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ABSTRACT

Artificial Intelligence has undergone tremendous development

as well as revolutionary chaMge in computer science since its
birth at Dartmouth college, USA in 1966. As a result of these

development, Expert systems have emerged as an applied branch of

AI. The application of AI methodologies to the power system is a

new area of research.

The behavior of the modern interconnected grid system has
.become more and more complicated~ causing decision making process
to be increasely difficult. This study is aimed to develop an

~xpert system to assist the decision making and to suggest the
necessary actions by applying the expert knowledge in order to

ensure the national grid supply normal.

With reference to the system analysis, the power Development

Board (POB) of Bangladesh has a Load Dispatch Center (LDC). The

objective of this center is to make co-ordination between the
demand and generation through out the whole country. In order to

do so the"LOe has to make liaison with more or less thirty (30)

,
;

~ower stations near about sixty four (64) sub-stations located at

different places of Bangladesh and to face the related electrical •

faults so as to ensure normal power supply in the grid~

In this contest the first part of this work i- to make study"

and survey about the expert system and then to examine the

possibilities to develop an expert system for the proposed field.

Since acquiring the knowledge is a heart of ari expert system, so

VI



the next portion of this work describes the knowledge acquisition
techniques from domain expert~ This knowledges is incorporated in
the data base in terms of production rules and
program was developed by PROLOG.

finally the

It is expected that the developed expert system will offer

quick optimum decision both by text and in graphics during
the time of electrical faults to the system operatqrs and will be

a valuable tool for Load Dispatch Center of PDB.

VHf
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1.1 A SHORT HISTORY OF EXPERT SYSTEM:

It is difficult to pinpoint an exact

is commonly called expert system a sub-class of AI~ Per;:-haps

Turning's recognition that a program could be stored

Icredit for the birth of AI should be given to A.M TURNING fo~ his

invention of the stor-ed program computer- in the ear-Iy of 1950.

"IIas \data
~

in the computers memory and executed later formed the basis for

all model"n computer-s. ThE. storing of progl'-ams allowed' the
!

computer's function to be changed quickly and easily simply

running a new program. This capability implies that a comp~ter

might be able to change its own functicms --that is to learn or
think.[1]

I
",,
!,

The term llArti.ficial Intelligencell is:, usually regal'"ded"; as

havin9 been invented by JOHN MCCARTHY in 1956,
,,

then assistance
-,

professor of Mathematices, Dartmouth College in Hanover N.H. At

that time he convened a conference which was the begining ofi AI,
I

as a separate branch of computer science. [1]

i"1AFNIN
llsteps

MINSKY of M.I.T, who in 1961 wrote a paper

towards artificial intelligence'l~ The 1960 were
entitled.

a peridd of
intense optimism over the possibility of making a computer think.

In 1964 JOSEPH EIZEN BAUM of M.I.T published the most famous

and highly publicated "ELIZA" a mini exper-t system program that

1



acted like a Rogerian phychoanalyst.

By the end of the 1970, several success such "as natural

language processing, knowledge representation and problem ~olving

had been achieved in the specific area of A.I. Thus the stage was,
set for the introduction of the first commertial

e}:pert. system ..

produc t,
I'

the

[IDuring the 1970 EDWARD FEIGENBAUM, at Standford developed the

e"'per-t system "DENDRI-\L"used for analysis of mass
spectography data. At the middle of 1970 one of the most

successfull e'.'pertsystem was "~1YCIN",developed at standfor-d

university and which was created to help physician

illness. [17]

d
.,
lrgnOSe

\
Today many large companies I Bt'l , Digital Equipment

Corporation, Hitachi etc, have set up AI research laboratories
,

and important research is being conducted in many institute and

universities .. The Japanese plans for fifth-generation computer
require massive finding in AI research, development' and

Iincreasing commercial emphasis is being given to the development

of particular expert system for specific purpose. Now-a-da~s in
U.S.A. more than one thousand expert systems are working.[6]

\,

1.2 DEFINITION OF EXPERT SYSTEM:

Expert systems, a sub-class of AI, are being developed for a

variety of particular purpose. Expertise is collected from human

beings and fed into systems with a capacity to store and to

2 J
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manipulate the

inquiries.[17]

knowledge in response to the

Oil

\
j

SUbSeQUen!t

I

Llse..-

IExpert systems are one of the key development contributing

to the international fifth-generation program which may be

regarded as a means of recording and accessing human
in a particular specialist field.[17]

competence
,.
I,

Most robust interpretation ( e.g. Dudaet at 1980 )

that an expert system is capable of human performance

ambitiously, Expert system may be seen

.serve there by as an replacement "".'.'pert.

Less

competence in a relatively narrow agreed domain
to aid communication between human experts.[ll]

SUg',lgested
alliel can

I
I

I
as f.?}~hi~Jiting

I t'Jols.s~rving as
I,

The British Computer Society's Committee of the specJalist
I'

group on Expert system has defined an expert system as--- I
" The embodiment within a computer of a knOWledg~I,-base

component form an expert skill in such a form that the maLhine,
I

can offer intelligent advice or take an intelligent decision
I

about a processing functiol1Q A desirable additional.
I,

cha,"acteristic, which may be re'gardedas fundamental, is' the
II

capacity of the system to justify its own line of reasoning in a

manner directly intelligible to the inquirer. The style ad~Pted
Iito attain these characteristic is rule-based programming".[l~]

In conclusion we can say the expert systems are

3



sophisticated computer programs that manipulate knowledge to
solve problems efficiently and effectively in a narrow problem

area .. Like real human e>:per"ts,these systems LIse symbolic: logic

and heuristics--rules of thumb-- to find solutions. And lik~ real
e};per-ts, they make mistake but they have the capacity to 'learn

from their errors.[2]

1.3 ADVANTAGES OF EXPERT SYSTEM:

There are some e>:cellent reasons for using artif,icial
e>:pertise to human reasoning. Some of these advantages are
summerized as follows, figure 1 illustrates these advantages.

a) PERMANENCE: One advantage of al"ti'f icia I e}(pertis;e
<

is

its permanence. Human expertise can quickly fad, regardl;"ss of
" "

whether it involves mental or physical activity. An e~pert
,

must constantly practice and rehearse to maintain proficiency
in some problem area.

Any significant period of disuse can seriously affect the
e>:pert's performance. The adage lIuse it or lose itl! cer'tainly
applies here. However, the adage does not apply to artificial
e>:pertise .. Once it is acquired, it is around for eyer, barring
catastrophic accidents related to memory storage. Its

permanence is not related to its use.

b) TRANSFERABLE: Another advantage of artificial e>:pertise is

then ease with which it can be transferred or reproduced.
Transferring knowledge from one human to another is

4
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LESS EXPENSABLE

FIG:l THE ADVANTAGES OF AN EXPERT SYSTEM
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laborious, lengthy and expensive process called education.
Transferring artificial expertise is the

copying or cloning a program or data file.
trivial process of

c) EASY TO DOCUMENT: Artificial expertise is also much easier
to document. Documenting human expertise is ext~emely
difficult and time-consuming, .as any experienced knowledge
engineer will verify. Documenting artificial expertise is
relatively easy. There is a straightforward mapping between
the way in which the expertise is represented in the system
and natural language description of that representation.

d) CONSISTENT: Artificial expertise produces more consistent,
reproducible results than does human expertise. A human
expert may make different decisions in identical situations
because of emotional factors. For example a human may forget

to use an important rule in crisis situation because of time
pressure or stress.
these distractions.

An expert system is not susceptible to

e) LESS E~PENSIVE: A final advantage of artificial expertise
is its low cost. Human experts, especially the top-notch ones,
are very scarce, and hence very expensive and they demand
large salaries. Expert systems, by contrast,
inexpensive.

are relatively

The expert systems are costly to develop but cheap to
operate. Their operating cost is just the nominal computer

6
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of running the program. Their high development cost (years of
effort by high priced knowledge engineers and domain experts) is

offset by their low operating cost and the ease with which new
copies of the system can be made.

1.4 OBJECTIVES OF PRESENT RESEARCH:

The Power Development Board (PDB) of Bangladesh has central

load dispatch unite. The objectives of this center are as follows

* To maintain the co-ordination between the demand and

generation of national electrical grid.

* To ensure the quality of supply i,e, the voltage and
current rating should not exceed the limits (+10, V,-5) •

• Safety of the equipments connected with the grid system.

* To maintain the secu,-ity of the working man •

• Overall to make the system reliable.

In order to do so the L D C has to make liaison with more or

less thirty power stations and near about sixty four sub-stations
located at different places of Bangladesh. Figure 2 shows the

important power stations of Bangladesh which are Llilderdirec:t
controll of LDC. These power stations and sub-stations are
interconnected with 66KV, 132KV and 230KV power lines, a 11 of

these associately called the NATIONAL ELECTRICAL GRID SYSTEM, as

illustrated in figure 3.

To make co-ordination between the stations and sub-stations

7
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at different places of Bangladesh the center has a telemeter

board to display the momentary power generation at different

power stations and the total power transmission through different
grid lines.

The center also povide frequency and voltage meters to

display the voltage and frequency status of the grid system. At

the time of electrical faults the operators can convey the

decisions of the system expert over carrier telephony.

This is a challenging problem of PDB to ensure the most

~conomical and efficient grid supply in context to the growing

electrical demand with limited power stations of which a good

number of generators are inefficient. Moreover to give the
accurate decisions at the time of .lectrical faults in the inter-
connected complicated grid system has become increasely
difficult. In this contest the followings are taken as the
objectives of the present study'

a) The application of AI (artificial intelligence)
methodologies to the power system is a new area of research.

modern interconnectedThe behavior of the

become more and more complicated, causing
grid system has
d .1. , .. eClS10n ma~lng

process to be increasely difficult. This study is aimed to

develop an expert system to assist the decision making and to

suggest the necessary actions by applying the expert
knowledge in order to ensure the national grid supply normal.

b) During the real time environment if a problem is detected,

10 r.
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the expert system can be applied to suggest a solution to the

operator in time, based on the incorporated expert knowledge.

c) The knowledge of the system experts (the chief engineer,

director, deputy director) will be incorporated in the global

data base working memory. So the appropriate decisions can be

achieved quickly without bothering the superior experts.

d) The knowledge required to perform a task will be expressed

in terms of production rules which are very close to natural

language and therefore easy to understand to the operators.

Each production rule represents a piece of knowledge relevant

to the task. Hence it is very convenient to add or to remove

the rules when more experienced is gained.[14 & 12]

1.5 A BRIEF METHODOLOGY OF PRESENT WORK:

The proposed approach to the development of an expert system

consisting of the foIling steps--

a) A successful 1 expert system relies on a high quality

knowledge ba~e. So the first step is to identi~ication

knowledge to develop such system ..

of

b) To procure knowledge used by the system experts of the

load dispatch center~ The knowledge required to solve a

problem may be sophisticated, which often results in a large

rule base, developed on engineering judgment.

11



cl Converting the production rules in to the object oriented

language like PROLOG or LISP.

dl The graphical representation of the of the system problem

and its solutions to make a user-friendly man-machine inter

action.

Finally the proposed expert system may offer more fastly the

optimum decisio'ns both by the te,.,tand in g,-aphics during the

time of electrical problems to the system operators and will be a

valuable tool

PCB.

in operating the national grid system in LCC of

12
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2.1 GENERAL DISCUSSION:

The expert system area is expanding rapidly. Both Government

and Industries in abroad are introducing commercial expert system

in their respective fields and with in a few years a large number
of u.s. companies has ,involved in AI or Expert system r~esearch

and development. Major Universities ~ research insitutions and
private corporations are working to bring the promise of
systems to fulfilment. In this section survey reports of some
important aspects of

discussed"
expert system in practical fields aroe

There are over one thousand expert systems reported to be in
use today and their number is rapidly increasing.
systems have been build to solve different types of problems,
but their basic activities can be group,,;d into different

Table 1 summerizes the basic categories of
system with their activities. The categories are discussed below

a) INTERPRETATION: E"'per-tsystem that pe,,-foc'minte'-pretation
typically use sensor data to infer situation descriptions. An
example is interp,,-etinggauge reading in a chemical p,,-ocessplant

to infer the status of the process. Interpretation system may
process many different kinds of dat~, for example, bot.h vision
and speech understanding system use natural input--visual images
in one case, audio signal in other-- to infer

13
- f" i



TABLE: 1 GENERAL CATEGORIES OF EXPERT SYSTEM,ACTIVITIES

C-A-T-E-G-O-RY------rPROBLEM ADDRESSED
---------~---_._._._ ...._----_. __ .__ ._-----

DESIGN
PLANNING

REPAIR

CONTROL

INFERRING LIKELY CONSEQUENCES OF GIVEN SITUATIONS

INFERRING SITUATION DESCRIPTIONS FROM SENSOR DATA

INFERRING SYSTEMS MALFUNCTION l DISORDERNESS FROM
OBSERVATI ON
CONFIGURING OBJECTS UNDER CONSTRAINTS l EXAMS
DESICNINIC RCTIONS

COMPARING OBSERVATIONS TO OUTPUT

EXECUTINC PLANS TO ADMINISTER PRESCRIBED REMEDIES

PRESCRIBING REMEDIES FOR MALFUNCTION

DIAGNOSING. DEBUGGING. AND REPAIR STUDENT BEHAVIOR

GOVERNING OVERALL SYSTEM BEHAVIOR

PRED ICTlON

MONITORING

INTERPRETATION I

I
I
I
I
I
I
I
I
I
I

DIAGNOSIS

DEBUGGING

INSTRUCTION

14



Ch,emical interpr-etation system use X-ray diffraction
data or mass spectral to infer the structure of compounds.
Geological interpretation system use dipmeter logs to determine

subsurface geological structure. Medical interpretation systems
use measurements from patient monitoring systems (e.g.

rate, blood pressure) to diagnose and treat illnessn

b) PREDICTION: E'.'per-tsystems that p'erform pr'ediction infer
the likely consequences of given situations. E,.,amples are
predictinq the damage to crops fl ....om some type of in~~iect,

estimatinq qlobal oil demand from the current qeo-political world
situation, and predicting where armed conflict will
based on intelligence reports.

c) DIAGNOSIS: Expert systems that perform diagnosis use
situations, behavior c harac ter i~;tics, or knowledge about
component design to infer probable causes of system malfunctions.

Examples are determining the causes of diseases from symptoms
observed in patients, locating faults in electrical circuits, and
findinq

r~2actors .

defective components in the coolant systems of nuclear

Diaqnosis systems may interact with the user to help find
the faults and then sugqest courses of action to correct them. A
qood number of diaqnosis system have been developed in medicine
problem area, however, many diagnosis systems are now being built
for engineering and computer systems.

15



d) DESIGN: Expert systems that pel"fo,-m design develop
configurations of objects based on a set of problems constraints.

Examples are gene-cloning, designing integrated circuits layouts,
and creating complex organic molecules. The design systems can
save much unnecessary search by creating plans for producing the

wanted configuration and evaluating them in the context of the
problem constraintsn The two most popular application areas
design systems seem to be molecular biology and
electroniCSa

e) MONITORING: E'",pertsystems that per"form moni toring compar"e
actual systems behavior to e"'pected behavior. E,",amples are
monitoring instr~ument readings in a nuclear reactor to detec t
accident conditions and assisting patients in a intensive care
unit by analyzing data from the leU monitoring equipment.

f) REPAIR: Expert systems that perform repair follow a plan
to administer some prescribed remedy. An example is tuning a mass
spectometer, i.e. setting the instrument's operation controls to

achieve optimum sensitivity consistent with correct peak ratio
and shapes. Very few repair systems have been developed,

object adds an extra dimension of complexity

partially

I'-eal-oJo,-ld

[woblems.

because the act of executing an actual r-epair on
to

a

the

g) INSTRUCTION: E>:per"t systems that performs instr"uction

diaganose~ debug and I'"'epair student

16

behavior. E}~amples. are



teaching students t~oubleshoot elect~ical ci~cuits, inst~ucting

Navy pe~sonnel in the ope~ation of a steam p~opulsion plant, and

educating medical students in the a~ea of antimic~obial the~apy

section. Inst~uction systems develop a model of what the student

knows and how the knowledge is applied to solve p~oblems. They

diagnose and debug the student deficiencies by analyzing the model

and devising plans fo~ co~~ecting the deficiencies.

h) CONTROL: E"(pe~tsystems that pe~fo~m cont~ol adaptively

gove~n ove~all system behavio~. Examples a~e managing the

manufactu~ing and dist~ibution of compute~ systems and

cont~olling the t~eatment of patients in an intensive ca~e unit.

cont~ol systems must include a monito~ing component to t~ack

behavior over time, but they also may ~equi~e components to

pe~fo~m any o~ all of the othe~ types of tasks just discussed.

2.2 APPLICATION AREAS OF EXPERT SYSTEM:

Now-a-days expe~t system~ a~e wo~king mo~e o~ less eve~y

sphe~e of p~oblem domains, and a good numbe~ of expe~t systems

a~e unde~ ~esea~ch. Of these a~eas, the medical domain seems the

most popula~. Mo~e expe~t systems have been developed fo~

medicine than fo~ any othe~ single p~oblem a~ea, although

chemist~y is a close second and closing fast. Table 2 shows the

majo~ application a~eas of expe~t system and ar'e

discussed below.

b~iefly

a) COMPUTER SYSTEM: Expe~t system wo~k in compute~ systems is



typified by XCON, one of the first and most successful systems of

this type. Initiated by Digital Equipment Corporation and Carnegie

Mellon University in the late 1970s as a research project,' XCON

evolved into a commercial system for configuring computers.

Current expert systems work in computer systems includes fault

diagnosis, computer configuration, and manufacturing control.

b) ELECTRONICS: Expert system work in electronics is

dominated by research and development efforts involving faults

diagnosis and integrated circuit design. ACE, developed by Bell

Laboratories in early 1980s, typifies fault diagnosis system in

this a,'-ea. It is being used by AT&T to locate and identify

trouble spots in telephone line. Current expert system work in

electronic also includes the development of instructional system

for electrical trouble-shooting and digital circuit design.

c) ENGINEERING: Expert systems working in engineering is

typified by DELTA, a fault diagnosis system developed by General

Electric in the mid-1980s. General Electric plans to use DELTA

on a commercial basis to help maintenance personnel find

malfunction in diesel locomotives.

d) CHEMISTRY: E'.'per.tsystem wod:,in chemistry started with

DENRDAL, an innovative research project begun at Stanfor-d

University in the mid-1960s and dedicated to developing AI

methods for determining the topological structure of organic

compounds. Current e~pert system work in chemistry includes

inferring molecular structure, synthesizing organic molecules and

18



planning experiments in molecular biology.

TABLE-2

COMPUTER SYSTEI"'I

ELECTRONICS

ENGINEERING

CHEMISTF:Y

GEOLOGY

APPLICATION AREAS FOR EXPERT SYSTEM

AGF:ICULTUf-,E

t'lANUF,"CTUF:ING

I"'IEDICINE

1"1ILITAF,Y SC IENCE

SPACE TECHNOLOGY

e) GEOLOGY: Expert system work in geology began with

F'F:OSPECTOF,, a system developed by Standford F:esearch Institute

in the mid 1970s. PROSPEF:TOF:was designed to help geologists

locate ore deposits and accurately predicted the existence of

multimillion dollar molybdenum deposit. Current expert system

work in geology includes well log analysis and fault diagnosis

related to drilling operations.

f) MEDICINE: Expert system work in medicine began with MYCIN,

one of the earliest and best known expert systems, Developed at

Stanford University in the mid-1970s. MYCIN helps a physician

diagnose and treat infectious blood diseases and is now being

used for research and medical teaching. Current expert system
work in medicine includes interpretation of medical test data,

disease diagnosis, disease treatment, and instruction in medical

diagnosis and management techniques.

g) MILITARY SCIENCE: Expert system work in military science

has focused on interpretation, prediction and planning.

19
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the first military expert systems was HASP/SlAP, developed

jointly by Stanford University and System Control Technology in

the early 1970s. This system identifies ship types by

interpreting data from hydrophone arrays that monitor regions of

the ocean. Current expert system work in the military includes

interpretation of sensor data, prediction of combat results and

tactical planning.[2 & 14 ]

2.3 EXAMPLES OF EXPERT SYSTEM:

The survey of expert system examples will offer a very broad

view of what expert system do and what kinds of problems they

solve. In this section some represantative examples of expert

system and thier specific activities are highlited in great deal.

2.3.1 EXPERT SYSTEMS IN COMPUTER ENGINEERING:

Some selected expert systems in computer system is shown in

figure 4 and thier brief description given below,-

DART assist in .diagnosing faults in computer hardware

systems using informati6n about the design of the device being

diagnosed. The system works directly from information about the

intended structure and expected behavior of the device to help

find the design flaws in newly created devices. The system has

been applied to simple computer circuits and the teleprocessing

facility of the IBM 4331.

;~.> 20.,;y/
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DART uses a device-independent inter-face pr-ocedur-ethat is

similar- to a type of r-esolution theor-em pr-oving, wher-e the system

attempts to gener-ate a pr-oof r-elated to the cause of the device's

at Stanford university.

IDT helps a technician to locate the field r-eplaceable units

malfunction. The system is implemented in MRS and was developed

that should be r-eplaced to fix faults in PDP 11/03 computer-so The

system uses knowledge about the unit under- test, such as the

functions of its component.s and their- ,.elation to one another-, to

select and excute diagnostic tests and inter-pr-etthe result.s. the

system is rule bas~d using forward chaining and is implemented in

LISP and OPS5.

TIMM/TUNER assists in tuning VAX/VMS computer systems in

order to reduce performance problem'.:~ that. arise in a constant.

changing computer- envir-onment. It interacts .with the system

manager, asking a series of questions, that lead to a recommended
action, such as adjusting system parameters or user authOF"ized

value, redistributing or reducing user demand, changing user-
software design, or purchasing new hardware. The system uses a
rule-based representation scheme created within TIMM, a

commercial system for automatic knowledge acquisition. TIMM/TUNER

was developed by Gener-al Resear-ch Cor-poration and reached the

stage of a commercial system.

YES/MVS helps computers ope~ator monitor and control the

o
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TABLE: 3 EXPERT SYSTEMS IN COMPUTER SCIENCE

AND THEIR APPLICATION AREAS

DIAGNOSING FAULTS IN HARDWARE

LOCATING THE REPLACEABLE UNITS

URLPS A SALESMAN TO SRLECT COllPONRNTS
FOR A VAX 11/760 SYSTEM

PROCRSSOR CONTROL

CONFIGURES VAXll/7PO SYSTEM

COllPUTRR SYSTEM

ASSISTS IN TUNING VAX/VMS SYSTRU

COYPUTER SYSTEM

I
I
I
I
I
I

!
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L_ _ _.___ --1
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I
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I

i TIMY/TUNER
I
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MVS (multiple virtual storage) operation system, the most widely

used operating system in large mainframe IBM computers. YES/MVS
system addresses six major categories of task: maintaining
adequate JET (job entry system) queue space, handling network
communication between computers on the same site, scheduling
large batch jobs off prime shift, responding to hardware errors,

monitoring sub software systems, and monitoring overall system

performance. YES/MVS runs in real time, directly interpreting MVS

messages and sending either commands to the operating system or

recommendations to the console operator. YES/MVS is rule-based

expert system with forward chaining control scheme. Table 3
summarizes the expert systems in computer science and thier
application areas

2.3.2 EXPERT SYSTEM IN ELECTRONICS:

AEC identifies trouble spots in telephone network and

recommends appropriate repair and rehabilitative maintenance. The

system operates without human intervention, analyzing maintenance
reports generated on a daily basis by CRAS, a cable repair"
administration computer program. Once ACE locates the faulty
telephone cables, it decides whether they need preventive
maintenance and selects the type of maintenance most likely to be

effective. ACE then stores its recommendations in a special data

base that user can access, the system make decisions by applying
knowledge about center-,CRAS maintenance reports, and network
analysis strategies. It uses a rule-based system controlled by
forward chaining and was developed
Whippany, Newjersey.

by Bell Laboratory at
,
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IN-ATE helps a technician troubleshoot a Tektronix Model 465

oscilloscope by analyzing symptoms and producing a decision tree

of test points to be checked by the technician. The system

applies two types of rules: those supplied by an expert

diagnostician, and those generated automatically from an internal

model of the oscilloscope, with a block diagram of the unit

augmented with component failure rates. The system is implemented

in LISP, and was developed at the Naval Research Laboratory.

EURISKO learns new heuristics and new domain-specific

definitions of concepts in a problem domain. The system can learn

by discovery in a number of different problem domains, including
VLSI design. EURISKO has tackled the problem of inventing new

kinds of three-dimensional micro-electronic devices that can be

fabricated using laser recrystallization techniques and has

designed new and interesting microelectronic devices. EURISKO

operates by generating a device configuration, computing its
input/ output behavior, assisting its functionality, and than
evaluating it against other comparable devices. The system is

implemented

University.

in INTERLISP and was developed at Standford

TALIB automatically synthesizes integrated layouts for MOS

cells. the system takes as input a description of the circuit
components to be laid out on the silicon water, their
inte~connections~ and the topological and geometric

requirements around the outside boundary of the circuit. From
these specifications the system produce correct and compact cell
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layouts. TALIB creates and refines plans for laying out the

circuit and than applies the plans using knowledge about
subcircuit interconnection characteristics and the propagation of

constraints between subcircuit. TALIB is a forward chaining,

rule-based system imlpemented in OPS5. It was developed at
Carnegie-Mellon University, as shown in figure 5.

2.3.3 EXPERT SYSTEMS IN ENGINEERING:

REACTOR assists reactor operators in the diagnosis and

treatment of nuclear reactor accidents by monitoring instrument
readings, such as feed-water flow and containment radiation
level, looking for deviations from normal operating conditions.

When system detects a deviation, it evaluates the situations and

recommend appropriate actions, using knowledge about the reactor

configuration and the functional relations of its components

together with the knowledge about the expected behavior of the

reactor under known accident conditions. REACTOR is implemented

in LISP as a rule-based system that uses both forward and
backward chaining and was developed by EG&G Idaho.

