_Vri b1e(v ir_nclme) 
p->disp_in_res = YES ; 

} 
free(temD) 
expr - NULL ; 

} 

else if(currt->which == EPR) 

t 

struct n me_list *x 
e = currt->cegm.extl)rog ; 

for (x = e->;a head ; x ; x - x->next) 

p = get_viriEb1e(x->name) ; 
p->ciisp_in_res = YES 

for(x = e->r_heacl ; x ; x = x->next) 

{ 

w? - yetv~r3~.b1~Cx->name) 
->cliso_in-res - YES ; 

} 

} 
} 

r3turn ; 

voic! prepare_var(VARIA$LC *n) 
{ 
cnar *vat 

ThEN km_to_fire = NULL. *etafire = NULL 
can var_fire(;p->name, aam_to_fire, &e_to_fire) 
if (m_te_fire '. = NULL j j e_to_fire != NULL) /* i.e. 6~ckw-rd chaining 

?Ise Forwircl Chaining */ 
i 
RULE *q 
THEN *currfare = NULL ; 

czar *tmn,7 = clup_str(expression) 
:nt min ; 

for(: m_to_fire'Jj p_to_tire.fl 
{ 

min = curr_rule no 
if(m_to_fire) - 

q = get_ act_ru1e_no(nn_to fire->act_ru1e_no) ; 
if(rin > c->fire_ru1e._no)- 

{ 
win = c ->fir=_ruie_no ; 

curr fire = rn to fire 

if(e to fire =_ NULL) 



= m_to_fire->s,menext ; 
} 

i`(a_to_1ire)  
{ 
ci = gct_act_rul. _no(?_to fire->.act_rule_no) ; 
if(nin > a->fir2 rule no) 

THEN *toilD 
min = q->firr'u10_no ; 
curr fir? = c tc fire ; 
for(tcnmp = e_to_fire->right ; temp ; temp = tenip->right) 

t 

 

ifCreturn_;proc(p->n  ecm.extprog)) 
4- 

 

if (is_fired(çet  c  rul _no(tomo->ectrule no))) 
brc k ; 

e_tofire = temp ; 
} 

else if(m_to_fire) 
n to_fire = m_to_fire->same_next 

} 

g - got_7ct_rule_no(curr_fire->..ct_rule_no) ; 
if( isfired(q)) 

continue 
single_ rule_fire(q) 

} 
expression = ynin ; 

1 

it( !ap->v l_acceptocj) /* variable could not bo i,nitializec( */ 
t 
mnt choice ; 
Clo 

{ 
clrscr() ;  
status_tiincloLu Enter CV)nlue of var .able. (W)hy") 
textcolor(WHITE) ; 
textbE~ckcround (BLACK ) 
cprmn*f"("Ent-r \%s\ \"%s\' ,o->tx't,o->nanie) 
do 

• ffiush(stdin) ; 

choice = tou;Dooer(getch)) ; 
} while(! (choicz =_ 'V' i 	choice == 'd)) 

• if(choice =_ "V')' 
bra k ; 

else 
{ 
Ipreuzre_for why(R_STACK) 
Why_answer (~?_ST4CK) 

} while(c.hoice =- 'w') ; 
stc~tus_wi-dcj("") 
clrscrO ; 
jotoxy(2, ) ; 
textcolor(BLACK) ; 

tsxtD_-lck rounci(WHITE) ; 
cpprin tt(" -nter \'s\ \"%s\" 	"♦ID ->txt,P->nclme) ; 



/******** NON-LEARINv MOCULc *****/ 

/***x**** INTERCAC.0 ******,r**t/ 

4inclucle <stcl.c.n> 
;include <cty;D3.h> 

#include <COnio.h> 
/************* NeRdad For Comr~uniction Between Two Programs ******** 

iinclud <clir.h> 
Cher dri.veL~•',AXDR:Vt`J, dirCMAXOTR7, filena;neCMAXFILF), extCMAXEXT, ; 

	

it t return vdrs(clouble) : 	/* Returns 0 on no error and any positive v 
6.lue otherwise */ 

mtin(int ?rcJc, c.h~rr *,nrgv[]) 

int no ; 
float 1,1), h, 

double ;r -tncf_sr 	= 0 : 
char w_nmClOJ "TOju",n•ore 
i.nt error =, 0 ; 

/****** F-or'persm tors receiving and sending ******/ 

frzolit(ergvCO3, drives dir, fiieneme, ext) : 
/********* *****************.*************************/ 

clrscrO : 

for (, ) 	 i 

{ 

cprintf("\n\r•!s"ia,_nm) ; 
c print f ("\n\ rNuniber of wells : ") 
scenf ("%cl", ,no) ; • 
cprintf("\n\r,oli length; : ") 

scan ("l " 	) lot 	/ 
cQrintf("\n\rWelI Breedtn  ") : 

scCnf (" f", Th) 
-cnrintf("\n\rWsll height : ") : 

scant("!f",P.h) ; 

q = no*l*b*h ; , 

Grand area  
corintf ("Totel Area : lg Units , 

q,urencl_ar5s) ; 
cprin,f( U \n\r\n\r 

ffiush(stclin) ; 
,fiore - CetcheO : 
,if(touhper(more)  

continue 

ei e 
brek : 

Sod Grand area : %lg Units" , 

More Well Types : ") 

1 
,,rror -• return_vsrs(ur inc!_sree) 
if (error) 

{  /* Any Action to performed in case of failure to return v 

Glue */ 

c7rintf("\1\ra:le;l To Return Values Due To some °RO3LEM ....Pre 
ss any Key") ; 

fflush(.itoin) ; 
etch() 



return  J 

I 
/irk*~c****Yt•/c*YC****~c1c!t'ie**Vk~t•.ki;'l:*!c**~c*•kit*'k*ictk*!t**iciC~t~t~c**iltltir~ 

/* */ 

/* 	This 	f u ction 	Writes 	Vaiue 	Intended 	for 	some */ 
/*  ?rogrem  in  file  with  the  nFme  of  this  progr-am  with */ 

/*  extension  ".ET". *1 

1* k* ***y! * *1 ** * * * 7t' ***71'* * k * **** *********** **1E ** * **'f. *******/ 

i.nt 	return_vars(ciouble 	Grr,cf_area) 

iL 	*f;0 	; 
cnar 	pE~trnsmeCM 	XPATN] 	;  
fnmerce(p:itnnan'e, 	drive, 	airy 	filenme,".RET") 	; 
do 

{ 

t,o 	= 	fopen(thnie,"w") 
f(fp  --  NULL) 

t 

int 	ch,)z.ce 	; 
. cprintf ("\n\rcrror 	wh .le 	creating 	file 	\"%s". Retry 	? 	(Y/N)". 

p-ithn?me) 	; 
clo 

I 

fflush(tdin)  ; 

choice  =  toupper(getche())  ; 
cprintf("\n\r")  ; 

while('. (choice 	=- 	'Y' 	1) 	choice 	__ 	'N')) 	; 
if (choice 	=_ 	'N') 
return  1  ; 

} uhil2(fp -= NULL) ; 
fp'rintf (fpt"'!ly\n".6r-incl_aro@) ; 
fc:ose(fp) ; 
return 0 ; 



/* **** LE 	********/ 
/****** vL.N *******/ 

tyaeciaf struc* lf_~1nci_the1 r 

int Taft_ part ; /* VARIABLE or OBJECT */ 
char *left_object : 
int right pert 
c"ar *right_obj ct ; 

cl)ar *attribute ; 
struct if_ant!_then *next *prev ; 

} IF THEN ; 
typecivf struct rut r 

int.no ifs ; 
int tct„i fs_fir•c! ; 
IF THEN *rule if ; 
int no th2ns i 

int tot_th n _fired ; 
1F_TH=N *rulv_thhn 
struct rule *next. *prev ; 

RUL ; 

typeciaf struct vars_in_ruias { 
?' ar 

c`.ar *object 
struct vars in_rules *next .; 
RULE V RS ; 



/* ,r** 	LS'r 1 Ni'C7t ODULr ***I 

/ 	*x**,rc hJL tS.0 *,r**,t****/ 

i,include "shel1,hip 
exterr char file neCJ ; 
extern struct qualnama *Quzilifier_tree ; 

*ru12hez:c; = ULLL, *ruin t~i1 - NULL ; 
int curr_ru1-t_no - i ; 
int naw_rulas_add c! = FALSE ; 
nt curr_firec!_rule = C 

