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OBES T RO T

Artificial Intelligence has undergone tremendous development
as well as revnldtinnary change in computer science since its
birth at Dartmouth college, USA in 1964. As a result of  these
develnpmenta.Eﬂpert systems have emerged as an  applied branch af
Al. The application of Al methodologies +to the power system is  a

new areas of research.

The behavior of the modern interconnected grid system  has
becoms more and more complicated, causing decision making process
to be idincreasely 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
enswre the national grid supply normal.

N

With reference to the system analysis, the power Development
Hoard (PDB) of Rangladesh has a Load Dispatch Center (LDCY. The
objective of this center is to make co-ordination betwesn the
demand and generation through out the whole country. In order to
do  =on thé'LDE has to make liaison with more or less thirty (30}
power stations near about sixty Tour (&4} sub-stations located at
different places of Bangladesh and to face the related electrical

faults o as to ensure normal power supply in the grid.

In this contest the first part of this work is to make 5tudy£=
and survey about the expert system and then to examine the
possibilities to develop an expert system for the proposed field.

Bince acguiring the knowledge is a heart af an eupert system, =o

VI



the next porticon of this work describes the knowledge scguisition

techniques from domain expert. This knowledges is incorporated in
the data base in terms of produection rules  and finally the

program was developed by PROLOG.

It is expected that the developed expert system will offer

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

a valuable tool for Load Dispatch Center of FDE.

Vi
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INTRODUCTION TO EXPERT SYSTEM.
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1.1 A SHORT HISTORY OF EXPERT SYSTEM:

/:f‘
$ z
x;j
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it is difficult to pinpoint an exact stdrimqg g%te fdf

i
1

is commonly called expert system a sub-class of AI. Perhaps
i

invention of the stored program computer in the early of 195G,
d
£l

;

. . , S b

furning’'s recognition that a program could be stored as data
]

ire  the computers memory and executed later formed the basis ' for
all modern computers. The storing of programs allowed fthe
computer’s  function to be changed quickly and canily si;ply
runrring & new program. This capability implies that a campﬁter
might be able to change its own functions —--that is to learn or
think.£1]

The term "Artificial Intelligence” is usually regarded’ as

mm i kR B ST S

having been invented by JOHN MCCARTHY in 1954, then assis tance
professor of Mathematices, Dartmouth College in Hanover R.H. At
that time he convened a conference which was the begining Dfi AT
|

as & separate branch of computer sciernce. [13

The term "Artificial Intelligence" is generally CFPdltLd to
MARVIN  MIMEKY of M.ILT, who in 1961 wrote a paper entitled,
"steps towards artificial intelligence". The 1960 were a period of

intense optimism over the poseibility of making & computer thini.

In 1944 J0SEPH EIZEN BAUM of M.1.T published the most famous

and highly publicated "ELIZA" & mini expert system program that



atted like a Rogerian phychoanalyst.

By the end of the 1270, several success such as patural
language processing, knowledge representation and problem solving
had been achieved in the specific area of A.1. Thus tEE Et?ge was
set  for the introduction of the first commertial pdeucﬁﬂ the

expert system.

f

During the 1270 EDWARD FEIGENRBAUM, at Standford develuged the
first evpert system YDEMDRALY used for analysis of @ mass
spectography' data. At the middle of 192790 one of thez most
successtull expert system was "MYCIN'", developed at stahdfowd
uniiversity amd which was greated to help physician diggnoae

illness.[17]

!
Today many large companies -—- 1BM, Digital Equipment

Corporation, Hitachi etc., have set up Al research laboratories

i
and important research is being conducted in many institute and

universities. The Japanese plans for fifth-—generation computer
reguire massive finding in Al research, development ® and
increasing commercial emphasis is being given to the dEVElgmeﬂt
of particular expert system for specific purpose. Nowwa"da*S in

U.S5.A4. more than one thousand expert systems are working.[é&l

k7

.2 DEFINITION OF EXFERT SYSTERM:

Expert systems, a sub-class of A, are being develaoped for a

variety of particular purpose. Expertise is collected from human

beings and Ffed into systems with a capacity to cstore anq to

|
§
i



manipulate the Eknowledge in response to  the subﬁequenk user

ingquiries.[17]

. i
Fupert systems are one af the key develapment contributing
to the international fifth-generation program which may be

regarded &= a means of recording and accessing human competence
:

x
in a particular specialist field.[17] :

Most robust .interpretation { e.g. Dudaet at 1980 ) sudgested
that an expert system is capable of human perfaormance aﬂd can

.serve there by as an replacement expert.

Less ambitiously, Expert system may be seen as exhibiting

competence in a relatively narrow agreed domain serving as |tools

to aid communication between human experts.[11] :

The British Computer Society’'s Committee of the specﬂalist
group on Expert system has defined an expert system ag—e-- i

The embodiment within a computer of a kanledgérbaae

component form an expert skill in such a form that the mathine
: i
1

can offer intelligent advice or take an intelligent decision

about & processing function. A . desirable addit%unal

i
characteristic, which may be regarded as fundamental, isf the

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

i

manner directly intelligible to the inguirer. The style adépted

.
to attain these characteristic is ruwie-~based programming”.[lﬁ]

In conclusion we can say the expert aystems @ are



sophisticated computer programs that manipulate knuwlédge to
salve probklems efficiently and effectively in a narrow problem
area. Like real human experts, these systems use symbolic glngic
and heuristics——rules of thumb-~ to find sclutions. And liké real

experts, they make mistake but they have the capacity to 'learn

from their errors.[2]

1.3 ADVANTAGES OF EXPERT SYSTEM:

]
"

There are some excellent reasons for using artiﬁicial
expertise to human reasoning. Some of these advantages are
summerized as follows, figure 1 illustrates these advantages.

a) PERMANENCE: 0One advantage of artificial experti%g is
1

its permanernce. Human expertise can quickly fad, regardlgss of

whether it involves mental ar physical activity. fn e%pert
0

mi=t constantly practice and rehearse to maintain proficiency

in =ome problem area.

Any significant period of disuse can sericusly affect the
expert’'s performance. The adage "use it or lose it" certainly
applies here. However. the adsge does not apply to artificial
expertise. Once it is acquired, it is around far ever, barring
catastrophic accidents related to memory storage. Its

permanence is not related to its use,

b) TRANSFERABLE: Another advantage of artificial expertise is
then erase with which 1t can be transferred or reproduced.

Transferring knowledge from one human to another is the
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laborious, lengthy and expensive process called education.
Transferring artificial expertise is the +trivial process of

copying or cloning a program or data file,

=) EASY TO DOCUMENT: Artificial expertise is also much easier
to document. Documenting human expertise is extremely
difficult and time-consuming, . as any experienced knowledge
engineer wili veritfy. 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. An  expert system is not susceptible to

these distractions.

e} LESS EXPENSIVE: A final advantage of artificial expertise
is its low cost. Human experts, especially tHE top—notch ones,
are very scarce, anq hence wvery expensive and they demand
large salaries. Expert systems, by contrast, are 'relatively

inexpensive,

The expert systems. are costly to develop but cheap to

operate. Their operating cost is just the nominal computer cost



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 mnew

copies of the system can be made,

1.4 OBJECTIVES OF PRESENT RESEARCH:

The Fower Development Board (FPDRBR) of Bangladesh has central
load dispatch unite. The ohjectives of this center are as follows
¥ To maintain the co-ordination between the demand and

generation of national electrical grid.

¥ To ensure the guality of supply i,e2ey, the wvoltage and

current rating should not euceed the limits (+10, V,-5).

Satety of the eguipments cnnhected with the grid system.

L

¥ To maintain the security of the working man.

%

Overall to make the system reliabile.

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 PBangladesh which are under direct
controll of LDC. These power stations and sub-stations are
interconnected with 66KV, 1Z2KV and 230KV power lines, all of

these associately called the NATIONAL ELECTRICAL GRID SYSTEM, as

e
hw

illustrated in figure

To make co-ordination between the stations and sub-stations
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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 FDE to ensure the most
economical and efficient grid EQpply in context to the growing
electrical demand with limited power stations of which a good
number of generators are inefficient. Moresver to give the
a;curate decisions at the time of glectrical faults in the inter—
connected complicated grid system has become increasely
difficult. In  this contest the followings are taken as the

obijectives of the present study:

a) The application of al {artificial intelligence)
methodologies to the power system is a new area of research.
The behavior of the modern interconnected grid system has
become more and more cumplice_\ted5 causing -decision making
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 expart

knowledge in order to ensure the national grid supply normal.

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

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

aperator 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 guickly without bothering the superior experts.

d} The krnowledge reguired 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.
Fach production rule repreéents & piece of knowledge relevant
to the task. Hence it is very convenient to add or to remove

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

1.5 A BRIEF METHODOLOGY OF PRESENT WORK:

‘The proposed approach to the development of an expert system

ronsisting of the folling steps——

a) A successtull expert system relies on & high guality
knowledge base. So the first step is  to identification of

%
knowledge to develop such system. | S&-

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

ritle base, developed on engineering judgment.