DELTA helps maintenance personnel to identify and correct

malfunction in diesel electric locomotives by applying diagnostic

stategies for locomotive maintenance. The system can lead the
user through an entire repair 'procedure, presenting computer-
aided drawings of parts and subsystems, repair sequences in the

form of videodisc movies, and specific repair instructions ones
the malfunction is identified. DELTA is rule-based system
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developed in LISP.

SACON helps the enginee..-s to dete..-mine and to analysis the

strategies for particular structural p..-oblems. The enginee..-

can then implement this st..-ategy with MARC, a p..-og..-amthat uses

finite-element analysis methods to simulate the mechanical

behavior of objects. SACON identifies the analysis class of the

p..-oblem and ..-ecommends specific featu..-es of the MARC p..-og..-amto

activate when pe..-fo..-mingthe analysis. SACON uses knowledge

about. stress and deflections of a structure under different
loading conditions to determine the approp..-iate .st..-ategy.

St..-uctu..-ethat can be analyzed include ai..-c..-aftwings, ..-eacto..-

pressure vessels~ ..-ocketmoto..-casings, bridges. SACON is a

backwa..-d chaining, ..-ule-based ",ystem implemented in EMYCIN. It

was developed at Stanford University.

STEAMER inst..-ucts Navy propulsion enginee..-ing students in

the ope..-ation of a steamer p..-opulsion plant fo..- a 1078-class

f..-igate. The system can moni tor- the student e>,ecuting the

boi 1er- light-off p..-ocedu..-efor the plant, acknowledging

app..-op..-iatestudent actions and co..-recting inapp..-op..-iate ones.

The system wo..-ks by tying a mathematical simulation of the

p..-opulsion plant to a sophisticated g..-aphical inte..-face p..-ogram

that displays animated colo..-diag..-ams of plant subsystem. The

student can manipulate simulated components, such aC'-, valves,

switches and pumps, and obse..-ve the effects on plant
parameters, such as change in pressures, tempel'-atures !' and
flows. Figu..-e 6 illustrat.e the selected expe..-t systems in

enginee'"ing.
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2.3.4 EXPERT SYSTEMS IN CHEMISTRY:

CRYSALIS infers the three dimensional structure of a protein

from an electron density map(EDM). The system interprets X-ray

diffraction data composed of position and intensity diffracted

waves to infer this atomic structure. The system uses knowledge

about protein composition and X-ray crystallography and

heuristics for analyzing EDMs to generate and to test hypotheses

about plausible protein structure. CRYSALIES uses a blackboard

architecture, containing independent knowledge sources that build

and test a multilevel hypotheses structure. The system is
implemented

University. [2]

i.n LISP was developed at Stanford

DENDRAL infers the molecular structure of unknown compounds

from mass spectral and nuclear magnatic response data. The system
uses a special algorithm developed by J. Ledenberg to
systematically enumerate all possible molecular structure, it

uses chemical expertise to prune this list of possibilities to a

manageable size. Knowledge in DENDRAL is represented as

procedural code for the molecular structure generator and as

rule for the data driven component and evaluator. The system is

implemented

University.

in INTERLISP and was developed at Stanford

MOLGEN assists the geneticist in planning gene-cloning

experiments in molecular genetics. These experiments involve

,
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spl~cing a gene coding for a desired protein product into

bacteria so that the bacteria will manufacture it. The system

uses knowledge genetics and the user"s goal to create an abstract

plan and then refines it to a set of specific laboratory steps.

MOLGEN uses an object-oriented and frame-based representation and

control scheme, and it is implemented in LISP and UNITS. It was

developed at Stanford University. MOLGEN is primarily a vehicle

for testing approaches for reasoning about design, rather than an

operational expert system for molecular genetics.

SEQ helps molecular biologists perform several types of

nucleotide sequence analysis. The system can store, retrieve and

analyze nucleic acid sequences and it can provide a statistical

analysis of structural homologies symmetries. SEQ's searching

routines can be customized by manipulating a set of default

parameters, for example, the biologist may vary the weights for

penalties and size of gap results during a Needleman-wunch

alignment. SEQ is implemented in LISP.[2]

SYNCHEM synthesizes complex organic molecules without

requiring user interaction. The system uses knowledge about

chemical reactions to create a plan for developing the target

molecule from a set of given starting molecules. The system works

backward, beginning with th~ target molecule and ties to

determine with reactions could produce it and what materials

would be required. The system is implemented in PL/l and was

developed at State University of New York, as shown in figure 7.
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2.3.5 THE EXPERT SYSTEMS IN GEOLOGY:

Some representative expert systems extensively used in

geological fields are illustrated in figure 8 and bleief

descriptions are given below

DIPMETER ADVISOR infe,-ssubsurface geological structure by

interpreting dipmeter logs, measurements of the conductivity of

rock in and around a borehole as related to depth below the

surface .. The system uses knowledge about dipmeter patterns and

geology to recognize features in the dipmeter data and relate

them to underground geological structure. The system provides the

user wi.th a menu.-driven graphical inter~face incorpol"'ating smooth

scrc)lling of log data. The system uses a rule based knowledge

representation scheme controlled by forward chaining. It is

implemented in INTERIISP-D and opec'ateson t.heXel'-o;:1100 series

wOlekstat.ions. The system was developed by SchlLlfnbe'-ger-Doll

Research and reached t.he st.age o:f a research prototype ..

HYDRO helps a hydologist use HSPF, a computer program that

simulates t.he physical processes by which precipitation is

distributed throughout a watershed. The system assists in

describing watershed chat.eristics to HSPF in the form of

numerical parameters. The system estimates these _parameters using
knowledge about soil type, .land use, vegetation, geology and

their effect on the specific parameter in question. The system is

patterned after PROSPECTOR, it.uses combination rule-based and

semantic net formalism to encode iti knowledge.[2]
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2.3.6 EXPERT SYSTEM IN MEDICINE:

ABEL assists the clinician in diagnosing aci~-ba5e and

electrolyte disorders in patients by applying about the diseases

and the symptoms they produce. The system uses a causal model of

the patient's possible diseases to the order queries to the

clinician and guide the diagnostic process.

developed at MIT.

The system was

ANGY assist.s physician in diagnosing t.he narroltling of

coronary vessels by identifying and isolat.ingcoronary vessels in

angiogr-ams. The system uses knowledgE'of cardiac anat.omy and

physiology to interpret the result.,recognize relevant.struct.ures

and e1 imina-l:e irrelevant structure or artifacts caused by noise n

ANGY was developed at t.heUniversit.y of Pennsylvania.

ANNA assists physicians in administering digitalis to

patients with heart.problem, such as arrhythmia and congestive

heart failure. The system uses patient symptoms and history to

det.erminethe appropriat.e dosage regimen, including the amount of

digitais to administer and the rate at which it should be taken.

Once the system prescribes an initial dosage,
•

it. monitors the .

patient's response to the drug adjusting the dosage appropriately

when the demonst.rat.ed r'e'~ponsefails to match t.he e"pec:ted

response. ANNA is implement.edin LISP & It was developed at MIT.
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2.3.7 EXPERT SYSTEMS IN MILITARY SCIENCE:

ADEPT aids battlefield situation assessment analysts by
providing tactical interpretations of intelligence sensor-

reports. The system uses these reports to generate a disply
combat locations on the battlefield. Military knowledge and
e}~pel...tise are encoded as f'"ules conser-ning how and why enemy

forces operate and the tactical significance of situation
interpretations. The system is able to explain the reasoning

behind its battlefield assessments. The expert reasoning

component of ADEPT is implemented in ROSIE and a Chromatics CGC

7900 color graphics system is used to disply maps and military

symbology. The system was developed at TRW .

BATTLE provides vleaponallocat.ion."ecommendat.ionst.omilit.ary
commanders in combat situations. The system improves the

performance of the U.S. Marine C?rps Marine Integrat.edFire and

Air Support. by providing timely recommendations for the

allocation of a set of weapons to a set of targets.

t.he critical time aspect of real bat.tlesituations,

uses a best-first strategy during consultations,

To address

the system

considering-
first those proposit.ions (battle conditions) likely t.ohave t.he

most cost-effective influence on higher-level propositions.

BATTLE was developed at the Naval Research Laboratory in
Washing'ton, D.C. and reached the stage of a demonstrat.ion

prototype, some representative expert systems of military science
are shown in figure 9.
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2.4 ORGANIZATIONS ENGAGED IN EXPERT SYSTEM WORK:

Many of the advances in AI technology were spurred by

research efforts at Universities, usually through doctoral

dissertations. However some of the research organizations and

companies has good contributions on various commercial aspects of

expert system ranging from natural language understanding to

knowledge engineering. Table 4 summarizes the list of some

represenotative Universities~ research organizations and companies

and their present researches in these fields.[2]

TABLE: 4 EXPERT SYSTEM WORK AT SELECTED ORGANIZATIONS.

Name Domains Systems 8{ Tools:

:l.Stanford University
Palo Alto, CA.

:2.Cal~negie-Mellon Uni.
Pittsburg, PA.

Medicine, Chemistry, BLU BOX, PUFF,
Computer system, Cf~YSTALL, Mr~S,
Engineering, Electronics,DENTRAL,
Management science etc. SACON, SPEX.

Manufacturing, Military, TALIB, DAA, KBS
PI~ocess contl~ol etc'. PTRANS, XSEL.

:3ftMIT
Cambridge, MA.

:4.Univ. of Ilinois
U,-bana, IL.

:5.Xerox Palo Alto
Research Center ..
(PARC) Palo Alto, CA

:6.The Rand Corps.
Stanta MOnica, CA.

Medicine, Mathematics,
Law,

Agriculture, Law,
~ledicine etc.

Data base management,
Electronics.

Military, Law,
Crisis Managements ..

NELT, MACSYMA,
HODGKINS, PIP.

PLANT/S, BABY,
!4DVISE.

PAlLAD I0, LOOPS,
SMALLTALK-80.

ROSS, TATR, RITA,
SPILLS.

----------------------------------------------------------------
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TABLE: 4 (Continued)

System 8, ToolsDomainsName
:-----------------------------------------------------------------,,
:-----------------------------------------------------------------
:7.Ford Aerospac AI Space program

Lab~otatiry, Houston.
RBMS, RICE, RPMS

:8.Advance Informaion & Military
Decision Systems(AI&DS)
View, CA.

AMUIDS, ASTA, RTC,
RUBRIC. MOLlntain

:9~Boeing Computer Serv
Bellevue,
(.oJA.

Robotics, ETS AI Center,

:10.Artificial
Intelligence
Corporations.
100 Fifth Ave,
W,d tham, MA.

Natural language
pr~ocessing •

INTELLECT

2.5 HIGH PERFORMANCE EXPERT SYSTEMS IN MARKET PLACE:

Though there is a goad number of expert systems in commertial

environments, However some of them have achieved reputed fam(::~ in

their fields and performing very useful work bath in research &
business vantage paint. Table 5 summarizes a few of the mare

important expert systems in this category.

TABLE: 5 HIGH PERFORMANCE EXPERT SYSTEMS IN MARKET PLACE
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Type Name Appl ication5; Developer
--------------------------------

SYNCHEM2

:RESEARCH DENDRAL

Synthesizes complex organic
molecules with out the help
of a chemist..

Identifies molecular struct.
from mass spect.ral dat.a.

St.at.eUniv.of
New York at-
St.ony Brook,

St.anford Univ.
Stanford, CA.

MACSYMA Solves algebraic simplific
at.ions and int.egral problems.

1"1IT •
Cambridge, MA.

ACE

DELTA

SPE

YES/MVS

Provides t.rouble shoot.ing
reports and analysis for
t.elephone cable maint.enance.

Helps diagnose and repair
diesel electric locomotives

Diagnoses inflammat.ory
condit.ions by int.erpreting
scanning densitometer data~

Configures VAX-ll/780
computer systems~

Helps comput.er operat.or
monit.or t.he MVS O/S

40

AT 8, T Bell
Laboratory,
Whippany, NJ.

General Elec
company.
Schenec t.ady
NY.

Helena Lab.
Beaumont., TX
and Rut.ger
Univer-sit.y.
~~ew Brunswick
NJ.

Digit.al Equip.
Corporat.ions.
Hudson, 1"1A8-
Cal'negie-Mell
lJniv. Pit.ters.

IBM, Yorktown,
Heights, NY.
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3.1 CHARACTERISTICS OF AN EXPERT SYSTEM:

An expert system is defined as a computer program that has

the following properties, as shown in figure 10,
,

these characteristics are discussed below:

and each of

a) EXPERTISE: An expert system must perform well, that is,

achieve the same levels of performance in the domain of interest

that human expert can achieve. But simply producing good

solutions is not enough. Real expert not. only produce good

solutions.but often find them'quickly, while novices tend to take

much longer to find the same solutions.

Thus an expert system must be skillful--apply its knowledge

to produce solutions both efficiently and effectively, using the

shortcuts. or tricks that human expert use to eliminate wasteful
or unnecessary calculations~

b) SYMBOLIC REASONING: To solve. problem, an expert system

manipulates the rules and facts rather than performing standard

mathematical computations. This is not to say that ~xpert systems

don't do math, rather the emphasis is on manipulating symbols.

The consequence of this is that knowledge

representation--the choice, for-m~ and interpretation of the

symbols used--becomes very important.

Also, e:':pertsystem can take a problem stated in some
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f
Exhibit expert performance

;;;...EXPERTISE__ Haves hi&h levol of .killne ••

.-- Have adequate robustness

-C Rept knowledge symbolSYMBOLIC _ .
-~ REASONING Reformulate aym. knowledae

_-[
H.andle difficult problem

>= DEPTH _

- Use complex rules 8( facts

L -[Examine its reasoningsSELF .
>= KNOWLEDGE ---

Explain its operations

FIG: 10 THE CHARACTERISTICS OF AN EXPERT SYSTEM
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arbitrary manner and convert it to a form that lends itself to a

fast or efficient solution. This problem reformulation capability

is something expert system need to make their skill level closer

to that of human experts.

c) DEPTH: An expert system has depth, that is it operates

effectively in a narrow domain containing diffic~lt, challenging

pF'oblemSn Thus the rules in an expert system are necessarily

complicated, either through their individual complexity or their

sheer number~n

Expert system typically work in real-world problem domains,

the problem solver applies actual data to a practical problem and

produces solutions that are useful in some cost-effective waYn

d) SELF KNOWLEDGE: An e'.'pertsystem has kno",ledge that I,,,ts

it reason about its own operation plus a structure that

simplifies this reasoning process. For example,

system is organized as sets of rules, than it can easily look at

the inference chains it produces to reach a conclusion.

knowledge the system has about how it reasons is
This

called

metaknowledge, that is--knowledge about knowledge. Most current

e"'per.t:system have what is called an e'.'planationfacility. This

is knowledge for explaining how the system dF'rive at this

anSlrJer-s .. Most of these explanations involve displaying the

inference chains and explaining the relations ~ehind each rule
used in the chain ..The ability to examine their reasoning process

and explain their opeF'ation is one one of the most innovative and
important qualities of expert system.[2]
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8el.f knowledge is important irl an expert system because~

• User tend to_ have more faith in the results, more

confidence on the system.

* System development is faster since the system lS easier to

deblJg.

* The assumptions underlying the system's operation are made

explicit rather than being implicit.

* It's easier to predict and test the effect of a change on

the system operation. [4J

3.2 FACTORS TO BE CONSIDERED IN DESIGNING EXPERT SYSTEM,

The key factors tCJ be. considel~ed to develop an expert system

are the nature, complexity and scope of t~,e problem to be solved~

figure 11 illustrate these factors and their relationship to

characteristi.cs that nlake a problenl appropriate for expert system

wor-k and are discussed below~

a) NATURE: One of the important factor for expert system work

is that the problem must have certain intrinsic qualitiesg It

must be B. problem that can be solved q~ite naturally by ~,
manipulating symbols and symbol structures. The ability to perform

symbolic reasoning is one thirlg that sets expert systems apart

from conventional progralns.

Most real world prclblems require symbolic

exceptions are those that have tractable mathematical solutions.

Thus mathematically- oriented

44
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TASK REQUIRBS
SYMBOL
MANIPULATION

APPROPRIAT.

--[lEXPERT
SYSTEM -
APPROACH--

\

--I
,

-----_.\
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TO~_A'~Sy r--'::=-'

I TASK -RBQUIRES

lRBURISTIC
SOLUTIONS
------"--

r;;-;::-------
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IIPRACTICALVALUEL :.._
rq

2 L TASK IS oFl J
CI) MANAGEABL:r-...SIZE

------"---

FIG: f f THB FACTORS TO BE CONSIDER IN DBSIGNING AN EXPERT SYSTBM
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differential equations with numerical analysis techniques, are

usually not appropriate for expert system development.

Most problems that are appropriate for expert system work are

heuristic in nature, that is, they require the use of rules of
thumb to achieve acceptable solutions.

b) COMPLEXITY, The second factor that is to be considered in

designing the expert system is that the research work must not be

too easy. It should be a formidable, serious problem in a domain

in which it takes a human years of study or practice to achieve.

the status of an expertu

c) SCOPE, Finally the problem should have the pr.opel~scope.

It should be sufficiently narrow to make the problem manageable

and sufficiently broad to ensure that the problem has

practical interest.

3.3 STRUCTURE OF AN EXPERT SYSTEM,

some

It is convenient to divide the development of an expert

system into three main modules as illustrated in figure 12.

a) A Knowledge base,
b) An inference engine,

c) A user interface.

a) KNOWLEDGE BASE, The knowledge base is the data or-knowledge
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USED... RULE BASE
STATIC DATA

I

KNOWLEDGE
WORKING, t.fEt.f. BASE
DYNAt.fIC DATA

FIG: 12, THE STRUCTURE OF AN EXPERT SYSTEM
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used to ma~e dec.isj.ons~ l"he knowledge base contains ~0.nci

facts about the domains and also methods, heuristics and

for solving problem in this domain.

and the rule base. The rule base COflSist.s of facts and y-ules that

are complied as the pair'+':'of thE~ CDr'I'~r::?~~;poncJI.:;'to

prolog static data base.

The second part of the knowledge base is working memory. It

cDn~:ii~5t.~::;of thF? facts relative to a particular consultation

program which corresponds to prolog 'dynamic data base~ ,It thE~

c!yna.m.ic dat-:-3.

base j.s empty_ As the consultatiorl progresses it add facts to the

~"\IDI"'I...: inq mEHlDI"'Y.

b) THE INFERENCE ENGINE, The inference engine contains an

i n tE~r p re t(-2I'~ that decides how to apply the rules to

a scheduler that decides the order in v>Jhj_c::h the

rules should be applied.

inference engine t~"JO anel

In f i':E:I"'I:"::llce is the basic formal It

involves matching and unificationn It LtSeS facts that are

to derive new facts by means of rules~

knol ..•.Jn

ThE.'contl'-ol function determines the order

are tested and what happens when a rule is succeded or faileda The
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inference engine takes those facts as true which are known from
the rule base ( static data base ) and working memory
data base ).

(dynamic

The inference engine then test.the rules in the data base

through the process of unificationu When a rule succeds, the
rule is said to fire and the conclusion of the rule is displayed
or added in working memory.

c) A USER INTERFACE: The user interface causes for smooth
communication between the user and the system, also providing the

user with an insight into the problem solving process carried out
by the inference engine.

It is convenient to view the inference engine and the user
interface as one module, usually called an expert system shell
or a shell for brevity.

3.4 KNOWLEDGE ENGINEERING:

Knowledge Engineering is the process of extracting knowledge
about a particular problem area from an expert (or a group of

e"perts) and put.tingit into an objective form for the data baseO

The heart of an expert.system is the powerful corpus of •

knowledge t.hat accumulate during system building. The
accumulation and codification of knowledge is one of the most

important.aspect of expert system.[12]
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The two stages of knowledge engineering are

Knowledge Acquisition (or elicitation) The process of
acquiring knowledge from the expert as shown in figure 13.

Knowledge Representation The process of formulating thet

knowledge in a form suitable for expression in an Al language as
LISP or PROLOG.

3.4.1 BASE OF KNOWLEDGE:

There are three different bases of knowledge. Scientific
laws, experience, and models. Acquiring knowledge in a scientific

subject is much easier than any other field and it matter little

whether we get these laws from books or from expert.

The majority of expert system applications are on accumulated

wealth of experience, not scientific formulation. The greatest
difficulty when collecting data in these field is that the expert

may not be able to verbalize the knowledge that he uses.[l]

In the scientific fields, Knowledge acquisition is relatively
easy because of the existence of scientific laws. But
unfortunately vey few knowledge engineer intetested to extract
knowledge _ from scientific fields.

The important sources of knowledges are as follows

a) Literature e,g Text books reports databases etc.

b) Expert 8,g from personal experiences,
c) Examples and case studies and
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dl Some knowledge engineer prefer to become a "fly on the

and use a video camera to record expert doing

his every day work over a suitable period of time, The

resultant video tapes are then examined at a latter
date and the relevant knowledge and expertise

extracted. Figure 14 shows the sources of knowledges.

3.5 KNOWLEDGE REPRESENTATION:

A representation has been defined as " a set of syntactic and

semantic conventions that make it possible to describe things"--

(WINSTON-19841. In the field of expert systems, there is no

perfect methods of knowledge representation, however now-a-days

some systematic ways has been developed of codifying what an

expert knows about some domain. The main criterion used for

repersentating knowledge are logical adequacy, heuristic power

and notational convenience.

Logical adequacy means that the formalism should be capable

of expressing the knowledge that one wishes to represent.

Heuristic power means that as well as having an expressive

language will posses a well defined syntax and semantics. There

must be some means for using represent~tions so constructed and
interpreted to solve problems. Most expert system applications

require the encoding of substantial amount of knowledge and this

task requires that the conventions of the representation language

should be as uncomplicated as possible. [8]

In view of above discussion the two fundamental methods are
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widely-accepted by the knowledge engineer.

PROCEDURAL: Representation as program, most of the early

representation schemes were predominantly procedural and have the

outstanding advantageous of being highly efficient.

DECLARATIVE: Representation as data and is therefore, less
heavily encoded and more understable, as illustrated in figure 15

3.5.1 KNOWLEDGE REPRESENTATION USING RULES:

In expert systems jargon the term rule has a much narrower

meaning than it does in ordina~y languagen It refers to the most
popular type of knowledge representation technique,
based representation .

•

the rule-

Rules provide a formal way of representing recommendations,
directives, or strategies; they are often appropriate when the

domain knowledge results from empirical associations developed
through years of experience solving problems in an area.
are expressed as IF-THEN statements, as shown below"

i.) If demand ..':-genel'.'ation.~

Then .load .stolad occur".,

ii) If faults occur at station

Then faul t = gen.

Rules



\
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PROCEDURAL.

KNOJfLBDCB lIBP/lBSBNTATIOll

DECLARATIVE.

-
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In a rule-based expert system, the domain knowledge is

represented as sets of rules that are checked against a

collection of facts or knowledge about the current situation.

When the IF portion of a rule is satisfied by the facts the

action specified by the THEN portion is performed.

happens the rule is said to fire or execute.

3.5.2 KNOWLEDGE REPRESENTATION USING SEMANTIC NETS:

When this

The term semantic net is used to describe a knowledge

representation method based on network structure. Semantic nets

were originally developed for use as psychological models of

human memory but are now a standard representation method for AI

and expert system.

A semantic net consists of points called nodes connected by

links called ARCS, describing the relation between the nodes.

The nodes in a semantic net stand for objects, concepts or-

events. Arcs can be defined in a variety of ways, depending on

the kind 6f knowledge being represented. Common arcs used for

representing hierarchies includes isa and haspart as shown figure

.16.

The semantic net representation is useful because it

provides a standard way analyzing the meaning of sentences. Also

-

it points out the similarities in the meanings of sentence that

are closely related but have different structure.
\

3.5.3 KNOWLEDGE REPRESENTATION USING FRAMES:
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NODE 1 NODE 2

re 7

I
I arc 3
I

arc 2
I -

NODE 3 NODE 4

I1\ I' I1\

re 4 arc 5 I arc 6 .Q;

I

NODE 5 NODE 6 NODE 7

arc 1

FIG: 11 rIlE /INOFUDGE REPBESENr~r/ON USING SEllENrIC NErs
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In the field of Artificial intelligence, the term frame

refers to a special way of representing common concepts and

situationsc A frame is organized much like a semantic net. A
frame is a network of nodes and relations organized in a

,hierarchy. Where the topmost nodes represent general concepts and

the lower nodes represents more specific instances of those

concepts",

the concepts at each node is defined by a collection

So

system

far this looks just like a semantic net. But in a frame

of

attributes e,g name , color, size land the values of those

attributes ( Smith. red, small) are called slots. Each slots can

have procedures attached to it which are executed when the

information in the slot is changed.

Frame system is useful for problem domains where exceptions
about the form and content of the data play an important role 1n

problem solving, such as interpreting visual scenes or

understanding speech.
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4.1 GENERAL DISCUSSION:

Before 1982, the power distribution system of POB was

independent and uneven, i,e, the power stations of eastern region

fulfill the demand of eastern part of the country and the western

regional demand was fulfilled by the stations of western part.

To make the ~nit power production cost low, and to ensure

the power supply even and reliable through out the whole country,

the idea of modern common grid system was suggested and the load

dispat.chcentel" (LOC) was founded with t.hisr"esponsibility.

Though a numerous advantages were achieved by the proposed

system, but this improved interconnected grid system has become,
more and more complicated for fault analysis. In an electrical

distribution system faults may occur at any moments but due to

interconnectness of the national grid, a minor fault may cause a~-~---- ~--.:...)

great problem and even may cause total grid failure. So the

analysis of the impacts of t.hefaults are now very complicated

issue. The different types of faults which are very common in LOC

are shown in figure 17.

An annual progress presentation of LOC reported t.haton 5t.h

july of 1986, due to short.circuit faults of ASHUGANJ sub-

station, tripped the line (1356) between ASHUGANJ t.o GHORASHAL

supply, which by turn tripped the supply between GHORASHAL to

SIKALBAHA and ult.imately nat.ional grid supply was failed for

hours, but the origin of t.hefault.was very minor.
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Obviously this is a growing problem of LDC to ensure the most
economical and reliable supply in context to the rapidly

increasing electrical demand with the limited generation units,

having a complicated analysis of faults considering its effect
through out the national wide supply. A real Expert system
incorporating

difficulties.

the knowledges of expert can overcome this

4.2 POSSIBILITIES TO DEVELOP AN EXPERT SYSTEM FOR LDC:

figure 18 summarizes the problem domain characteristics
required to make expert system development possible and are

described below,-

a) GENUINE EXPERT EXISTS: One of the most important

requirement to develop an expert system is that genuine expert
exists in that field. There are people generally acknowledged to

have an extremely high level of expertise in the problem area,

they are significantly better than novices at solving problems in

that domain.