RULE _V i'Y .S * v rir_ l i t = NULL 

/* In Other Fil?s */ 
volci cLe r_tw1ncicws(void) 
volcl status_window(chsr *) 
car *cot_ch_t*t(int, ant, irt, int) ; 
void trim(cbar *) ; 
char *cfuip_str(char *) ; 
void drau(int, into int, jnt) ; 
ver_lins(int ,int, int) 
void 'disona_if_thLn(IGTHEN *) ; 
char *got_proi)_txt(int, into int, int) ; 
char *yot_ch.ar_s.rry(int) ; 
int c~7n_ left _sicle(char *, char *) f 
int can right_side(cher x, char *) ,; 
struct 	name_list 	*le 	:_list 	rel(char *) 
struct 	name_list*right_list 	rel(char *) 
F 	.AMt 	*cjet_nnt_ ~u~~lifior(cn~~r~*) 
struct 	neme_tree 	{got 	̀ rir_ptr(char 	*) ; 
FRAME 	*getnocl?(void) 	; 
void 	process_ 	rctalle(+= it+r1C: 	*) 
void 	w_ frm_pr_lncl(voiCl) 	; 
void 	writo_rolations(void) 	; 
void 	frea 	FPA'1E(F .AME 	-t) 
struct 	~Jaal nal]e 	*, 	t_ oh J3ct(ch=r 	*, struct 	CUcln7l' 	*) 	r 

int 	get_ verb_ind(char 	*J 	; 
STACK 	*c et_stack (voice) 	; 
int 	eamj ky_ s tac k ( SjTAC K 	*) 	r 
void 	clear 	st:rci<(STACK 	*) 	; 
void 	froo_STACK(STACK 	*) 
void 	pusn(char 	*r 	STACK 	*) 	; 
/* 	In 	This 	File 	*/ 
in t 	g e. t_ru le s ( voi dI) 	r 

IF_THEN 	*cjet_if_thvns(int 	{) 	; 
RULE 	*cget_rul~ 	nocie(voicl) 	; 
IF_Tr-ItN 	*gct_IF_THEN_noclo(voic) 
void 	ecicl 	if_thcn 	list(1F 	THEN 	*, 	IF_THEN **, 	IF - THEN 	**) 	; 
void aced to rule list (RULE *) ; 
IF_THEN *goton2if tnen(voici) 
vend now_gct rules(voice) 
void view rul s(voicl) 
voice rules .urite(voic!) ; 
void read rul~s(void) 

voice firo_rulos(void) ; 
void res_orint(voicd) 
void r lease_rtsuit!nenory(voicl) 
void successful rule s. view(v:ojd) 
void fail_ru1 _cletail(void) ; 
void clisp_rulo(RUL`` *. int) ; 
RULE 	nodis,o_r' le (in*.) ; 



void if_ or_then_d1so(IF_THEN *) ; 

Void Coppy(char +/ char *) ; 
int on2_rt  _write(RULE *, PILE *) ; 

int if_write th_n(I~ THEN *, FILE *) 
int on~_if_then_write(I,_THEN *. FILE *; 

void reecI rules(vold) ; 
RULt *rzacl_ona_rJle(FILE *) 
IF1Ely *r_-Dcl_mf_t`tens(int, FILE *) ; 
1=_T:iF;v xzf_orq_raad_thsn (r:.LE *) ;. 
.int inc1?_r1e_fzre(RULE *) ; 
int SOlVe ]r2Ti (I~ THEN *) ; 

void r?su1t_:115o:.iay(IF THEN *) ; 
RUL - _V 	_variab1e(char *) 
ULE_VA~'S *-et vs,r no (void) ; 

void -ocl v )r (` ,_LE VARS *) ; 
char *cuass v r(chir *, int) 
char *get_clis ,1,_options(struct ncr~o_lisi *) ; 
int usecl_ooj?ct_in_vf:r(char *) ; 
voice free_v_,r list (voicl) ; 
voice fr?e_~ 7c'- vrr (RULE VANS *) ; 
1n*, succ_flrad(RULE *) ; 

int whether f7 ilecl_rule(RULE *) ; 

void nci,w_r~ala_sz~ve_o;Dtion(voicl) ; 
kULE *cIu.~RJL7 (RULE: -) ; 
1F_TH~N *cL,o_ F THENS(IF_THEN *) 
void init_tor_firing(voicl) ; 
voice ULc_cusposce(RULE *) 
voice IF disoosa_THcN(IF THEN *) ; 
vole! ur)c(E;te2manticnet (IF_ T H!EN *) 
vomd rav2Succ ssvalrclesc(voidl) ; 

JLL_Vi s *rcclsuCCess v7rd sc(void) 
void finci_uif*wrences(RULrVARS *i STACK ) 

voxcl vardiff Yr?nce find(char *, char *, STACK *) ; 
int clisO_exoI inations(STACK *) ; 
volcl naww_r-, aeons (void) ; 
voice :t_co,nOle1,entt.ryor3mis2s(1nt, STACK *, IF THEN **. IF THEN **) 

char *gc t_var_for_olh;ect(ch~,r *) ; 
voice revcrsn_COnsoquence(iF_THEN *) ; 

vol:l 11rev r- s2cons.clu'2nce(IF THEN *) 
int  
{ 
int no_.tfs = 0, no_thens = 0 ; 
IF_THt%, *if_ru1 = NULLS kth2n_rule = NULL 
struct taxt_info ti ; 

yettextlnfo(;ti) ; 

windo(4,3,3 ,?3) ; 
t` xt1,ackcro.jnd(3LACK) ; 
cleCr winciow3() ; 
textcolor (LC K) ; 

tex oackgroJnc1( 	IT`) ; 
carintf ("K'JL_ a,4c:. \n\r\n\r",curr_rule_ no) ; 
c,Drintf("Ic\n\r") ; 

if rule = ;2t_if_tnens( no_i`•s) ; 
if (no_if-,) 

{ 
cprintt("\n\rTHEN\n\r") ; 

th~n_rule = get i.f_th ns(9nc_thenc) 

if(no thens) 



RJLC *,) = c~et_rula_noci~() ; 
++curr ru1?_no ; 

no ifs ; 
if_rule ; 

i.->notnans = nothans ; 
.->rjlstn~n w then rule ; 

~ciu_torul&_ list (p) 

re *.urn YES 

el~? 

_coiscosc ThEN(if_rui ) ; 
if_ral2 _ NULL ; 

} 

J. 
texte,ttr(ti.:-ttribut2) 

rsturn '4u ; 
I 
IF_ThN *aotifthens(int *no_if_thens) 

Ir T'cN *,D = NULL/ *heed = NULL. *tciil = NULL 
struct t ?xt_:.nfo ti 
in+ 	; 
x - whwr2xO ; 
y - uner?y() ; 

Qetthxt:nto("ti) ; 
winclo (w1,3,77/23) ; 
textcolor(nHITE) ; 
taxt~)eckgrc,;nci (SLACK) ) 
clrscr() ; 
do 

{ 
,j = g? t_one_if_tnen() ; 
if () 

t 

++*no if thons ; 
dc'._if_tr n_list(3, 	at~i1) ; 

winoo.0(4,3,3? ,23) ; 
,otoxy(x,y) ; 

dls,)_or.a_if then (p) 
x.= wh;r-exO ; 
y = u,ner?y() ; 
LLln:ioy: (43 3, 77, 23) ; 

J 
} wnil~ (p ! w NULL) ; 

wlnclow(tl.ttir, lett, ti.wintolp, ti.~Jinricght, ti.winbottom) ; 
textFttr(ti.ottributa) ; 

gotuxy(x,y) ; 
return n ~ cl ; 

i 
RULE *;et_rula_nocje(voicl) 
t 

RJLc *p = NULL ; 

2- (RULE *) mslloc(sizeof(RUL E)) , 
if(Q == NULL) 

arintf("Out of nsiory. ..,ABORTING  ...(get_rule_nocie)\n") ; 



tflusi(std1r) ; 

gatch() ; 

4x1,t(1) ; 
} 

p->no_its = o->no_tnens = 0 ; 

ID->tot lfs_fi.reu = Q->tot_tnan: fired = 0 ; 
a->rule-if = p->rule_tren - NULL ; 

p->nex t = o->prev = NULL ; 
return 2 
} 

IF_T;yEV ,g?t_IF_THtN_nocio(void) 

IF Ttic'NN *,o = NULL 
o = 

 
(IT-iE *) r 11oc(sizeof(IF_THEN)) ; 

if (1) _= r°!uuLL) 

print+("Jut of me,iory. ...a8ORTING  ...(7et_IF_THEN_node)\n" 

yotcnO 

axit(1) ; 
} 

~->lc#t_~art = D->riqhtDrt - VARIABLE 
o->ieft_o)ject = a->right_o'bject = n->~ttribute = NULL 

NULL : 
return a ; 

} 
void 7od_to_ru12_list.(RUL F *p) 
{ 
if(ru12 h_=c 	NULL) 

rule _ncI = rule_tail -
o:~se 

rula_t 1l->next - !  
rub tail 

rul?_taii = p : 
} 

return 

I 
void acicl_if_tbcn_list(IF=„THEN *c, IF_THEN **head, IF_THFN **tail) 

if ( 	 NULL) 

= p ; 
else 

t 

= *tEzl ; 
*tail = :J 

} 

return ; 
} 

IF_TrIEN *'etnfthen(voi;l) 
t 
int choice ; 
IF THIN *i) = NJLL ; 
char *txt = tiuLL ; 
int x. y ; 
st,tus_winclo~( ,'L~tt ,Dirt iz (V)ari.albie or (0)bject, <ENTER> or <ESC> 
to finish") ; 



Cl o 
{ 

fflusn (stcilr) 	: 
choice  =  too  r(getchO) 