M



c} Converting the production rules in to the object oriented

lanquage like FROLOG or LISF.

d) The graphical representation of the of the system prablem
and its solutions to make 2 user—friendly man~machine inter

action.

Finally‘ the proposed expert system may offer more fastly the
optimum decisions both by the text and in graphics during the
time of electrical problems to the system operators and will be a
valuable tool in operating the national grid system in LLDC of

FDE.

12



CHAPTER—2

EXPERT SYSTEM SURVEY




2.1 GENERAL DISCUSSION:

The expert system area is eupanding rapidly. Eoth 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.5. companies has involved in AI or Expert system research
and development. Major Universities , research insitutions and
private corporations are working to bring the pfumiae af expert
systems to fulfilment. In this section survey reports of some
important aspects of expert system in practical fields are
discussed.

There are over one thousand expert systems repukted to be in
use today and their number is rapidly increasing. These s pe i
systems have been build to solve different types of problems,
but their basic activities can be grouped into different
categories. Table 1 summerizes the basic categories of expert

system with their activities. The categories are discussed below

a) INTERPRETATION: Expert system that perform interpretation
typically use =ensor data to infer situation descriptions. An
example is interpreting gauge reading in a chemicaL process plant
to infer the status of the process. Interpretation system may
process many different kinds of data, for example, bmtﬁ vision
and speech understanding ayétem use natural input-—-—visual images
in one tase, ‘audio signal in other-~ to infer features and

meaning.

13



TABLE: 1 GENERAL CARTEGORIES OF EXPERT SYSTEM.ACTIVITIES

CRTEGORY | PROBLEM ADDRESSED

|

| - -
INTERPRETATION | INFERRING SITURTION DESCRIPTIONS FROM SENSOR DATA
PREDICTION | INFERRING LIKELY CCNSEQUENCES OF GIVEN SITURTIONS
DIAGNOSIS | INFERRING SYSTENS MALFUNCTION & DISORDERNESS FROM

OBSERVATION

DESIGN I CONFIGURING OBJECTS UNDER CONSTRAINTS & EXAMS
PLRNNING l DESICHNINIC RCTIONS
MONITORING | COMPARING OBSERVATIONS TO GUTPUT
DEBUGGING l PRESCRIBING REMEDIES FGR MALFUNCTION
REPRIR | EXECUTING PLANS TO RDNINISTER PRESCRIBED REMEDIES
INSTRUCTION | DIAGNOSING, DEBUGGING, AND REPAIR STUDENT BEHAVIGR

CONTROL | GOVERNING OVERALL SYSTEM BEHAVIOR

14




Chaemical interpretation system use X—ray diffraction
data or mass spectral to infer the structure of compaunds .
Geological interpretation system use dipmeter logs to determine
subsurface geological structure. Medical interpretation aystens
use measurements from patient monitoring systems (e.g. heart

rate, blood pressure) ko diagnose and treat illness.

b) PREDICTIDON: Expert systems that perform prediction infer
the likely consequences of given situations. Examples are
predicting the damage to crops from some type of ingsect,
estimating global o©il demand from the current geog—-political worild
situation, and predicting where armed conflict will néxt oCcur

based on intelligence reports.

c) DIAGNDSIS: Expert-.systeﬁg that perform diagnoeis use
situations, Vbehavior characteristics, 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 iﬁ electrical circuits, and
finding defective components in the coolant systems of nuclear

reactors,

Diagnosis systems may interact with the user to help find
the faults and then suggest courses of action to correct them., 4
good number of diagnosis system have been developed in  medicine
problem area, however, many diagnosis systems are now being built

for efgineering and computer systems.

5



d) DESIGN: Expert systems that perform de=ign develap
configurations of objects based on a set of problems constraints.
Examples are gene-cloning, designing integrated circuits 1ayéut5y
and creating complex organic molecules. The design systems can
save much unnecessary search.by creating plans for producing the
wanted configuration and evaluatiné them in the context of the
problem constraints. The two most popular application areas
design systems seem to be molecular biology and micro—

electronics.

2) MONITORING: Expert systems that perform monitoring compare
actual systems behavior to expected behavior. Examples are
monitoring instrument readings in a nuclear reactor +to detect
accident conditions and assisting patients in a intensive care

unit by analy:zing data from the ICU monitoring eguipment.

f) REPAIR: Expert systems that perform repair follow a plan
to administer some prescribed remedy. AR example iSltUHiﬁg a mass
spectometer, i.e. seltting the instrument’'s operation controls to
achieve Dpfimum sensitivity consistent with correct peak ratio
and shapes. Very few repair systems have been developed,
partially because the act of executing an actual repair on a
real-world object adds an extra dimension of complexity to  the

hY

problems.

g) INSTRUCTION: Expert systems that performs instruction

diaganuéeF debug and repair student behavior. Examples are

16



teaching students troubleshoot electrical circuits, instructing
Navy persannel in the operation of a steam propulsion plant, and
educating medical students in the area of antimicrohiai therapy
sectiun.‘InstructiDn systems develop a model of what the student
knows and how the knowledge'is applied to solve problems. They
diagnose and debug the student deficiencies by analyzing the model

and devising plans for correcting the deficiencies.

h) CONTROL: Esxpert systemsithat perform control adaptively
govern overall system behavior. wamples are managiling th?
manufacturing and distribution of computer systems and
contrqlling the treatment of patients in an intensive care unit.
control systems must include a mqqi?nring component to track
behavior over time, but they also may require components to

perform any or all of the other types of tasks just discussed.

2.2 APPLICATION AREAS OF EXPERT SYSTEM:

Now—a—days expert systémé are working more or less every
sphere of problem domains, and a good number of expert systems
are under research. Dfrthese areas, the medical domain seems the
most popular. More expert systems have been developed for
medicine than for any other single problem area, although
chemistry is a close second and closing fast. Table 2 shows the
major application areas of expert system and are briefly

discussed below.

a) COMPUTER SYSTEM: Expert system work in computer systems is

17
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typified by XCON, one of the fTirst and most successful systems of
this type. Initiated by Digital Equipment Corporation and Carnegie
Mellon University in the late 1970s as a research project, XCOM
evolved into a commercial system for configuring computers.
Current expert systems work in computer systems includes fa@lt

diagnosis, computer configuration, and manufacturing conterol.

b} ELECTRONICS: Eupert csystem work in electronics i

i

dominated by research and development efforts involving faults
diagnosis and integrated circuit design. ACE, developed by Eell
Laboratories in early 1%980s, typifies fault diagnosis system in
this area. It is being used by ATET 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 gircuit design.

c) ENGINEERING: Expert systems working in engineering is
typified by DEL.TA, a fault diagnpsis Eyétem develaped by General
Electric in the mid-1980s. General Electric plans to uwse DELTA
cn a commercial basis to help maintenance personnel find

mal function in diesel locomotives.

d} CHEMISTRY: Exﬁert system work in chemistry started with
DENRDAL, an innpovative research project begun at Stantord
University in the mid—1950s and dedicated to developing Al
methods for determining the topological structure of organic
compounds. Current expert system work in  chemistry includes

inferring molecular structure, synthesizing organic molecules and

18



planning experiments in molecular biology.

TABLE~2 AFPLICATION AREAS FOR EXFERT SYSTEM
" cowuTeR SYSTEM  ABRICULTURE
ELECTRONICS MANUFACTURING
ENGINEERING MEDICINE
CHEMISTRY MILITARY SCIENCE
GEOL.QGY SFPACE TECHNOLOGY

-e) GEOLOGY: Expert system work in geology began with
FROSFECTOR, & system developed by 5Standford Research Institute
in  the mid 1970s. PROSFPERTOR was designed to help geologists
locate ore deposits and accurately predicted the existernce of
multimillion dollar. molybdenum deposit. Current expert system
work 1in geology includes well log analysis and  fTault diagnosis

related to drilling operations.

f) MEDICINE: Expert system work in medicine began with MYCIN,
oneg of the earliest and best known expert systems, Developed at
Stanford University in the mid-1970s. MYCIN helps a physiclan
diagnose and treat infectious blood diseases and is now being
used for resesarch and medical teaching. Current expert system
work in medicine includes interpretation of medical test data,
disease diagnosis, disease treatment, andlinstructiam in medical

diagnosis and management techniques.

g) MILITARY SCIENCE: iExpert system work in military science

has focused on interpretation, prediction and planning. One of
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the first military expert systems was HABF/SIAF, developed
jointly by Stanford University and System Control Techmnology in
the early 1970s. This system identifies ship tvpes by
interpreting data from hydrophone artrays that monitor regions of
the ocean. Curtrent expert system work in the military includes
interpretation of sensor data, prediction of combat results anq

tactical plamning.[2Z & 14 ]

2.3 EXAMPLES OF EXPERT G5YSTEM:

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 information 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.
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CONTROL == | PTRANS
l= [YES/HVsS

Helps to manage manufaoturs and
distribution of DEC compiters

Helps to locats faulty moduls in
a large signal switohing nestwork

Helps to diagnose faults in

. computer hardwars sysiems aio.