Without a source of extensive powerful knowledge to draw on,

the development effort will fail to p~oduce a truly skillful
r -,

program~ At LDC the genuine expert exists who is concer~~ with
the system for the long thirty five years.
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b) EXPERT AGREE ON SOLUTIONS: The e'.:per-ts in the pr'oblem

domain generally agree about the choice and accuracy

5(Jlutions~ otherwise the yalidatin~ the system's

performance would be a near impossible task. In the electrical

disturbance environment of national grid, after considering some
factors there is a unique decision whether load shading will

occur or not.

c) TASK REQUIRES ONLY COGNITIVE SKILLS:

The other requirements for expert system development deal

with the characteristics of the problem that the expert system

will solve - the task it will perform. The task must require

cognitive not physical skills.

If it consists of physical manipulations that only be

learned through practice, the expert system will not work. In the

national electrical grid system the decisions to overcome faults

is based on thinking and knowledge. There is no scope of physical

labour, rather than the role of past experiences and knowledges.

d) TASK DIFFICULTY: The task difficulty also relates in

certain ways to how will the experts understand the problem

domain - that is the degree to which problem solving knowledge is

precise and well structured.

If the task is so new or so poorly understood that it

requir-es basic research to find solutions
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engineering will not work. It will also not work if the task
require a significant amount of common sense.

In the national electrical grid the faults are well defined

and easy to understand the problem domain.

devoid.of common sense ~easoningD
Its solutions are

4.3 JUSTIFICATIONS TO DEVELOP AN EXPERT SYSTEM FOR LDC

Just because it's possibility to develop an expert system for

a perticular task does not mean that it is desirable to do so.

There are many ways to justify an expert system development

effort as illustrated in the figure 19.

a) SCARCITY OF HUMAN EXPERTISE: Expert system development is

justified when human e-xpertsare unavailable 01' unable to do the

job. Sometimes human experts are scarce, very much in demand-and
thus expensive. Also the probl.emis compounded, i,e when a
company needs similliar expert

locations.
at many different physical

The load despatch center also suffer with scarcity of

expertise as because there is only one expert for the domain,
Moreover the load despatch center remain in operation for twenty

four hours. If the faults occur at mid niqht. then it become very- - ..,.

difficult to make contact with the system expert & when he goes

out of the station the problem become more acute, as because at
any moment faults can occur.
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b) HUMAN EXPERTISE BEING LOST: E"pert systems are justified

when significant expertise is being lost to an organization
through personal changes like retirement, transfer etc. As these

are common features to LDC so a real expert system can minimize
or eliminate this problem.

c) COMPLEXITY OF TASK: An enterprise can justify e"pert

system development when the task solution not. t.oo easy. It should

be a formidable, serious problem in a domain in which it.t.akes a

human. years of st.udy or practice t.oachieve the status of an
e}~per.t•

The behavior of int.erconnected electrical grid system has

become more and more complicated, causing decision making process
t.o be increasely difficult.. Moreover wit.hout t.he det.EdIs
knowledge of grid system, and past e>:per'iences one can not

suggest. t.he appropriate solution at. the time of faults.

d) DECISION MAKING SLOW: Another important factor to build an

e"pert system when t.hedecision or predict.ion process is very

slow. At L D C if any fault.s arises in telemeter board the system

operators then cont.act over telephone with the domain e"pert and

then the expert come or give decisions over telephone, which is
carried out by the operators. This i", qui te lengthy process
for electr.ical faults. An e"pert system in front. of operators
can eliminate this delay.
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e) EXPERT NEEDED IN UNFRIENDLY ENVIRONMENT: E>:pe.-t system

development is justified when the e>:pe.-tdecision making must

take place in an unf.-iendly envi.-onment such as nuclea.- powe.-

plant, space station etc.

At the time of majo.- faults the senio.- gove.-nment officials

make now and then telephones, sometimes .-ushes at L D C and o.-de.-

to ensu.-e powe.- within limited hou.-es. Such situations causes a

hostile envi.-onment and system e>:pe.-tis quite unable to take

unbiased decision.

4.4 THE KNOWLEDGE ACQUISITION PROCESS AT LDC,

a) KNOWLEDGE EXTRACTING SOURCES AT LDC: E>:t.-acting the

knowledge by e>:te.-nalizingit and thus making it available fo.-

inspection and manipulation is an impo.-tant task fo.- building the

knowledge base. In o.-de.-to do so the knowledge enginee.- fi.-st

identify the majo.- sou.-ces of knowledge fo.- the p.-oposed system.

Some of the impo.-tant sou.-ces of knowledge fo.- LOC ar-e

illust.-ated in figu.-e 20.

al Knowledge fo.- the e>:pe.-tsystem of L 0 C mainly collected

th.-ough di.-ect inte.-action with the system e>:pe.-ts-- Chief

engineer, tr-ansmission zone and also from the deputy director~

ope.-ation.

bl The second sou.-ce of knowledge fo.-L 0 C was case

studies, Du.-ing the cou.-se of this wo.-k, diffe.-ent faults
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occur-r-ed in t.he cent.er-, what. necessar-y act.i.ons t.he syst.em exper-t.

taken to make t.he gr-id supply nor-mal wer-e impor-tant aspects of

knowledge.

c) The thir-d sour-ce of knowledge for- the said exper-t system

was t.he daily r-oster- book. In t.hat book the shift engineer-s

wr-it.e down all the phenomenon that. happen dur-ing his war-king

hour-.

If any dist.ur-bance occur- in the Nat.ional Electr-ical Gr-id,

t.hey note it. in the daily r-oster- book along with some impor-t.ant.

suggestions of the super-ior- exper-ts. These r-oster- books we..-e

major- sour-ces of knowledge for- t.he exper-t system.

d) Anot.her- impor-tant sour-ce of knowledge for- t.he topic was

t.he r-epor-t studies. At the t.ime of major-elect.r-ical faults

causing gr-eat.failur-e of Nat.ional gr-id, t.he Govt. has set. up a

committee
commit.t.ees

to
ar-e

investigate the faults~ The
pr-eser-ved in L D C libr-ar-y. By

r-epor-.ts of

studying

the

these

reports some knowledges were accumulated.

b) INFORMATIONS OF GRID SYSTEM: The national electr-ical g.'id

is divided into two par-t one is the easter-n gr-id and another- is

the wester-n gr-id. Under- easter-n gr-id ther-e ar-e thir-teen (13)

power- st.ations having t.hir-ty (30) gener-at.ion units of which

Ashuganj, Ghor-asal and Kaptai ar-e tr-eated as base load stations.

In t.he wester-n par-t.t.her-ear-e seventeen power- stat.ions

consisting twenty one (21) ~enerators, most of these units are
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old and with less production capacity. The average per unit power

production cost of eastern grid is about .25 TK.

weste~n grid it is 4.30 TK~

whereas for

The western part of the grid system have thirty ( :50 )

important sub-stations and the western region have twenty six
(26) sub-stations located at the different places of the country.

The power line between Ashuganj to Tongi, Tongi to Ishurcii!l
Ashuganj to Ghorasal and from Sidderganj to Comilla sub-stations

has 230 KV HTL (High tension line). The rest of the power lines

of the grid system are 132 KV only having 66 KV power

between Ishurdi to Pabna and Rajshahi sub-stations.

line'S;

Asian Development Bank (ADB) has an active development

program to convert all the 132 KV lines into 230 KV

also the single line power distribution system (e.g.

lines and

r'lymenshing

to Kishorganj & Jamalpure, Sidderganj to Comilla etc) to convert

them into double line system.

The eastern-western grid connector (Tongi to Ishurdi having

line no.1298 & 1299) serves an important role the

interconnected grid system, on an average 250 MW to 300 MW power
perday transfer from eastern region (low cost) to western region

in order to make the national grid supply economical and

reliable.
A single line diagram of national electrical grid is enclosed in

appendix En Some important system informations are summarized in

table 6. (Demand & Interruption report of 14-6-1989)
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,.
TABLE: 6 NATIONAL ELECTRICAL GRID SYSTEM'S INFORMATIONS

-----------------------------------------------------------------

1- Highest system generation (for"day ~,night) 1218.70 MW
" Lowest system production 604.50 M~J.(- .
3. Load factor 67.246 %

4. Total demand in Eastern grid /70.10 MW
5. Total demand in Western gr"id 297.10 ~lW
6. Total demand in greater Dhaka 426.90 MW
7. Total demand in gl"'eater Chittagoig 180.00 ~lW . .,

••8. Total power imported from EI'aSter-n 225.57 1'1~Jgrid to Western grid.

: Itelns Unit production~ :
'----------------------------------------------- --- 1-' .

----------------------------------------------------------------

c) KNOWLEDGE EXTRACTING TECHNIQUES AT LDC: "EXPERT" it appears,

have a tendency to state their conclusions and t.he F'easoning

behind them in general term that are too broad for effective

machine analysis. It is advantages to have the machine work at a

more basic level, dealing with clearly defined pieces of basic

information that it can build into more complex judgments. In
contrast, the expert seldom operates at a basic level. He makes
complex judgment rapidly, without laboriously re-examining and

restating each step in his reasoning process. The pieces of basic
knowledge are assumed and are combined so quickly that it is

difficult for him to describe the process. When he examines a

problem, he can not easily articulate each step and may eVen be

unaware of the individual steps taken to reach a solutions. The
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mor-e competent domain e"pel"t become the less able they ar-e to

descr-ibe the knowledge they use to solve the pr-oblem. [4]

This aspects of E"per-t's natur-e is also natur-al for- LDC, in

fact it is called the par-ado" of e"per-tise. In or-der- to avoid

this pr-oblem the knowledge acquisition techniques for- LDC. ar-e

divided into smaller- steps for- the close intimation of the system
/e"per-t which ar-e summar-ized as follows and also shown in figur-e

1) PROBLEM DISCUSSION: The fir-st appr-oach to the domain

expert expert was to acquire informations about the distribution
system of national electrical grid lines, the organizations of

load dispatch center- and also differ-ent types of faults, se.,that
.~ overca.J...I..-.idea'about 'gr-id-.systen;can"be '.pr.bcured;.Tlle."a"al\i~i's"of

the system e"per-t power-
generation_faults, maintenance faults wer-e ver-y much helpfull.

And also the pr-esent status of the gener-ator-s& its unit fuel

cost wer-e the valuable tools for-co-or-denating the knowledge.

In the next session of the work a set of representative
pr-oblems wer-e infor-mally discussed with the e"per-t, keeping
inter-es't \.&.tas to det.ermine how the. e){pert or-ganized his knowledge

and came to a conclusions and the reasonings behind. each,
conclusions ..

An electr-ical demand r-epor-tof differ-ent sub-stations [Appen-

B], a r-epor-ton total gener-ations both easter-n and wester-n gr-ids

ar-e enclosed [Appen-C) for-necessar-y infor-mations in knowledge
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TABLE: 7--~----- PER UNIT FUEL COST
OF EASTERN GRID POWER STATIONS OF P.D.B

00.30

HORIPUR GAS

SYLHET GAS

ASHUGANJ

** On courtesy of DIRECTOR L.D.C,

...powER-- STA1ioNS-- ""---1- UNIT NO---- .--r iUEL---TcOST--(P:U)iN-TK.
r-- .--------------- . --~ ---- -1---1-- -----------
I KAPTAl HYDRO ! ALL : - I 00.00

, I

I GHORASAL STEAM ! 3 & 4 i GAS

I
!. I

ASHUGANJ STEAM 13.4 & 5 i GAS 00.30

I ASHUGANJ STEAM ' 1 & 2 I GAS 00.31
I I
I GHORASAL STEAM ! 1 & 2 I GAS 00.34

I CHITTAGONG STEAM ! 60 MW I GAS 00.34

I CHITTAGONG BARGE 1 & 2 i GAS 00.40
i

1.2 & 3 I GAS 00.40

120 MW ' GAS 00.43
!
I GT-1 GAS 00.46
i

SIDDHIRGANJ STEAM i 30 MW I GAS 00.46

, SHAJIBAZAR GAS I ALL I GAS 00.54

I CHITTAGONG GAS I TG-7 j' GAS 00.71

L . J ---1 1

June,1988t)
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POWER STATIONS

TABLE=- 8 PER UNIT FUEL COST
OF WESTERN GRID PO WER STATIONS OF P DB.

-----------------,--------------------I UNIT NO. FUEL COST(P.U) IN TK
...... _ _- ._- ..------,-.' ----. "I ----- -_._ _ _.,._-,.- - .., -_.-_ _--_.._. -.-,--.-.,--- --,.----.-.---- ---

K11ULN~ STEAJ/ 1110 AllY FO 01.73

I
SAlDPUR DIESEL I -- FO/LDO 01.78

KHULNA STEAJI 60 AllY FO Ol.9I
i
i THAKURCAON DIESEL LDO 02.00

KHULNA DIESEL I ~~ HSD 02.15
I

SERAJGONI DIESEL HSD 02.15

BOCRA DIESEL HSD 02.21

RAJSHAHI DIESEL HSD 02.25

BARISEL DIESEL HSD 02.32

KHULNA BARGE 1&2 SKO 02.32

BARISAL CAS 1&2 I HSD . 02.86
BHERAJIARA CAS 1,2&3 .HSD 02.93

SAlDPUR CAS HSD 02.94
RANCPUR CAS HSD 02.95

KHULNA GT-35 SKO 03.10

KHULNA Te-14 __ JaSK<SDO 04.17
, BOCRA CAS 05.17
[________ ___ --1-_ __--'

On courtesy of DIRECTOR LDC, June,1988.
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pr"acurering techniquesL Also the per unit fue~ cost of

generatDrs are summarized in table 7 & table 8a

2) PROBLEM ANALYSIS WITH THE EXPERT: U'-••..1.ng thE,' sE."cDnc! ph-i.:1.SE0

of this work a vivid analysis was made with the domain expert for

a series of- realistic problems collected

roster books and reports study etca Special concentrations

* What kind of data does the problem requireB

* What factors are to be corlsider to overcome the faults~

* What kinds of soluti,ons are adequate for the probJemsa

The system expert gradually d E:'1.5C: r' i !JE:'c:1 a.ll thfE.' J.::ioJution

process and giving as marlY i.fltermediate steps as possible for

interviewing with the system expert was to
deter"mine bE'hind Inclu.c!.in(.;l

being entertained, strategies being used to generate

hypothf:7.'si~; , how a particular conclusion was reached,

the basis of this conclusion and so on until the expert runed out

c)"f E';{p18.ndt:Lons~

These explanations (Jf the system expert \/a.l u.ab 1e

clusters for formulating the knowledge with IF THEN structursa A

in t:E:'I'""rupt..i.or"r COf"lfiguration on 20th May,1986 1.S E~nc 1. oS~E!ci

[PlppE'ri-'-DJ from the report books which caused t:.he~ natic)n.-:~.l

failure for 48 hoursa

3)SYSTEM EXAMINATION, In the next stage oi~

acqLl.i~;i t.ion
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TION.

LYSIS.

CUSSION.

NATION.

DISCUSSION ON TYPES OF FAULYS

DATAS,ADEqUATE SOLUTIONS ETC

* PROBLEM DIS

EXPERrs OPENION FOR A SERIES

PFREALISTIC PROBLEMS TO SOLV'!

* PROBLEM ANA,
F

VERIFY THE SYSTEM RULES ANZ

C01l2'ROLSfSUC'l'U1IJlSBY f'IlJ: 8ZP8SfS

* SYSTEM EXAM!
I,

THE RESULTS OBTAINED BY TH!

8.S. IN AGBEE Fn'a PREVIOUS INSf.

* SYSTEM VALIDA

THE DEVELOPMENT OF KNOnEDGE BASE

FOR THE EXPERT SYSTEM OF L.D.C.

FIG: 21 TECHNIQUES FOR EXTRACTING KNOnEDCES FROM DOJlAIN EXPERT AT LDC
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written on paper using the concepts, formalisms and rules

collected from the expert. Table 9 summarized these ideas. All

the written cases solved by the expert were discussed again to

provide quick check of the consistency and completeness of the

knowledge being extr'acted.

_ Finally the domain expert examined and reviewed each rule and

evalLlated the control strategies used to select the rules. This

provides verifying the accuracy of each rule before

system is in operation.

the expert

TABLE: 9 FAUL TS OCCURED 8, THEIR REMEDIES SUGGESTED BY EXPERT:

A) OBSERVATIONS:
__________ ._ ~_~_ M RR.' __ ._M M__ N_" ----- --- - -- -_.- ,•

date Faults Remedies

:1.13-6--89 :SIKALBAHA-MADANHAT line no. :1) An alter. line 1378

:1358 shut_down for greater :started up which has

:Chittagong maintenance work. :300A capacity.

:2)KAPTAI feed power in:

:line 1388 through line:

:No load shedding, sys-:,
•

:2.3-5-89 :At evening, system was in

:no 1381 S~1389 It

:tem O.K.
:a) SAIDPUR GT started

••
"
" o

:peak load, In the THAKURGOAN:to feed power in line
•,
:region the voltage supply,,,
•

:1251 g( 1253

----------- --_._.__ ._--------_._--_. __ ._-_._---_._---------- -----------------
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TABLE 9

DATE

:3.1-6-89

(Continued)

.FAULTS

:was under frequency~

:Due to storm the tower of

:the line no 1298 broken &

REMEDIES

:b) KHULNA stand-by

:110 mw steam lined up.

:a) All the possible

:peripheral generators

:power was feed through 1299 :of eastern & western,,
:line (232), at the evening
:the syst.em goes to peak

:demand but the generation

:was much below the demand.

:grids was suggested to:

: line up..

:b) 20 MW load shedding:

:happened.

:SIDDERGONJ power stations :a) Power feed from

:goes overhauling consequent-:HORIPUR.
':I;.j
:generation become minimum. :b) SIKALBAHA started.,,

:c) KAPTAI also started:

:to !?,upply power base

:on the rule curve.
:Line no.1346 between ASHUGO-:a) No alternate supply:

:6.1-4-89

:NJ -to KISHORGON,J shut--down

:due to breaker fault.

:Transformer 452T(5MVA) of

:ISHURDI sub-station was in

:trouble consequently line

79

:line in that region.

:b) Complete load shed-:

:ding in Mymenshing.

:a) Be alerted for1256

:line rating ..

:b) Partial load shedd-:



TABLE 9

DATE

(Continued)

FAULTS REMEDIES
___ • M ~ .~_H __ M • ._. ._ •• " • _

:no 661 for PABNA supply

:was stopped.
lin ULLAHPARA.

:c) Partial supply from:
:SAHJADPUR to PABNA.

:d) No load shed to

:PABNA.

:7.15-5-89 :Breaker no 112B of BAGERHAT :a) Increased supply

:sub-station was out of order:from GOALPARA by the

1 ine 1220.

:b) Demand of MONGLA

:port was fulfiled.

:c) Pa~tial load shedd-:
ling at BAGERHAT in,,
:kpeak hour.

:8.4-16-89 Isolator no.229S of

:BHERAMARA sub-station was

:out of order.

:a) Increased supply

:from GOALPARA by the

line 1220..

:b) Power demand min ..
:no load shedding.

,,,,,,

:8.4-16-89 Isolator no 121S BHERAMARA :a) Load shedding FARI-:

:sub-station was not functio :DPUR at peak hour.

:-ning. Line no 1231 stopped :b) Partial power,,
,
.',,

:down ..

80

:supply



TABLE 9 (Con.tinued)

-----------------------------------------------------------------
DATE FAULTS REMEDIES

-----------------------------------------------------------------
from MADARIPUR.

:evening through E-W

:connector.

I
I
I

I

I
I
I
I
\c

incr"e:,,,,,
•

power feeding at

Suggested toa)

:-ase

:shortage of water~

:BHERAMARA (gas1 & gas2) was

:barge was shut-down for

:under overhauling. KHULNA

:9.6-27-89

:b) At peak load it was:

:suggested to l"edLICe15:

:MW of load at ISHURDI

:sub-s.tation.

:10.5-21-89:Feeder no-2 of MIRPUR sub- :a) Power feed from SI-:

:s.tation was ou.t of circuited: DDERGONJ sub-station

:due to faults. :by the line no-1331.
:b) TONGI sub-station

:feeded power by alter.

:line.

:c) At peak demand no

:load shedding recomme-:
:nded.

r-., '

:11.14-9-88:SIKALBAHA steam shut_down :a) Generation was much:
:KHULNA barge 60 MW taken off: below then the natio-:

:for maintenance & CHITTAGONG:nal demand & 35 MW

:load shedding sugge=.- :
•
•:furnace problem, generation :ted for system relaib-:

:steam 60 MW due to draft

----------------------------------------------------------------

:decreased by 20 MW.
:12.1-4-86 :In POSTOGOLA sub-station

:ility.

:a) N. GONJ (HORIPUR)s-:
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TABLE 9

/

Continued)
-----------------------------------------------------------------

DATE FAULTS REMEDIES
--------_-M.-.M.'_.M .. M M .MM ._M ..__ M__ . -::.--__

(which meet 25% of g~eate~ :tand by generator was

Dhaka demand) the breaker :suggested to line up

:no 2038 lit. isolator- 205B welr-e:b) Power feed -from

:in faults. So power"could :HORIPURE sub-station.
:feed from TONGI through line:c) At the evening the
:no .. 1315.,,

:load shedding was 1M.
:13.4-4-88 :GHORASAL gas(3) unit at mid-:a) From LDC the stand

:night was stoped as per

:decision of station chief ..
:by unit was recommanded
:to stal"t up.

:b) No load shedding

:for the system.
:14.3-3-88 :Fo~ ISHURDI 66KV sub~station:a) Power supplied in

:in the section of RUPPUR, :RUPPUR by extra feeder:,,
the grounding & transformer :no X-256.

:we~e in trouble and finally :b) The feeder has lim-:
lit tripped. :ited capacity and vJas:

:unable .to supply,,
:30% of total demand.

. ,, ,,
:c) Less important are-:
:as wer-e disconnected ..

:15.2-4-88 :Readings of the telemeter :a") XEN, Telemeter"
:board were not correct and
light blinking was weak.

:board suggested that

:power supply faults.,,
----------------------------------------------------------------
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FROM ROSTER BOOkS: TABLE 9 (CONTINUED )

----------------------~------------------------------------------

Immediately powe~:a)12 MW

:._date Fau 1 ts .: Remedies :_, ,, ,
,,:16.1-2-87 :At 5.10 a.m SAIDPUR

:t~ansfo~me~ bu~sted & cooli-:fed th~ough 1356

:ing oil vented out also at : 1 ine ..

:the same time SAIDPUR gas :b) Recommended to
:tu~bine t~ipped down. :sta~t.SAIDPUR diesel

:plant 'for local demand":

:17.3-1-87 :line 1298 (Easte~n-Western :a) Suggested to line
:g~id connecto~) stopped

:down to convert 230 KV line
:up all pe~iphe~al,,

generators of western:
:and only line no 1299 was in: grid ..

:action. The .demand of weste-.:b) At the system peak

:~n g~id was not fulfi10ed. :40 MW load shedding 0-:,,
:ccured. Of which 25 MW:

:for ISHURDI & 15 MW
:fo~ kHULNA.

:18.14-4-88:SIkALBAHA steam shut-down, :a) Generation was much:
:kHULNA ba~ge 60 MW goes fo~ :below the national
:maintenance & CHITTAGONG :demand & 35 MW load
:steam 60 MW due to d~aft :shedding was suggested: ,,
:fu~nace p~oblem, gene~ation :fo~ system ~elaibilit~:

,
'. :fall--down to 20 MW.

:19.1-2-86 :In POSTOGOLA sub-station :a) N, GONJ (HARIPUR)
(which meet 25% of greate~ :stand by generator was:
:Dhaka demand) the b~eake~ :suggested to line up.

--------------------------_._------------------------------------
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-----------------------------------------------------------------
DATE FAULTS REMEDIES

-----------------------------------------------------------------
:no 2038 & isolator 2058 were:b) Power feed from
:in faults. So power could be:HARIPUR sub-station.
:feed from TONGI through line:c) At the evening the
:no. 1315. load shedding was 1 M~:

:20.30-12-87 SHAHAlIBAlAR gas-2 generat-:a) Increased power feed:

lor's turbine plates were :from ASHUGONJ .toSHAH-:

:broken and the unit was shut: J IBAlER substation .th-:

:down as per order of station:ough line no 1324.,, .

:chief engineer. :b) At peak demand par-:,,
:tial load shedding to

:SRIMONGAL.

:21.7-1-88 :BARISAL gas1 was stopped due:a) Regional demand of

:to shortage of fuel also the:BARISAL was fulfilQed

:total western generation was:from GOALPARA via

:much below the demand. :BAGERHAT sub-station.

:b) POTUAKHALI was loa-:

:ded at peak hour.
:22.9-10-87: It was decided to disconnect:a) Power .tosupply at

line no. 1389 for maintenan-:BOROAWLIA by alternate:

:ce operation, because some :line 1388 via SIKALBAH~
:of the equipments connected :b) No load shedding

:with this line was causing :for the system.
:mal-functioning. :c) Maintenance operat-:

:ion both for near and
:far end was suggested.

----------------------------------------------------------------



-----------------------------------------------------------------
DATE FAULTS REMEDIES-----------------~-----------------------------------------------

:23.2-8-87 :Line of 1243 (NATORE-BOGRA) ;a) No alternate power

;tr-ipped fOI"some electrical ;supply line for BOGRA'
:faults ..

24.4-16-89; Isolator no 121S BHERAMARA

;b) BOGRA gas (5MW) &
:diesel (20 mw) were
:started for regional

:demand ..

:c) Par-tial load shedd-:

;ing for PALASHBARI.

:a) FARIDPUR load redu-:
:sub--.stationwas not functio--.:ced by 4MW at peak

:ning. Line no 1231 disconne-:hour ..
.,,

:ted .. :b) Partial power supp-:
:lied from MADARIPUR.