}  wnil(!(choice  =_ 'V'  11  choice  =_ '0'  II  choice  == ENTER  H  choi 
cc 	-= 	Sc)) 	; 

f(choic 	_- 	ET =K 	{ cno.ce 	=_ 	CSC) 
return  NULL  ; 

elsa 
{ 
Suitch(cnoic 

r 

cs 	'V' st~ tus_ window('Enter a Vari ole name 	within 	Cl 

txt  =  ,et_ch,_txt(2 /1,26,14)  ; 
it(txt  ==  NULL) 

return  NULL  : 

tri,n(txt) 	; 
if(strlen(txt) ==  0) 

free(txt) 	; 
return  NULL 

o  ='  get_ZE_THEN_node {)' 

u->l_ft  orrt  = VARI4BLE  ; 
n->l?ft_o' ject - 	dup_str(txt) 	; 
fr~2(txt)  ; 

tx  =  NULL  ; 
break 	; 

case  '0' .  status_iindow("Enter an  Object's naiie") 

cfet_ch_txt(2i1 /25,14)  ; 
if(txt  ==  NULL) 

return  NULL  ; 

trii(txt) 	; 
if(str!en(txt) _-  0) 

fre•a(txt) 	; 

return  NULL ; 

p  -  get_ZF_  THEN _node()  ; 
->ieft_p'rt  = OSJECT  ; 

iD ->l?ft 	object - 	clu:) -str(txt) 
free(txt) 

txi  =  NULL  ; 

bra a!< 

cotoxy(2r1o) 
crintf („ /Gs 	"pia->:efto')jact) ; 
x  =  wher2xO  ;  

y 	= 	u;ner?yO 	; 

status_.ui^do,aY'Enter the 	a?tril;ute, 	For NOT 	conditions -> 	'!attribute 
name'' ) ' 

do 
{ 

txt  nt_ch_txt(2.1.2~.14) ; 
if(tx t 	-- 	NULL) 
continue  ; 

elae 



tri.n(tx' ) ; 
.f(5tr12n(txt) __ 0) 
{ 
r.(txt) ; 
Txt = NuLL 

cOntlnue 
} 

1)ra k ; 

} j)ni1 (Tml;_) : 
0->rttr1b)ut: _ cjet_cr_ rr y(strl@n(txt)+1) 
if( txt =_ '!') 

r 
t 

strc~y(?->?ttri)ut~+1~txt`1) : 

I 
2isa 

->~~ttriI)utw. C,37 = "+' 
strc: )y(7 ->tr'Ibute i ,txt) 

} 
free (txt) ; 
txt = NULL 

cjotoxy(x,y) : 

)r1Rtf ("6s '~r i)—>ztzribute+1) ; 

cpr'intf ( "N T ') : 
x = wner?xO ; 
y = whsry() : 
steltus_wincloiY'Kight 1„art .s (V)ari b1 	or (0)bj?ct') i 
do 

1' 
+ fflusi(stctin) 
choirs = tcuIDer(c,Wtch()) : 

} snip(! (chc cc -- 'V' I I cr,oic 	-- "0')) 
switch (choic?) 

{ 
c S? ' 'tip' 	stJtus U +ndow( "E'~ter c”? Vc-iriad)1e n~1me within C] 	C?. 

L X'j") 
ci o 

4- 

txt  -  tch_txt(2.1,26.14) ; 
if(txt -= NULL) 
continu?  

eisc 

triir(txt) 
if(strlen(txt) _= 0) 

t 
frae (txt) 
txt = NULL : 
continua ; 

ti 
--1so 

break : 

} ,ihile(TRLE) 
c ->ric''ht_o.-,rt = VARIABLE ; 
o->ricntol)jct = duo_str(txt) ; 



fr~e(txt) ; 

txt = NULL ; 
creak ; 

c se '0'  status window("Enter an Object's nzime") ; 

do 

txt = cjet_ch_txt(2.1.26,14) 
if(txt == NULL) 
continue 

e );e { 
trim(txt) ; 

if(strlen(txt) == 0) 
{ 

free(txt) ; 
txt = NULL 

continue ; 
} 

e1s2 

break ; 

} whi1;2 (TRUE) 
p->right_p'rt = OBJECT ; 
p->richt object = clur,_str(txt) 

fra?(txt) 
txt = NULL 
break ; 

cIrscr() ; 
return p 

} 

void clisp_on=_if_then(IF_THEN *a) 
{ 

cprint{(" 	%s %s~Cs 'ss\n\r",o->1eft_object,. ID->attribute+1.la->attrilsu 
12LJJ =_ -' ? " NOT" 	„"i ,p ->ricjht_object) ; 

return ; 

r 
void v~arui~s(vcid) 

nuL~ xp = ru1,3 h@.cI : 
struct text info ti 
int rj1~ no~= 1 ; 
cr?r ns~.~1 [MaX_LENGTH . *txt ; 
int k3y' x ; 

if(curr rj1 _nc == 1) 
return ; 

gettextinfo( t) 

textcolor(AHITE) 
txt ,)ack;rounct(BLACK) .' 
c1eer indo.L () 
window(+,3.7',23) 
clrscr() ; 

disru1 (o,rul ro) 
siDrint4(mso1,"Pravious(%c or %c). Next(%c or %c), Rule #(N). Exit(X)" 

.27.24.25.25) ; 
do 

•~stE tus iinctow(m 	1 ) 
ftiusb(s?clin) 
Key = touoperCgatch()) ; 



sw1tcn(k2y) 

{ 

'X' 
-Sc  
'ET Ek 	t'tus U.indow("") 

winclow(*,i.win?eft, ti.wintop, ti.winricht, ti. 

wlnbo?tom) ; 

; 

gotcxy(ti.curx, ti.cury) 

return 
care 'iv'  window(1.1,?D,25) 

status window(„") 

çjotcxy(1,25) ; 
crrintf("Enter Rule 4") ; 
fflush(stdin) ;  

txt = ;at_Grob_txt(wher:?x(),wherey().6,1) 

window(4,3,77,23) ; 
if(txt -- NULL) 

break ; 
x -- ntoi(txt) ; 
if(x <.1 11 x >= curr_ruia_no) 

r 
M 

char mnsg2CMESG_LENGTHl 
slarintf(rnsc~2,"(%s), No such Rule no. 	...Pres 

s any i<ey",txt) ; 
st tus window(msc, 2) ; 
fflush(stclin) 
vetch() ; 

ti 

else 
{ 

rule no - x 

clrscr() ; 

o = no_ctiso rule(rule_nc) 
} 

bra ik 
case EXTENDED : switch(key = getch()) 

case UP_ARR 

ctsa LEFT_ARR  if(rule_no == 1) 
{ 

rule no = curr_ru 

1s_no - 1 ; 
I5 = rule tall ; 
outchar('\a') ; 

} 
else 

{ 

--rule no ; 
p = s- >Isrev 
} 

clrscrO ; 
disp_ rule (p, rule_no 

) ; 

break 

case DOWN ARR 

Cse RIGHT_APR 	if(rula_no == curr_ 
rule no - 1) 

{ 



rule_ no = 1 ; 
0 = rule head ; 
putchir('\?') ; 

} 
else 

{ 

++rule no ; 
0 = o->next ; 

} 
clrscr O ; 
clisp_rule(p, rule_n 

o) ; 

break ; 

bro ?k ; 
/* switch(key) */ 

} .1nil2(T'JE) ; 
I 
RULE *no_rule_Set(int rule_no) 
{ 
RULc *curr ; 
:.nt search from, count - 0 
if(rule_no < 1  rule no >= curr_.rulo_no) 

return NULL 
se rcn_from = rule_nc > (curr_rule_no/2) ? END : 3EGIN ; 

if(se~rcn from -= ..EGlN) 

for(curr = ruie head, count = 1 ; curr && count < rule_no ; curr 
curr->next, *+count)  -  

} 
e152 

{ 	 t 

tor(curr = ruie_tail., count = curr_rule_no-(rule_no+1) ; curr 3t 

count ; cur- _ urr->prev, --count) 

} 

return curr 
J. 
RULE *no_di.sp_rule(int rul3_no) 

i ULt *p 
p = no_rule_çjet(rule_no) ; 
1t(p != NULL) 

cl~sp_rule(p, rule_no) ; 
return p ; 

} 

void clxsp_rule(RULE  int ru13_no) 

t 
t.xtcolor(RLACK) ; 
tcxt~»ck rouncl(Wdr'ITE) ; 
c~rintf("Rids ,c!1n\rtn\r  I \n\r", 

textattr(tvHITC. ( (BLAC'c <<4)) ; 
if_ortn n_c!iec(a->ruI'? f) 
tcxtcolor('L.AC'K) ; 
textl)acl<grounci(v1HITE) ; 
corintf("\n\r 	THEN\n\r") ; 
taxtoottr(jlTt 	(EL CK «M)) ; 
if_cr_th n_isc(p->rul then) ; 

rule_no) ; 



r,jtrn ; 

1 

void if or- _tnrn_dis:; (IF THEN *hard) 

{ 

It THIN  
for(cirr = nd ; curr i curr = curr->next) 

t!is2_o1a_.f_than(curr) ; 

return ; 
1 
voice rule s_urit~(voi: ) 

int cn.o~c~, ni.ccess = YES ; 
char txt AX L;NOTHJ ; 
FILE -rule 'I 

w rr 
It(n?w_rJa :~_cGC!L?C1 -_ NO) 

r ?torn 
sprintf(txt,'/s. UL", file name) ; 

ten(txt,"r , ) : 
if(rules_fo !_ NULL) 