Helps to loocaie deffective
units in PDP-11/03 compulers

Configures VAX-11/780 computer

Helps monitor and conirol
the MVS operating system

Helps tune VAX/VMS computers

FIG: 4 THE SELECTED EXPERT SYSTEMS IN COMPUTER SYSTEM
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DART uses a device—independent interface procedure that is
similar to a type of resolution thenrém proving, where the system
attempts to generate a proof related to the cause of the device’s
malfuﬁction. The system is implemented in MRS and was developed

at Stanford university.

IDT helps & technician to locate the field replaceable units
that should be replaced to fixw faults in PDP 11/03 computers. The
system uses knowledge about the unit under test, such as the
functions of its components and their relation to one another, to
select and excute diagnostic tests and interpret the results. the
system is rule based using forward chaining and is implemented in

LISP and OFS5S5.

TIMM/TUNER assists in tuning VAX/VMS computer systems in
order to reduce performance problems that arise in a constant
changing computer environment. It interacts ‘with the system
manager, asking & series of guestions, that lead to a recommended
action, such as adijiusting system parameters or user authorized
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, =
commercial system for auvtomatic kncwledgg acquisition. TIMM/TUMER
was developed by General Research Corporation and reached the

stage of a commercial system.
YES/MVYS helps computers operator monitor and control the

G . :
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TABLE: 3 EXPERT SYSTEMS IN COMPUTER SCIENCE

AND THEIR APPLICATION AREAS

| EXPERT SYSTEM

APPLICATION AREAS

I!_,m.w
' CRIB

 DRAT

IDT

'ISA

MIXER

. PDS

'Rt

. R1-SOLAR

' TIMM/TUNER
' XCON

{ XSEL

. YES/MVS

L

— wm wmm wem e e—m wen mem e mm— e s v St

— . mew v bt r—— .

COMPUTER SYSTEM

DIAGNOSING FAULTS IN HARDWARE
LOCATING THE REPLACEABLE UNITS
SCHEDULES CUSTOMER ORDER

COMPUTER SYSTEM

PROCESSOR CONTROL |
CONFIGURES VAX11/780 SYSTEM
COMPUTER SYSTEM |
ASSISTS IN TUNING VAX/VMS SYSTEM
COMPUTER SYSTEM |

HELPS A SALESMAN TO SELBCT COMPONENTS
FOR A VAX 11/780 SYSTEM

CONTROLLING MULTIPLE VIRTUAL STRORAGE
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MVYS (multiple virtual storage ) Dﬁaration system, the most widely
used Dperéting sgstem in large mainframe IBM computers. YES/MVS
system addresses sixx major categories of task: maintaining
adequate JET (job entry system) queue space, handling network
communication between computers on the same éite, 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/MVYS 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 cébles, it decides whether they need preventive
maintenance and selects the type of maintenance most likely to be
effective. ACE then stores jits recommendations in a special data
base that user can access, the system make decisions by applying
knowledge about center, CRAS maintenance treports, and network
analysis strategies. It uses a rule—based system controlled by
forward chaining and was developed by BEell Laboratory at
Whippany, Newjersey.

o T
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BI4ACNOSIS

rl~

DRSICN

IN-ATE

EURISEO

PALLADIO

PLANNING

REDESIGN

TALID

DRDUGCING

TALID

INSYRUCTION

Fl~

CADARLP

SOPHIL

Diognoss faulls in telephons networke
Helps diagnose faulis in osotlloscops

Helpe diagnose faulis in a nalional
wids sommmunioadion nslwork

Helpe dosign 8-D misrecissivenis dovises
Helpe dawign ond test new VLEI ocirouits
Helps redisgn diy"ita.t otrouits

Synthesis integrated oiroust layouts
Jor n MOS oeslis _ :

Teaohes the use of a CAD sub-system
Jor digital oirouit

Teachse faulte dlagnesis tn slesirical shis

FIC § THE SELECTED SIPERT SYSTEMS IN BLECTRONIC MMS
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IN-ATE helps a technician troubleshoot a Tektronis Model 465
onscilloscope by analyzing symptoms and producing a decision tree
of test points to be checked by the technician. The system
applies twc 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 LISF, and was developed at the Naval Research Laboratory.

EURISKO learns new heuristics and new damain—specific
cdefinitions of concepts in a problem domain, The system can learn
by discovery in a number of different problem domains, including
VLSI design. EURISKOD has tackled the problem of inventing new
kinds of three-dimensional micro-electronic devices that can be
fabricated uging laser recrystallizatinnl technigques and has

designed new and interesting microelectronic devices. EURISKQO

operates by generating & device configuration, computing its

input/ output behaviocr, assisting its functionality, and than
evaluating it against other comparable devices. The system is
implemented in INTERLISF and was developed at Standford

University.

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
interconnections, and the topological and geometric
requirements around the outside boundary of the circuit. From

these specifications the system produce caorrect and compact cell

.,,7:%1\,
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layouts. TALIE 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. TALIE is & forward chaining,
'rule—based Systeﬁ imlpemented in OFS5. ft 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 expectéd behavior of the
reactor  uwnder known acéident conditions. REACTOR is impleménted
in LISF as a rule-based system that uses bﬁth 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



ENGINEERING

INTERPRETATION
e —— St REACTOR
= DELTA
SIS

o GNO RREACTOR

DEBUGCING SN
(SACON T

MONITORING REACTOR™

Helps operators diagnose and
treat nuclear reactor accidents

Helps identify & correct of
malfunctions in locomotives

See above

Helps engineers find analysis
Jor siructural analystis problems

See above

Teachees the operation of a
steam propulsion plant.

FIC: 8 THE SELECTED EXPERT SYSTEMS INV ENGINEERING
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developed in L ISF,

SACON helps the engineers to determine and to analysis the
strategies for particﬁlar structural problems. The engineer
can then implement this strategy with MARC, a program that uses
finite-element analysis methods to simulate the mechanical
behavior aof ohjects. SACON identifiec the analysis class of the

problem and recommends specific features of the MARD program to

activate when performing the analysis. SACON uses Lnowledge
about stress and deflections of a structure under different
loading conditions +to determine +the appropriate . strategy.

Structure that can be analyred include aircraft wings, reactor
pressure vessels, rocket motor casings, bridges. SACOM is &
backward chaining, rule-~bacsed system implemented in EMYCIN. It
was ;eveloped at Stanford University,

STEAMER instructs Mavy propulsion engineering students in
the operation of a steamer propulsion plant for a 1078-class
frigate. The system can monitor the student executing the
boiler light-off procedure for the plant, acknowledging
appropriate student actions and correcting inappropriate ones.
The system works by tying a mathematical simulation of the
propulsion plaﬁt to a sophisticated graphical interface program
that displays animated color diagrams of plant subsystem. The
student can manipulate simulated components, such as  valves,
cwitches and pumps, &nd observe the effects on plant
parameters, =such as change in Dressures, temperatures, and

flows., Figure 6 illustrate the selected expert systems in

engineering.
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2.353.4 EXPERT SYSTEMS IN CHEMISTRY:

CRYS5ALIS 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 plawusible protein stFQCture. CRYSALIES uses a hblackboard
architecture, containing independent knowledge sources that build
and test a multilevel hypotheses structure. The system is
implemented in LISF & was developed at Stanford

University.[2]

DENDRAL infers thé molecular structure of unknown compounds
from mass spectral and nuclear magnatic response data; The system
uses a special algorithm developed by J,. . Ledenbergl to
systematically enumerate all possible molecular structure, it
uses chemical expertise to prune this list of possibilities to a
manageable: size. FKnowledge in DENDRAL is represented as
procedural code for the molecular structure gensrator and as
rule for the data driven component and evaluator. The systém is

implemented in INTERLISF and was developed at Stanford

University.

MOLGEM assists the geneticist in planning gene-cloning

experiments in molecular genetics. These experiments involve
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Helps the molsoular biologist design
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Helps the molecular genseticist plan
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laboratory experiments in the
molsoular dology.

Synthesives comples organie molsoules
with out human casststance or gutdancs

Ses above

PIG: 7 THE SELECTED EXPERT SYSTEMS IN CHEMISTRY
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Splicing' a gene coding for a desivred protein product into
bacteria s=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 labﬁratory steps.
MOLGEN uses an object-oriented and’frame"based representation and
control scheme, and it is implemented in LISF and UNITS. It was
develaoped 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 symmnetries. SEQ0l's searching
routines can be customized by manipulating a set of default
;:‘nar'.su*ne.»tema‘,l for eﬁample, the biologist may vary the. weights for
penalties and size of gap results during a Needleman—-wunch

alignment. SEQ is implemented in LISP.[Z2]

SYNEHEM 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 the target molecule and ties to
determine with reactions could produce 1t and what materials
would be reqﬁired. The system is implemented in FL/1  and was

developed at State University of New York, as shown in figure 7.



e

2.3.5 THE EXPERT SYSTEMS IN GECLOGY:

Some representative expert systems extensively usead in
geological fields are illustrated in figuwre 8 and brief

descriptions are given below

DIPMETER ADVISOR infers subsurface geological sitructure by
interpreting dipmeter logs, measurements of the conductivity of
rock 1in  and around a borahnle-as related tq depth below the
surface. The system uses knowledge about dipmeter patterns and
geoaleogy to recognize features in the dipmeter data and relate
them to underground geoclogical structure. The system provides the
user with & menu-driven graphical interface incorporating smooth
scrolling of log data. The system uses a rule based knowledge.
representation scheme controlled by forward chaining. It is
implemented in INMTER1ISF-D and opersastes on the Xerox 1100 series
workstations. The system was developed by Schlumberger-Doll

Research and reached the stage of a research prototype.