:25.6-27-89:BHERAMARA (gasl & gas2) was ;a) Suggested to incre-:

:under overhauling. KHULNA

: barge was shut~-dolo",ln for'

:shortage of water ..

:ase power supply at
:evening through E-W

:connectol'" ..

:b) At peak load it was:

;suggested to reduced

;load by 15 MW at ISHU-;

:RDI sub-station.
:26.5-12-88: KABIRPUR sub-station feeder;a) TONGI-HORIPURE line:

:no-2 could not supply power :load was kept unde!"
:and connected breaker 403B
:was out of order.
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:observation~ so that
lit would not tripped.

:b) Suggested to loads-:
:hed TANGAIL & HORIPUR.



----------------------------------------------------------------
TABLE 9 (Continued)

-----------------------------------------------------------------
DATE FAULTS REMEDIES----------------------------------------------------------------

:27.2-10-86:Soth the two genetators of. :a) Power supplied from:
:K,'iPTAI,were over-hauling, po-: TULSH I•

:er' SL'PP 1 ied in DOLHAZAR I 8< :b) Regional demand co-:
:COX'S BAZER by line no 1358 :uld not be supplied.

:but that line also tripped

:due to unknown reasons.
:c) Shut-down the line

:1361 (COXE'S BAZAR).

:28.7-12-87:Due to overhauling the gene-':a) Power transmitted

:ration at SIDDERGONJ is :from SIKALBAHA.
:minimum~ So from HORIPUR the:b) From KAPTAI if wat-:
:power was transmitted, but,,
:the single line no 1352 was
:tripped again and again due

:to over current.

:er level high.

:29.2-8-87 :Line of 144:;;(FARIDPUR-MADA) :a) No alternate power

:tripped for some electrical :supply line for MADAR-:
:faults .. :IPUR load shedding

:for MADARIPUR.
:30.9-9-87 :Due to storm electrical tow-:a) Breaker~ Isolator

:er of the line no 1203 betw-:112S!l 3058 of BAGERHAT:
:een JOYPURHAT and BHERA~lARA :end disconnected.
:was fall down. :b) Consequently break-:

:er, Isolator, 425B!l306:,,
:of JOYPURHAT end disc-:

:onnected.

:c) Total load shedding:
:at JOYPURHAT for 26Hr.----------------------------------------------------------------
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4.5 KNOWLEDGE REPRESENTATION PROCESS AT LDC:

With the ove~ all analysis of national g~id 5ystem and .the

knowledges of the system e"pe~t ~elating to faults analysis, it

was conveniently accepted that all the p~ocu~ed knowledges of the

LDC can be best ~ep~esented by, RULES sys'tem ~epresen-tation

techniques. The most impo~tant ~eason behind the acceptance of

this system of ~ep~esentation because of its fle"ibility. The

p~esent status of the gene~ato~s and thei~ gene~ation capability

changes f~equently due to mechanical and elect~ical p~oblemsi

consequently the pieces of knowledge p~ocu~ed on the basis of

•

these gene~ato~s also changes. Only the RULE system

~ep~esentation techniques p~ovides the facility to change a ~ule

o~ to add the ~ule by changing the static data base of the

p~og~am. The following impo~tant ~ules developed fo~

~ep~esentative faults a~e desc~ibed below-

GENERATION FAULTS

RULE NO-l

some

PROBLEM, THE GHORASAL STEAM (GT4) GOES MAINTENANCE AND
ASHUGANJ GAS (GT-l) TRIPS FOR ELECTRIAL FAULTS.

ACTIONS, a) If wate~ level high, sta~t all machines of KAPTAI
b) Sta~t gene~ato~s of este~n regiOn,
c) Sta~t the machines of weste~n ~egions,
d) Note the ma". demand 8,total gene~ation.

DECISIONS,IF DEMAND )-GENERATION THEN REDUCE LOAD SHEED ELSE
GRID O.K.

Figur-e No: 22

RULE NO-2

PROBLEM, KHULNA BARGE (1&2) STOP FOR MAINTENANCE, CHITTAGONG
STEAM (60 MW) HAS DRAFT FURNANCE FAULT, SIKALBAHA (1 & 2) WAS
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OFF FOR MECHANICAL FAULTS.

ACTIONS, a) Whether all the base stations are in operation,
b) Start "KAPTAIll generators, if rule curve allowes,
c) Start the perepherial generators of estern grid,
d) Start in sequence the generators of western grid.

DEC ISIONS, IF GENERAT ION > DEMAND THEN SYSTE~l IS BALANCED, ELSE
LOAD SHED ACCORDING TO PRIORITY.

RULE NO-3

PROBLEM,"KAPTAI" WATER LEVEL LOW, "KHULNA" STEAM (110 MW) GOES
FOR MAINTENANCE, "CHITTAGONG" BARGE (1) STOPPED FOR SALANITY.

ACTIONS, a) "ASHUGONd" and "GHORASAL" all machines started as
principal generators

b) Power stations in estern grid started up,
c) Power stations in western grid stal"ted up,
d) Calculate total demand and generation.

DEC IS IONS, IF GENERI~TION > DEMAND. NATIONAL GR 10 O. K, ELSE
SWITCH OFF LOADS SHEED ACCORDING TO'PRIORITY.
Figure No: 23

•
RULE NO-4

PROBLEM, "ASHUGONG" STEAM (2) TRIPS FOR ELECTRICAL FAULTS,
"GHORASAL" GAS (2) GOES TO MAINTENANCE.

ACTIONS, a) If water level high, start "KAPTAI" generators,
b) All the machines of "ASHUGONG" and "GHORASAL"

will be used to supply the base load,
c) Start rest of generators of estern grid,
d) Start rest of the generators of western grid.

DEC IS IONS, IF GENERATION :;.DEMAND, THEN GR 10 IS NORMAL, ELSE
REDUCE LOAD.

RULE NO-5

PROBLEM, "HORIPUR" GAS (20 MW) TRIF'S, "CHITTAGONG" GAS (TG7)
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IN ~lAINTEI'-.\ANCE,"KAPTIH" WATER LEVEL MUCH BELOW RULE CURVE.

ACTIONS: a) Start the GTs of base stations,

b) line up Estern peripherial GTs,
e) Run up Western peripherial GTs.

DEC IS IONS: IF GENERAT ION )-DEI'1AND,SYSTEM O. K. ELSE SW ITCH
CERTAIN LOADS.

Figure No: 24

SUB-STATION FAULTS.

RULE 1\10-6
PROBLEM: BREAI<ER NO 112B AT NATOf<E SUB-STATION TRIPS FOR
FAULTS SO LINE NO 1242 GOES OFF.

ACTIONS: a) Be alert about ratings of parallel line no 1243,
b) Start up SAIDPUR GTl and GT2,
e) Start up RANGPUf< GT1,
d) Start up BOGRA GT1.

DECISIONS: IF DE~'IAND)-GENERATION. L.OAD SHEDDING "THAKURGOAN"
AND "~SLASHBAR I". ELSE SYSTEM NORi"IAL.

Figure No: 25

RULE 1\10-7

PROBLEM: BREAKER N0115B OF "ASHUGONG" SUB-STATION TRIPS,
CONSEQUENTLY LINE NO 1323 ALSO GOES OFF.

ACTIONS: a) Be carefull of alternate line No 1324,
b) "SHAHJIBAZER" GTl start up,
e) "SYLHET" GTl line up,
d) Note down Illa,.,imam demand in that reg ion,
e) Total regional generation.

DECISIONS: IF DEMAND )-GENERATION, THEN SWITCH OUT "SRIMONGAL"
ELSE SYS1EM 0.1<.

RULE 1\10-8~
PROBLEM: LINE NO 1358 GOES FOR MAINTENANCE DUE TO FAULT IN
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BREAKER NO 625B AT "SIKALBAHA".

ACTIONS, al Parallel lines ratings of 1388 and 1389 must be
minimum,

b I Power suppl ied from "KULSHI" sub--station through
line no 1379,

c) Power supplied from "HALISHAHAR" sub-station
through line no 1378.

DECI SIONS, IF SUPPLY> DH1AND, SYSTEM O. K. ELSE SWI TCH OUT
"BAROAWLIA" LOAD.

Figure No,26

RULE NO-9

PROBLE~l, IN "BHERAMARA" SUB--STATION CIRCUIT BREAKER NO 605B
TRIPS DUE TO OVER CURRENT AND LINE NO 12:0;1 SHUT DOWN.

ACTIONS, al Be carefull about rating of line no 1237,
b) IIBARISALli GTl 8~ GT2 s.ta,,..t on,
cl if demand not fullfil.

DECI SI ot"s, SWI TCH OUT "PATUAKAL I" LOAD, ELSE SYSTEM O. K•

.RULE NO-10

PROBLEM, ''IF<SHURDI'' 66KV SUB-STATION INFORMED THAT 133B HAVE
~lECHANICAL FAULTS AND 661 LINE SHUT DOWN.

ACTIONS, al Loading of the lines 660 & 1265 are to be minimum,
bl Power feed from "RAJSHAHI" sub-stations,
c I Power suppl ied f ,-om "SHAHJADPUR" sub-station.

DECISIONS, IF DEMAND> SUPPLY, THEN SWITCH OUT "S IRA,JGONG"
AND ."ULLAHPARA" LOAD, ELSE SYSTEM NORMAL.

Figure No,27

RULE NO-ll

PROBLH1, AT "GOALPARA" SUB-STATION BREAKER NO 608B AND
LINE 1220 TO BE SWITCHED OUT FOR MAINTENANCE.

ACTIONS, al Loading of the line 1221 be minimum,
bl "BARISHAL" GT1 8, GT2 start on.
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DEC I" I mm" IF (31:NER!',T I DN
f":iv,j ITCH DUT It F(")TU(~~~::HI~LI II ~

RULE NO-12

DEMAND, THEN "V"TEM O.K, ELSE

PROBLEM, CIRCUIT ~RKEAKER (NO 212B)
kHULNA SUB-S'fATION.

CREATED PRDBLEM AT

ACTIONS: a) Check rating of line flO 1203,
b) F'ow(:,.::!.... d i r"c?c tF~d "f rom II BHEp(..~1'11-.:;F\(~II ,::.:;ub-s -1::'2 tion
through line no 1203

DECIEiImm, II' DEMAI'.JD>"UF'PLV, LCI,'~D '''HEDDING IN "<Jf:"EieJF;" i:LSE OK.

RULE NO-13,

PRClBLEM, FDR "ClME ElECTRICAL FAULTS AT NOAPARA "UB-STATION CB
NO 605B SHUT DOWN.

ACTIONS~ a) No tripping of line no 1206 due to overcurrent,
b) POIi"l(-:?l'~ 'f~E'~ElC! 'f r~Dm II BOTTPIIC II sub.-s ta t:.ion ,

DECE"IDN", IF DEMAND
ELSf: '3VEn'E 1'1 O. K •

E:UPPLY U]('\D ,3HEDD I NG IN" <JHENI D('\H" .,

MAINTENANCE FAULT"

RULE NO-14

F'I<OBu:r"I:" H(\f'! I PDf, H(:)TH{iZliI\I" LII,f: (NO 1:"::5:::) E3l'JITCHE~D OL!T
FDR GREATER CHITTAGDNG WORK".

ACTIONS~ a~ power can be supplid through 1552 no. line.
b. kaplai can Supply through 1384 No. lines if

water level high
c. What is the impact on the National grid.

Dr::~~CI~;ION~a.) E!1'-c,::..k.E:r-.no ll~~:B5 <:~nd I-:::,Dl.:::ti.::c),'"" 114.8 d.i::'3CCJnnE~cc)tf::d
C\ t HCm I PLJf', •

.fb) Breaker no -1028, and Isolator 10118 also
disconnceted from system at HATHAZARla

-.-.c (:4,7.' .'~
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disconneQted from system at HATHAZARI,
cl Grounding No 115G in HORIPUR and Grounding

105G at HATHAZARI.

RULE NO 15

also

PROBLHh "ISHURDI-PABNA"
MAINTENANCE WORK,

LINE. NO. 662 SHUT-DOWN FOR

ACTIONS, al Power Can be Supplied through SAIDPUR,
b I BOGRA power' station started,
cl What is the impact on the national grid whether

demand> supply not.

DECISIONS, al Breaker no 133B and Isolator 134S disconne~ted
form ISHURDI end,

bl Breaker no.l02B and Isolator 103S disconnected
from PABNA end,

cl Grounding at 125 G in ISDHURDI and Grounding at
109G in PABNA.

RULE NO-lb.

PROBLEM,GREATER DHAKA CE ASKED FOR 1313 LINE MAINTENANCE
"SIDDIRGONJ TO !'lIRPUR."

ACTIONS, AI Power Supplied form TONGI through 1311 line,
bl Whether demand> Supply, if so ,"educe load at

Mirpur Sub-station.
c) Circuit Breaker no 941B and Isolator 141S

disconnceted form SIDDIRGONJ end.

DECISIONS, a) Breaker no 113B and Isolator no 114S
disconneeted form MIRPUR end,

bl Ensu,"e Grounding No-llbG at MIRPUR and
Grounding 142G at SIDDIRGONJ.

RULE NO-17

PROBLE!'1,FOF: TOWER FAULT LINE NO. 1220 DISCONNECTED FOR
MA INTENANCE '.
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ACTIONS: a) Power Supplied from BARISHAL through line no-
1221,

b) whether demand) Supply, if So load shedding in
BAGERHAT.

DECISjONS: a) Breaker no 608B and B,"eaker no 605B and Isolator

607S and 606S disconnceted from GOALPARA end,~
b) Breaker no 102B and Isolator 103S and 101S

disconneeted from BAGERHAT end,
c) Put Grounding no.112G at GOALPARA and also

Grounding no.l05G at BAGERHAT.

RULE NO-1S

PROBLEM, LINE NO, 1245 "BOGRA---POLASHBAF<I" DA~lAGED BY STORM
TO BE REPAIRED.

ACTIONS: a. Power feed through 1245 lines,
b. If demand:> Supply, switch out POLASHBARI.

DECISIONS: al Circuit Breaker no. 213B Isolator 214S
disconnected from the BOGRA end,

bl Bl"eaker no,209B and Isolator 204S disconne ••ted
from POLASHBARI end,

c) Ensure Grounding no.215G at BOGRA and Grounding
no 205G at POU'ISHBARI.

RULE NO-19

PROBLEM, SAIDPUR 12 MVA TRANSFORMER'S FUSE BLOWN OUT DUE TO STORM.
(Saidpur diesel plant goes into maintenance)

ACTIONS, al Power feed through line no 1248,
b) Startup the RANGPUR Gas GT,
c) If demand:> Supply, reduce load,

ec-DECISIONS, a) Disconncet Breaker no 20:,>Band Isolator no 209S
at SAIDPlJR end,

b) Discon~t~ Breaker no 213B and Isolator 219S at
RANGPUR end,

cl Grounding no 205G at POLASHBARI and Grounding no-
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215G at RANGPUR.

RULE NO-20

PROBLEM: FOR ~lAINTENANCE WOR~::OF GREATER CTG " ~1ADANHAT--
SIKALBAHA" LINE NO 1358 TO BE DISCONNECTED.

ACTIONS: a) Power Supplied through Line no 1378,
b) KAPTAI can be started,
c) Demand;' Supply, if So DOHAZARI feeder swit.ch

ou.t.
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CHAPTER-5

EXPERT SYSTEM

PROGRAM DEVELOPMENT FOR L.D.C.
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5.1 JUSTIFICATIONS FOR USING PROLOG AS PROGRAMMING TOOLS:

On the basis of the special features of PROLOG a brief

description of reasons using PROLOG as programming

given below-

language is

a) PROLOG is a fifth-generation langlJage that takes

programming into a new dimension~ Because of its natural logical

approach, both people new to programming and pr'ofessiona 1

progl"ammers can buiId powerful applicaticms- such as e>:pert

system, natural .language interface etc~

b) PROLOG is a declarative language, this means that, given

necessary fact.s and F"ules~ it can use deductive reasoning -to

solve programming problems. This type of declarative language,

characterized by the fact that no definite algorithm or facts are

e>:plicitly defined in the program, rather it provide a set of

rules and facts on the inference mechanism of PROLOG to find a

path with in the problem domain and to find a solution to a

particular problem.

c) PROLOG"S power is in its ability to infer facts from other

facts, the description in a prolog program is used to specify the

desired relation between input data and t.he output will be

generated from that irlput~

Since at the Load Despat.chCenter the differoent types of

fau1ts can b,~ def~ned in the forom of ru1,<s. So the

descriptive t.ypeof language like PROLOG is more suitable than

procedural languages.
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d) Execution of PROLOG program is controlled automatically.

Wh,.m PROLOG program is e,.,ecuted,the sys.temtries to .find all

possible sets of values that satisfy the given goal. That:s why

to reach a conclusion after traversing different nodes of the

faults PROLOG offer more suitable solution at LDC.

e) Procedur"al languages distinguish between a program and the

data it uses. The procedure and control structures of a program

are defiriedby the progr"ammer.The p,-ogr"ammanipulates the data

according to the defined procedure. But developing programs with

PROLOG is dramatically different, A PROLOG prog,-am is a

collection of data or facts and relationships combining these

facts.

program.

In other words the data base is an integral part of

The knowledge extracted from the daily Roster Books and

from previous history at L.D.C are collected in the form of

heur-istic ~

goal.

By using these heuristic PROLOG can easily reach a

f) One of the outstandin~ feature of turbo prolog is that it

hold dynamic database, during program execution, the facts

obtained from the user during consultation session that apply
only to the current consultations are stored in the dynamic data

base. Facts can be added using asserta or assertz predicates and

removed with the retract predicates.
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The expert system developed has a consultation modulf-?~

informations gathered from consult.a£ion are important to v-each a

qoal~l E.•.lsio t.he informations that are necessary changes extracted

consultation ~ So

F'F:DL.Dt3 hac:"

it is obvious to have a dynamic data

g) Turbo PROLOG has a very short. simple syntax, t.he tuY"bo

't:\/p:i..ea 11 Y . U~-:::,E'S 10 1.::..im(~?s f eWE! t.-. 1inE.:'s WhE.:'rl

solving a program t.han pascal~ Among other'things turbo F'F~Dl._ClF)

bu.ilt in l"'r:.:::cognisation facility and as well as

simple and effl,cient way of handling recursive structure"

features as mentioned a.bo\/s .i::\nd

proximity with logical reasoning facilitates codification

pr'ogram and-makes

in a limited sense~[6 & 9]~

5.2 PROGRAM EXECUTION METHODS FOR THE EXPERT SYSTEM AT LDC,

There are different types of progr-am execution mr?thods

F'I~[JLCI(J to reach a goal" It is relatively straight f 0 1'''I..•J~:11''-d '1.::'0

develop a skeleton of expe~t syst.em, if we restri.ct our'selves to

t,he basic: functions lying at the heart of such systemc 81.Jt ,to

d(.;?velop a e~pert system we haVE' to c: e)f") '::~i ci e I'"

fu.n c:JamE~n.i::.c':\ 1 Knowledge consisting C C'Jnd:i. ti. on ':::-1.1

dat:E:i from t.he problem at

process of inferenc8u
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5.2.1 METHODS OF PROGRAM EXECUTION:

On the basis of this concepts two major strategies that have

been used in executing a program for the expert system at L.C.C.

a) LJni.ficatiorl.

bl Backtracking.

a) UNIFICATION:A Unifier of two terms is a substitution

making the terms identical. If two terms have a .unifier, we say

they unify in all otherwise a failure is used to occurs. In fact

when a goal or respective sub-goal is invoked, PROLOG tries to

prove the goal by matching the said goal with the facts or rules

in the program. The algorithm used for this matching is called
"Uni f ication II ~

In PROLOG, predicates unify with each other if

* They ha~e the same relational name (predicates).

* They have the same number and same type of arguments .
• All arguments unify with each other.

From the user point of view the rules for unification are

• A free variable will unify with any terms that satisfies

the conditions of unifications. After unification the variable

will be bound to the value of the term.

• A constant may unify with itself for any variable. If the

constant is unified with a free variables, the free variables

will be bound to the value of the terms.
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P, f~ee va~iable to unify wi,th another

after unification, the two variables will act a5 onen If one of

them is bound to a vallJe t~le other one will be bound to the same

Y.;3.1uF:!r.

As an example let lAS consider the expert system program. If

the goal .Breaker "(X, then fo 11DI,.;Jinq

llnification will take place

brc'''''.k.o,r' (l:L~j,' 1:,21'IW' ).

bl ....l?akr::~l,.. (X ' 1?IV1~!J' ) r.

Therefore, the answer to the initial goal will be X=115.

b) BACKTRACK! NG, The backward chaining in

places of the program to make the expert system

faster. Tile process of matc~ling the goal Dr sub-goal to a fact or

r'U.IE' when one fact or a nde

It is very irnportant concept

p~ogram for expert system at L.U.C. let us consider the following

conceptual program-

L.oacl ~::;hec:ldiric.;j if

pl'-ob 1 E-?rIl .1.,

C hF~Ck ._..k ElP t:E.~i !l

c: hE:C.~I .__c.;.lE~n E' r' 2"(to I'"

pr"CJblE~m :L~ :i..'f

1C-')



pr-oblem 1. if

IJ.ne faults,

maint._faults.

check __.!:Oaptaiif

water- level ~

check ...l(aptai if

mach
H

_ f au 1ts,

goes_.,malnt,

In the above program in order to prove load~hede we have to

pt'-ove pl'"oblem.1, c:heck__ll..aptai, and check._.generator .. However, in

order to prove problem1. we have to prove either gen_faults, or

faults or stations faults. Alternately the second

predicates line faults or maintenance faults and so on.

The execution of prolog program takes place with the left

most path being search first. It is therefore a case of depth-

first search. This means that to prove load shade we first try to

prove problem 1.. If the first rule of (i,e

gen_faults,breaker faults etc.) is satisfied. It will keep a mark

or pointe,- he,-e and then pr'oceed to p,-ove ne,.,tgoa 1 checf'-)C.aptai.

If the first n-<le fot- checkJ:.aptai fails, backtacking occur'

and the next rule (check.j;aptai,-'- mech ...faults,
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is tested 9 if this rule also fails then program
backtracks to the previous rule problem!, where it earlier place

the pointer. The next rule for probleml (probleml: line faults,

ma1.nt ielults) is to resatisfy the rule problem!. The who 1c"'

proces.;.s is known as 11depth f il"'st search with backward chaining II.

5.2.2 CONTROL TOOLS USED FOR PROGRAM EXECUTION:

The program developed for the expert system executes by the

process of backtracking and unification to search through its

problem space to find a solution to a particular problem or to

satisfy a goal using the stated facts and rules in the data base.

This gives the program its declarative nature~ However it is

often necessary to introduce some procedural nature in the
program specially to control

otherwise grow combinationally.

the search space which
This is required to run

will-

the

program efficiently,

storage.

,

to reduce runtime and to use minimum

To accumulate the above advantages the following control

predicates used in the expert system program.

* Recursic:m
* Cut

* Fail

" I~epeat'

RECURSION: Recursion is a technique in which something is defined

in terms of itself. Recursion is a technique of using a clause to
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a) DEFINING THE PROBLEM: It was very trivial to consider

first in program writing is to find out upto what extent the

result by the program is expected to do. This includes defining

the s€et of input, the set of outputs and if possible to

determine some of the the operations required by the program.

The first step in designing the system is to clearly define

what types of problem the expert system will solve and to what
extent the system will provide recommendation for solving the

fault. The expert system deals with specific problem of national

grids and its optimum actions to overcome the faults.

b) GATHERING KNOWLEDGE ABOUT THE PROBLEM DOMAIN:The
accumulation and codification of knowledge is one of the most

important aspect for an expert systemp To make a program

intelligent, we must provide it with lot of high quality specific

knowledge about some problem area. The knowledge is accumulated

for this system

1) From domain experts.

2) Reports of the previous faults.

3) From shift engineers.

4) From daily roaster books. etc.

c) CHOOSING A DATA STRUCTURE AND KNOWLEDGE REPRESENTATION:

The biggest problem in designing a~ expert system is the,

proper interaction between the knowledge engineer and the domain
expert. The knowledge engineer observes, talks, with human expert

in a objective form.
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invoke a copy of itselfn For example, we use the recul ....sion

clause checf:._generator in t.he e;.'pert. syst.em program of LDC as

S>D,

generator (S,Y,Z,N),

SS:::::S+Z,

checf< ..generator (SS,Y,Z,NN).

The above recursion rule used to add the generators in the line

unless the supply is greater than demand. The general form of a

recursive clause are as follows

clauses to terminate the recursive loop.

head of the recursive clause:-

bod~ with in the recursive clause,

the recursive clause causing it to invoke itself

body outside t.he recursive loop.

Special care was taken with recursive clause so that the

clause does not enter in an infinite loop. Care should be taken

in writing the terminal clause so that the recursive teF'minates

each line.

Theis a means to stop backtrackingnCutCUT 'cut' 0
control predicate is implemented in the program as an exclamation

point. ( , ). The cut tool
'-

always succe'ds and once it succeds it
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acts as a fence, effectively blocking any backtracking beyond the

cut ~ As an illustration we consider a segment program of the

add_hydro (G,D ),-

G)-D,

add_hydro (G,D, ),-

hydro__.generator (N,G,X,M).

NN=N+l,

GG=G+I'.I,

add_hydro (NN,GG,X,M).

Here by recursive procedure the program will line on a

generator and subsequently check the updated total generation. At

the moment when the generation will be greater than the demand

the cut (') will stop further backtracking otherwise the program

will enter in a infinite loop.

Cut is always used to reduce the search space to increase

runtimec To reduce storage requirements and to increase overall

program efficiency.

FAIL: The fail predicate is built-in-predicate which forces a

clause to fail. It is important when we want to test all the

clauses of a particular type. In the expert system the predicate

rule (X,V) uses to fail predicates. This has been made so that

the program tests all the possible rules to find out all possible

faults that may occur for the particular types of faults.

The Cut-Fail can be used to provide negation. For example, to
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'-J!'" i te a pl~edicate which succ:e'ds if a certain other

predicates say -fault (X) fails. This can be dOlle by-using the not

p,-edicate

not ( fault (X) ).