{ 

char 1nPL'1LS~ LEND H) , out[MCSG_LENGTH1 : 
fclos=(rula~ tp) ; 

5)rintf (l'!) "ios. %UL '/ fi1e_nc.,me) i 
r1rtf(out," s. 	f11e r rne) 

Coy(ira.out) 
I 

aas:. 

fc lose (rules_f).: 

co /* wh1Iw(!Succoss) r */ 

s:~rin*t(Zxt."%s.RUL".file name) 

do /* 	ie(ru1es fo == NULL) : */ 

•,ruins do = fopen(txt,"w") : 
if(rules_f;n _= NULL) 

sorint4(txt,"Error while (over)writing file \";'s.RUL1". 
Retry ? (YIN)",file_nama) i 

ci o 

fflush(s*,ciin) ; 
choice = touooaer(getch()) : 

	

} while(! (choice -- 'Y' 	choice =- 'N')) 
tstuS window(„") ; 

if(choice  

fcIose(rjies fa) ; 

return ; 

J 

} 

ni1e(rules to _ NULL) 
fprintf(rulss f'),"c!\n",curr rule no) i 

for(curr = rule heec! ; curr x,& succ?SS % curr = curr-)next) 

succssa = one rulo_write(curr.rules fo) : 
lf(!=_uccess)  

t 

sprin*,¢(txt,"Error while writing file \"%s.RUL\". ..Retry ? (Y 
Irk)' , fiie_nnme) ; 



St~tUS_1JinCiOE`.Xt) ; 

CI O 

t 

fflush(stdin) 

cho:c: = toup.o2r(clotc()) 
! wnil(!(choic' -_ 'Y' H choice _- 'N')) 

it(cnoic2 == 'N') 

char in '1ESG_L°NGTHJ r outE'"ESG_LENGTH] : 
fcloss(rules to:,) ; 
or.ntf(out,"s•RUL"file name) ; 

5Dr .ntf ( inoi "%s . R3r "' fiio_name) ; 
Ooy(inp.out) 
rotu-n 

J 
} wh11?(!sucCOss) i 

new_rulc~s_.Icide.d = NO 
fclos (rins fo) ; 
return ; 

1 

mnt one_ rula_juritu-(RU E *Ip, FILE HI)) 

1nt success - Ycs ; 
fprintf (fp,"ct\n"era->noifs) 
success = if_writ 	'ion(o->rule_if,fr;) i 
if(success) 

4. 

fprintf(f,' cl\n,".p->no trans) 
success = ifwrita_ than(o->rul9than.flp.) ; 

} 
return success i 

} 
ant if_writ?_then(IF_THEN *hC_Ici, '-TLE *fp) 

ant success = YES ; 

IF_THEN *curr ; 

for(curr = hMcCl ; curr EIS success ; curr = curr->next) 

uuccess = cne_if_then_urite(curr,fo) 

rturn success ; 

int one _mf_tnen_writa(1F_THEN *io, FILE *fr)) 
4' 
ant success = YES ; 
fprint f (fp/cl\n",p ->1e`t_;Dsrt) 
fprintf (fp,'Yas\n",p->19f±object) ; 
fprantf(f ,"%stn',o->ttribute) 
fprintf (fo,/ct\n ', ->right oar' t) 
fpr.,nt* Ef,:," s\r\",p->r1ght_0 1eCt) 
return success ; 

I 

veil re acl_ruies(void) 
t 
ant succ4ss -: Y'5, choic- ; 
cnCtr lxtL{'ILJJ LENGTH) 

FILE *ruis`p 
Ru,-c *) ; 
in x 



E 
s,orintf (txti"s. RUL"Milo-  nam) ,: 

fooen(txt,"r") ; 
NULL) 

r 
sari, t 4 (txt,"Error 	hilo openinq fjle \s..RU(.1". 

Y/Pa)",f11? name ; 
status wlnclow(txt) ; 
co 

{ 
fflusr(stuan) ; 
cnoice - tcul]p:=r(ca`tch()) ; 
:rhi1:(!(choic  choice -- 'N')) 

status_Linc!ouW ("') 
if(cho~ce -_ 'N') 

4 

tclo~2 11O ; 

cir~crO ; 
2xit(1) 

..Retry ? 

} 
? ,uhi1s(rulc;a_`p == NULL) 

tSCcl'lf(r{1 5_fl:/"ioCi,n'} l x) 

t 

si)rintf (ix t,"Hbnorn?_1 and of \"%s.RUL\ 
any key",fiis_nme) 

stetus ulznclow(txt) 
f+lush(stc!s.n) 
,;a -tch() ; 
fc:.osa~11O ; 
exitcl) 

curr rule no - x ; 
for(x = 1 ; x < curr rula no ;a succLCs ; ++)<) 

rcl one ru'Ae(rus.ssro)  
dcl_torulr1i. =t (p) 

if(!7ucc?5;) 
{ 
sIDrIntf (txt/" 11C' \"%s.RUL \" 	corruotecl. 

any ,?y".fi1en~me) ; 
t3tus_w,wlnclow(txt) 

fflusn(stdln) ; 
ystch() 

fcios=11O ; 

exi -t(1) 
} 

fclose(rul?s_fp) 

return ; 

t 

RULE *re ci_ono_rulo(FILE *fr) 
4- 

RULE xo 
IF_Thz'N tif_than n acl 
lnt xi success =-YtS ; 

ID _ ge t_rule_nccle () ; 

..ABORTING  ....Press 

..ABORTING  ....Press 



if_tn:an_h d = rsad_if_thens(x,fr) ; 

p-,-rj12_it = if_then_nezd 
f~c.inf(tD '%c \1U 	 x) 
p->no_th2ns = x 
it_i,'nan_hez-cl - rnsdif*nens(x.fo) ; 
p->ru1a-tn?n = if_than_h?~a : 
1T(!sUCC?SE) 

return NULL 
91SE 

return 
} 
IF_THEN *re~-id_if_t_nQns(int no_if_thens. FILE *fo) 

IF Tn-,N <he7ct = NULL, ;t-,il = NULLS *curr = NULL i 
.uhli2 (no_if_tnns--) 

{ 

curr = if one r?acl_then(fi~) ; 
it(curr != NULL) 

if(h4ac! _= NULL) 
heacl = tz-i = curr 

t~am1->ncxt = curr ; 
t ip = curr ; 

chc r txt 	 Z )U L'( 1J 
srintf(txt,"Fil? \ s.Q!JL\" corrupt ed{. 

Press any t<2y",f212_n?m~) ; 
3tctus wlncio.u(txt) ; 
ff1r (trlyn) ; 
;match() ; 

fclos9all() ; 

c:rscr() ; 

2xlt(1) : 
} 

} /*  ii (no_itren=-) */ 

r~tUrn Haul 1 

IF_TriEN *if_one_r-L;c!_tngn(F:L . *fo) 

int success = YES 

wnt x ; 

char txt:MES ,L NGTt1J 
a = gst_IF T_ !- v -ociaO i 
fsc~inf (tp,"..c~\n", x) 
o->Ieft cart = x : 
fscanf(f:)."tor^\n,\n",txt) i 
p->iaft_c1)j ct = c!u,._str(xt) : 
ficanf (t),'^\n:\n",txt) i 
r) -> )ttr11)ut2 = clu;7_=tr(txt) 
fscc~nf(f ^,"%CI\n"i x) : 
p->rigrt_par' = x 
fscanf(ta~";~^\n.7\n",txt) ; 

..ABORTING .... 



p->r1 ht_ob:ct 	dup_Str(txt) ; 

1*C!succass) 

return NL,LL 

01s? 

r?turn ) 
} 
void Copy(crar *sources char *dent) 
{ 

F:L_ winos *out ; 

cnc"r C ; 
inp = foo~n(sourc2."r~)") ; 
out = +o;o3n(dest,"w"b") ; 

LL 11 cut == NULL) 
{ 
printf( 1' rror in sour s° or aestin?ttion file\n") 
exit(1) ; 

C = 7~tc(112) ; 
whllo(!f~of(~.nr)) 

oitc(c,out) ; 

c = gztc(inp) 
} 

f1ush1I() ; 

fclose(1n,)) 
fclos~(3ut) ; 

return ; 

J. 

vold fr3a_v r list(void) 

free 	 cn v(var list) ; 
vr_11st = NULL ;! 
return 

} 
void free ouch var(RULc VA+ S *) 
t 
1f(p) 

fre~_?acn_vir(p->n~xt) ; 
fr~?(D ->n1pt2) ; 
tr~a(~->o'~ jest) ; 
free(3) ; 
,o = "NJLL 

J 

return 
} 

void fire ru12,s(void) 

RULL *curr ; 
struct t2xt_i1fo ti 

cettextinfoC ti) ; 

ver_1,neC39,3,24) ; 

xinc~o,u(4,3, ,23) ; 
initforfirin-, O ; 
fer(currr'ir?drule - 0, curr = ruleheacl ; curr : curr - curr->next) 