HYDRO helps a hydologist use HS5PF, a cumputer' program that
gimulates +the physical processes by which precipitation is.
distributed throughout a watershed. The system assists in
describing watershed chateristics to HSFF in  the form of
numerical parameters. The system estimates these parameters using
knowledge about scil type, .land use, vegetation, geology and
their effect on the specific parameter in question. The system is
patterned after PROSFECTOR, it uses combination rule-based and

semantic net formalizm to encode its knowledge.[2]
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FIG: 8 THE SELECTED EXPERT SYSTEMS IN CEOLOGY
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Z2.3.6 EXPERT SYSTEM I MEDICINE:

ABEL assists the clinician in  diagnesing acid-base and
electrolyte discorders in patieﬁts 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 diagrnostic process. The system was

developed at MIT.

ANGY assists physician in  diagrnosing the narrowing of
coronary vessels by identifying and isolating coronary vessels in
amgiograms. The system uses knowledge of cardiac anatomy and
physioclogy to interpret the result, recognize relevant structures
and eliminate irrelevant structures or artifacts caused by noise.

ANGY was developed at the University of Fennsylvania.

ANNA assists phyéicians in administering digitalis to
patients with heart problem, such as arrhythmia and congestive
heart failure. The system uses patient symptoms and history to
determine the appropriate dosage regimen, including the amount of
digitais to administer and the rate at which it should be taken.
dnce the system pregccihes an initial dosage, 1t monitors the,
patient's response to the drug adjusting the dosage appropriately
when the demonstrated response fails to match the ewpected

response. ANMA is implemented in LLISF & 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
erxpertise are encoded as rules cunse?ning how and why enemy
forces operate and the tactical significance of situation
interpretations. The system iz able to euplain the reasoning
behind its battlefield assessments. The expert reasocning
camponenf of ADEFT is implemented in ROSIE and a Chromatics CGO
7900 color graphics system is used to disply maps and military

symbology. The system was develaoped at THRW .

BATTLE provides weapon‘allmcatian recommendations to military
commanders in combat situations., The system improves the
performance of the U.5. Marine Cprpa Marine Integrated Fire and
Air Support by providing timely recommendations for the
allocation of a set of weapons to a set of targets. To address
the critical time aspect of real battle situations, the system
uses a best-first strategy during consultations, cunsideriné~
first those propositions {battle conditions) likely to have the

most cost-effective influence on higharwlevel propositions.

BATTLE was developed at the Naval Research Laboratory in
Washingtorn, D.C. and reached the stage of a demonstration

prototype, some representative expert systems of military science

are shown in figure 9.
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FIG: 9 THE SELECTED BXPERT SYSTEMS IN MILITARY SCIRNCE
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2.4 RGANIZATIONS ENGAGED IN EXPERT SYSTEM WORK:

fany of the advances in Al technology were spurvred by
research efforts at Universities, usually through doctoral
dissertations. Howevér some of the research organizations and
companies has good contributions on various commercial aspects of
enpert system ranging from natural language understanding to
krowledge engineering. Table 4 summarizes the list of some
representative Universities, research organizations and companies

and their present researchez in these fields.[2]

TABLE: 4 EXPERT SYSTEM WORK AT SELECTED ORGANIZATIONS.

F ]
T '
. MName Domains Systems & Tools)
¥ I
1.5tanford University Medicine, Chemistry, KLU BOX, FUFF,
Falo Alto, CA. Computer system, CRYSTALI., MRS,

Engineering, Electronics,DENTRAL,
Management science etc. SACON, SPEX.

Z.Carnegie-Mellon Uni. Manufacturing, Military, TALIR, DAA, KBS

FPittsburg, FA. FProcess contirol etc. FTRANMS, XBEL.
I.MIT Medicine, Mathematics, MELT, MACEYMA,
Cambridge, MA. Law, HODGKINS, FIP.
4 Univ. of Ilinois Agriculture, Law, FLANT/S, BARY,
Urbana, Ii. Medicine etc. ADVISE. '
5.Xerox Pala Alto Data base management, FALLADIO, t.OOFS,
Fesearch Center. Electronics. SMALLTALK-80.

(FARC) Palo Alto, CA

6.The Rand Corps. Military, Leaw, rOSS, TATR, RITA,
Stanta MOnica, CA. Crigis Managements. SPILLS.
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TAEBLE: 4 {Continued)

1 7.Ford Aeraspac Al Space program REBMS, RICE, RPMS
Labbotatiry, Houston.

8.8dvance Informaion & Military AMUIDS, ASTA, RTC,
Decision Systems{AI&DS) RUBRIC. Mountain.
View, CA.
Bellevue,
WAL,
10, 8rtificial Matural language INTELLEET
intelligence processing.

Corporations.
100 Fifth Ave,

]
I3
]
]
]
:
:
{anDEing Computer Serv Robotics, ETS Al Center,
:
1
¥
¥
: Waltham, MA.

¥

2.9 HIGH PERFORMANCE EXPERT SYSTEMS IM MARKET PLACE:

Though there is a good number of expert systems in commertial
environments, However some of them have achieved reputed fame in
their fields and performing very useful work both in research &
business vantage point. Table 5 summarirzes & few of the more

important Expeft systems in this category.

TABLE: 5 HIGH PERFORMANCE EXPERT SYSTEMS IN MARKET PLACE
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Type Mame

Applications

Develaper :
!

SYNUHEM2

RESEARCH DENDRAL

MECSYMA

ACE

DELTA

SFE

XCON

YEG/MYS

Synthesires complex organic
molecules with out the help
of a chemicst.

Identifies molecular struct.
from mass spectral data.

Solves algebraic simplific

ations and integral problems.

Frovides trouble shooting
reports and analysis for
telephone cable maintenance.

Helps diagnose and repair
diesel electric locomotives

Diagnases inflammatory
conditions by interpreting
scarning dencsitometer data.

Configures VYAX-11/780
computer systems.

Helpse computer operator
monitor the MVYS 0Q/8

State Univ.of
Mew York at.
Stony Brook,

Stanford Univ.
Stanford, Chi.

MIT.

Cambridge, MA.

AT & T Hell
L.aboratory,
Whippany, NJ.

General Elec
COMpAany .
Schenectady
NY .

Helena Lab.
Heaumont, TX
and Rutger
University.
New Brunswich
NJ .

Digital Equip.
Corporations.
Hudson, MA &
Carnegie-Mell
Uriv. Pitters.

IBM,
Heights,

Yorktown,
MY .
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(CHAPTER-83

EXPERT SYSTEM DESIGN




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, and each of

V4
these characteristics are discussed below:

a) EXPERTISE: An expert system must perform well, that 1is,
achieve the same levels of performance in the domain of interest
that human expert can achieve. But simply producing good
solutions 1is not ennﬁgh. Rkeal 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
shorteuts. or tricks that human expert use to eliminate wa%teful

or unnecessary calculations.

b) SYMBOLIC REASONING: To solve a problem, an expert éystem
manipulates the rules and facts rather than performing standard
mathematical computations. This is not to say that éxﬁert systems
don’t do math, rather the emphasis is on manipulating - symbols.
The consequence of this approach is that knowledge
repreéentafion——the choice, form, and interpretation of the

symbols used---becomes very important.

ﬁlsa, expert system can take a problem stated in some
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FIG: 10 THE CHARACTERISTICS OF AN EXPERT SYSTEM
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arbitrary manmer and convert it to a form that lends itself to a
Tast 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 z narrow domain containing difficult, challenging
problems. Thus ©the rules 1n an exwpert system aré Neces=arily
complicated, either through their individual complexity or their

sheer numbet .

Expert system typically work in real-world problem domains,
the problem solver applies actual data to a practical problem and

produces salutions that are useful in some cost-effective way.

) SFEiF KNOWLEDGE: An expert system has knowledge that lets
it reason about its own operation plus a structure that
simplifies this reasoning process. For example, 1if an expert
system is organized as sets of rules, than it can easily look at
the inference chains it produces to reach a conclusion. This
knowledge the system has  about how 1t reasons  is called
metaknowledge, that is-—knowledge about knowledge. Most current
expert system have what is called an explanation facility. This
is kpowledge Tor explaininpg -hnw the s?stem arrive at this
answers. Most of thesse explanations involve displaying the
inference chains and explaining the relations behind each rule
used in the chain. Thé ability to examine itheir reasoning process
and explain their gperation is one one of the most innovative and

important qualities of expert system.[Z]
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differential eqguations with numerical analysis technigues, 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 scolutions.