HO .....Jever !l it is our experience that the use of the not

predicate in this version of the compiler (1.0) causes the
program to behave erratically. The cut---fai1 combination to

initiate the not predicate as shown below

The fault (X):-

REPEAT: In order to make the expert system more efficient and

friendly and protectable in nature, the repeat predicate is used

in the program. This predicate is one such predicate which is

evidently recursive in nature. It causes a tree structure of
infinite branches as shown figure 32.

the 'repeat' predicate is defined as

r-epeat.

repr"at:--

repeat.

The repeat predicate is extensively used in the expert system
to make it user oriented. This is shown below

--~\ .

end,-
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jf
~--REPEAT----l
fHea_~ o~ the r~_I~

!
I

~

INVOKED GOAL ,- ._._--_ ..__ .

>- i REPEAT
J----------! .

I
.'

rule)
~

._-REPEAT
(Head of the

~~~~P:~~~~:~Jf---.-----.--. --_._...----
I

c...-----_...-]REPEAT
(fact)

---'--'---""--

~

---_._.REPEAT
ElOd~Of the rule)

'.

F'IG: 211 THE REPEAT PERIODIC ILLUSTRATIONS AND ITS INf'lNITE BRANCHES
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write (Ills the water level above the rule curvell)

,-eply (X),

end.

r"eply(X),-

,-epeat,

,-eadcha,-(X),

answer (X).!!1

answer (' y' ) !I

answer (' n' ) ,

The effect of the above p,-og,-amsegment is that ~hen the

compute,- asks the user whethe,- he wants to know about the wate,-
\:condition of Captai, p,-essing any key othe,- than y 0'- n will have

no effect. P,-essing 'n' will te,-minate the p,-og,-am.P,-essing y

will cause the p,-og,-amto continue.[ll & 9]

5.3 STEPS IN THE DEVELOPMENT OF EXPERT SYSTEM PROGRAM:

An expert is a person who, because of t,-aining and

is able to do things that the ,-est of us cannot,

expe,-ts a,-e not only p,-oficient but also smooth and efficient in

~ the actions th~ take. Efficient p,-og,-amming techniques is an

impo,-tant facto,- to make the expe,-t system's natu,-e as expe,-t

mentioned above. The following stag~s are used as a guideline to

develop the expe,-t system p,-og,-am.
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All the k~owledge accumulated f~om system expe~ts a~e sto~ed

in a series of if then rules which are typically of the form

IF(CONDITIDN>, THEN (ACTION>.

The reasonillQ process of the expert system involves matching

and unificationu The system ass~mes that there is a problem and

wo~ks towards solving the problem by 'triggering rules' if their"

activation pattern matches with the data element in the ~ynamic

dl CHOOSING AN ALGORITHM: Although PROLOG is declarative, we

may need to choose an algorithm or more accurately a decision

tree to be used to search through the problem space~ PROLOG by

itself uses depth-first sear-ctl"technique~ The algorithms used are

details discussed in the next article.

el DEVELOPING THE PROGRAM: The final step is to write the code

of the program in PROLOG. To do so we have to first cOflvert the

gathered krlowledge into PROLOG rules and facts. The program is

divided into two main sections~ The first section which is ttle

heart of the expert system contains question asking, grid faults,

production rules & explanation module.

The second part of the program 0se tortle graphics facility

of turbo PROLOG to display the location of the faults. Finally it

require to consider efficiency, storage l~equirement,

etc~ of the program.



5.4 PROGRAM MODULES OF THE EXPERT SYSTEM AT LDC:

The heart of an expert system is its corpus of knowledge. How

is that knowledge organized is the prime factor to support the

decision making and to reach a goal. The strategy followed

is of modular programming in developing the LDe expert system.

The system is ol'ganizeelinto four e1istinctmodules. The figLtr"e"2I1J

shows the different program modules of the expert system.

a) Inference engine

b) Questioning module

cl Knowledge base module

dl Fault location module

a) INFERENCE ENGINE OR RULE ACQUISITION PROGRAM:

The inference engine, as its name implies provides the motive
power to the system. Its functions are: to determine what data it

needs to solve the problem at hand, to get this data via the

support software, to lodge it in the data base, to employ the

contents of the knowledge base to draw inferences"and to record

th€~se as well in databaSE\. It exercises these funct'.ions

repeatedly, until it can do, need to do or no more.

Like any other expert system the inference engine is the core

of the syst.em. The user enters into a consultation with the

expert system whereby t.hesystem gathers informations about. t.he
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DVNAMIC DATA BAS
*1 Informotion abou
, clifferen' tllpeS 0

I faultS at LDC
Cocles of clifforon
faultS

InformationS abou
baso gonoratorS

InformationS abou
the •••a t••r I ••v ••I

START

CONSULTATIONPROGRAM

EXPLANATIONPROGRAM

END

STATIC DATA BASE
Production rule

• Loacl sheclcling concls.

FaultS location otc

RULE ACQUISATIO
PROGRAM

o
FIG: a8 THE ORGANISATION OF THE LDC EXPERT SYSTEM PROGRAM MODULE
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All the knowledge accumulated from system expe~ts are stored

In a series of if then r-ules which are typically of the fornl

IF<CONDITIDN> THEN <ACTION>.

The ~easoning process of t~le expert system involves loatching

and unificationB The system assumes that ttle~e is a problem and

works towa~ds solving the problem by 'triggering rules' if their

activation pattern matches with the da'la element in the dynamic

eI) CHOOSING AN ALGORITHt1, ('Jlthuugh F"RDl...OFJ i,,, d",cla,.""t.ivf2, WE'

may need to ctloose an algorithm or more accurately a decision

tree to be used to search through the problem spaC2B PROLOG by'

itself uses d~pth-fj.rst search techniqu~B The algorithms used ar's

details discussed in the next al~ticle.

e) DEVELOPING THE PROGRAM, The final step is tu writ.e the cude

of the program in PROlOGB To do so we have to first convert the

qathered krlowledge into PROLOG rules and factsh The program is

divi.ded into two nlain sections~ The first section which is the

heart of the expert system contains question asking~ grid faults,

production rules & explanation modulsB

The second part of the program use turtle graphics 'facility

of turbo PROLOG to display the location of the faultsB Finally it

require to consider efficiency~ storage requirement,

etc~ of the program.
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..•.
heads, one is for the temporary informations called dynamic data

base another for permanent .irlfor-mations called static data base~

The temporary informations al~e ac~umulated during consultation

and can be altered during program executionn

TtlS perlnanent informations in~ludes the generatol~S status of

different power stations, its .MW capacity, electr"icl",.l

mee ha.r1iea.l conditions etc= Also the informations of different"

power lines,. the conditi.ons of the equi~lments connected with the

PO~>.JE~I'. 1 .1.nE'!::; = As well as the sub-station positions of national

electrical grid systema

d) FAULT LOCATION MODULE,

The.'IFault. location modulE,l! USE~~:; thr.-;: line ,.;)nd tUI'-tlE-? g~-<;;,:phics

facility of tu~bo F)ROLOG to locate the 'faulty gene~ato~,

and lines of the national electrical gFj.d~ Ttlis module is tlelpful

to ~::;E-?f.3thF2 loc:a.tion, placF~\ and nLtmb~?I'" o"f fEiu'l t.y compOnE-?)"1t ~:;o t.!""r~.j.t

the operator can convey mo~e specific instructionsn This module

is meant to be used on a monito~ having eGA or EGA adapte~ card.

5.5 DECISION TREES FOR DIFFERENT FAULTS AT LDC,

a) DECISION TREES FOR GENERATION FAULTS,
•This logical approach assist the programmer to.select which

generator should make on at the tinle of faults.

selection'depencls upon different factors

1) Per unit cost of productiofl

2) Place of fault occur
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FIG: 32 THE DECISION TREE FOR GENERATION FAULTS
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THE AMOUNT OF LOAD SHED I

I------------------lto % FOR ISHU_R_DI_I

30 % FOR KHULNA

20 % FOR CHITTAGONG

10 % FOR TONGI
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3) Amount o"f demand

4) Elect~ical & Mechanical positions of gens

On the basis of the expert's ldea and the above factoj~s the
decision tree will first proce~d to check the conditiorl of the

Kaptai generator's then broadly Eastern grid generators and lastly

the Weste~n grid generators. The approach will proceed according

to the priority of the generators as selected in, t~le data base.

For each and eve~y generator on it goes subroutine to the

demand conditions of rlational grid. At the moment when the

generation is greate~ then demand the tree gives suggestion with

blinklng text. Otherwise the tree goes to load shedding routing.

The priority of load shedding also selected by the author"lty

COflcerned. The approach is to also prol:eeds accor'ding to that very

priority. The 40% of total load shedding for Ishurdi i,e, for the

Norther"n part of tile cOIJntry w~lich comparatively less

ifnportant in both industrial & administrative view point~ Then

30% for" Khulna region w~lich is more important in industrial

aspect, 20% for Chittagong Bild lastly the least load shedding for

Tongi. Tongi is the distribution head of greater DhakaB Figure 3~

shows the decision tree for generation faults.

b) DECISION TREE FOR MAINTENANCE & BREAKER FAULTS:

For the different reasons, some times the lines of the

national "grid goes to mairltenance. The natural Cal~inity and t~le

malfunction of the eqlJipnlent connected with the pqwer

~
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DISCONNECT CB REMOTE END

I DISCONNECT SAME ISOLATOR

DISCONNECT CB NEAR END

DISCONNECT COBRES. ISOLATOR

GROUNDING AT FAR END

GROUNDING AT NEAR END

STOP.
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m~:;l..i 1"11 Y for maintenance ThE.! lo(,;:jical

bE~'fClr'.e (Joing to maintenance operation t.O

consic1E.'t-. alternative lines .to

demanc:l, ob\/iou:::;l y thE.' rati.ng of the alternate

exceed the limit.

ThE!rl the decision tree goes for sear-ching, that is, is there

any pospibility to power near by stations or sub-stations.

Then it goes to a subrouti.ne to line up a generato~ if possibleu

t hf:2 ~;3Ub~'~::5t.-r3,t: i on ':=3 or stations contributiofl it ctlsck

whether this additi.onal supplies greater ttlan regional demand,

if so then the lines concerned goes mairltenance operation without

load shedding otherwi.se mai.ntenance operation happens with load

the. mai,ntenanl.e operation

instr"uction of remote sub-s.lation with. the speci.fic

number .. of the breaker, Isolator, grourldi.ng point, then ttle

actions of maintenarlce and sub-.statiofIS faults~

c) MODULE FOR TRANSFORMER & TELEMETER BOARD FAULTS,

ThE\';;58 t~\lD modu 11:.7?s arOf? identicD.l ni::\ tu.r.F! in

viewpoint~ we uses the technique of almost the diagonestic types .of

In this programming module it .f i. rO.!:l t.

questions with the yes/rIo qptions, by the response of the user it

databaseg" By the process of the

informations stored are matc11ed with the static data

goes to a cohclusiori with the name of ttle faults and reasons behind

it. "
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NOTE AMOUNT. OF~0A/} SHED I

40% FOR /RSHORD/

30% FOR KHULNA

20% FOR CHITT AGONG

10% FOR TONG!

END

132

I.,

. ,



•

CHAPTER-6
DISCUSSION OF RESULTS AND CONCLUSIONS

\



G-1 DISCUSS I ON OF RESULTS :

a) The Expert system developed for the central load

dispatch center with this auspicious hope that it will be

ar:\useful tools for the national electrical grid supply

specially to take an expertise and most accurate decision

at the time of electrical crisis or faults so that the grid

supply is reliable and most economical. The occurrence of

faults in the interconnected grid system is very common

phenomenon but when the faults occurs, consequently by the

consultating with this expert system it will p,"ompt a

te>: tua 1 proficient suggestion by applying heuristic rules

of knowledge base just like an expert gives efficient and

smooth suggestions by dint of his experience and training.

But an additional outstanding feature of the developed

system is that it can exhibits the location of the faults

along with the single line diagram, so that the operator

can convey specific suggestions to the cancer-n sub-stations
Dr stations. Moreover unlike human expert the artificial
e>:pel'"'t system neve,'" faded or' sel'-iously affected due to over"

USE'.

b) To make the system more friendly specially for the

new operators, the expert system have the option to show

the single line diagram of national electrical grid of both

the eastern and western region, so that a perfect idea
about the different stations and sub-stations, their

location in the telemeter board as well as the generator,
breaker and isolator numbers etc. With out this idea the

operator can not convf-'ypr-ope,"ins.tructionsto the faulty
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r"egions. So t.heproposed e>:pert.syst.em is also a helpful

t.raining kit.for t.heusers.

cl The most.useful feat.ureof t.he developed e>:pert.

syst.em is it.can offer frhigh level e>:pert.ise in problem

solving. This e>:pertise can represent the best t.hinking of

the t.op e>:perts in this field and leading to the fault

solutions most.accurat.e and efficient •

d) An impOl"tant by product of the developed el{pel"t

system is that the accumulation and codification of the

knowledge that uses for the reliable supply of national

electrical grid. So long there were no such sygtematic

approach in this field. Moreover the knowledge can be

increased by adding heurist.ic rules obtained from the

domain expert. this corpus of knowledge that defines the

proficiency of an e>:per"tsystem can also provide an

additional feature as an institutional memory. This
compilation of knowledge will be a consensus of high level

option and a permanent record of the best strategies and

methods used by the systf,mst.aff.

b'~ RESULT VERIFICATION:

The te>:tualsuggest.ions given by the developed e>:pert.

system for a faults are most accurate than that of the

necessary st.eps taken by t.hesyst.eme'"'pert.at.the time of

crisis~ The power of searching and analyzing status, grid
lines dat.awhich are essent.ial factors for fault analysis
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can made more exactly and firstly from the given

infor>mations. As for an example, from the roster book a

fault occur on the 25th March, 1988. The fault was that the

ASHUGONJ'S two base generators were overhauling condition.

The system expert suggested to line up the hydro generators

of KAPTAI. The same suggestion were given by the expert

system also shown in figure 35d

G.'!3 LIMITATIONS OF THE PRESENT WORK:

Building an expert system requires a major investment of

time, money!, energy and faith. I'f the pr-oblem is

appropriate and if adequate resources are committed the

pleocess wi11 be accelerated more rapidly. But evem the

smoothest development effort will have rough spots. Some of

this unavoidable linlitations of the developed expert system

are discussed belowr

a) The domain experts a~e not familiar with computers and
doubts that an approach using COlnputers will be of any use
for the LDC. That.s why they can not spare much time for

the project moreover there was a whispered in the center

that if a computerized method introduced in t.he LDC many

lose the jobs. It was a great pitfall in

extract.ing high quality knowledge from the system expert.s.

hI Self knowledge means t.hat the expert system can

analyze its own operations and thus understand and explain
how and why it reaches particular conclusions. The expert
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system developed in PROLOG doesn't provide bui1t-in--

explanation facilities only having the auxiliary display

window to show the chains of rules"to reach a conclusions.
A-fter the system performs we11 attempts wer-emade -to add

mechanisms for allowing the system to explain and justify

its operations, but it was difficult to develop and also

lest understood.

cl Choosing the correct tools for building the expert

system is one of the most difficult decision to make in
e>'pertsystem development. It was decided to use PROLOG but

ultimately it was found that the tools was inappropriate

for some specific task of gr-idsystem. PROLOG compiler ver

1.1 has limited codes to compile and has very narrow
graphical facilities .. Unfortunately this increased the

unaceptable length of the program.

6. i SCOPE OF FUTURE WORK:

The expert system developed as a part of the thesis is

only a skeleton structure of what could be in the future.

By no means it can be considered as a self-sustained
commercial valuable software package rather it is a

research prototype package ..However there is a wide scope
for expansion of the system. Hope that this research work
will lead a guide line to future expert system design
projects undertaken in the undergraduate! graduate level

in our University. A brief outline of possible scopes of

expansion of the existing expert system is enumerated
be 1001:
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a) In terms of sophistication and utility, the

development stage of an expert system can classify into

four" dimensions, firstly begins as demonstration
prototype that is a small, demonstration program that.

handles a portion of the problem that will eventually b~

addressed~ A typical rule-based demonstration prototype
might contain 5 to 20 rules and performs adequately one or
two test cases. The second or most current expert systems

have evolved to the stage of research prototype. These

system are medium to large size program that have been

revised through testing on real problems in the user

camm!...!.n i ty. They are moderately reliable, contain Sf1HJoth

friendly interface and address the needs of "the end users.

A typical rule-based research/field prototype contain 100

to 500 rules, performs very well on many tests and take two
to three years to develop. Our work has reached upto this
stagE' . In future with some further work the developed

system can be turned into production and commercial model
by adding some field tests making the system more fast,
efficient, reliable in the user environlnent.

b) Computer hardware advances have made possible to
develop an integrated expert system called the intelligent
system that is the e>:pert system embedded in microprocessor
chip to form an integrated hardware/soft~ar-e package. One

example this is the EEG analysis system, an expert system
embedded in Motorola MCb80! single chip eight bit

microcomput.e;'" E,nd

•

de!",igned
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encephalograms recorded for renal patients. Likely an

intelligent system can be developed for assisting and

correcting faults of LDe by introducing concept of single

piece equipments.

c) A natural language interface could be developed which

will permit the user to communicate with the expert system

during th~ consultation process using as human language.
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I•••••••• EXPERT SYSTEM PROGRAM START •••••• I

eode=4024

domains

faults , indication = symbol
quer-y = str-ing
r-eply = char-

database

off _gener-ator. ( str-ing, str-ing
gen_dem (in teger-, in teger-)

dem_r-at (integer-,integer-)
xline (integer- )
sl.lpp_dem (integer-, integer-, integer-)

xpositive(indieation)
xnegative(indication)

pr-ediea tes

go
new_gen_dem (integer-, in teger-)
next_gener-ator- (integer-,integer-, integer-)
eheck_Captai (integer-, integer-)
gener-ator- (integer-,str-ing,str-ing,integer-)
add_hydr-o (integer-,integer-,integer-)