C 
*tcurrfirdruie ; 

szrgle_ra1efire(cu-r) ; 
} 



u.ndoa,(ti.winIatt, tI.wintopr ti.w.winright, ti,win1)ottom) ; 
textcttr(tl.?ttribut&) ; 
gotoxy(ti.curx,ti.cury) ; 

retirn ; 

int slncic_rul_`zra(ULE *j))  

;F T1itN *curr ; 
int succs = YES 

c1rscrO ; 

cl , s,)_r,I2O.,curr_fir?ci ruie) ; 
fcr(curr = ->rula_if ; curr &J success ; curr = curr->neext) 

t 
p>tot_Ifs_fired++ ; 
success = solve_pre~nise (curr) ; 

I 
it(!succoss) 

o->tot_ifs_firsd += oo->no_ifs+1 ; 
isC 

lnt choice ; 

*+p-> tot_ i. f s_ f;.r ecl 
resuit_clisplay(p->ruie_then) ; 
twxtcolor(WHITE) 
text )c.ckcircund (5LACK) 
st~tus_aimndow("Correct ? (YIN)") ; 
U0 

ftlusn(stclin) ; 
choice = touoer(cjstch()) ; 

.t ,Jnile(! (cr.oic2 	Y 	H choice =_ 'N')) ; 
if (croic? =- 'N') 

n!LF *r = NULL ; 
2'JLt_VARS *nez-,ci_itlstory = NULL; 
I _T-1SN *newc ~rsequ:^ces = NULL ; 
/* char ;DrevC1CCJ, ores?nt[1G0J ; */ 
/* struct text info ti ; */ 

STACt, *expl_stcc!< = NULL ; 
mnt rssson no - -1, na_tnans = 0 ; 
r = clup_RUL E (r)) ; 
/********************************************************/ 

/****** TC.KE NEW PREMISES & MODIFY PREVIOUS RULES ********/ 
/***************#*****************************************/ 

n?od_history = read_success_var_descO ; 

x]:i_;teck a et stock() ; 
find_differences(hec d_histcry.,ex(oI_s.tsck) 
r2 sonno = diso„explain.,tions(exl_st~cl<) ; 
:f(roosonno == 0 H reson no =- -1) 

IF_TFEN *nsw_Oremisos = NULL ; 
int ro ifs = 0 ; 
stotus_uindo ("Prss any kay to enter more premises Prevoi 

us one, ui.srl yecl obovs„ ) ; 
cirscr() ; 

disc rule(,.. curr +ir2c1_rul ) ; 
textcolor(3LACK) ; 

textbacl<c,rcuncl C owN) ; 
cp-intf("\n\r 	IF (Now to be sipoonclecl)1n\r") 



t2xtcolor(WHITE) ; 

textI)ackcround(BLACK) ; 

ff iush(stin) 
setcr() ; 
ne:u_prertis.2s - qe* if_tr, ans(&noifs) ; 
p->no_ifs += no_ifs ; 

if(nc ifs) 

;F_THEN *bc1 court l_Oremises = NULL, *curr _contol_premise 
s = NULL, *curr / *t5ii_co3remises = NULL ; 

for(curr = new_oremi.ses ; curr ; curr = curr->next) 

currcompl_oremises = ciu~_1F_TH NS(curr) ; 
cici_if then 1;5±(currcompl13reittises,&heecicomplpre 

mises, $t 1l_comiDl_Drenises) ; 

cll rev se_Cons?CIu ce(hecad_compl_premises) ; 

tcr(curr = o->rui__if ; curr->next ; curr = curr->next) 

curr ->nsxt = neu ora;ttises ; 
for(curr = r->rulc_if ; curr->next ; curr = cvrr->next) 

curr->next = hez.c1 compl cremises ; 
r->no_ifs - p->no_ifs ;! 

else 

t 

IFTHEN *orernjssl w NULL, *pron1isn2 = NULL, *tail = NULL 

get_cOmIDle menta ry _icremises (reason_no, exn1_stack, &prentis 
c1. iremise2) ; 

for(t~il = p-)rule_if ; tail->next ; tail = tail->next) 

++c->no ifs ; 
dd_a.f_*,hen_list(orentise1,&pp->ruleif,&t..~il) ; 

tor( -tG.i.1 = r ->rule if ; tsxl->next ; tail = tzaii->next) 

, ++r>no ifs ; 
tc,cl_if_*.per._list(orenise%, ~r ->rule_ifr&tail) ; 

status_windox("Press my key to enter new consequences, Prevoi 
we ones clispi-lyed e!bove") ; 

clrscr() 

ciisp_rule(r, curr_rule_no) 

t2xtcolor(BLJCK) ; 
textb~ckground(E"0'4N) ; 
cprintf("\n\r 	THEN (Neva i.e■ Replaceittents)\n\r") ; 
tsxtcolor(WHITE) ; 

textbzckcgrouncl(SLACK) ; 

fflush(stclin) ; 
gwtcnO ; 

new_consequences = get_if_tnens(&no_tnens) ; 

if (rail_consec,uences -- NULL) 
oll_rsverse_ con seciuence(r->rule_ten) ; 

else 

IF_ clisoose_THEN(r->rule_then) 
r->rule_then - ne,i_consequences ; 



r->no th5ns - no_thons ; 

I 
diso_rul2(o , curr_r"a.red_rule) ; 
disp_rul<(r, curr_rulo_no) ; */ 

**curr_rule_no ; 

ICICI_tc_r le_list(r) ; 
++n?- r,,l?s idded % 

/* 	 ; 
windox(41,3,77,23) ; 

st tus_1ndoli("Col?1QerC' Objects ? (Y/N)") ; 
tf1us'i(tc1n) ; 
whilo(tcupi)or(getch()) -_ 'Y') 

clrscr() ; 
stltus_uindow("Enter The- Previous Object") ; 

~2ts(or3v) % 

clrscr() ; 

5tcltus_.:11ndo'w("T'nter Th? Present Object") 
gs—,s(present) ; 
i f (? emoty_sta.ck (cxo1_ st ck) ) 

clear stick(ox'ol stack) ; 
ver_dif?erence_find(prev, present, ox;>l_steck) 
rccsonno = dis_ex l ination=(?xlol_Steck) ; 
status window( "i,on- oer s Bore Objects ? (YIN)") ; 
fflushlstdin) 

window(ti.winleft, ti.wintoo, ti.winric~ht, ti.winbottom) % 
tex tettr(ti.ettriinute) 
gotoxy(ti.curx,ti.cury) ; */ 

free STACK(exol stock) 
Cx:l_ztick = NULL 
fr ee_e ch_ver (heed_histcry) 
hGed_history = 'iULL ; 

/* Fire modified rule also */ 

p->tot_ifs_firec; - 3 ; 
sincalc_rulo_fi,re(p) ; 

1 
else 

s,sv 	succssr v2'r c1esc () ; 
upcitesementic_net(>->rule_thon) ; 

} 
} 

return. success ; 

1nt solve ,Or2 ,~mse(IF_THEfl *orcmisa) 
{ 
char *left pert, *right_oert 

int lon, i. ; 
FRA IE *frm = NULL ; 
it(aremmsc->left_pert == VARIABLE) 

{ 

rULE_VARS *v = get _veri bbla(premis?->1aft_object) 
if(v -- NULL) 

cn? r *ter re ; 
strict text info ti % 

jottcxtirfo(&ti) ; 

wmndow(41/ ,77,23) 



text I)ackground(3LAC() ; 

clr- scrO ; 
toxtcolor(LACK) ; 
tax;' cK ro:jnd(r4HITE) ; 
C~)-., ntf ("5eiect 	rom One Of The Below For The V~rlcll)1e \"%s\" 

\1\r\n\r",I?r2+n1~?->ieft objSCt) 
n<<r? = cu atsvDr(premise->attribute+1, LEFT) ; 
~.'lnuowCti.lnlaft, ti.wirtop, ti.winright, ti.winhottom) ; 

text_ .tr(t1.cttrihute) ; 
g o t x y (2 1. C J r x, t 1. C u r y) ; 

v  t-v_ir_rod O ; 
v - >n  tlr_str(pre zsa->leftobject) ; 

v ->o')32ct = re~ft3 ; 
d cl v r (v) ; 

len = s r;zn(v->object) + strlenOremise->ettribute) ; 
lift-'a rt = et char_arrey(len+1) ; 

,Orintf(ift_.lrt,%s %s",v>o) Ct,DremisG->ttribute+1) ; 
3 

else 
I 

len = 3 r12n(oreiise->1cft_objest) + strlen(pr?mise-)ettribute) 

~cft_part = c9t_cher_errey(len+1) ; 

sorintt( left _Dert,s %s",premise->left-object,premise->ettriibut 
etl) ; 

} 
if(prc,i~ice->rlcl!~t_iaGrt -= VARIABLE) 

{ 
*v = 	 et_ver1b1o(pre1ise->rig`lt_ob sect) / 

N'.;LL) 

cn~r *nri'~ 
strict t°xt 	tl ; 
yettextirfoC ;'i) ; 
wlnaow(41 	77,23) ; 
text oe.ck< ro~un:lt3L4CK) ; 

c.rscrO ; 
toxtcolorY'LACK) ; 
taxt~)ack rourcl(:v-iITE) ; 

c~-,rlrnt { ("S lec t prole One O'f The Blow For The Verieble 	\•' 
\n\r\n\r",,.r  >rightobjct) 

c ss_v lr(or°: se-> ittrll)Ute 1, RIGHT) 

i l 1d Ow ( tl.1r10ft, ti. wintop, ti . winri jht, ti.winbottom, 

textet*r(t1 ttribut~) ; 

aotoxy (ti .curx,ti.cury) ; 

v = 1'e { ver_nocia() ; 
dstr(r,r2mise->riynt_object) ; 

v>ab, ?C*  
acid_var(v) 