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, sericus problem in a domain
in which it takes a human years of study or practice to achieve.

the status of an expert.

c) SCOPE: Fimally the problem should have the proper scope.
It should be sufficiently narrow to make the problem manageable
"and sufficiently broad to ensure that the problem has same

practical interest.
3.3 STRUCTURE OF AN EXPERT SYSTEM:

It is convenient to divide the development of an expert

system into three main modules as illustrated in figure 12.

a) A kEnowledge base,
b} An inference engine,

cl A user interface.

a) KNOWLEDGE BASE: The knowledge base is the data or knowledge
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userd to  make decisions. The knowledge base contains  roles  and
farts  about the domains and also methods, heuristics  and  ideas

for snlving problem in this domair.

The knowledogs bDame Cons g of hwo pasrbs, bhe workilng memory

and rules that

arnd the rule base. The rule base

are complied as the part of the problem, as it corresponds. o

prolog static deta hase

The second part of the knowledoe Dases im working memory. It

consists of the facts relative to & pariticular conswliation
program which corresponds fto prolog dynamic data Dase. Al the

“ioe the working osnory o dynamic data

beginning of a consultzs
hase is enpty. As the consultation progresses it add facts to the

WOrELNG MEemory .

‘b) THE INFERENCE ENGINE: The inference engine contains an

interpreter  that decides how to apply the rules  to  infer  new

Enowledge and  a that decides the order in which  the

rul should be applied,

The inferencs engine has  btwo functions  infersnoe arcd

bl
'
T

control . Inference iz the bazic formal  reasoning pProcfess.
irvolves matoching and onification. 1t uses facls that are  known

to derive new facts by means of rules.

The contral function determines the order in which the rales:@®

are tested and whalt happens when a rule is swuccsded or failsd. The

g



inference engine takes those facts as true which are known from
the rule base ( static data base ) and working memary fdynamic

data bacse ).

The inference engine then test the rules in the data base
through the process of unification. When a rule succeds, the
rule is said to fire and the conciusion 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:

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

experts) and putting it into an objective farm for the data basef ?

The heart of an expert system is the powerful corpus of
Enowledge that accumulate during system building. The
accumulation and codification of knowledge is one of the most

important aspeEct of expert system.[1Z2]
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The two stages of knaowledge engineering are
Knowledge Acquisition (or elicitation) : The process af

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

LIGF or FROLOIG.

3.4.1 BASE OF KNOWLEDGE:

There are three different bases of knowledge: Scientific
laws, experience, and models. Acguiring 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 sﬁientific form&lation, The greatest
difficulty when collecting data in these field is that the expert

may not be able to verbalize the knowledge that he uses, [1]1

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 importarnt sources of knowledges are as follows
a) Literature e,g9 Text books reports databases etc.
b} Expert e,g from personal experiences,

c) Examples and case studies and
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d} Some knowledge engineer prefer to becaome a "fly on the
wall"® and use a video camera to record expert doing
his every day work over a suitable period of time. The
resul tant video tapes are then eyxamined at a latter
date and tﬁe relevant knowledge and exvpertise

extracted. Figure 14 shows the sources of knowledges.

3.3 KENOWLEDGE REFPRESENTATION:

A representation has been defined as *

a set of syntactiec and
semantic conventions that make it possible to describe things"—-
{WINSTON~1784) . in the fiela 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

arnd notational convenisnce.

Logical adequacy means that the formalism should be capable
of expressing the knowledge that one wishes to reprasaent.
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 representations so constructed and
interpreted to solve problems. Most eupert 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. [3]

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

PROCEDURAL : Representation as program, most of the early
representation schemes were predominantly procedural anmd 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 19

3.9.1 KNOWLEDGE REPRESENTATION USING RULES:

In expert systems jargon the term rule has a much narrower
meaning than it does in ordinary language. It refers to the most
popular  type of knowledge representation technigque, the rule-

based representation.
-

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 vyears of experience solving problems in an  area. Fules

are expressed as IF~THEM statements, as shown below.
i) If demand » generation,

Then iocad shad accur.

ii} If faults occur at station

Then fault = gen.
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In a rule-based euwpert system, the domain knowledge is
represented as sets af rules that are checked against A
collection of facts or knowledge about the current gsituation.
When the IF portion of a rule is satisfied by the facts the
action specified by the THEN portion is performed. When this

happens the rule is said to fire or execute.

3.5.2 ENDWLEDGE REFPRESENTATICGN USING SEMANTIC NETS:

The term semantic net is used to describe a knowledge
representation method based on ngtwurk structure. Semantic nets
were originally developed for use as psychological models of
human memory but are now a standard representation method for Al

and expert system.

A semantic net consists of points called nodes connected by
links called ARCSF 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 Oof knowledge being represented. Common arcs uced for
r@ﬁresenting higrarchics includes isa and haspart as shown figure

1é.

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 structuren\

N
'\

3.5.3 KNOWLEDGE REPRESENTATION USING FRAMES:
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In the field of Artificial intelligence, the term frame
refers to a special way of representing common concepts  and
Eitﬁatinns. A frame is organized much like a semantic net. A&
frame i 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 VDf those

concepts.

So far this looks just like a semantic net. But in a frame
system the concepts at each node is defined by a collection of
attributes ( e.,9 name , color, size )and the wvalues of those
attributes ( Smith, red, =mall} are called slots. Each slots can
have procedures attached +to i1t 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 in
problem solving, such as interpreting visual sCenes or

wnderstanding speech.
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4.1 GEMERAL DISCUSSION:

Before 19282, the power distribution system of FDB 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 unit 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

dispatch center (LDC) was founded with this responsibility.

Though a numerous advantages were achieved by the proposed

system, . but this improved interconnected grid system has become
’

more and more complicated for fault anmalysis. In an electrical
distribution system faults may occur at any moments but due to
iﬂterconﬁecthES of the national grid, a minor fault may cause a
great pr%ﬁ?g;#)and even may cause total grid féilure. 5o the
analysis of the impacts of the faults are now very complicated

issue. The different types of faultz= which are very common in LDCE

are shown in figure 17.

ﬁn annual progress presentation of LDE reported that on  2th
july of 1984, due to short circuit faults of ASHUGANS sub-
station, tripped the line {(1356) between ASHUGANI to GHORASHAL
supply, which by turn tripped the supply between GHORASHAL to

SIKALBAHA and wltimately national grid supply was failed for 32

hours, but the origin of the fault was very minor.
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Obviously this i1s a growing protlem of LDC to ensure the most
econamical and reliatle supply in context to the Faplidly
increasing electrical demand with the limited generation units,
having a complicated analysis of faults considering 1ts effect
through out the national wide supply. A& real Expert system
incorporating the Hﬁowladges of espert can overcome this

difficulties.
4.2 FOSSIBILITIES TO DEVELOF AN EXPERT SYSTEM FOR LDC:

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

described belows—

a} GENUINE EXPERT EXISTS=‘ Omne of the most important
reguirement to develop an eupert system is that genuine expert
exists in that field. There are people generally acknowledged to
have an extremgly high level of eupertise 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 produce a  truly skiilful
pragram. At LDE the genuine expert exnists who is concern ¥ with

the system for the long thirty five years.
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b) EXFPERT AGREE OM SOLUTIONS: The experts 1inmn the problem
domain generally agree about the choice and accuracy of
solutions, otherwise the walidating the expert system’'s
performance would be a near impossible task. In the electrical
disturbance environment of national grid, after considering some
factors there 1is a unigue decision whether load shading will

oocour or not.
c) TaASK REQUIRES OWNLY COGNITIVE SKILLS:

The other requirements for expert system development deal
with the characteristics of the problem that the expert system
will splve = the task it will perform. The task must require
cognitive not physical skills.

If it consists qf physical manipulations that only be
learned through practice, the expert system will not worlk. In the
mational electrical grid system the deciéions 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) TASKE DIFFICULTY: The task difficulty also relates in
certain ways to how will the experts understand the problem
damain — 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

requires bhasic research to find solutions the krnowledge

b



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. Its solutiocons are

devoid of common sense reascning.
4.3 JUSTIFICATIONS TO DEVEILLOFP 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 EiPERTISE: Expert system development is
justified when human experts are unavailable or unable to do  the
job. Sometimes human experts are scarce, very much in demand-—and
thus expensive. Also the problem is compounded, 1,8 when a
company needs similliar expert at many different physical

locations.

The lnad despatch center also sﬁffer witﬁ scarcity of
enpertise 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 ococuwr at mid_nighg, then it become very
difficult to make contact with the system expsrt & 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: Expert systems are justified
when significant expertise is being lost .tD an  organization
through personal changes like retirement, transfer etc. As these
are common features to LDC so a real expert system can minimize

oy eliminate this problem.

c) COMPLEXITY OF TASK: An enterprise can justi+y eupert
system development when the task solution not 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

exwpert.