hyd r.o..gener-a tor- (in teger-, string, s tr-ing ,in tegel")
elear-..dat.as.

breaker (integer, integer, integer)
pr-oblem (str-ing,integer-)
par-allel (int.eger-,int.eger-)
r-ating (integer-,integer-)
cheek_r-ating (int.eger-,int.eger-,integer-,integer-)
st.ar-t._gener-at.or-(integer-,integer-,int.eger-,integer-)
r-egional_gener-at.or- (integer-, st.r-ing,integer-, integer)
e hee k_gener-atol" (in t.eger-,in teger-, integer)
nc"",__su pp __dem (in teg er-,in t.eger-,in t.egel")

cheek_oper-ation (integel", int.eger-)
power-_line (integer-,int.eger-,int.eger-,str-ing,int.eger-)
diseonnect._oper-ation (str-ing,int.eger-)
operation(string,integel'")
power-_feed (integer-)

clear_facts
gr-aph
for-m_block (int.eger-,int.eger-,int.eger-,integer-,integer-)
blockl (integer-,integer-,integer-, integer-)
gr.(int.eger-)
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gen(int~ge~,intege~,intege~)
t~an(intege~.intege~,intege~)
lin(intege~.intege~.intege~)
st.a~tl
start2
stay-'t.3
~lti:':\r~t4
(Jo.1.

st.a~"t.
choice(cha~)
p~oblem.1.(faults)
indicat.ion(indication)
positive(que~y,indication)
clea~_fact.
~emembe~(indication,~eply)
ask(que~y,indication,~eply)

. , .~.
". ,~.'

'.,.'

goal

western
star-
bounda~y
t.~in(intege~.int.ege~,intege~,intege~,intege~)
blok(int.ege~,intege~,intege~,intege~.intege~,intege~)
fo~m_t~in(intege~,int.ege~,intege~,intege~,int.ege~)
a~~ow(intege~,int.ege~,intege~)
st.ar".1.
star-2
t.haku
golp
barisal
fa~idpLtr"
bage~
j hen
in ter

gl"'aphs
fo~m_block (int.ege~,int.ege~,intege~,intege~,intege~)
block.1.(intege~,int.ege~,intege~.intege~).1
d~aw.1.
cJr-aw2
dr~aw3
t.r"iangIe

10ad.1.
10ad2
1()ad3
clock(intege~,intege~)
block(intege~,intege~)
milco(int.ege~,intege~)
g~ound(int.ege~,int.ege~)

go.
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clauses

PROGRAM TO CREAT MENU */

go,-
mar:.ewindow(l ,0,0, lilt ,0,0,25,80), .
makewindow(1,87,106,"EXPERT SYSTEM",3,15,15,50),
write("\t\t FOR LDC\n\t\t *******"1,
n 1,n 1 ,n 1 ,n1 ,n1,wr ite ("\t WHAT TYPE OF' PROBLEt1 ?") n 1 ,nl ,
nl ,n1 ,wr ite (" PR~5S THE SPACE BAR FOF: THE OPT ION MENU"),
I"ea.dchar(_I,
makewindow(2,71,106,"OPTION MENU",7,39,18,41),
cur-sol....(~5,O) ,
write( ***************************************"),nl,
write( GENERATOR PROBLEM - TYPE 'g"'I,nl,nl,
write( MAINTENANCE PROBLEM - TYPE 'm"'I,nl,nl,
write( STATION PROBLEM - TYPE 's"'),nl,nl,
wr ite ( TEL IMETER BOARD PROBLEM _. TYPE 't'''),n 1 ,nl ,
write( ***************************************"1,
n 1 ,nl ,wr ite ("TYPE THE FIRST CHAF:ACTER OF YOUR CHO ICE" ),
readchar(XI,
choice( X I,
start.

choice(XI,-

X;::; g', .,
makewindow(cr.,71.,1.06,"GENERATOR PROBLE~l", 12,0,1.3,:32),
cur~sor-(O,6) ,
wr-ite(II==================II),
nl,write(" 01 - CAPTAI FAULTS "),nl,nl,
wr- i te (II 02 - vJ ~ G ~M ~ FAULTS "), n 1 , n 1 ,
wr-ite(" Enter- A Number- II),

makewindow(3,71,106,'I'I,21,23,3,6),
cur-sor-(O,l),
write(" 03 - E.G. SUB-STATION FAULTS"),nl,nl,nl,nl,
readc har (_.I •

choice(X),-
X ;::;'m', ~,clear-window,
makewindow(:J, 71,106, "MAINTENANCE PFWBLEM" , 5,20,18,50),
nl,nl,write(" 04 - TURBINE MAINTENANCE "),nl,nl,
wr ite (" 05 - GENERATOR riAINTENANCE" ),nl ,n 1 ,
wri tee II Enter- A Number~ II),
makewindow(3, 71,l06!11l1l ,21 ,23,3,6),
cUlr'sor-(O,i),
wr ite (" 06 - MOTOR MA INTENANCE" I,n 1 ,nl ,
readc hal"( I.

choice(X),-.
X = s', !, c lear-windoltJ,
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makew.indow(::" 71,106, "STATION PROBLEM", 5,20,18,50),
n 1 , n 1 , wr-.ite (" 07 - TRANSFORMERFAULTS "), n 1,n 1,
Wlc.ite (" 08 - GROUNDFAULTS "), n 1 ,n 1,
wr-.ite(" 09 - E.G. SUB-STATION FAULTS"),nl,nl,
Wlc.ite(" Enter- A Number- "),
makewindow(3,71,1.06,1I11,21,23,3,6),
cursor(O,l),
r-eadc ha r-( ).

cllo.ice(X) ,-

x := 't', !, cJ.ear~window,
makewindow(3,71,106, "TELIMETER BOARD PROBLEM", 5,20,18,50),
n 1, n 1, wr-i te (" 07 .- TRANSFORMERFAULTS "), n 1, n 1,
wr.i te (" 08 - GF(QUNDf'"AULTS "), n 1 ,n 1 ,
wr-ite(" 09 - E.G. SUB-"STATION FAULTS") ,nl ,nl,
write(ll Enter A Number II),
makewindow(3, 71,106, III/ ,21,23,:3,6),
cursor(O,l),
r-eadc har- ( ).

choice( ) ,-

makewindow(3,'71, 106, III/ ,5,20, 18,50) ,nl ,nl ,nl,
wr-i te ( "SOI~RY, YOU HAVE PF,ESSEDTHE WRONGKEY"), n 1, n 1,
wlcite( "PRESS THE SPACE BAF~TO START AGAIN") ,nl,
wr i te ( 11 •__ • •__ • •• __ •• ._11 ) ,

r-eadchar-(_) ,go.

II PROGRAMTO CREATE EXPLANATION MENU II

clauses
go,-
makewindow(1,23,2,"OF'TION MENU",3,3,8,50),
write(ll% Breaker Fault; Code: 01.1'),nl,nl,
wr.i.te("* Generetion Fault; Code:: 02nll),nl,nl,
wr-ite("Enter- your- option code(01/02) "),
r-eadint(X),clear-window,r-emovewindow,checkl(X).

checkl(X),- X=Ol,
mak.evJi.ndow(2,141 ,2, IIBF~EAKER FAULT" ,3,3,8,~$5),
wr".ite( "No Br-eakelc Fault, SYstf,m OK.") ,nl ,nl ,nl,
write( "Pr'ess SPACE ba~ to f'eturn.lI

) ,readchar(_),
clearwindow,removewindow,! ~
checkl(X),- X=02,
makewindow(3,T';,2, "GENERETIm, F'AULT" ,3,~J,5,60),
wr-ite("Is the water- level above r-ule cur-ve(y/n)?."),
r-eadchar-(Ch),clear-window,r-emovewindow,check2(Ch).

checkl(X),- X<)Ol,
makewindow(2,23,2,1'1',3,3,4,50),
wlcite("Your- Code .is (01/02); Tlcyagain ••• "),r-eadint(Y),
clear-window,r.emovewindow,checkl(Y).
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check2(Ch),- Ch='n',
makewindow(2,~41,2,"GENERETION FAULT11,3,3,8,55),
write( "Try to open Gus Turbine, Ol<n II) ,nl ,nl ~Inl,
wr'ite( "*** Please,Press SPACE bar to ,-eturn. ***") ,readchar(_),
clearwindow,removewindow,l

check2(Ch),- Ch='y',
makewind(Jw(2,2:~;,2, 1II<AF'TAIII ,3,:::',8,55),
wl"'ib::-:,,(IIIs the base Generetor~ at KAPTAI running"?"),nl,nl"
wF'ite( 1IF't'ke:5s (yIn) a "II) ,readchar"(Reply),
clearwindow,removewindow,check(Reply).

check2(Ch),- Ch<>'y',
mc:\k.e{l-Jindow(2,:;:~~':::,2,III1 ,::::;,:~;, 7 ,50),
wri te ( Il You F'I'-essed a wl'~ong Key ..II ) , n 1,
'-"H"ite( lIF'lease pr"ess (yin); Thank.s .... "II) ,readcha •....(C),
clearwindow,removewindow,check2(C)"

check(F<eply) ,- Reply='n',
makewindow(2,141,2,III<AF'TAIII,3,3,8,55),
write("Start Base Gener-stars, OK ..'1),nl,nl,nl,
v-H-ite( 11.*** Please,F'ress SF'{~CEbar- to r'etur-Il .. ***11) ,readche:'tr-(_),
clearwilldow,r-emovewilldow,~.

check(Reply)'- Reply='y',
makewindow(2,1.41,2,1l1l,3,3,8,55),
wl'""ite( llSVSTEI'1, OK"Il) ,nl,
wr-ite(/IYou may star-t extr-a Gener-etors./l),nl,nl,nl
write( 11*** F'lease,F'ress SPACE bar to ]""eturn. ***") ,f~eadchar"( __),
clearwindow,r-emovewindow, !.

check(Reply)'- Reply<>'n',
makewindow(2,23,2, /Ill ,3,3,7,:::';0),
write(IIYou pressed a wrong Key ..II),nl,
wr'ite("Please pr'p-55 (yin); Thanks ••.. /I),r.eacichar(Rep),
clearwindow,removewindow,check(Rep).

EASTERN GRID START

makewindow(1 ,~S1.,2, "OPT IOt-.j MENU", 1.0, 10, 10,40),
wl'""ite("Do you ~'\Iant to see the eastel'-n gfHide ',?Il),nl,
wfHite(I/Then pre~3s the code (111),nl
reaciint(Reply) ,
Reply= 01.,
graphics(2,1,2) ,
pen pas ( (I , 0 ,0) ,
line(0,O,31999,O,7),
line(31.999,0,31.999,31.999,7),
line(31999,31999,O,31999,7),
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stal"tl: --

line(O,31999,O,16000,7),
line(O,O,0,12000,7),
cur-sor-(O,30) ,wr-i.te( "WELCot-1ETO "),
cur-sor-(1,28),wr-i.te("EASTEF:N GF:IDE"),
startl,
so,tart2,
start::::;,
star-t4,
goL

cur-sor (1.,2) , wr-i t,e (II Kabir-purll) ,

lin(2500,2250,800),
tran(1,2250,1600),
line(2200,800,12000,800,7),
line(2800,3000,2800,6000,7),
line(2800,3000,2200,3000,7),
line(2800,6000,2200,6000,7),
cu' ....sor-(1,15) ,
write("Tangaillf) ,

lin(3000,2400,5800),
tran(2,2400,7000),
cursor (1.,65) , wri te ( IIShahj ibazar" ) ,
lin(10000,2400,21500),
tran(1,2400,22800),
tran(3,2400,26800),
gen(2,4400,27200),
lin(2500,4000,28800),
tran(1,4000,30300),
gen(1,5700,30700),
line(1500,20000,6500,20000,7),
line(1500,20000,1500,22000,7),
line(1500,22000,2200,22000,7),
line(700,19000,6500,19000,7),
line(700,19000,700,23000,7),
line(700,23000,2200,23000,7),
cursor (4,15) ,wri te ( II Ghol'-asa 1 II ) ,

lin(9000,6500,2000),
tran(2,6500,5400),
gen(2,8000,5800),
tran(2,6500,9000),
cursor(4,~55) ,write( "Ashuganj II),
lin(11000,6500,11400),
tran(5,6500,12200),
gen(5,8000,12600),
line(6000,10500,6000,12000,7),
line(6000,10500,6500,10500,7),
line(6000,12000,6500,12000,~),
line(5000,10000,5000,12500,7),
line(5000,12500,6500,12500,7),
line(5000,10000,6500,10000,7),
tran(2,6500,20000).
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start2:-

cursor(5,62) ,write( IISreemongal"),
lin(5000,8000,23000),
tran(1,8000,25000),
line(8000,23700,2400,23700,7),
line(8000,27000,21800,27000,7),
cursor(S,S) ,write( "Tongill),
lin(4000,12000,500),
tran(2,12000,4000),
line(12000,2500,6500,2500,7),
line(12000,2900,6500,2900,7),
eursDI'"'(8,:::::6),write( "3::;/i::VII),
lin(3500,11500,13500),
tran(2,11500,14300),line(11500,13500,12000,13500,7),
l,ine(14700,15400,12500,15400,7),
eursDI'"'(7,45),write(llKhishorganjtl),
lin(4500,10000,17500),
tran(1,10000,19500),
line(6500,18000,19000,18000,7),
cursol'"'(11 ,57) ,wr i t.e(IIFene huganj II) ,
lin(3000,15500,24000),
tran(1,15500,25000)b

.start3:-

cUl'"'sor(11,B) ,wri te (IIUllonll),
lin(3000,15500,2800),tran(2,15500,3000),
line(15000,5700,15500,5700,7),
line(15000,5700,15000,6700,7),

line(15500,2700,12000,2700,7),
cursor(9,23),write('ISidderganj"),lin(9000,13000,7300),
tran(1,13000,9000),gen(1,15000,9400),
tran(2,13000,10500),
lin(3300,14700,10000),gen(3,15200,10800),
line(6500~8000,24500,8000~7)~
line(6500,7800,24500,7800,7),
lin(2500,14700,14000),gen(1,15200,15400),
line(15000~13000,15000,14700,7),
line(14700,13000~15000,13000,7),
line(14700,14700,15000,14700,7),
cu'....sor (13,60) ,wy~it:e("Syl het II),tr-an(1,18300,25000) ,
lin(3000,18300,24000),
cursor(16,59),write(lIChattakll),lin(3000,21800,24000),
tran(1,21800,26000),
eursor~C10,46) ,write( llMymensingh"),
lin(4500q14500~17500)qtran(2q14500q18500)q
cl!rsor( 13,46) ,~rite( "Jamalpu~lI),. .
lin(3500,18000,18000)~tran(1,18000,18500),
cul'"'sor-(14,2),wr-ite(""'.'il....purlt) ,lin(2500,19000,.150),
tr-an(2,19000,1000),
cursor~(1~':::,21),wr~ite( "Comilla"), lin(4000, 18000,78(0),
tran(2,18000,8500),line(18000,11000,20500,11000,7),
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51:."1'"1:.4,-

eu F'SOF'(1.6,21 ) , wr.i te ( II F~enil') ,lin (2000 ~22000 , 78(0) ,
tF'an(1~22000,8500)~

cur.soF'( 15,29) ,WI'"i.tE~("Chandpur-I'), lin(:~;OOO,20500,11000),
tF'an(2,20500,11500),
cur-sor(16,5),write(I'postagola"),
lin(3800,21800,3000),tran(2,21800,4400),
line(21800,6700,15000,6700,7),
line(22000,200,12500,200,7),
line(22000,200,22000,3000,7),
line(12500,200,12500,2500,7),
line(12500,2500,12000,2500,7),
cut-sor.(18, 12) ,write( IIl'1adanhe:\t II), lin(6000,24500,4500),
tran(2,24500,7400),line(24500,5300,27500,5300,7),
line(23500,10000,24500,10000,7),
line(23500,10000,23500,21000,7),
line(23500,21000,25000,21000,7),
line(23800,10500,24500,10500,7),
line(23800,10500,23800,12200,7),
line(23800,12800,23800,20500,7),
line(23800.,20500,25000,20500,7),
line(23800,12200,25000,12200,7),

line(23800,12800,25000,12800,7),
cLtt-sor~(19,3) ,vJrite( "Kulshi!l), lin(~)500,25500,2000),
tran(2,25500,2500),line(25500,4000,28500,4000,7),
curs:.or(20, 15) ,vJrite( IIHali.shaha~ll),
lin(4500,27500,4500),
tran(2,27500,5000),
line(27500,9000,29500,9000,7),
line(29500,9000,29500,9200,7),
li.ne(29500,9200,29000,9200,7),
cur"sor~(2.1.:129) ,wr~i.te( "Sikalbaharll

),

lin(4800,29000,9200),t~an(3,29000,11000),
gen(1,30500,11400), .
lin(2500,29000,4500),t~an(2,29000,5000),
gen(2,30500,5400),
line(29000,7000,30000,7000,7),
line(29000,1000C1,24500,10000,7),
line(29000,9500,25700,9500,7),
line(25700,9500,25700,10000,7),
CUt.~sOF'(2.1,1),write( "Baroauliall

),

lin(2500,28500,1500),tran(2,28500,2000),
cur"sor( 19,36) ,w''''ite( I/Chandraghona"),
lin(2500,25000,12000),tr-an(2,25000,12500),
cursol'" (18,54) , wri te ( lll<aptai I') ,lin (5000,25000,20000) ,
tran(3,25000,20500),gen(3,26500,21000),
cursor(22,54) ,w''''ite( II Dohazal"'iII ),
lin(2500,29200,20000),tran(1,29200,21000),
line(29700,20500,29700,13500,7),
line(29700,20500,29200,20500,7),
line(29200,13500,29700,13500,7),
line(27000,26000,31999,26000,7),
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line(27000,26000,27000,31999,7),
cursor(22,68),write('IGENERATOR"),gen(1,2BOOO,27000),
CUI'"'sor(23,68) , (....11'- i te ( II TRANSFOFiMERII) , tran (1 ,29500,26500) ,
,-,o>adchar-(_)"

gen (N ,X ,Y ) ,-

NN=I\I.-1,
pen pas ( X , Y,0) ,
for-war-d(700),r-ight(90),for-war-d(700),r-ight(90),
for-war-d(700) ,r-ight(90) ,for-war-d(700),
X.1=X,Y1=Y'<350,
penpos(Xl,Yl,O),back(500),
XX=X+O,YV=Y+l000,
g,m(NN,XX,YY) "

t.ran(O, __.,_) ::-! n

t,,-'an (t'I,!3,H) , ...

~ln,~,n-1.,
penpos(G,H,30),
for-war-d(700) ,r-ight(1.20) ,for-war-d(700),r-ight(1.20) ,for-war-d(700),
a=G+400,
pE~npo"s ( J , H , 30 ) ,
for-war-d(700),r-ight(1.20),for-war-d(700),r-ight(1.20),for-war-d(700),
Rl=J+700,Cl=H,R2=J+l000,C2=H,
line(R1,C1.,R2,C2,7),
6G:::-:G+0,
HH=H+l.OOO,
tr-an(~1~1,G!3,HH) "

lin(L,F:,K) :-

pen pos ( F , 1<, 90) ,
'for-war-d(L) .

WESTERN GRID START

clauses
western ::.-
wr-ite("c1o you want to display the ",ester-n gr-icl?(y/n)"),
r-eadchar-(Reply),
Reply='y' ,
€'~tar-n



star-:: -_.

gr-aphics(4,O,4l,
boundal"'Y,
start.1.,
stal,..t2,
inter,
thaku,
golp,
bal'"isal,
taridpur- ,
bager~,
j hen.

bC)I...lndar-y:: --

1ine(1,1,1,31999,9),
line(1,1,31999,1,9),
1ine(31999,1,31999,31999,9I,
1ine(1,31999,31999,31999,9),
cursor" (0 ~l:2~\),
write( "WELC0I-1E TO WESTERN GRID"),
trin(2,28500,27500,O,600),
cursor (::::2, 70),
write(!!;:::: TI'-ansll

),

blok(1,29700,27000,90,O,500),
cur-sor" (2:3,70) ,
wr"ite(ll:;::: Genll)~

cursor-(:';-~,20),
"Jr~ite( l!pabnall

),

cur-sor(2,65) ,
wr i te ( "lILLAF'ARA" ) ,
line(4500,7000,4500,11000,9),
line(4500,25000,4500,29000,9),
line(4500,7500,6000,7500,9),
line(4500,9000,6000,9000,9),
line(4500,10500,6000,10500,9),
line(4500,25500,6000,25500,9),
line(4500,27000,6000,27000,9),
line(4500,28500,7000,28500,9),
line(6000,10500,6000,25500,9),
line(6000,7500,6000,5000,9),
line(7000,28000,7000,29000,9),
line(7000,28500,BOOO,28500,9),
trin(2,8000,28500,O,1000),
line(9000,28500,9500,28500,9),
arrow(10000,28500,90),
line(9500,27000,9500,29500,9),
line(9500,27500,10000,27500,9),
trin(2,5500,27000,O,600),
line(6000,27000,6500,27000,9),
arrow(6500,27000,90),
line(9500,28500,10000,28500,9),
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staI'"L:-

in tel'-:--

blok(1,10000,27000,90,O,1000)~
tl'"in(2,6000,9000,O,1000),
line(7000,9000,BOOO,9000,9),
al'"l'"ow(8000,9000,90)~

line(6000,5000,lOOOO,5000,9),
line(10000,3500,10000,6500,9),
line(10000,700,10000,2000,9),
line(10000,1300,11000,1300,9),
tl'"in(2,"11000,1300,O,1000),
line(12000,1300,13000,1300,9),
line(10000,1300,8000,1300,9),
line(10000,4000,8000,4000,9),
line(BOOO,1300,BOOO,4000,9),
c::ul'"sor"( 5,~5),
Wl'"ite(IIRajshaill

),

Cut-sor-(7,16),
v-Jl'-ite ( II IshuF'di II) ,

line(10000,4000,11000,4000,9),
line(10000,6000,11000,6000,9),
fOl'"ffi_tl'"in(2,2,1100a,4000,O,2000,1000),
line(12000,4000,28000,4000,9),
line(12000,6000,28000,6000,9),
line(13000,3000,13000,23000,9).

;Iinter-conector-I;
line(13000,22000,14700,22000,9),
line(13000,22300,14200,22300,9),
line(14700,22000,14700,25000,9),
line(14200,22300,14200,25000,9),
CUF'sol'"(9,50) ,
v-H-i tee 11 I-=:.hul'"di Jl) ,

CUF"f..,;or" ( 1.1,60) ,
wr'ite(lltrJ easter~n gr~idll),
line(13000,500,13000,2500,9),
line(13000,700,14000,700,9),
al'"l'"ow(14000,700,90),
line(13000,2000,.14000,2000,9),
line(13000,3200,14000,3200,9),
line(13000,19000,16000,19000,9),
line(13000,20000,16000,20000,9),
line(16000,18000,16000,22000,9),
line(16000,21500,29000,21500,9),
line(16000,22000,21000,22000,9),
line(21000,21500,21000,24000,9),
tl'"in(2,21500,23500,O,1000),
line(22500,23500,2:3500,23500,9),
line(22500,20000,22500,22500~9),
tl'"in(2,23000,20500,O,1000),
line(24000,20500,24500,20500,9),
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arrow(24500,20500,90),
line(25000,19000~25000,22500~9),
form_trin(2,2,25500,19000,O,1500,1000),
line(26500~19000,28500,19000~9),
ar~ow(23500,23500,90),

line(26500,20500,26700,20500,9),
line(26700,20000,26700,21500,9),
trin(2,27200~20700.0.1000).
lin~(28200.26700.2~56o.2076o.9).. . . ..
line(28500,17500,28500~20700,9),
line(28500,17500,29000,17500,9),
arrow(29000,17500,90),
line(28500,18500,28700,18500~9),
line(28500,19200,28700,19200,9),
line(28500,19900,28700,19900,9),
blok(3,28700,18250,90,700,500),
line(29000,21500,29000,26000,9),

trin(2~29300,22000,O,600),
line(29900,22000,31000,22000,9),
arrow(31000,22000,90),
form_trin(2,2,16500,18500,O,1200,1000),
line(17500,18500,18000,18500,9),
line(17500,19700,18000,19700,9),
line(18000,18000,18000,20000,9),
trin(2,18500,19000,O,1000),
line(19500,19000,20200,19000,9),
line(20200,18000,20200,20000,9),
line(20200,18000,21000,18000,9),
arrow(21000,18000,90),
line(20200,18700,20700,18700,9),
line(20200,20000,20700,20000,9),
blok(2,20700,18200,90,1300,1000),
blok(1,14000,1500,90,O,1000),
trin(2,14000,3200,O,1000),
line(17000,500,17000,12000,9),
line(17000,700,18000,700,9),
line(17000,2700,18000,2700,9),
line(17000,4700,18000,4700,9),
line(17000,10000,18000,10000,9),
form_trin(3,2,18000,700,O,2000,1000),
trin(2,18000,10000,O,1000),
line(19000,700,20000,700,9),
line(19000,2700,19500,2700,9),
line(19000,4700,19500,4700,9),
line(19000,10000,19500,10000,9),
blok(3,19500,200,90,2000,1000),
line(19500,9000,19500,11000,9),
line(19500,10500,20500,10500,9),
trin(2,20500,10500,O,1000),
line(21500,10500,22000,10500,9),
line(22000,~OOOO,22000,11000,9)~
line(22000,10500,22500,10500,9),
arrow(22500,10500,90),

152

,



thak.u.-

golp'--

line(21000,2500,21000,4000,9),
line(21000,3000,21500,3000,9),
trin(2,21500,3000,O,'1000),
cu' ....::,;or (12,16) ,
wl'-i.t.e( IIBllerame.-\ral!).

CL\I~SO"" ( 14 ,.70) ,
write( 11Thak.urgaonll

),

cursor-( 12,40),
wr~it('=(IlBogF'a"),
cur-sor (17,42) ,
wri tee "Rangpurll

),

cur-=~()r(15,52) ,
~""l""i te (t1palasbal"'i II) ,

cursor(1.9,55),
write( "Saidpurll

),

line(20000,26000,20000,29000,9),
line(20000,26000,29000,26000,9),
trin(2,20400,27500,O,600),
line(21000,27500,21300,27500,9),
line(21300,26500,21300,28000,9),
trin(2,21700,27500,O,600),
I1ne(22300,27500,22700,27500,9),
line(22700,26500,22700,28500,9),
line(22700,26500,24000,26500,9),
arrow(24000,26500,90),
line(22700,27500,23200,27500,9),
blok(1,23200,27250,90,O,500).

cur-sor~(21,1) ,
write( llGDa1par'all),
line(28000,3500,28000,10000,9),
form_trin(6,2,28400,4000,O,1000,500),
1ine(28900,4000,28200,4000,9),
1ine(28900,5000,29200,5000,9),
1ine(28900,6000,29200,6000,9),
1ine(28900,7000,29500,7000,9),
line(28900,8000,29500,8000,9),
line(28900,9000,30500,9000,9),
blok(2,29500,6750,90,1000,500),
line(30500,8500,30500,10000,9),
line(30500,8800,31000,8800,9),
line(30500,9800,31000,9800,9),
blok(2,31000,8550,90,1000,500),
line(29200,3500,29200,6300,9),
form_tr-in(3,2,29500,4000,O,1000,400),
line(30000,4000,30300,4000,9),
line(30000,5000,30300,5000,9),
1ine (~50000,6POO, 30700,6000,9) ,
blok(2,30300,3700,90,1000,600),
line(30700,5500,30700,6800,9),

153 -,



line(30700,6000,31000,6000,9),
line(30700,6500,31500,6500,9),
arrow(31500,6500,90),
blok(1,31000,5750,90,O,500).

barisal ~-

cur~s()r'(1.4, :3;2) ,
wri te (lIBarisalll),
line(20000,12000,20000,17000,9),
form_trin(3,2,20500,1.3000,O,1000,600),
1ine(21000,13000,21500,13000,9),
line(21000~14000q21500~14000q9)~
line(21000~15000~21500~15000~~)~. . . ..
line(21500,12500,21500,16000,9),
line(21500,13000,21800,13000,9),
blok(1,21800,12750,90,O,500),
trin(2,22000,15500,O,600),
line(22500,15500,22800,15500,9),
line(22800,14000,22800,16000,9),
line(22800,14500,23200,14500,9),
line(22800,15500,23600,15500,9),
arrow(23600,15500,90),
blok(1,23200,14250,90,O,500)~

"faridpul": .-

line(17000,7000,20000,7000,9),
line(20000,6500,20000,8000,9),
line(20000,6800,24000,6800,9),
trin(2,20500,7500,O,600),
line(24000,6500,24000,8000,9),
trin(2,24500,7000,O,600),
line(25000,7000,25500,7000,9),
arrow(25500,7000,90),
line(24000,7500,25500,7500,9),
line(25500,7500,25500,12000,9),
line(25500,12000,20000,12000,9),
CUr-SOl"" ( 18,20),
v-Jrite(llt.1adaripurll

) g

cursor (:20,~52),