} 
len = 5trlen(v->oh, ct) ; 

nit 	rt = rat_char erroy(len+1) 
sprintf(ri h*, srt,"s",v->cbject) 

} 

else 

( 
Ian = strlen(IDr~myse->rightabject) 
right art = c,,et_cher_cirrYy(len+1) ; 



s~~rintf(richt_~8 rt,'} /.s",oremise->richt_object) ; 

J 

frin - c.at_nquaIifier(left_jD~ r t) ; 
for(i = u : i < frm->no childs ; ++i) 

if(stricn;D(frm >chlldsCiJ, richt_ocrt) _= 0) 
bra. k ; 

fre(lef`,_p rt) ; 

fr—e (rirht_a<<rt) ; 
if(i < fr,r ->no_chi1cis) 

re turnora' ir-J.se~->;.lt±ri1)utu[01 - 	'f'' ? YES . NO 
'21st 

r~3turn ,orem1se->attrif)uteCJJ -_ '*' ? NO . YES ; 
} 
RULE_VS * at_vari=ble(chF.r *nF-m') 

RULE_VARS *curr = v?r-last ; 

~_ 
for( ucurr : curr = curr->next) 

st rlc 11p(nc,mQ,curr->ncine)) _- 0) 
return curr ; 

e .sa lf(test < 0) 
Dr?Gk ; 

J 
return NULL 

RULE_VARS *get_vr_nocle(vo:cl) 
{ 

RUL_`JARS *p 
p = (RULE_VARS *) milloc(sizeof(R'JLE_VARS)) ; 

NULL) 
t 
printf ("Out of memory. 	...ABORTING 
ffIush(stclin) ; 
getchO ; 

exit (1) ; 

p->name = p->obj.ct = NULL ; 
0->next = NULL ; 

return p 

J 

void add -var(PULE_VARS *p) 

RuL t_V~=RS *curr, *pr2v 
if(vnr list == NULL) 

var_list = p 

a1s2 
{ 

if( strlcnip(p->nime, var_list->nConi ) < 0) 

p->naxt - v;ir_list ; 

vcir_li t — 	; 

t 
fo^{curr = or~v = var_list ; curr 

r->nrxt) 

...(get_ver- nod) \n") ; 

; pr.?v = curr, curr = cur 

if(stricmo(p->n~v ,curr->n~m?) < 0) 



1)r ' _ik ; 

p->next = orev- next ; 

rav->next = is : 

return ; 

char *cuoss_var(char *`ttrit)uto, int left_or- right) 

struct nam?_list *h3acl ; 
cnar *name ; 

if(left_or ri ;t == LET) 
head = l2tt_ list -r21(attribute) ; 

015e 
hezi:i = Ieft1:i.str21(attri1)ut) ; 

Hero = 9et_dislo_opt-ons (head) 
return name 
} 

char *gstdisID_ootions(struct r mo_list *head) 

int i, j. total = 0 
struct name list *curr ; 

char 	~moscC120] 
char *txt 
struct t2xt_int'O til 

1nt x ; 

for(curr = haaci ; curr ; curr = curr->next) 

if C ! u:~3ci q ch jct_i.r_vr{curr->n~i ) ) 

+tot1 
toxtcolor(ESLAC) ; 

tcxtb ckgrcund(B OWN) ; 
1) 

c o r j n i t ( 'r ( ya cl) " I t c t a i) ; 

corintt (", ( nd) "/ to tal ) 

tex*15 ckcjccund(Ci N) ; 
cprinti (" 'cos",curr->nam2) ; 

1 

sNrintf (m. sg,"Enter the ob j?ct no. (1 to %cl) . ",total.) 
cjottoxtlnfo( ti1) ; 

winclow(l,1, Q,2:i) ; 
sta to windo ("") 
textcolor(Wr~ITE) ; 
textt)ackc round(BRGWN) ; 
gotoxy(1,25) 
cor1ntf (m9sc) 
x - ulnerex () ; 
i - ; 
Cl o 

{ 

ff1ush(s_tcl;n) ; 
ct o 

t 
txt = r,=t_ch_txt(x.,?-./H-x-2,1) 



} wha.i (tx t =_ NULL) ; 
tri.n(txt) ; 
If(sttr1en(txt)) 
i = at01(txt) ; 

tree(txt) ; 

txt = NULL 
} whi1o(i < 1 H 1 > total) ; 

wlndox(ti1.winIef'., ti1.w;.ntoo, tiI.winright/ til.winbottom) ; 
ttxtattr(ti1.attributc) ; 
gotoxy(til.curx,ti1.cury) 

for(J = 
 

0, curr -T heaci ; curr ; curr = curr->next) 
t 
i(used_ohject_invar(curr->name)) 

bra k ; 

} 
name - dui -s±r (curr->nr7mo) ; 
return nana 

m,nt used_object_in_var(char *object) 
t 
RUL~_V~?RS *curr = var_iist ; 
for(; curr ; curr = curr->next) 

{ 

mf(stric.np(object, curr->chject) _= 0) 

break ; 

raturn curr -_ NULL ? NO ; YES ; 

1 

void result_clislay(I;_THEN *conseclu3nce) 
1 

i. t i ; 
IF-THEN *curr ; 

textcolor(3RJWN) ; 

te-x backg.^ounci (t~*1I i ) ; 
cprintf('\n\r' ~zult 	\n\r\n\r") ; 
textcolor(WHITE) ; 
textbackground(EROWN) ; 

for(i = 1, curr = consequence ` curr ; ++i, curr = curr->next) 

c ;7rintf ("12cl. 	',m) ; 
if(curr->left_IDart == VARIABLE) 

{ 
RULE_VARS *v = gat variable (curr>1#t_object) 
cprintf("ls  ; 

} 

alse 
{ 
Cprintf("/s ",Curr->12ft_object) ; 

y 

cprmntf("%s%s ", curr->attribute+1, curr->attributeCO3 =_ '' '' 
NUT" : fill) 

it(Curr->rie"t_.art == VRIAL ) 

R`JL:_VA?S *v = qet_ variable (curr->right_objcot) ; 

C2Cifltt (' S "F V>obj Ct) ; 

} 



{ 

cprintf("%s "curr->right_object) 

c.rintfC'\n\r") ; 
J 

return ; 
} 

vaicl r s_, rint(void) 
{ 

4ULc_VARS *curr = var-list ; 

cirscr() 

`,or(; curr ; curr=curr— >n~xt) 
c rintf("Varleble \" ~\" was -)se1Cned Object \"!s\"\n\r",curr ->n~n 

ei curr->o+)ject) ; 

stc tus_Windoj("Press any key to continue ") i 
ff?usn(stciin) ; 
getch() ; 
return ; 

} 
vole! relaase_result_i;menory(voicl) 
{ 
free_vc,r_Iist() i 
return ; 
} 

int succ_fmred(RULE *Q) 
{ 

return (p >tot_ifs_firecl > 0 &K o->tot_ifs_fired 	p->no_ifs + 1) ? 
YES : NO 
f 
void :,uccessful_rules_view(voici) 
{ 

RULE *curr = rule head ; 

int no success - C. key. i ; 

for(i = 1  curr i ++i, curr - curr->next) 

if (succ_{irecd(curr) ) 
{ 
++no succoss i 
c.rscr() ; 
disc ruls(curr.i) i 
st tu-_Ulnciow("rr:ass =ny k; y to see next successful rule ..... 

it ) 	; 
fflush(s tdin) ; 
if ((I<ay = getcn,O) -_ ESC) 

t 
St21tUs lU1ndoJ, (') 

c1rscrO 
return ; 

else 1f (k y 	XTEN EJ) 
Q tchO i 

} 

if (nouccess -- 0) 

clrscr() ; 

stz,,tu5_J11rciow("ale rul dies e succc-es. 	....Press clay key to cont 
1nue') ; 



stc+tJS_wirrIOW( "%o•'tor? successful rules. 	....Press anyk y to 
contnwa") ; 
ff1usn(stci n) ; 
f(;.tch() __ _XTENOEO) 
cech() ; 

stc.tus_yircfo:r( 
return ; 
} 

int _,., n?*_her_fEtllecl_rule ("JLE , p) 
t 
return p->tc±_ifs_f:red - (p->no_ifs + 1) ; 

VC.10 4 ii_rui _detail (void) 

<ULc *curr = ruie head ; 

int no_ftsilCcl - 0, f ail_irei-,iise=_nc. key. i ; 
char txtr'°It~ -LENGTH] ; 
for(i - 1 ; curr ; ++i. curr = curr->next) 

ir(({ail_I.remisenc - whether fail=cf_rule(curr)) -= Q) 
continue ; 

e'1 se 

++ n ~ 	ileci : 
cirSCrO 

ciis'. rule(curr,i) ; 
sr1ntf(txt/' ajiecI Fit premise =%c1. 	...Press any key to s 