The behavior of interconnected electrical grid system has
become more and more complicated, causing decisicon making process
to be increasely difficult. HMoreover without the details

knowledge of grid system, and past experiences one can  not

suggest the appropriate solution at the time of faults.

d) DECISIOM MAKING S5L0OW: Another i&portant féctur to build an\
expert system when the decision or prediction process is VErYy
slow. At L B C if any faults arises in telemeter board the system
cperators then comtact over telephone with the domain expert and
then the supert come ar give decisions over telephone, which is
Icarriad cut by the operators. This is qguite lengthy process

for electrical faults., An expert system in front of operators

can eliminate this delay.
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e) EXFPERT WNEEDED IN UNFRIENDLY ENVIRONMENT : Expert system
development is justified when the expert decision making must
take place 1in an unfriendly environment such as nuclear power

plant, space station etc.

At the time of major faults the senior government officials
make now and tHen telephones, sometimes rushes at L D C and order
to ensure power within limited houres. Such situatiﬂns Causes =
hostile environment and syvstem expert is guite uwunable to  take

unbiased decision.
4.4 THE KNOWLEDGE ACQUISITION PROCESS AT LDC:

a) KNDNLEDGE EXTRACTING SOURCES AT LDC: Extracting the
knowledge by externalizing it and thus making it available for
inspection and manipulation is an important task for building the
knowledge base. In order to do so the knowledge engineer first
identify the major sources of knowledge for the proposed syétem.
Some of the important sources of knowledge for LDC are

illustirated in figure 20.

a) Knowledge for the expert system of L D C mainly collected
throuwgh direct interactien with +the system experts —— Chief
engineer, transmission zone and alsc from the deputy director,

operation.

EY The second source of knowledge for I B C was case

studies, During the course of this work, different faults
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orcurred in the center, what necessary actions the system expert
taken to make the grid supply normal were important aspects of

[

Lrnowledge.

c) The third source of knowledge for the said expert system
was the daily roster book. In thaf hook the shift engineers
write down all the phenomenon that happen during his working

howr .

If any disturbance occur in the Natiomal Electrical Grid,
they note it in the daily ruoster book along with some important’
suggestions of +the superior euperts. These roster books were
major sources of knowledge for the expert 5ygteﬁ.

d)} Another important source of knmwlédge for the topic was
the report studies. At the time of major electrical faults
causing areat failure Df‘NatiDnal grid, the Govt. has set up a
comnittee to investigate the faults. The reports df the
committees are preserved in L D € library. By studying these

reports some knowledges were accumulated.

b) INFORMATIONS OF GRID SYSTEM: The national electrical grid
is divided into two part one is the eastern grid and ancther is
the western grid. bnder eastern grid there are thirteen {13)
power stations having thirty (30} generation units of which

Ashuganj, Ghorasal and ¥aptai are treated ss base load stations.

In the western part there are seventeen power stations

consisting twenty one {21} generators, 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 .23 TE. whereas for

western grid it is 4,350 Tk,

The western part of the grid system have thirty (30}
important sub-stations and the WEEterﬁ region have Lbwenty siw
(2&6) sub-stations located at the different places of the country,.
The power line hetween Asbugani to Tomgi, Tongi to  Ishurdi,
Ashugani to Ghorasal and from Siddergani to Comilla sub-stations
has'ﬁﬂﬂ KV HTL (Migh tension linel. The rest of the puﬁer lines
of the grid system are 132 KV only having &4 KV power lines

between Ishurdi to Fabna and Rajshahi sub-stations.

Asian Development ERank {(ADE)}) bas an active development
program to convert all the 132 KV lines into 280 kY lines  and
also the zingle line power distribution system {(e.g. Mymenshing

ter Kishorgani & Jamalpure, Siddergani to Comilla etc) to convert

them into double line system.

The eastern-western grid connector {(Tongi to Ishurdi  having
line no.1298 & 129%9) gerves an  important role for the
interconnected grid system, on an average 230 MW to 300 MW power
perday transter from eastern region {(low cost) to western region
in order to make the national grid supply Ecnnumical and
reliable.

# single line diagram of national electrical grid is enclosed in
appendiz £. Some important system informations are summarized in

table &. {Demand & Interruption report of 14-4-1989)
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TABLE: & NATIONAL ELECTRICAL GRID SYSTEM 'S INFORMATIONS

Items Unit production,

1. Highest system generation {for day & night) 1218,.70 MW

; ‘
i H
: '
E 2. Lowest system production AO4, 50 MW ;
. 3. Load factor ' a7.244 % E
’ )
E 4. Total demand in Eastern grid F70.10 M ;
; 2. Total demand in Western grid 297 .10 M ;
; 6. Total demand in greater Dhaka 42690 M ;
: : -
; 7« Total demand in greater Chittagoig 130,00 M -;
; d. Total power imported from Eastern 225,37 MW E
: :

grid to Western grid.

) ENOWLEDGE EXTRACTING TECHNIGUES AT LDC: "EXPERT" it appears,
have & tendency to state their conclusions and the reasoning
behind them in general term that are tus  broad for effective
machine analyais, It is advantages to have the machine wark at &
- Mmore  basic level, dealing with clearly defined pieces of bhasic
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 laboricusly re-esamining and
restating each step in his waasuning process. The pieces of basic
knowledge are assumed and are combined =0 quickly that it is
difficult Ffor him to describe the process, When he examines a
problem, he can not gasily articulate each step and may even be

wnaware  of the individual steps taken to reach & solutions. The
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more competent domain expert become the less able they are +to

describe the knowledge they use to solve the prablem. [4]

This aspects of Expert’s nature is also natural for LDE, in
fact it is called the paradox of expertise. In order to avoid
this problem the knowledge acquisition technigues for LDC are
divided into smaller steps for the close intimation Df the syzstem
expert which are summarized as follows and also shown in figuré

21,

1} PROBLEM DISCUSSION: The first approach 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 aliso different types of faults, s that

QVEFaliufideahabodt‘grid’gyéﬁém‘can‘be“b?bcu?ed;ffﬁéﬁéﬁafyéf§7'Ef

‘the system enpert regarding power -Sté{iunmfaultg,

generation_faults, maintenance_faults were very much helpfull.

And  &lso  the present status of the generators & its unit  fuel

cost were the valuable tools for co-—ardenating the knowledge.

In the next session of the work a set of representative
problems were informally discussed with the eunpert, keeping
interest was to determine how the expert organized his knowledge
and came to & conclusions and ij;he reasonings  behind ¢ each

conclusions.
An electrical demand report of different sub-stations {Appen-—-

Bl, & report on total generations both eastern and western grids

are enclosed [Appen—-C] for necessary informations in knowledge
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TABLE: 7 pER UNIT FUEL COST
OF EASTERN GRID POWER STATIONS OF P.D.B

'POWER STATIONS | UNIT NO FUEL | COST (P.U) IN TK.
KAPTAI HYDRO ErALL ~ 00.00
| GHORASAL STEAM Z 344 ' GAS 00.30
ASHUGANJ STEAM 3,4 & S GAS 00.30
| ASHUGANJ STEAM 11 &2 GAS 00.31
GHORASAL STEAM { 1 &2 GAS 00.34
CHITTAGONG STEAM 60 MW GAS 00.34
CHITTAGONG BARGE ; 1 &2 GAS 00.40
HORIPUR GAS 1.2 & 3 GAS 00.40
SYLHET GAS | 20 MW GAS 00.43
| asHUGANS GT—1 GAS 00.46
SIDDHIRGANJ STEAM : 30 MW | GAS 00.46
SHAJIBAZAR GAS ALL GAS 00.54
CHITTAGONG GAS TG—-"7 GAS 00.71

** On courtesy of DIRECTOR L.D.C, June, 1988/
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OF WESTERN GRID POWER STATIONS OF P D B.

POWER STATIONS UNIT NO. FUEL COST(P.U) IN TK
KHULNA STEAM 110 MW FO 01.73
SAIDPUR DIESEL —— | Fo/LDO 01.78

| KHULNA STEAM 60 MW Fo 01.897

| THAKURGAON DIESEL - LDo . 02.00
KHULNA DIESEL ~— HSD ©02.15
SERAJGONJ DIESEL — HSD 02.15
BOCGRA DIESEL — HSD 02.21
RAJSHAH! DIESEL — . HSD 02.25
BARISEL DIESEL —— HSD 02.32
KHULNA BARGE 1&2 SKO 02.32
BARISAL CGAS 1&2 HSD 02.86
BHERAMARA GAS 1,2&3 HSD 02.93
SAIDPUR GAS —- | HSD 02.94
RANGPUR CAS —— HSD 02.95
KHULNA GT-35 -— SKO - 03.10
KHULNA TC-14 —— SK0 04.17
BOGRA GAS —— HSD 05.17

On courtesy of DIRECTOR LDC, June,1988.
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procuwraring techniques, dlso bthe per unit fuel cost of different

generators are summarized in table 7 & table 8.

2} PROBLEM AaMALYSIS WITH THE EXPERT: During the second phase

of this work a vivid analysis was matde with the domain supert for

a series of realistic problems collected. from  case  shuodd
roster books and reports stuwly eto. Special concentrations wees

dovEsrs o

f What kind of data doess the problem requires.