wl'~ite(llBagerhatll

),

line(27000,9000,27000,12500,9),
line(27000,9300,26700,9300,9),
line(26700,9300,26700,8500,9)~
line(26700,8500,28000,8500,9),
1ine(27000,11500,29000,11500,9),
trin(2,27500,12000,0,600),
line(2BOOO,12000,28500,12000,9),
arrow(28500,12000,90),
line(29000,11000,29000,12000,9),
trin(2,29500,11500,O,600),
line(30000,11500,30500,11500,9),
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arrow(30500,11500,90),
line(27000,12200,20000,12200,9)~

j hen,-
line(23000,4000,23000,2000,9),
form_trin(2,2,23500,2500,O,1000,600),
line(24000,2500,24300,2500,9),
line(24000,3500,24300,3500,9),
,-eadchal'"( )"
form_trin(O,_,_,_,_,_,_):-! .
fOl'"ffi_tl'"in(Nc,N,R,C,A,S,L),-
trin(N,R,C,A,L),
CC=C+S,
NNc=~lc-l ,
fOl'"ffi_tl'"in(NNc,N,R,CC,A,S,L).

tl'"in(N,R,C,A,L),-

pen pos (R ,C ,A ) ,
left(30),fol'"wal'"d(L),
l'"ight(120),fol'"wal'"d(L),
l'"ight(120) ,fol'"wal'"d(L),
NN=N--.t,
RR"'R---L/2,
tl'"in(NN,RR,C,A,L).

!Jlok(O,_.,_, __,_., __J :-! a

blok(N,R,C,A,S,L):-
penpos(R,C,A),
fOl'"wal'"d(L),l'"ight(90) ,
fOl'"wal'"d(L),l'"ight(90),
fOl'"wal'"d(L),l'"ight(90) ,
fOI-~Jal-d(L) ,
NN=N---1,
CC=C+S,
blok(NN,R,CC,A,S,L).

arl'~ow(R,C,A) : ..-

pen po" (P" C, (4 ) ,
left(bO) ,fol'"wal'"d(300),
pen pos (P ,C ,A ) ,
left(120),fol'"wal'"d(300).

gD.t,-
wl""ite (Il\n which type oi: pl'''oblem?"),nl,
I'"eadln (P) ,nl,
va-ite (llltJhich category?ll) ,nl,
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I'"eadin t (C), n 1,
pI'"oblem (P,C).

problem (lIgenll,Ol):-

write ('1Evaluate the max. demand of nation grid.'l)~nl,
r'eadint (D) ,nl,
write (l!Note down the total sy!3tem generation a"ftel'" 'faults ..ll),nl

I'"eadint (8) ,nl,
assel'"ta (gen, ....dem(8, D) ) ,
check ..J:aptai (8,D).

WI'"i t.e (" "\CT1ON: LOAD SHEDDI N8! ' " ) , n 1 ,
fi.eld __attr~ (16,1,24-,1:35),
gen_dem (8,D),
H=D"'8,
write (lIAmount ot load shead =:lI,H ),n1,
I=H*0.4,
write ("load shead first ISHUF:DI::::'l,I,'1IVIWIl),nl,
K=H*0.3,
WI'"i te (" 1oad shead second KHULNA'~",K, "MW") , n 1,
C=H*0.2,
wl"ite ("load shead thil"d CHITTAGON8=",C,,"MvJ"),nl,
1"'=1,-\*0 • .1 ,
wr'it€-? (1I1oad shead lastly TONGI::;~II,T,lfi"lv.J"),nl,
c 1ea,"-__cia tas ..

problem (lIst!! ,(2) ~_.

wI'"ite ("vJHICH BREAKER If, FAULTY':''') ,nl,
I"eadint (B) ,nl,
wI'"i te ("WHAT IS THE TCITAL SUUPF'LY AFTER FI',ULTS"), n 1,
readint(S) ,
wl"it.e ("WHAT IS THE PRESENT DE~1AI\ID?"),nl,
I'"eadint. (D),
breaker (B,L,AC),
par'aIlel (L,PL),
I'"at.ing (F'L,R),
asser-ta (SUpp_df.?ffi (E ~ID, AC) ) !l

check_I'"at.ing (S,D,R,AC),'.

pl'"oblem(st.,02),-

WI'"i te (" SYSTEI'1GOES L.OADSHEAD"), n 1 ,
field .._attr" (.t6!JO,2~1,1:~;5),
sUPP..,dem(S,D,AC) ,
I-/=D---S,
"'I'"i t.e (" ,"MOUNTOF LOAD SHEAD"", H, "MW") ,n 1 ,
gl'"aph.

pl'"oblem (mt.,O:})

write (llwhich line goes i::o be mainten2\r1Ce") ,nl,
I'"eadi n t. (L), n 1,
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assertz (xline(L)),
write (llwhat is the maXn regional demand'l),nl,
read In t (D), n 1 ,
write ("can poo,el" supplIed through alt.line (y/n)""'),nl,
readchar (Reply),nl,
F:eply =' 'I' ,
write ("put the rating of alt.line "),nl,
read in t (R), n I ,
asserta (dem rat (D,R)),
pov-Jer_.,feed ( ) n

problem(t,04) :-

mal":.ewindow(1.,23,7, 'ITE~lemeter- Board It ,2,5,.1.0,60),
wr~ite(ll This is e>~pert system TE.~lemeter Faultsll),nl,nl,
wr'ite( 11 The E:!~.:peF"t system will ask about 'faults .."),nl,
~'\I1""it.e(II III r~esponse you presS'j key' y' or 'n'" II) ,nl ,nl ,nl,
wr i te ( " PLE{~SE PF:Ef3S THE SPACE BAR."),
soun d ( 5, 5000 ) ,
r-eadchar- (~_) ,
r-emovewindow,
clec\t-\.'\Iindow,
probleml(Fault.s),! ,nl,nl,nl,nl,nl,nl,
wr-i te ( "* * * * THI:: PROBABI_E FAULTS IS * * * * " ,F au 1ts) ,n I,
clear_fact,
sound(10,200)"

/* PROGRAMFOR TELIMETER BOARDPROBLEM */

problem( t,OLJ.) :.-

sound( 1.,60(0) , III , n 1 , n 1 , n 1 , n 1 ,
wr i te ( "1' ** SORRY , NO KNOWNPROBLEI'I * * 1<*" ) ,n I ,
clear fact"
sound(10,6000) "

posi.tive(_,Indication):-
xpositive(Indicat.ion), !

positive(Query,Ir1dication):-

not(xnegative(Indication»,
ask(Query,Indication,Reply),
Reply='y' .

ask(Ouery,Indication,Reply):-

wl'I te (Ouel'Y) ,
readchar(Reply),
wf"it.e(Reply) ,nl,
remember(Indication,Reply).

remember(Indication,'y'):-
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asserta(xpositive(Indication)).

remember(Inciication,'n' ),-
asserta(xnegative(Indication)).

clear' 'fact ,-
retract(xpositive(_ll,fail.

clear fact ,_.
retract(xnegative(_)) ,fail
clear- fact"

indication(faultY_,c1isplay) ,_.
beep,
positive( "Faulty display 1"8 (y/n) 7" ,faulty_c1iS',play).

indication (weak_bl inking,_c1isplay) ,-
beep,
pos:i.tiv€~( IJWeak_blillk_.d.i.~,;playTB ?" ,weav:.._blinkin9 __disply) M

inclica tion (da'''k __l ine_c1i sp 1ay) "..
beep,
pos:,itivc-~( I/Dat-k__line_ 01: TB (yin) '":,'1 ,dC\F'k_line __display)"

ind ica tion (pal"tia l._or _tota l_.c1arkness) .
beep~
positive( "Par/totolly clark 1"8 7" ,par'tial_total._,darkness).

indication(beep __sound) ,-
beep,
positive( IIBeep sound of T8 (yIn) "?'I,beep. __sound)"

ind icatirJn (no__metel"_,'eaciing) ,,-
beE~p~
posd.'tive(ltNo meter rei::'\di.ng TB (yin) '?'l,nQ_.meter-_r'eadin~I) ..

inciication (vol tmeter _no..Ieaclinc]) ,-
beep,
prJsitive( liND voltmeter TB (y/n)?ll ,voltmeter _Ilo __t-eading) n

ind ica tion (varmet.el'- __Ilo_l""ead ing ) ::-
beep,
pOS'litive(llNo var-meter" TB (yin) '?fl,var-meter._no_l ....eaclim~~).

indication (fI'Mequencymeter._no __reading) ::-
bf?ep,
pOl.::;itive( 1\ No fl....eqmeter-TB (y/n)?" ,fr'equencymeter_Ilo_readimg) ..

indication(faulty_reading):-
beep,
pO~3itive("False meter TB (yin) ?1f,faulty_rei3.ding).

ind iea tion ( t.ota 11y.._dad,ness) ,-
bef2p,
posi.t.ive("1"otally dark of 1"8 (yin) 7",totally_c1ad:,neS' ..s).
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indication(displaying_faults),-
beep~
POSit.iVE~( liND display in TB (yin) "?" ,di.splaying_Jaults) n

lndicationllnstrument fault),-
bE~ep!I

posit.i.ve(11No reading of metE~rs TB (y/n)?Il,instr-ument_'fa.Lllt).

ind lea t10n ( 'fuse_o'f 1: ) :--
beE\p,
positivEdl1Fuse of TB OFF (yin) ?",fuse __off) ..

indication I fe:\L.<lty_display) ,
indication (weak.._.blink.ing_display)"
indication Idad:._l im,_displ ay) •

indica tion ( parti a l_...or.__tot.a l ..darkness) ,
indicat.ion (beep ...sound) ,
indication (no_meter __reading) ..

probleml(inst.rument_fault.s),-

indication (vol tmeter"_llo._reading),
indication (var-meter. __llo._I"'f:?ad:i..ng) ,
indication I fl'.equencymeter ..no ..J"eading),
indication(fault.y_reading).

p.-ob 1eml (power ..supP 1y...f au 1ts) ,-

ind iea tion ( tota 11 y _darkn€-?ss) ,
indicat.ion(displaying_faults),
indication(instrument_fault) ..

probleml(fuse_faults)~-
indicat.ion (fuse._off) •

check_Captai IG, D) , ..

wl"'ite (llIs wab2r level abovE~ the rule curve,"?Il),nl,
readchar (Reply)"
F:eply =' y' ,
add_hydro IG"D,N),!.

gen ..demIG,D) ,
next._generatorIG,D,N).

retract(gen_deml._,_)) ,
assE'l' ..ta(gen_dem(G,D», ~..
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add_hydro (G,D,_)'-
G}D, ! .•

hyd,-o_generator (N, X, Y, Z) , I ,
NI\I=1\1+1,
GG=G+Z,
w r- i te (II /I , X , II fl , Y , 11

new_gen__dem(G, D) ,
add_hydro (GG,D,I\IN).

G> D, ! R

II , Z ) , n 1 ,

generator (N,X,Y,Z),!,
NI\I=N+l,
wr'ite (ll II,X,1l
Gl=G+Z,
new_gen__dem(Gl, D) ,
ne,.,t __generator- (Gl,O,I\II\I).

Il , Y , II II,Z),n1,

clear __datas,-
f-etract (gen_dem (__,_)) ,fail.
clea''''H_datas.

hydro_gener-ato!'"' (12, lie hdr-o-lll, IICaptai 11,40) ..
hydrHo_generator (1:::;,He hydro--'2", IICaptai It, 40) "
hydro __generator (14, lie hydro-311, llCaptai ll, 50) .
hydro_gener-atol"" (15, lie hydro-411

, IIcaptai 11,50) ..
hydro_genel'-ator (16,IlC hyd''''-Cl--5","Captaill,50).

gener-ato,'" (1, IIA steam'-Hil!, llAshugong If, 64) ..
genE~r-ator (2,"A s;.team--211

, "Ashugongll,6~.l ) ..
genE'l'-atol'" (:3,11A steam .....3", Il?-lshugongll

, 150) ..
gener-ator (4,IIA stem--4!!, lIAshugongll,150)"
generator (5, IlA stem--5", IIAshugongll, 150).
generator (6,IIA gas-ill, llf~shugongll,50).
~~enE.H'-ator-(7, "A gas--211, II Ashu<;Jong II, :::;(1) •
generator (8, JIG steam-l II, "Ghorashalll, :::'15).
gent.::!'l....ator (9!, "G steam-21l, lIGhorashalll ,65).
gener'at.or (1.0,11[3 steam-311

, "GHorashal II ,210).
generator (11., llG steam-.l.l", "Ghor"a.shalll ,220).

GRAPHICS FOR GENERATION FAULT

graph:-

graphics (2,0,6),
pencolour" (:5),
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p(-?ndown ~
dr.a •....Jl,
dr-aw2,
dl'Haw::::: ~

CUf'SOI'- (1,35),
wl'-i te ("I<HULNA SUB-STATION"),
cursor (2,~3~i),
ItJF'i te (11 H__ ._._H__H__. . J! ) ,

line (3000,3000,3000,12000,7),
line (3000,25000,3000,30000,7),
line (6000,3000,6000,7000,7),
line (6000,19000,6000,30000,7),
line (8000,7000,8000,7500,7),
line (8000,7500,7500,8000,7),
line (8000,8000,8000,9000,7),
line (7750,9000,8250,9000,7),
line (7850,9250,8150,9250,7),
line (7950,9500,8050,9500,7),
line (8000,12000,8000,12500,7),
line (8000,12500~7500,13000,7),
line (8000,13000,8000,14000,7),
line (7750,14000,8250,14000,7),
line (7850,14250,8150,14250,7),

line (7950,14500,8050,14500,7),
line (8000,19000,8000,19500,7),
line (8000,19500,7500,20000,7),
line (8000,20000,8000,21000,7),
line (7750,21000,8250,21000,7),
line (7850,21250,8150,21250,7),
line (7950,21500,8050,21500,7),
line (8000,25000,,8000,25500,7),
line (8000,25500,7500,26000,7),
line (8000,26000,8000,27000,7),
line (7750,27000,8250,27000,7),
line (7850,27250,8150,27250,7),
line (7950,27500,8050,27500,7),
line (6000,7000,11500,7000,7),
line (3000,12000,11500,12000,7),
line (6000,19000,11500,19000,7),
line (3000,25000,11500,25000,7),
line (10500,7000,10500,10000,7),
line (10500,12000,10500,15000,7),
line (10500,19000,10500,22000,7),
line (10500,25000,10500,28000,7),
line (10500,10000,11500,10000,7),
line (12500,10000,14000,10000,7),
line (15000,10000,16500,10000,7),
line (17500,10000,21500,10000,7),
line (22500,10000,24000,10000,7),
line (25000,10000,26000,10000,7),
line (27000,10000,29000,10000,7),
line (28000,10000,28000,7000,7),
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;

draw2:-

line (12500,7000~21500,7000,7),
line (22500,7000,28000,7000,7),
line (12500,10000,11500,10500,7),
line (16500,10000,17500,10500,7),
line (22500,10000,21500,10500,7),
line (26000,10000,27000,10500,7),
line (12500,7000,11500,6500,7),
line (21500,7000,22500,6500,7),
line (18500,3000,18500,30000,7),
line (20500,3000,20500,17000,7),
line (10500,15000,11500,15000,7),
line (12500,15000,14000,15000,7),
line (15000,15000,16500,15000,7),
line (17500,15000,21500,15000,7),
line (22500,15000,24000,15000,7),
line (25000,15000,26000,15000,7),
line (27000,15000,29000,15000,7),
line (28000,15000,28000,12000,7),
line (12500,12000,21500,12000,7),
line (22500,12000,28000,12000,7).

line (12500,15000,11500,15500,7),
line (16500,15000,17500,15500,7),
line (22500,15000,21500,15500,7),
line (26000,15000,27000,15500,7),
line (12500,12000,11500,11500,7),
line (21500,12000,22500,11500,7),
line (12500,19000,14000,19000,7),
line (15000,19000,16500,19000,7),
line (17500,19000,18500,19000,7),
line (12500,19000,11500,19500,7),
line (16500,19000,17500,19500,7),
line (10500,22000,11500,22000,7),
line (12500,22000,20500,22000,7),
line (20500,17500,20500,19500,7),
line (20500,20000,20500,30000,7),
line (20500,17500,20000,17000,7),
line (20500,20000,20000,19500,7),
line (12500,22000,11500,22500,7),
line (20500,18000,21500,18000,7),
line (22500,18000,28000,18000,7),
line (28000,18000,28000,21000~7)~
line (18500,21000,21500,21000,7),
line (22500,21000,24000,21000,7),
line (25000,2100o,18000,21000,7),
line (22500,21000,21500,21500,7),
line (22500,18000,21500,18500,7),
line (12500,25000,11500,25500,7),
line (12500,25000,14000,25000,7),
line (15000,25000,16500,25000,7),
line (16500,25000,17500,25500,7),
line (17500,25000,21500,25000,7),
line (22500,25000,21500,25500,7),
line (22500,25000,24000,25000,7),
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line (25000,25000,26000,25000,7),
line (26000,25000,27000,25500,7),
line (27000,25000,29000,25000,7),
line (28000,25000,28000,28000,7),
line (28000,28000,22500,28000,7),
line (21500,28000,22500,28500,7),
line (21500,28000,12500,28000,7),
line (12500,28000,11500,28500,7),
line (11500,28000,10500,28000,7),
form_block (2,14000,9500,1000,1000,5000),
form_block (2,14000,18500,1000,1000,6000),
form_block (2,24000,9500,1000,1000,5000),
form_block (2,24000,20500,1000,1000,4000),
cursol'-( ~i,2),
write( llGoalparall),
cursol'- (~,\,72) ,

write(IINoaparall),
cur-sor- ( 1 ,7) ,
wr-ite (1l121~5"),
cursor (3,7),
wr-it.e ("1214"),
cursor (1.,71),
II'JI.-lt.e (1112.10"),
cur'sor (:5,71) ,
•...Jr.i te (111212" ) :1

cursor (9,12),
wr-i te ("104,811

),

cursor( 17,12),
wri te (11404811),
cur'sor (7,1.8),
wr'ite (1I10~)GII),
cursor (9,20),
wri te (II .1Cf3S") , .
cur"sor- (11,1.9),
wr'i tt: (l! 1(2811

) ,

cur-sor (13,20),
write (111.018"),
cursor (17,20),
write ("401811

),

cursol'- (19,19),
wr-ite (11ft02Bll

),

cur-sor (20,20),
wr'ite (1140:38"),
CUf:'sor' (7, ~51) ,
wr'ite (1I~205GlI),
cur-sor (9, ~51) ,
write ("204SII

),

cur-sor (17,31),
wr-ite ("/lr14SIl),
cur-sor (9,:2.~9),
wl'~ite ("203SII

),

cur-sor- (.11,40),
wr-ite (1l202Bll

),

cur-sor- (1.::::,39),
wl'-ite (11201SII

),
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cur'sor- (17,:39),
wr'ite ("4,11S!I),
cur-SOl"" (19,40),
wl""ite ("412B"),
curSOYR (20,39),
wl~.ite ("LI.L,S").

CUI~SOI.- (17,47),
write (11903S11

),

CUl""sor (17,54),
F,A"wite ('1901811),
CUI'R~;,;or (19,55),
wri te ('19'0:;~BII),
cursor (1;:1,~58),
wl'Ri te (11('-105511),

cursor (15,45),
wri te ("('104511

),

curSOT (7,48),
\i'JI"'i te (1l1.1.5Gl1

),

cur'-C::~Dr- (9,L1.9),
wl"'ite (1111:5511

),

cursor (1.1,~K),
wr'ite (l!1.1.2Bl1

),

cursor (1~5, 49) ,
wl"'ite (111118"),
CUt-SDr' (9, :57),
write (11114811):1
cur'SOf- (7,6:3),
lI-Jrite (1I215G"),
cursor (9,64),
wr'it.e (":2.1:::;'8lt

),

cursor (1.1,65),
l....JI'-ite ("2128"),
cursor (1:3;,64),
tt-Jr"ite ("2118"),
CUr'sOr' (9,72),
wr'ite (11214811

),

CLlt-~-Or (17,64),
•...\,If-tte ("421Sll),
CUI'""S'lDt""(1.9,6~1),
wl'""ite (1l422Blt)!1
cursor (20,64),_
wl'""ite (1I4238"),
cursot- (.1.7,72),
wl'-i te (1t424S11

)!1

toy"m_b1DC k (2,20:350,6850,300, :::;'00,~10(0),
form_block(2,20350,17850,300,300,4000) ,
form_block(1,20350,27850,300,300,50),
form_block(2,18350,9850,300,300,5000),
form_block(2,18350,18850,300,300,2000),
form_bloC:k(1,18350,24850,300,300,40),
form_block (1,50,50,31940,31900,100),
penpos (29000,10000,1),
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tr-iangle,
p,en pas (29~500,10000 ~1) ,
tr-iallgle,
CUIt-sor (2~5, 27) ,
wr-ite (IIL~05TII),

penpos (29000,15000,1),

triangle,
penpos (29500,15000,1),
tr-iangle,
cur-SOl'"' (2:3,40),
wr-ite (1l415Tll),
penpos (29000,25000,1),
tr- iallg 1e,
penpos (29500,25000,1),
tr-iallgle,
cursor- (23,65),
wr"ite (1l42~n~lt),
cursor" (2L~ ,-21) ,
",r- i te ("'+8/64, r-"lVA"),
cur-sor (2L~,3.(l),
wr-.ite ("4EI/64 MVA"),
cursor- (24, ~59),
wr-ite ("48/64, M\;'~"),
readchal'~ ( ).

tr-iangle,-"

l'i,lht(C':O) ,
fOI"'wal'-d (1000),
left(l20) "
'fon~ar-d (1000),
left(l20) ,
fDI'war-d ( 1(00) .

for-m_block (N,S,E,H,L,M),-

block1 (S,E,H,L),
SS==S,
EE>E+~1,
NN=N-1,
for-m_block (NN,SS,EE,L,H,M).

blDck1 (S,E,H,L),-
pen pas (S, E,0) ,
'fOI"'",al'd(H) ,
left ("10),
fOI'war-d (L) ,
ledt (liO),
'fon,ar-d (H) ,
left (90),
fOI'",ar-d (L) •
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PROGRAMFOR STATION(BREAKER) FAULTS

check_rating (S,D,R,AC):-
"JI"ite ("CAN POWERFEED BY AL.T.LlNE (yin)") ,nI,
readchar(Reply),
F~eply:::::'y' ,
supp_dem(S,D,AC) ,
S.+.R::::Sl, .
Sl>D, ! ,
wr'i t.e ( "GF~I D SYSTE~1O. K. NO LOADSHE"D"), n I ,
field_at.t.I'- (16,0,:28,1:"5),,
g,-aph.

check_rat.ing(S,D,R,"C),-

supp_dem (S, D, "C) ,
check_,genel'-atol"(S,D,"C) •

I'-eti'-act (supp, __dem(_, _, _) ) ,
aSSE:~r.ti3. (supp_dem(S,D,AC»,! ~

check,_generator(S,D,,,C) ,-

!II

writ.e("CAN POWERFEED BY NE"RER ST"TIONS (y/n)"),nI,
readchar (Reply),
Reply =' y' ,
new__supp __dem(S, D, AC) ,
star~t __generatoF"(N,S,D,AC) ~

start __generato,-(N,S,D,"C) :-

S>D,~n

st.ar't,_uenera tOI" (N, S, D, (~C),-

r-egional_9f-:?nel"'ator-(N, X,jVl,f~C),
NN=N+l,
55:::::6+1 ....1,
wri te ("BRING GENER"TOF, " ,X,
ne"J,__supp_dem (S, D" "C) ,
st.art_gE~neratol"" (NN,S~;,D,PIC),
graph.

graphs: --

II IN LINE II ), n 1. , ! ,

write (1'00 you want to see graph (y/n)l'),nl,
readchar (Reply),
Rep 1y=' y' ,
IrH"ite (11t.he graph codedll),nl,
n?adint ("),
u'-(") .
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breaker (203,1242,1)~
breaker (115,1320,2)~

parallel (1320,1321).
parallr~l (1:,2""1-2, 124~5)..

rating (1242,5).
('ating (124~5,5)"
rating (1320,6).
rating (1321,7).

r.E~gional __generat.or (1,il8Gw-l11,2,1) ..
reg iona l._wgenera to I'" (:Z, II 86 ..-211 ,1,1. ) ..
regional_generator (3,'1R6-111,2,1)~
l,wegional __genelr"at.or (4, lISY-'.1.II, 10,2) ..
regional_.gener-at.or (~3,IlSY-2" ,3,2)"
lr"egional_9t-:?nerat.ol'" (6, IlSY-31l ,,(,1,2) ..

PROGRAMFOR MAINTENANCE FAULTS il./

~"'Jr'it.e ("can power feed st.at.ion/sub station (y/n)?Il) ,nl,
readchar (Reply),nl,
Re:-Jply ::::' y' ,
check __oper-at.ion (D,R) ..

check_operation (D,R),-

(j(~m.._rat. (D, F~),
>:l:i.ne:-.: (L),
power_line (L,PL,R,ST,M ),
I:;:R=R+t'1,
F~H>D, ~,
write ("GRID SYSTEM O.K. NO LOAD SHEAD."),nl,
tield __attlr" (16,0,30, 1~55),
disconnect_operation(S,L),
graphs"

dem_r.at(D,FO,
,.,line (L),
power_line (L,PL,R,ST,M),
RF(=R+I'1,
E'=D--I:;:I:;:,
WI" i te (" SYSTEM (mES REGI ON,"'L LOADSHED" ) ,n I ,
field_attr( 16,0,,:50,135),
wr i te (" A~1Ol.INTOF LOADS~.IED= ", E, "t'.lv)" ) ,n I ,
d i sconnec t_opel"a tion (S, L),
gr.aph.
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operation (S,LI,
write ( S,L l,nI,
c 1ear'_.f ac t5 ~

cleal" -facts,--

retract ldem_ratl_,_ll,fail.
c lear __facts,--
retract (xline(_ll,fail.
clear 'fact~;.

'Jr-a_phs,-

write (1100 yuo want to see gr-aph (y/n)ll),nl,
readchar (Reply),
Reply='y' ,
",rite ("The gr-aph code."),nl,
n?adint (A),
W(Al.

power_.)ine (1~J5:3;,1552,2, llcaptai._L:11 ,45) ..
power~.~_line (661, 107~5,2, Ilsaidpur._gasll ,20).
pov..Jer_line (1~.:::78,.1234,2, ilbogra_gasll ,:50).
operation ("disconnect 113B,114S,1156 from HORIPUR &102B,101S,10

56 -fnom HATHAZARI", 1:S5::;).
operation ("disconnect 133B,1:3Al',1:::;5G fr-om ISHUF':DI 8,102B,1.03S,10

9G from PABW\" ,66.1).
operation ("disconnect 2158,2168,2046 from ULLAPARA &204B,205S~2

06Gf,-0," BOGRA",1278) •

GRAPHIS PROGRAMFOR MAINTENANCEFAULTS

gr- (661),-
graphics (4,0,2),
pencoloulr- (1),
pendcwJIl ,
form_block (1,1000,1000,12000,6500,100),

cur~sor (10,6),
"""i te I" PABNA") ,
fOlr-m __b 1 DCI-:. (2, ~;500,::::;000,500,500,20(0) "
form block (2,8000,3000,500,500,2000),
line (6000,1200,6000,6000,7),
line (5000,5250,7000,5250,7),
line (4000,5250,4500,5250,7),
line (4500,5250,5000,5500,7),
line (7000,5250,5000,5250,7),
line (8000,5250,7500,5250,7),
line (7500,5250,7CIOO,5500,7),
line (8500,5250,9500,5250,7),
line (9500,5250,10000,5500,7),
line (10000,5250,20000,5250,7),
line (12000,5250,12000,5750,7),
line (12000,5750,12500,6000,7),
line (12000,6000,12000,6500,7),
line (11500,6500,12500,6500,7),
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line (11750~6725,12250,6725,7),
line (20000,5250,20000,14000,7),

cur-sor- (14!120),
wr i 1:e (116 6 1/1 ) ,
field_attr- (24,9,4,129),
CLWSOI'- (6,14),
l,I-Jr-ite (If 1(2811) ,
cur-sor- (8,14), •
wr.i te (1110~~;Sll),
form_block (1,17500,14000,12000,12000,2000),
form_block (3,23000,16000,500,500,3500),
for-m__b lock (3,26500,16000,500,500, :35(0) ,
cur-sor (23,4.:::;:),

wr-ite ("ISHURDI 66~::V"),
line (24500,14500,24500,25000,7),
line (25000,14500,25000,25000,7),
line (20000,14000,20000,16250,7)~
line (20000,1.6250,21500,16250,7),
line (23000,16250,22500,16250,7),
line (22500,16250~22000,16500,7),
line (20500,16250,20500,16725,7),
line (20500,16725,20000,17000,7),
line (20500,17250,20500,17750,7),
line (21000,17750,20000,17750,7),
line (20750,18000,20250,18000,7),
line (20525,18250,20400,18250,7),