, e n.x t f ,11 ec! rule",f.:,il_orenise-no) 
stetus wlnclow(txt) : 

tflus"(stclin) ; 
1 ((I<ey = gettCh()) - ESC) 

t 
status windox("") ; 
1rscr() : 
return ; 

also :f(I<ey == EXTENDED) 
CctChO ; 

} 

I 
if(~1~- fc11i3C~ -- e) 

clrscr() ; 

5t tus_w;.idow("No rule 	iled. 	....Pr,oss any key to continue") 

} 
cis` 

stcltuinclow("No more fa11cd rules. 	.•..Pr3ss any key to cent 

ftlu>h(s d1n) : 
if(getcn() _- EXTE:v3ii) 

vetchO ; 
5t~7tuS_yindou('' ; 
r-turn ; 

} 

voict naw_rj12_seve_option(volcl) 

C 



if (new rules ac!cl?cl) 

ti 
int c olcz 
statUs_winciou(Lcist chcnc2 to save new rule -(s), 	Save ? (Y/N)\ l') 

i 
Cl0 

fflush(stdin) ; 
cnoice = tou; par(c~2tch()) ; 

? whiie('.(cnoice -_ 'Y' (( choice -_ 'NJ')) ; 
if(choice =- 'Y') 

rules_rits() ; 
} 

return 

RULE *(Iul)_RUL E (RULE *+o) 

RULE- *r = NULL ; 
IF THEN 'it = NULLS *curr = NULL, *tail = NULL ; 
r = get_ru12_ncd~O ; 

r->no_i.fs - o->no-if=_ ; 

for (curr = p->rule=_if ; curr 	curr = curr->next) 
{ 

it = dup_IF_TNENS(curr) ; 
c~dd_if_tn,,-n_list(it. rr->rulif. 9tail) ; 

} 
r->no thens = !o->no thins ; 
for(curr = p->rule_tth.-n, tail = NULL ; curr ; curr = curr->next) 

t 
it = ciup_IF_ThENS(curr) ,' 
acld_i.f_then-iist(it, ter->rule_thon, &tail) ; 

} 
return r ; 

} 
IF_TthEN wduo_IF_THEN5 (IFF_THFN * ) 
{ 

IF_THEN *.it = NULL ; 
it = gct_IF_ThEN_node() ; 

it->lef*,_part = o->ieft_rt ;  ` 

it->laft_object = duo_str( ->left_object) ; 
i.t ->attribut^ = cup_str(h->ettriJ)ute) ; 
it->ric;nt_oirt = ia->right_,D~rt ; 
1t->ri Qht_obb,ject = clup_str(n>rich±_object) ; 
return it ; 

void init_for_fi ring (void) 
{ 
RULE *curr ; 

for(curr = rule he4~cl ; curr ; cur-'= curr ->next) 

curr ->tot_i.fs_f:.red - curr->tot_t'iens_fired = 0 ; 

return 

void ULE_disoos (!?ULl *r) 
{ 

iF_ul;gos_TrE3(r->u1if) 
1F_cl~s o3e_Tr.EN(r ->ru1?_th2n) ; 
r ->rul __t = NULL 



r ->rui t'ion = NULL 
free(r) ; 
r = NULL ; 
return ; 

} 
volcl :r`_ciisDose_TML-N(T,°_TH>WN o) 
{ 
if(p) 

t 

1= c►i_aos~_T N1(o->next) 
tree(o->1?f t_ob,;ct) ; 
froo(-> ,ttr:';uto) ; 
tree(p->richt_object) 

freQ O) ; 
p - 'JULL ; 

} 
return ; 

void u lclt?seii "ntic_net( TFThGN *consc:Quanc?) 

char * 1oft_ girt. *ric;ht_1)z rte t-mpC2003 ; 
IF TN *cur- 
for(curr = consequence ; curr ; curr = curr->next) 

{ 

lt(curr ->1?ft o»rt -= VARIABLE) 
r 	- 

KULE_V. RS *v = qot variz b1e(curr->13ft object) ; 
if (curr->ttributero] -_ '*')  - 

sprinf(t.mo.s ".v ->object) ; 

a lso 

i1(curr->attri.buIe 3  
sprintf(t`mo,"s ",curr->io#tobject) i 

if (curr->ettributeCO3 =_ '4') 
t 

trcat(tca p,curr—>ttribute+1) ; 
l,eft_oo rt = cdup_str (tom!q) 

1 
if(curr->ric.,.nt_p'rt =- VA r4SLE) 

{ 
nUL "_VARS *v = a :x± va riE b1e (curr ->right_object) 
„f(cJrr-> attribute —  

rzght_part = clup_str(v->ohjoct) ; 

else 
{ 

if(curr -->attr5uteCO3 =_ •+') 
r1 ht_a1rt = duoo_str(curr ->right_obje>ct) 

I 
If(curr->attr_.bute ' _= ' 4 ') 

r 
struct name tree *n = get _frm_ptr(Ieft_part) ; 

== NULL) 

Rat•1E * fr ,; = NULL ; 
gatrod9O ; 

fr~r,->namp = left ;)art ; 



frm->no_chiIds = 1 ; 
fr•7->chilusEOJ = riyht_part 

5rocess_fre,nL(frm) 
J , _r„_,r_ind O 
write relationsO ; 

} 
} 

return ; 

volo ;ave_success_vc-~r_cdGsc(void) 
{ 

RuLE_VArcS *curr = v~7r_iist ; 
FiLc *f;) = ti'JLL ; 
cnsr  
sprintf(t»)."s,SW',file_nFor2) 
Clc 

to = f0,]crl(t-nmlp ' w ' ) ; 

.if(fp =_ PLLL) 
{ 

int chDice 
stc tus_winclow( f1Lnab1c- to s<ve History.... (R)etry or (A)bort") 

do 
d 

tflush(s din) ; 

choice - touo,D=r(c,2cnO) ; 

 

} wniI(!(cho1c  Choice =_ 'N')) ; 
if(choicr  

fclos11O ; 

.4inclou (1 ii, . 25) ; 
cl^scrO ; 

exit(1) ; 

} 
} uhi12(fp == 'LLL) 

for(curr - v~r ilst ; curr ; curr=curs->next) 

fprintf (fo,! rfs\ns\n",curr ->nme, curr->object) 
tclose(to) ; 
return ; 

} 

RUL.E_VARS *ra clsucc?ssvard2sc(voici) 

RULE-VA.kS *curr, *ho - NULLS *tE,il = NULL 

FILE *fp = NULL ; 
char tei,.ioC E-,zG LFr\GTHi ; 
sprintf (tmo," s.3AV"rfi1_nnis) ; 
do 

fh = fooen(t.?m,)~~~r~~) ; 
'ALL) 

int choice 

 

status_ainc'ow("Cn  to open History file....  (R)etry or (A)b 
ort") ; 

do 
{ 



{ 

if(stricm;c(ni=tf -)Chi1dsEiI., currf ->ch.ildsCjJ) -= 0) 
{ 

Y_S ; 

} 

f (±s') 
( 
pusn(hitf->chi1c!sri3.exp1stack) 

gush{"-",@xa1 stock) ; 
~~usn(currf->n~n:e~oxa1_tck) ; 

el
l 	y 

!gush(histf->chi1dsCi exol_staCk) ; 
~Dush("-„,~xOO1stack) ; 

oush(txt~axol-stack) ; 

frog FRA'•'E(currf) ; 
fr2~FRlz(nistf) ; 
hiistf - curry - vL LL 

} 

for( 	curro->h?r,c! ; ,D ; iD _ !„->next) 
{ 

currf = ;et rm_c,u~l1fler(iD->na1,e) 
s i~rintf('xt,"is % ".2rev,p->nsme + c~et_verb_ind(p->nc)me)) 
hIstf = 	_nm_ciu71 i.ci: r (txt) 
fora. = 0 ; i < currf ->no. chills ; ++j) 

{ 

if(hitf) 

{ 

ror(j - 3, 	NO ; j < histf ->no_chil<!s ; ++j 
{ 
if (stricmoo(histf ->chilc!s[jJ, currf->childsCi]) =W 0) 

= YES ; 
bra?k ; 

} 

if (!s€me) 
{ 

'ausn(currf->cnildsEi3.exn1_stack) ; 

iJ u s h(" ±” , e x'D 1_ s l c k) ; 

:,ush(currf ->n m(z,exi)l_st,ic!<) ; 
} 

} 

2ls.e 

{ 

rush(currf->chi1dSEiJ'exu1_st~ck) ; 
push("+",exi31_stack) ; 
push(currf->ncinn9.2xol_stack) ; 

} 
} 

re2_FRA`c(histf) ; 
frCa FRA'4E(currf) ; 

his tf = currf = NULL 



ffldsn(stdin) ; 

cnolc2 - tou,Docr(~a2tcfO) 
: write (! (criaico =_ 	11 

if(ChoicG  

fc .o' 11 () 
incioL(1,1,?'/c5) 
clrscrO 
?x+(1) ; 