* ohat factors are o be consider to overcome the faults.

¥ oWhat kEinds of = dons are adpguate for bthe problems.

The system sxpsrt  graduslly described 511 fthe eolution

process and giving as  many internmediste steps as poszible  for

@ach  Taullts. The interviewing with the =

stam  sxpsrt was ho

determine  raticonal behind each steps of faults. Trcinding
hypothesis  being entertained, strategies bheing used to oeErera e

hypothesis, Foaw &2 particular conclusion was rEached , what were

These wszplanations of the syvsbtem expErt  were valuable

£

wlusters far formulating the kpowledoge with IF THEN stroucture. 6
pawer  dnterruption  configuration on Z0th May, 1984 is  enclozed

ERppen-0]  from the report bopks which caussd  the national e i

fTailure fTor 48 howurs,

Z)ISYSTEM EXAMINATION: In  the next stadge of knowledge

acaulsition provess  all  the steps behind each faults were
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DISCUSSION ON TYPES OF FAULYS)
DATAS,ADEQUATE SOLUTIONS ETC.

J/ * PROBLEM DISCUSSION.

EXPERT'S OPENION FOR A SERIE
OF REALISTIC PROBLEMS TO SOL

* PROBLEM ANALYSIS.
\ X

VERIFY THE SYSTEM RULES AND
CONTROL STRUCTURES BY THE EXPERTS

\L * SYSTEM EXAMINATION.

THE RESULTS OBTAINED BY THE

E.S. IN AGREE FWITH PREVIOUS INST.

* SYSTEM VALIDATION.

THE DEVELOPMENT OF KNOWLEDGE BASK
FOR THE KXPERT SYSTEM OF L.D.C.

FIG: 21 TECHNIOQUES FOR EXTRACTING KNOWLEDGES FROM DOMAIN EXPERT AT LDC
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written on paper using the concepts, formalisms &and rules
collected +from the expert. Table 7 summarized these ideas. ﬁll
the written cases solved by the expert were discussed again to
provide gquick check of the consistency and completeness of the

knowledge being extracted.

Finally the domain expert examined and reviewed each rule and
evaluated the control strategies used to select the rules. This
provides verifying the accuracy of each rule before the expert

system is in operaticn.

TARLE: 9 FAULTS OCCUREDRD & THEIR REMEDIES SUGGESTED EBY EXFERT:

R) OBRSERVATIONS:

1.13-6-8% 'STKALEAHA-MADANHAT line no. (1) An alter.line 1378

1
L]

-
i

258 shut_down for greater started up which has

Chittagong maintenance work. | 3004 capacity.

2¥AFTAI feed power in

)
¥
+
I
[}
1
!
i
1
]
r
t
i
i
t
i

line 1388 through line

no 1381 & 17389.

Mo load shedding, sys-—
tem O0.K. :

At evening, system was 1in al SAIDFUR GT started

peak load, In the THAKURGOAN|tc feed power in line

region the voltage supply 1251 & 12535

]
1
¥
1
i
1
[}
L}
¥
¥
1
¥
]
i
4
]
H
i
L
]
]
1
i
t
]
[}
t
i



TABLE 9 {Continued)

was under frequency. b} KHULNA stand-by

110 mw steam lined up.

line rating.

trouble consequently line b) Fartial load shedd-

! Tr ] b
1 1 i r
! 1 ] 3
¥ ' ] t
i 1 1 1
t i i t
3 E) ) i
¥ ] ¥ L
H i ] +
i ] t t
: H H :
13.1-6-89 |Due to storm the tower of 1a) All the pos=sible '
! L] ] i
[ # ] 1
: 1the lime no 1298 broken & yperipheral generators |
i ) i [}
1 power was feed through 1299 [of eastern & western |
] 1 1] ]
] r ) ' ]
: tlime (232), at the evening iorids was suggested to
¥ ¥ ' )
1 ithe system goes to peak tlipe up. :
] ¥ ¥ 3
I 1 3 1
: demand but the generation tbBY 20 MW locad shedding,
E ¥ | i
¥ t r i
: twas much below the demand. yhappened. '
1 ¥ ' .. :
14.4-4-B7 (SIDDERGONI power =stationz (a) Fower feed from :
] ¥ - 1 t
: igoes overhauling conseguent- HORIPUR. H
! £} I 1
] 1 1 i
' #generatimn become minimum. ibBY SIKALERAHA started. |
: ; ic) KARPTAI alsc started),
f ! ) 1
L ] i t
: : ito supply power base |
) i L] ]
i t i 1
: H ion the rule curve. :
) ! ! ]
5. 5-6-89 'Line no.l346 between ASHUBO-!a) No alternate supply |
H I ) !
I t 1 T
' NI to KISHORGONI shut—-down tlipe in that region. '
1 H ) 3
| idue to breaker fault. b} Complete load shed-|
: ‘ding in Mymenshing. :
1 E ]
¢ t 1
t6.1-4-89 Transformer 452T(SMVA) of ia) He alerted forl2is |
L} 1 1
; J ;
l 1 i
; : '
; ; ;
: ! :

t ISHURDI sub-station was in
:
[
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TARLE 7 (Continued} v,

no 661 for FABNA supply in ULLAHFARA.

was stopped. c} Partial supply from
SAHJADFUR to FAERNA.

d} No load shed to
Breaker no 112B of BAGERHAT la) Increased supply
sub—-station was out of order:from GUOALFARA by thé
line 12214,

B} Demand of MONGLA

port was fulfiled.

ing at BAGERHAT in

'épeak hour .

2.4-16~87 (isolator no.2295 of a) Increased supply
BHERAMARA sub—station was from GOALFARA by the
out of order. line 1224,
b} Fower demand min.
no load shedding.
8.4-16-87 .lIsolator no 1215 BHERAMARA a) Load shedding FARI-

sub-station was not functio DPUR at peak hour.

~ning. Line no 1231 stopped !(b) Partial power

supply

¥
t
i
[}
)
]
¥
1
H
E
13
1
[
4
i
i
[}
[
[}
i
F
i
¥
3
[
1
I
E
]
1
]
]
i
1
!
I
1
1
i
L]
[
]
L
t
I
¢
c) Partial load shedd-!
:
1
¥
1
F
1
+
¥
]
]
]
'
1
[}
r
(]
r
L
T
1
13
t
t
t
1
1
t
t
]
T
[
L
i
[}
]
[
7
]
]
i
down. H
3
1

e e ttine Lpms Betee e Moo et M Aaees St i Maton dat el Skt Aoty Sy S0 Ao Ayt S S S it Mk A Sy A7y Pt St AP YT Tt $THS $rde P iy S S AP it $idm Py Pofed o S fAFpS P ST Ty vt by S7TVS T e e TS T orers e ey ey e
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TABLE <9 {Continued}
1 DATE : FRULTS , REMEDIES :
H from MADARIFUR. !
19 .6-27-89 :

BHERAMARA {gasl & gasZ) was E‘a) Suggested to incre
under overhauling. KHULNA ;mase power feeding at

harge was shut—down for evening through E~-W
shortage of water. connector.

b) At peak load it was
suggested to reduce 15
M D% load at ISHURDI

sub—-station.

13.5-21-87 ! Feeder no-2 of MIRPUR sub- a) Power feed from S5I-

station was out of circuited!DRERGONJ sub—-station

due to fTaults, by the line nmo—-1331.
b} TAOMGI sub-station
feeded power by alter.
line.

c) At peak demand no

load shedding recomme-—

nded.

11.14-9-88|51KALBAHA steam shut _down a) Generation was much

KHULNA barge &0 MW taken off! below then the natio-

for maintenance & CHITTAGONG:nal demand & 35 MW

steam &0 MW due to draft load shedding sugges-

furnace problem, generation |ted for system relaib-

decreased hy 20 MW, ility.,

I
L
i
]
L}
13
i
L
t
t
t
L
1
i
t
t
)
1
[}
4
H
Ll
1
i
H
L]
I
3
H
t
[}
t
!
i
]
1
El
1
)
1
1]
L}
!
L
i
t
L
T
1
4
L}
L}
4
1
1
E
)
i
]
1
F
1
L
T
T
t
T
T
[}
i
]
i
4
t
1
i
1]
]
3
1
i
T
t
1
L
4
]
]
1
1
i
i
1
1

[}
]
'
1
1
1
1
i
i
1
]
i
€
'
T
!
t
i
i
1]
)
]
I
)
1
!
L3
1]
]
4
1
i
i
i
1
i
i
¥
H
1
1]
1
i
I
3
1
1
H
1
L
t
[}
i
!
]
i
i
4
I
F
i

In PUOSTOGOLA sub-station a) N, GONJ (HORIPUR)g-—-
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TAEBLE 9 { Continued}

v (which meet 25% of greater |tand by generator was
¥

Dhaka demand} the breaker !suggested to line 17
no 2035E & isolator 2058 were!b) Power feed from

in faults. S5o power could HORIPURE sub-statiaon.