line (23500,16250,23725,16250,7),
line (23750,15500,23750,17000,7),
line (23750,15500,24000,15500,7),
line (23750,17000,24000,17000,7),
line (24400,17000,25400,17000,7)~
line (24400,15500,25400,15500,7),
1ine (26500,162:50,26000,1625_0,7),
line (26000,15500,26000,17000,7),
line (26000,15500,25725,15500,7),
line (26000,17000,25725,17000,7),
line (27000,16250,27500,16250,7),
line (27500,16250,27750,16500,7),
line (27850,16250,29500,16250,7),
line (28500,16250,28500,16750,7),
line (28500,16750,28250,17000,7),
line (28500,17250,28500,17750,7),
line (28000,17750,29000,17750,7),
line (28250,18000,28750,18000,7),
line (28400,18250,28600,18250,7),
cur-sor- (18,43),
write (111.3:3B'1),
C l"-.SO I" (14,43),
wr.i -te ('I .1.::;5(-j") ,
reac:lc:har (_) ..

for-m_block (N,S~E,H,L,M),~
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block1 (S,E,H,LI,
SS:::::S!1
EE=E+M,
1%I=N-.1,
form_block (NN,SS,EE,L,H,M).

block1 (S,E,H,LI,-
pen pas (S, E ,0) ,
forwani (H) ,
left. (90),
forward (L) ,
left. (';>0),
fon~al"d(H) ,
left. (90),
forwa.r-d(L.I.

GRAPHICS FOR MAINTAINENCE

predicates

*/

make_block(int.eger,int.eger,integer,int.eger,int.egerl
block1(int.eger,int.eger,int.eger)
make_t.rangle.1(int.eger,int.eger,int.eger,integer,int.egerl
make_trangle2(integer,integer,integer,integer,integer)
go.1
gD~
go~5

goal
go.1,
g02,
go::; .

clauses
g01,-

graphics(4,O,5),
pencolour (.1),
pen dCH'\In ,
make_block (1., ~.::.OO,300,1.6000,10000,5(00) ,
line(800,7000,800,11000,7),
line(800,11000,11000,11000,7),
line(800,7000,2200,7000,7),
line(1700,7000,1700,7700,7),
line(1700,7700,1300,8200,7),
line(1700,8200,1700,8900,7),
line(1400,8900,2000,8900,7),
line(.1600,9.100,.1800,9100,7),
line(3100,7000,2200,7400,7),
line(3100,7000,4200,7000,7),
make_block(1,4200,6650,700,700,500) ,
c:ur-sor(2,20) ,ltJr-ite( 11104_811

),

cursor{~.:;.,20) ,ltJl ....ite( III03Bll),
line(4900,7000,6800,7000,7),
line(5500,9000,5500,300,7),
line(5500,5500,6100,5500,7),
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902:-

line(6700,5500,6100,5100,7),
line(6700,5500,7900,5500,7),
line(7900,5500,8500,5100,7),
line(8500,5500,9500,5500,7),
line(10100,5500,9500,5900,7),
line(9000,5500,9000,2500,7),
lirle(10100,5500,11300,5500,7),
line(10700,5500,1.0700,7000,7),
line(11300,5500,11800,5900,7),
line(12800,5500,11800,5500,7),
line(12800,8000,12800,300,7),
line(10700,7000,13100,7000,7),
line(15600,7000,15600,4700,7),
line(15600,4700,15000,4100,7),
line(15600,4100,15600,3400,7),
line(15300,3400,15900,3400,7),
line(15100,3100,15700,3100,7),
make_block(1,13100,6650,700,700,600),
line(13800,7000,14400,7000,7),
line(14400,7000,15000,7400,7),
line(15000,7000,16500,7000,7),
line(5500,4500,4800,4500,7),
make_block(1,4100,4150,700,700,600)~
line(4100,4500,3100,4500,7),
make_trangle2(2,2700,4000,1000,1000,400),
line(1700,4500,lOOO,4500,7),

line(5500,2500,6100,2500,7),
line(6700,2500,6100,2100,7),
line(6700,2500,7900,2500,7),
line(7300,2500,7300,4500,7),
line(5500,4500,7300,4500,7),
line(73(IO,5500,7300,7000,7),
line(8500,2500,9500,2500,7)~
line(10000,2500,9500,2100,7),
line(10000,2500,10500,2500,7),

make_block(1,10500,2200,700,700,200),
line(11200,2500,11700,2500,7),
line(11700,2500,12100,2150,7),
line(12100,2500,12750,2500,7),
line(5500,300,12750,300,7) "

line(7300,7000,5500,7000,7),
line(11000,11000,11000,27000,7),
line(11000,27000,16500,27000,7),
line(16000,27000,16000,27700,7),
line(16000,27700,15600,28300,7),
line(16000,28300,16000,29000,7) ,
line(15700,29000,16300,29000,7),
line(15900,29300,16100,29300,7),
c:ursor-(11,68) , v-Jritf-2 ( Jl128Gl!),
CUI"'S'~Of~(1~'::;,68),wF'ite( 1I127SH),
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line(17100,27000,16500,26600,7),
line(17100,27000,18300,27000,7),
line(17100,23200,18300,23200,7),
line(18900,27000,18300,26600,7),
line(18900,23200,18300,22800,7),
line(l8900,27000,19500,27000,7),
line(18900,23200,19500,23200,7),
CU.f'sor ( 14., 68) ,WI'""i te ( II1266 II ) ,
CLu-sor' ( 1.<.'1-,52) , wr' i te ( II 5265 II ) ,

make_block(1,19500,26650,700,700,700),
make_block(1,19500,22850,700,700,700),
line(20200,27000,20800,27000,7),
line(20200,23200,20800,23200,7),
line(20800,27000,21400,26600,7),
line(20800,23200,21400,22800,7),
cur::::.or( 16,68) ,write( 11124611

),

cursor(16,52) ,write( "524E;1I),
line(21400,27000,22600,27000,7),
line(21400,23200,22600,23200,7),
line(22600,27000,23200,26600,7),
line(22600,23200,23200,22800,7),

cu If"~::,or( 17,68) , wr- i te ( II 1.22t1f1 ) ,

cursor"(l7 ,52) ,write( 1I522MIJ),
line(23200,27000,23800,27000,7),
line(23200,23200,23800,23200,7),
line(23800,30000,23800,21000,7),
cu r-sor- ( 15,69) , wr-i t.e ( II 1.25B II ) ,

CUr-SOl'" (15,52) , wr~i te ( 1152~IB") ~
line(17900,27000,17900,29400,7),
line(17900,23200,17900,24200,7),
line(179(lO,29400,19100,29400,7),
line(17900,24200~19100,24200,7),
line(21750,27000,21750,29400,7),
line(21700,23200,21750,24200,7),
line(19100,29400,19700,29800,7),
line(19100,24200,19750,24600,7),
cur-sor-(15~17::'i) ,write( 1l12~5S!l),
c:ursol'-( 15,(2) ,l,'Jr-ite( 1152~5SIl),
line(197CIO,29400,22600,29400,7),
line(19700,24200,22600,24200,7),
1ine(22600,29400,23200,29800,7),
line(22600,24200,23200,24600,7),
cursor ( .17 , 75) , wr i te ( II 121 t1lJ

) ,

cur-SOI"". ( .t7,62) ,WI'-i te ( 11 52,11'"111 ) ,

line(23200,29400,24500,29400,7),
line(23200,24200,24500,24200,7),
line(24500,30000,24500,21000,7).

make_tranglel(2,15500,22700,1000,1000,400),
line(15500,23200,15000,23200,7),
make_tranglel(1,14000,22700,1000,lOOO,1000),
eu 1f"~.:.CW. ( 10,61 ) , wr-i te ( Il CC>..l. II ) ,

cursor. (11 ,61.) ,wr'ite( II (6. T) Jl),
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c ursol'"" ( .1.:2,61),WI'".ite ( I' 5:27TII ) ,

make_block(l,11500,18500,14000,13100,200),
cursor'(9,59) ,,',rite( "(-\SHUGONG"),
cUl'"sor-(6,15) ,v-Jr'ite( 1/1(2811

),

cur-so I'" ( 7 , 15) , WI'" i te ( It 1.1.28 11 ) ,

cur'sor (0,1. ) , WI'" i. te ( II t< I SHORGANJ 11 ) ,

cursor(9,9) , lAlr-.ite ( l'lLiS!!),
cur'sor-(lO,20) ,wr-ite( 111.13B")!1
cur'sol'" ( .11 !I20) , wr-i te ( II 114S II ) !I
cur-sor-( 11, .12) ,wr-ite( 111158"),
eu I•...sor- ( 2, .1. ) , wr-i te ( II 10/ .1;:-:;;1"1V A 11 ) ,

cur-sorC3,4.) , ....Jrite( "40~SB"),
cursor (5 !11) , write ("4.018") ,
cur'sol'"(6!17) ,wl'-ite( 114(2811

),

cursor(7,.t),write('1903SI1
),

cursor- (8,1. ) , ~.JI'''i te ( 1! 20:~BII ) ,

cursor(9,1)!Iwrite(11901S'1),
cursc.H-'(7,42),write(lI.1 34-611

),

cursor'(20,7),write("MAINTENANCE FAULT OF LINE ~10 1~J46"),
c:ursor(21., 7) ,write( "BETWEENASHUG"'ING8, KISHOF:GGr'lJ"),
line(16500,23200,17000,23:200,7),
make_block(l,O,O,31000,31900,1),
readc: har ( ).

make_block(O,_,_,_,_,_):- I

make_bIock(N,F,G,H,I,J),-
IJ1oc k 1.( F , G , H, I ),
FF~F,
GG~G+l,
1\IN~N-1.,
make_bloc:k(NN,FF,GG,l,H,J).

IJ1oc k 1.(F "G , H , I ) , '"

pen po,,;;;; ( F , G , 0) ,
'fo,"ward (H) ,
left('rO) ,
'fo,"ward ( I ) ,
le'ft(90) ,
for'ward (H) ,
le'ft(90),
fon,ar'd ( I ) •

make_trangle1(N,A,B,C,D,E):-
pen pas ( A , B , ero) ,
'fon"a,"d (C) ,
Y"ight (1.20) ,
fon",ard (C) ,
r"ight (120) ,
fo,"wa,"d (C) ,
NN~N-'l ,
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AIC\=I-'I+E,
make_tranglel(NN,AA,B,C,D,E).

make_trangle2(N,A,B,C,D,E):-

pen pos (1-'1, B ,90) ,
forwa,-d (C) ,
If.!ft (120) ,
fCJrwa,-d(C) ,
lE;'Jt( l:X') ,
forwa,..d(C) ,
NN=N ...-l,
~)A~"A+E,
make~trangle2(NN,AA,B,C,D,E).

GRAPHICS PROGRAM FOR BRAKER FAULTS

9 r (20:::;; ) :-

graphics (4,0,2),
pencolour (1),
pendown, ,
form_block (1,9000~2000,12500,13000,100),
cur-:50r (17,14),
write (1ISAIDPUR11

),

cu,"sor (14,29),
wt-ite ("20~~;Bll),
CUl'"'sor- (9,29),
wr~ite ("21::::;811

),

CUlr-SOI'~ (17,29),
II'Jr'it.E' (11205[.3"),

form_block (2,18000,7000,500,500,4000),
form_block (2,12000,7000,500,500,4000),
line (14000,3000,14000,14000,7),
line (15000,3000,15000,14000,7),
line (16000,3000,16000,14000,7),
line (18500,11250,19000,11250,7),
line (19000,11250,19500,11000,7),
line (19500,11250,25000,11250,7),
line (20500,11250,20500,11750,7),
line (20500,11750,20000,12000~7),
line (20500,12250,20500,12750,7),
line (20000,12750,21000,12750,7),
line (20250,13000,20750,13000,7),
line (20400,13250,20525,13250,7),
line (18000,11250,17500,11250,7),
line (17500,10250,17500,12250,7),
line (17500,10250,17000,10250,7),.
line (17500,12250,17000,12250,7),
line (15000,10250,16500,10250,7),
line (16000,12250,16500,12250,7),
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line
line
line
line
line
line

line
line
line
line
line
line
line
1in{:=
line
line
line
line
line

(16500,10250,17000,10500,7),
(16500,12250,17000,12500,7),
(12500,11250,13000,11250,7),
(13000,10250,13000,12250,7),
(1.3000,10250,13500,10250,7),
(13000,12250,13500,12250,7),

(14000,10250,13750,10250,7),
(15000,12250,13750,12250,7),
(13750,10250,13850,10500,7),
(13750,12250,13850,12500,7),
(12000,11250,11500,11250,7),
(11500.11250~1.1000ql1750q7).
(10700~11250~8000qili50~~)~'. . . ..
(9725,11250,9725,10725,7),
(9725,10725,10250,10500,7),
(9725,10250,9725,10000,7),
(9250,10000,10250,10000,7),
(9550,9725,10000,9725,7),
(9700,9500,9800,9500,7),

form block (1,9000,18500,12500,13000,100),

cur-sol'" (17,55)!1
write ("RANGPURE"),
form_block (2,18000,24000,500,500,4000),
form_block (2,12000,.24000,500,500,4000),

line (14000,19000,14000,30000,7),
line (15000,19000,15000,30000,7),
line (16000,19000,16000,30000,7),
line (18000,24250,17500,24250,7),
line (12000,24250,11500,24250,7),
line (18500,24250,19000,24250,7),
line (19000,24250,19500,24000,7),
line (19500,24250,25000,24250,7),
li~e (25000,24250,25000,27000,7),
line (20000,24250,20000,24750,7),
line (20000,24750,19500,25000,7),
line (20000,25000,20000,25500,7),
line (19500,25500,20500,25500,71,
line (19725,25750,20250,25750,7),
line (19850,260(10,20100,26000,7),
line (12500,24250,13000,24250,7),
line (13000,23250,13000,25250,7),
line (13000,23250,13500,23250,7),
line (13000,25250,13500,25250,7),
line (15000,23250,13600,23250,7),
line (14000,25250,13600,25250,7),
line (17500,23250,17500,25250,7),
line (17500,23250,17000,23250,7),
line (17500,25250,17000,25250,7),
line (16000,23250,16500,23250,7),
line (15000,25250,16500,25250,7),
line (11500,24250;-11000,24500,7),
line (11000i24250,5000,24250,7),
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line (5000,24250,5000,17500,7),
line (5000,17500,25000,17500,7),
line (25000,17500,25000,11250,7),
cursor (2,45),
wl....itE.1 (Ill 2 4 9")!,

.line (7000,24250,7000,23750,7),
line (7000,23750,7500,23500,7),
line (7000,23250,7000,22750,7),"
line (6500,22750,7500,22750,7),
line (6750,22500,7250,22500,7),
line (6900,22250,7100,22250,7),
I"eadchar-( ).

form_block (N,S,E,H,L,M),-

block1 (S,E,H,L),
SS=S,
EE=E+~l ,
NN=N-'-:!.,
form block (NN,SS,EE,L,H,M).

block1 (S,E,H,L) ,-

pen pDS (S, E ,0) ,
'forwal"d(H) ,
ll~ft (90),
'fol"war-d(L) ,
lett (90),
forward (H) ,
I,d t (90),
forwani(L) .

/lI< BOROAULIA SUBSTATION lI</

prE-?dicates
draw
block(integer,integer)
new
trian(integer,integer)

qoal
graphics(l,l,O),
draw.

clauses

draw~-
line(0,O,O,31999,2),line(0,31999,31999,31999,2),
line(31999,31999,31999,O,2),line(31999,O,0,0,2),

'line(18000,3000,18000,27000,2),
cursClr(1."l) ,writ.e("\t BAR (J 1'\ U L I A" ),
c:ursor"(2,2), II'Jr-itl"'?( Il\t.\tsub stationll ).,
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line(7000,5000,9000,5000,2),
line(9000,5500,10000,5000,2),
line(10000,5000,11000,5000,2),

block(11000,45001,
.line(12000,5000,20000,5000,2),
line(20000,5500,21000,5000,2),
line(21000,5000,28000,5000,2),
line(28000,5000,28000,20000,2),"
line(7000,3000,7000,27000,7),
line(7000,9000,9000,9000,2),
line(9000,9500,10009,9000,2),
line(10000,9000,11000,9000,2),

block(11000~8500)~
line(12000,~o60,26oo0,9000,2),
line(20000,9500,21000,9000,2),
line(21000,9000,26000,9000,2),
line(25500,8800,26000,9000,2),
line(26000,9000,25500,9200,2),
line(7000,13000,9000,13000,2),
line(9000,13500,10000,13000,2),
line(10000,13000,11000,13000,2),

block(11000,12500),
line(12000,13000~20000,13000,2),
line(20000,13500,21000,13000,2),
line(21000,13000,25000,13000,2),

trian(25000,13000),
line(26100,13000,27000,13000,2),
line(7000,17000,9000,17000,2),
line(9000,17500,10000,17000,2),
line(10000,17CIOO,11000,17000,2),

block(11000,16500),
line(12000~17000,20000,17000,2),
line(20000,17500,21000,17000,2),
line(21000,17000,25000,17000,2),

trian(25000,17000),
line(26100,17000,27000,17000,2),
line(7000,21000,9000,21000,2),
line(9000,21500,10000,21000,2),
line(10000,21000,11000,21000,2),

block(11000,20500),
line(12000,21000,20000,21000,2),
line(20000,21500,21000,21000,2),
line(21000,21000,26000,21000,2),
line(25500,20800,26000,21000,2),
line(26000,21000,25500,21200,2),
line(7000,25000,9000,25000,2),
line(9000,25500,10000,25000,2),
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line(lOOOO,25000,11000,25000,2),
block(11000,24500),
line(12000,25000,20000,25000,2),
line(20000,25500,21000,25000,2),
line(21000,25000,26000,25000,2),
line(25500,24800,26000,25000,2),
line(26000,25000,25500,25200,2),
line(18000,4000,20000,4000,2),
line(20000,4500,21000,4000,2),
line(21000,4000,23000,4000,2),
line(23000,4000:,23000,5000,2),
line(18000,7000,20000,7000,2),
line(20000,7500,21000,7000,2),
line(21000,7000,23000,7000,2),
line(23000,7000,23000,9000,2),
line(18000,11000,20000,11000,2),
line(20000,11500,21000,11000,2),
line(21000,11000,23000,11000,2),
1ina (230.00,11000,23000,1:3000,~:),
line(18000,15000,20000,15000,2),
line(20000,15500,21000,15000,2),
line(21000,15000,23000~15000,2),
line(23000,15000,23000,17000,2),
line(18000,19000,20000,19000,2),
line(20000,19500,21000,19000,2),
line(21000,19000,23000,19000,2),
line(23000,19000,23000,21000,2),
line(18000,23000,20000,23000,2),
line(20000,23500,21000,23000,2),
line(21000,23000,23000,23000,2),
line(23000,23000,23000,25000,2),
cur~s(JI"'(10,7) ,write( 11102811),
c:ur-sDr( 10,17) ,wr'it,e( "4028"),
cursor(lO,27),write(11212B11),new.

cursor-(2~~;,15) ,write( 1133311),
cursor(19,12),write('1405T11

),

cursor( 19,2:;:~),write( "41ST"),
readchar (..) •

bloc k ( X , Y ) , ".

YI:::::Y+I000,
pen po,;(X ,Y I ,0) ,
forward(1000) ,right(90) ,forward(1000) ,
right(90),forward(1000),right(90),
fOl'"wal'"d(1000) •

tl'"ian(U,V),-

pen po,;(IJ, V, ~JO),
forward(1200),right(120),forward(1200),
right(120),forward(1200),
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UU=U+500,
VV=V+O~
penpos(UU,VV~30),
forward(1200),right(120),1orward(1200),
right(120),forward(1200).

graphics(4,1,4),
load!,
load2,
load3.

loadl,-
line(3000,10000,3000,28000,7),
line(4000,20000,4000,26000,7),
line(3000,28000,28000,28000,7),
line(4000,26000,30000,26000,7),
line(3000,10000,4500,10000,7),
line(4000,20000,4500,20000,7),
lirle(5000,10000,5500,10000,7),
line(5000,10000,4500,9500,7),
ground(4000,10000),
line(5000,20000,5500,20000,7),
line(5000,20000,4500,19500,7),
block(5500,9500),
block(5500,19500),
line(6500,10000,7500,10000,7),
line(6500,20000,7500,20000,7),
line(9000,5000,9000,25000,7),
line(9500,5500,9500,25000,7),
line(10000,5000,10000,25090~7)~
line(9000,5000,10000,5000,7),
milco(12500,10000),
milco(12500,20000),
clock(6500,10000),
clock(6500,20000),
block(12500,9500),
block(12500,19500),
ground(15000,10000),
ground(15000,20000),
line(14500,20000,15000,20000,7),
line(14500,10000,15000,10000,7),
line(15000,5000,15000,10000,7),
line(14000,10000,14500,9500,7),
line(14000,20000,14500,19500,7),
line(13500,~OOOO,14000,10000,7),
line(13500,20000,14000~20000,7),
li.ne(16000,5000,16000,30000,7),
line(16350,20000,16350,29000,7),
line(16000,30000,20000,30000,7),
line(16350,29000,20000,29000,7),
clock(16000,5000),
clock(16350,20000),
ground(16850,20000),
block(18500;7000),
block(18800,22000),
line(19500,7500,20000,7500,7),
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line(19700,22500,20000,22500,7),
line(20000,7500,20500,8000,7)~
line(20000,22500,20400,23000,7),
line(20500,7500,20800,7500,7),
line(20400,22500,20900,22500,7),
line(21300,7500,20800,BOOO,7),
1"ine(21400,22500,20900,23000,7),
line(21300,7500,22000,7500,7),
line(21400,22500,22000,22500,7).

load2:~-
block(22000,7000),
block(22000,22000),
milco(26000,5000),
milco(26000,20000),
eLI,-sm- ( lJ.. ,,2) ,""'- i t.e ( "PAU':\SHBAR I " ) ,
c ur'so I'" ( .10, .14) , wr-i. te ( II 1244 II ) ,

cursDr-(9, 19) ,write( 11 11:::::BII ),
cursor(1.1,19),write(I'14851!),
cursor-(10,28) ,wr.:i.te( JI.1.1.4.f.311

),

c:ur~50r(B, 1:::;) :lwl""'i1.::.e(1I.1.11S11
),

cUI'-~:::,ol"(8~13:~::),writ.e( 111125'1),
cur~:i-C)r-(8,:38) , l,"JI""'ite ( 112.1.1.511

),

.CLU-.S01" (8, ~i8) ,wri te (1I212SII
) ,

cur!:::.or(9,44) ,write( 11213811),
cur.sor(ll ,4:::::),ItH-ite( "2lklS"),
CUI'~SClI'~ ( 11 , :~;~) , It-ll--i te ("BOGF~AII ) ,

c:t.u....sor-( 1.0,5:::;) , V-Jr-ibi:?( "215811

),

CUI""~-;Ol""( 1.1,66) ,write( 111241"),
CUI' ..s;C)l""(1~.::.,66), It-Jr.i.t.e( 11.1.240"),
cttrsor (6, 1.~.!.), ltJl--i t€:? ( 111625") ,
cursor(6,:::::3) ,writ.e( 11101S"),
CU1'-:.30r. (6, :38) , WI'" i te ( 1120:28 II ) ,

cul....sor(6, ~lB),v-irit.e ( "2(1511
),

CUI'.SOI •....(LJ.,19) ,wl'""i.te( "1(J:3B"),
cu~-sor(:~:;,:3;O),wl""ite( 1110;:'"1(-J"),
CUI'''SOI'''(:::::~19) ,wl'"ite( 11104811

),

cursor-(:::;,LJ.:3) :1~"Jr.ite(1120~.S"),
cur-sol" (4 , ~j4) , WI'". i tf.~(.1120:3BII ) ,

cursor(6,66),write(11111),
cu r-so 1'- ( "7 , 60S) , WI"":i. te ( 1I 2 II ) ,

cursor(B,66) ,wr-.i.t.e( Il4") ~
cur-sol'~«7:166) ,writ.e( "311),
cursor(16,71),write(III5HURDIII),
CtU-SC)l''' (6,71) , vJr i te ( II 1. II ) ,

cu r!:::.OI""( 7 , 71 ) , wr.i. te ( 1I 2" ) ,
CU1""SOI'''(B, 71) ,write( "4.11

),

cur~~or(9,71) ,wt-it.e("2").
1oad :::;;::.0"

cur.sor.(1:::::,58) ,1,"Jrite( 112038"),
cur' SOIl" ( 14,58) , WI'- i tf:.~( "2028." ) ,
CLtt~.s:,ol"'.(l;:), ::\8) ,wr.i.t.c-?( 112015"),
C:Ul'"SOr- ( 16 , ~j8) , wr. i te ( "211 S II ) ,

CUt-sor ( :L7,58) , t.'-Jr'.i. t.e ( II21::n:-:{ II ) ,
c Ul""!:50r- ( .1.9 , ~18) ,1.41'" i 1.:e ( n 21:38 II ) ,

cUt-sor(21,52) ,wl""it<-2( 11215(-J"),
cursor-( 14,~)8) ,WI'-ite( "2045"),
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cursfJr(18,~~;8) ,Wf"i.t.e( l!214S"),
C LW'SOr' ( 13,21 ) ,wr i te ( II 10~JSII ) ,

CUI"'SOI"- (:L4, 21) , wr'i. tEo?(1l1.02B
ll
) ,

C:loU-SClf" ( 14,2) , WI'"'i -I.:e( II 1.Ol~S II ) ,

CU r~3C)l'~( 17 :1 1. ) , w r .i. t. e ( II 114t::> 1I ) ,

CUI'~SOI'~( 15 , 21 ) , v-Jr'i te ( II 10 1S 11 ) ,

CUf"SOI"'(16,21) ,writ.e( III11S"),
C urso!'" ( 17,21 ) ,WI"-.i te ( If 112EiII ) ,

cu rSD I'" ( .1.9,21. ) , I,r'Jf"i t.c-? ( II 11~::.SII ) ,

cu r'sor" ( ~,;~.1, 1.~j) , WI"- i te ( II .11 ~5GIf ) ,

cu~-sor-(2~~;,5) ,wr-i.t.e( II N{:.'tTClRE II ),

eUI'-'5DI'- (24,17) ,en'" i be; ( "F I G" FOR RULE NO-l OF"),
cur'S"lor(24.,40) ,writ.e( lIBREAKER FAULTSa "),
line(23200,2500,19000,2500,7),
line(23200,17500,19000,17500,7),
ground(26000,5000),
ground(26000,20000),
line(26000,5000,28000,5000,7),
line(26900,20000,30000,20000,7),
line(28000,5000,28000,28000,7),
line(30000,5000,30000,26000,7),
,-""de hal'" ( ,_J •

gl"'lJund (,"I,B) ,--
C:::"~B+'500 ,
D:::::A-~.~OO,
E=C+500,
F:::::E~+::'100 ,
G=A+::500,
H=:f:'..1-~500 ,
I =F+::-::OO,
J=H+600,
l<:::::A~-200 ,
L~~.:::I +200,
M~A+200,
line(A,B,A,C,7),
line(A,C,D,E,7),
line(A,E,A,F,7),
line(D,F,G,F,7),
line(H,I,J,I,7),
line(K,L,M,L,7).

e 1De k.( ~1, N) :-'
8:::::\'-1+ .1200,
T:::,~N-2500,
W:.~N+2500 ,
L:::::S+:'100,
8=T+500,
K=,I;J..(..500,
Z~=L"+~500,
D:;::Z+~.H)O ,
D::;~Z+1000 ,
line(M,N,S,N,7),
line(S,T,S,W,7),
line(S,T,L,T,7),
line(S,W,L,W,7),
line(L,K,Z,W,7),
line(Z,W,O,llJ, 7),
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line(L,B,Z,T,7),
line(Z,T,D,T,7).

block(X,Y),-
Z=X+l000,
P=Y+l000,
line(X,Y,X,P,7),
line(X,P,Z,P,7),
line(Z,P,Z,Y,7),
line(Z,Y,X,Y,7)"

milco(A,B),-
C=A-I000,
E=B-2500,
F=B+2500,
G=C-500,
H=G-500,
I=E-500,
R=F+500,
U=H-IOOO,
J=H-500,
line(A,B,C,B,7),
line(C,E,C,F,7),
line(C,E,G,E,7),
line(G,E,H,I,7),
line(H,E,J,E,7),
line(C,F,G,F,7),
line(G,F,H,R,7),
line(H,F,U,F,7).

II END OF EXPERT SYSTEM PROGRAM II
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( CONSOLATED SINGLE LINE DIAGRAM OF ELECTRICAL GRID SYSTEM)
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