} 

} whli? (t D _- NULL) : 
fscaanf(fDD. ^ \n\n",tealo) ; 
hil (!fsof( )) 

t 
curr = cet_var_nodnO ; 

curr ->rsma - ciuo ~tr(tmo) 
f c c"1 n f ( f 3 . '" % E ^ \ n . \ n " , t ,11 0) ; 
cur'r ->ob j`ct 	ciuo_str(t?illo) 
if(had == NULL) 

- tci) - curs ; 

t 
t it ->ncxt = curr 

curr 

choice =_ 'N') ) 

} 
f~C=;nf(f,),I [A\r)j.\!l I .t~niP) ; 

fc10 a (fI]) ; 
}return h- .fd 

void.''r1/nc!_ciifferenc2s(RULE_V,~RS *he c vrr_history, STACK *expl stack) 

BULL VAkS *nist = ho?ci_v r_history, *curr = var_l.ist ; 	. 
for(; curr  hist ; curr = curr->next, hist = hist->next) 

var_c!iffaronce_fincl(rist->ofbject/ curr->object, expl_stsck) ; 
1 

return ; 

1 

voice vr_cl1ff-r9nco_fI.nd(chr *crcv, char *,oresont/ STACK *expl stack) 

struct q~al_na:'ne *.jisto = NULL, *curro = NULL ; 
FRAME *ni~tt = NULL/ *curr{ = NULL 

struct nL n 1 is : *Iw - NULL ; 
lnt 1/ ,j / S n`e _ NO ; 
char txt;.13u; ; 
histo 	t_objoc*.(pr. v. qu'lifisrtree) ; 
curro = f,, et_object(oresor.t. qu=lifiertree) ; 
for (a = 'bisto->he=7d ; 0 ; o = o ->next) 

hist 	t_nm_cuaiifitr (o ->naille) 
spr1n1 (Yxt/",s i>s".1)re5?1t,1D — >na ,lle 4' get verb lnd(p—>nanie)) 
currf = -ot_nm_cualifier(txt) ; 

f)r(i = u ; i < histf->ncchilds : ++i) 

t 
if(currf) 
{ 

tcr(j = C, s 3 = NO  j < currf->no_childs ; ++j) 



{ 

if(stricm.o(histf—)ChiIcis[i7. currf—>chilcIsCj?) == 0) 
r 

Y-S 

} 

i { ! sc'lt2) 
t 

I)usn(histf ->chi1 	 xp1_skacl<) ; 
oush("-".ex. 	Stacj<) 
!,ush(currf ->nan;~,axp1_stack) ; 

ti 

?1 E 

push('ist'`->Ch11dSCi3 rex1)1_stack) ; 
r)Usn(.exID1_St,Ck) ; 
oUSn(txIa xstack) ; 

} 

free FRA7•ME(currf) 
' re?- FRAME (nistf) 
histf = currf = NULL 

for(p = curro->h27c) 	p 	c ->niext) 
C 

currf — het nmcu1ifier(p—>nE1s,13) 
sorintf ( xti" us %s" iprevip ->naiiie + get verb ind(p->name)) r 
histf 	_nm_c~uslifier(txt) ; 
for(i = ^ : i < currf-)no.chilcls ; ++i) 

{ 
if(histf) 

( 

tvr(j = 0, sw,u 	NO : j < histf ->no_chiicls ; ++j) { 
if(stricm~D(histf ->chilcisCj , currf ->childs'Cil) -_ 0) 

I 
s.n,` = YES 
I)r k ; 

s 1 l e ) 

{ 

Dusn(c urrf ->cni1clsE1)'ex,D1_stznck) 
;) u s h (" +" i e x !J 1 ,stock) i 
gush(currt->nnine.ex,Dl_stack) ; 

} 
} 

cis. 
{ 
,bush(currf->chilcisCia.exoI_ stack) 
Push ( „+",exi"l-stack) ; 
push(currf->nan,c,cxrol_stack) 

} 
} 

~rec_F 'E(histf) s 
frec_rpa'iE(crrf) : 

histf = curry = NLLL 



return 

int clzsp_exIDieinetions(ST CK }•ex!31_st.=ick) 
t 
irnt total 	. choice 
ctruct n+ne_list *curr = MULL ; 

struct txt info ti, ; 
gettextznfo(yti) ; 

wincioa(,i,~.?7,'5) ) 
cirscr() ; 
textcclor(dLACK) ; 

textackground(WHITE) ; 
cprintf ("txPLAINATiONS : \n\\r\n\r") 
textcoior (~!hITE) ; 
textbck roind(r~ROW^a) 
for(curr = a xl~l_steeck->tos ; curr 

 
curr = curr->next) 

t 

c,orintf("`/.2ci. as",+4•tottel, curr->nam2) 
curr = curr->next ; 

cprintf (" NOT") ; 
curr = curr->next ; 

cr)rintf(" °;s\n\r",curr->n7me) ; 
} 

if (tote1 	C) 

stc,tus_window("No differences encountered. 

ffiusn(st:iin) 
getch() ; 

choice  -1 ; 

else 
I 
char 'tx t ; 
struct textzrfo t~1 

1nt x ~ 

ge textinfoU til) ; 

J,'indoi(1,1, 6,25) ; 
status ;umndow("") ; 
gotoxy(1,25) ; 

...Press any key") ; 

cprmntf( "Enter the reason no. (Enter `"DY' for c"i neui reason) . " 
; 

x = ujharexO 
choice 	-7 ; 
Cl 0 

tlush(stdin) ; 

c!o 
t 
txt = get_ch_txt(x,25.Fu-x-2,1) ; 

} :ihils(txt -- NULL) 
trim(txt) 
zf(strlen(txt)) 

choice = etoi(txt) ; 
tree(txt) ; 

txt = NULL ; 
) llila(cholce < ;  choice > total) ; 

uinc'ow(ti1.winleft, tll.wintoo, til.winrioht, til.winbottom) 



toxt~tt^(ti1. )ttributo) : 

yotoxy(til.curx,til.cury) : 
} 

xindow(tl,winlcft~ ti.jintoi3, ti.,winright/ ti.winbottom) 

text2.ttr(ti.attriI)uto) ;  
cjotoxy(tl.curx,ti.cury) ; 

return Cn)1C? 
} 

void yet_co~i~'toi rt~ry_arorises(int r•-E,son_no, STACK *S, IF_THEN **pre 

I 
struct nem moist *curr = NULL; 

char *r1~;rt_ ,)ert~ *12ft_psirt, *ettributsl *,ttributC2, verbCS03, *va 
ria,.ie 
int i 
ch r ty,~ 
for(Curr - S->tos, 1 = 1 i i < roason_no ; 

curr = curr->noxt->next->next ; 

sprmnt (v?r~,s",curr ->n me—Cjet_verli :ind(Curr ->,nctn,e)) : 
curr-7n~n L~?t_V~ri~_inci(curr ->n i,l?)-1 J - '\O' ; 
left_a rt = curr ->nre 
curr = curr->naxt ; 

type = *urr->nn,-2 ; 
curr = curr->next i 
riccht_-ZDcirt = curr ->nmc ; 
ttri:)ut`I = ce _chr_ irrEy(str1en(verb)+1) ; 

c,ttri ute2 = csst_cherrr7y(s tr1en (verlb)+1) 
l.f(tyj -- 1+! ) 

4. 

sprintf (e tribute1 ,Ys".verb) ; 
ir,i.nt~(1ttr11~Ut3 i*'aS"♦verb) ; 

1 

visa 
{ 

rjn`.T(~.ttributo1, 7 s ",VCrI)) i 
sorintt(attriIute2,"-7;s",vorI,) i 

} 
variDi 	7t_vear for ob3ect(i ft_o rt) ; 

e*TF_T;- 4_nocl`() i 
;2t_TF_T-iEN_node()  

V .  LE ; 
(*pr2~ii 	1) -.>1z `t_olbject - duo_str(veric b1e) i 
(pren,is,1)->attribute = ettributel i 
(*,)ramisai) -?rightD~rt = OBJECT; CT; 

(*Nra11,1a?1 ) ->ri,htob,ject = ciup_str(rightoc,rt) 
(*pra~•is~c) ->A t_per1 VARIABLE 
Cxl~ronisac) ->1 ft_object = clue str(vtiria1) e) 

7 t t r i 1. u t e 2 

prt - OSJECT; 
(*pre is 	) -Nr.ight_o; ject = cluln_str(right_p~rt) 
return ; 

char *c3t_vE.r_ for _ob, act(cn,r *object) 
i 
RULc_VARS *Corr = vr_list ; 

for(; curr ; curr = curr->noxt) 

if (strlciio(objoct, curr->o.bjoct) -- 3) 

F 



return curr->nv,4ee 
eturn "ITJ" ; 

Later *********** * ****** > return NULL ; */ 

i 

d rove^se_cons?C,uenc2(IF_THEN *consocauence) 

if (consequence ->a+-tr 4-i)ut?LO~ _- ''E ) 
consoclu2ncq - >a -t.tr1hut,-- 	_ '-' 
s,' 

consqua.~` ->clt tr butCOJ = ''' 
return ; 

void i11 rvrs 	cor,scc,u?nce (I 	 THEN *head_ then) 

IF_T=f a *curr ; 
for(curr = had then ; curr ; curr = curr->next) 

r?varse_cons2quenca (curr) ; 
return 

I 

void naw_reasons (voicl) 

I 
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