F
¥
1
L}
!
T
i
i
1
i
i}
I
1
1
E
]
1
1
1
r

feed from TONGI through line

el

)
4
no. 131%, iload shedding was 1M,
¥
3

13.4-4-88 a) From LDC the stand

i

12

1

i

i

€} At the evening the !
GHORASAL gas(3) unit at mid=- H
- i

L]

d

night was stoped as per by unit was recommande

decision of station chief. to start up.

o

} No load shedding
for the system.
14.3-73-88

For ISHURDI &&4KY sub-station!a) Power supplied in

in the section of RUPPUR, RUPPUR by entra feeder
the grounding & transfarmer 'fno X-254.
it tripped.

unable to supply

J0% of total demand .

AN
c) Less important are-
as were disconnected.
15.2-4-88 |Feadings of the telemeter &) XEN, Telemeter

board were not correct and board suggested that

light blinking was weak.

:
2
F
]
i
1
:
were in trouble and finally !'b)} The feeder has 1im—
4
E
¥
:
i
I
Power supply faults,
1
i

¥
]
:
]
1
¥
i
i
i
I
Tt
1
H
1
[}
:
[
i
]
i
)
t
¥
L
1
1
1
i
ited capacity and was!
'
E
L
1
i
]
1
1
{
H
L}
L
t
t
L]
¥
t
]
1
I
4
1
t
1
t
]
1
]
4
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FROM ROSTER BOQKS: - TABLE <9 (CONTINUED)

At 5,10 a.m SAIDPUR 12 MW

transformer bursted & cooli-!fed through 13564

|.|

ng o1l vented out alsao at

the same time SAIDFPUR gas b) Recommended to

turbine tripped down. start SAIDFUR diesel

17.5-1-87 [line 1298 (Eastern-Western al) Suggestaed to line

1

grid connector) stopped vwp all paripheral :

down ta convert 230 KV line generators of western

’

and only line no 1299 was in! grid.

action. The demand of weste-|b) At the system peak
irn grid was not fulfil{jed. 40 MW load shedding o~
coured. Of which 25 MW
for ISHURDI & 15 MW
for KHULNA.

SIHQ#EQHQ steam shut-down,

18.14-4-9Qg a) Generation was much

KHULMA barge &0 MW goes for

maintenance & CHITTAGONG demand & 35 MW load

steam 50 MW due to draft shedding was suggested

furnace problem, generation |for system relaibilitw

fall~down to 20 MW.

19.1-2-856 {In POSTOGOLA sub-station a) N, GONJ (HARIFUR)

{which meet 25% of greater stand by generator was

Dhaka demand) the breaker

¥
t
r
i
]
]
]
1
i
i
i
r
1
]
1
i
]
[}
]
L
i
L}
F
F
1
1
:
1
1
below the national :
;
r
!
1
t
1
i
t
[}
]
4
1
1
[}
)
]
%
1
i
'
]
4
1
]
suggested to line up. !
¥

E

]
1
1
)
1
i
i
t
1
1
i
I
)
1
i
L}
¥
I
i
t
]
1
1
!
i
L}
1
)
[}
T
F
i
4
t
¥
I
)
1
P
]
H
i
¥
i
i
[}
]
]
]
L]
]
]
]
T
1
F
]
1
1
]
H
]
i
L}
t
[
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no ZOAE & isplatar 2058 were'!b) Power feed from

in faults. So power could he ! HARIPUR sub-station.

feed from TONGI through line!c) At thHe evening the

no. 1315,
t

20.30-12-87 SHAHAZIBAZAR gas—2 generat-'a)lncreased power feed!

4
¢

ior’'s turbine plates were fraom ASHUGONJ to SHAH-!

..........._.... _..:-... - e mm am
Q
fir
[aB
]
o
m
Al
[a B
=
a
[V u}
<
W
m -
[
=
E

]

ybroken and the unit was shut|JIBAZER substation th-
¥ 1

H

down as per order of stationiocugh line no 1324,

1
i .
ichief engineer. b} At peak demand par-—

tial load shedding to
SRIMONGAL .

21.7-1-88 |BARISAL gasl was stopped due'!a) RKegional demand of

to shortage of fuel also the!BARISAL was‘fulfilgéd

total western generation was!from GOALFARA via

much below the demand. BAGERHAT sub-station.
by POTUAKHALI was loa-
ded at peak hour.

a}) Fower toc supply at

line no., 1389 for maintenan-|BOROAWLIA by alternate

!
1
1
t
]
1
1
f
H
1
H
i
H
)
¥
t
i
i
]
f
1}
)
H
1
r
]
I
¥
i
T
t
t
1
it
]
4
H
1
]
i
r
i
3
i
]
L}
H
H
1
H
1
]
]
L]
L
t

ce cperation, because some line 1388 via SIEALBAH.

of the eguipments connected 'b) Ne load shedding

with this line was causing for the system.

mal~functioning. c) Maintenance operat-

ien both for near and

far end was suggested.

1
1
1]
T
]
]
1
]
]
1
1
i
1]
i
¥
]
1]
1
1
1
:
]
i
1
¥
¥
1
]
1
i
i
22.9-10-87;1t was decided to disconnect
H
i
1]
]
'
1
L}
i
i
!
1
¥
’
¥
T
¥
+
1
]
I
]
)
1
]
]
1
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Line af 1243 (NATORE-EOGRA) al) No alternate power

tripped for some electrical supply line faor BOGRA:«
faults, b) BOGRA gas (SMW) &
diesel (20 mw) were

]
:'
started for regiocnal !
€) Partial load shedd-:
ing for FAILLASHBAREI,

24.4-146~-89

Isolator no 1215 BHERAMGRA

:
:
idemand .
H
¥
ra) FARIDFUR load redu-

sub-station was not functic—!ced by 4MW at peak

ning. bLine no 1231 disconne~!hour.
ted. b) Fartial power supp-
‘
lied from MADARIFUR. ;
1
25.6-27-89 | BHERAMARA (gasl & gas2) was :a1 Suggested to incre~£
under coverhauling. KHULNA Iase powet supply at
barge was shut—down for | evening through E-W
shortage of water. connector.,
b) At peak load it was
suggested to reduced
load by 13 MW at ISHU-
26.5-12-88

KARIRFUR sub—~station feeder!a) TONGI--HORIPFURE line

ne-2 could not supply power !load was kept uwnder
and connected breaker 403H observation, so that
was out of order. it would not tripped.

b} Suggested to loade-—

]
1
i
!
]
]
f
]
RDI sub-station. - '
¥
E
1
:
]
]
1
:
hed TANGAIL & HORIFPUR. !

)
i
] 1
t t
i
t 1
i !
I L)
E i
1 1
I H
i 1
¥ i
1 1
[} ¥
t 1
! ¥
i 1
H !
i ]
i L
] t
! 1]
i 1
' ]
¥ ¥
¥ '
' t
1 '
1 !
E ]
i 1
1 4
i i
L}
] i
i 1
1 ]
1 i
t i
1] [
b t
$ i
' [}
1] !
i ¥
1] '
T 1
1 ]
1 ]
] ¥
L} 1
L !
1 1
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V27 2-10-84Both the two genetators of. !

a) Power supplied from!

VKAPTAL were overhauwling, po-!TULSHI,

ver supplied in DOLHAZARI & b) Regional demand co-
COX’'S BRAZER by line no 1358 !uld not be supplied.

|

1

H

ibut that line also tripped c) Shut—-down the line
¥

28.7-12-87!Due to overhauwling the gene-—

a) Fower transmitted

from SIKALBAHA,

;
[}

due to uwnknown reasons. V1361 (COXE'S BAZAR) .
]
ration at SIDDERGONI is ;
1

i

iminimum. So from HORIPUR the'!'b) From KAFPTAI if wat-
power was transmitted, but |er level high.

the single line no 1352 was

tripped again and again due

to over current.

2%.2-8-87 (Line of 1443 (FARIDFUR~MADA)'a) No alternate power
tripped fpr some electrical supply line for MADOR-
faults. IPUR lpad shedding
for MADARIPUR.
20.7-9-87 Due to storm Electricél tow-1a} Breaker, Isolator

er of the line no 1203 betw-|1125, 305K of BAGERHAT

een JOYPURHAT and BHERAMARA !end disconnected.
was fall down. b) Conseguently break—
er, Isolator, 425R,304
of JOYPURHAT end disc-

onnected.

€} Total load shedding

i

H
’ !
r ]
F r
r L
1 t
i ]
i i
i P
i i
i L]
I I
1 i
1 ]
t [
¥ ]
I ]
1] }
1 [}
] i
1 1
] ¥
i L
1 !
) 1
1) 1
1 T
H ]
) i
] [}
t t
T ]
i 1
i ]
t L]
1] L}
1 i
] ]
L] 1
] F
1 t
L] !
1 ]
i H
] i
1 ]
T ]
t i
T [}
1) 1
! T
1) 1
i H
L} ¥
] 1
! ]
1 i
¥ ]
1 ]
t !
1 £
1 1)
1 L}
1 [}
4 ]
¥ 1
i i
L ]
1 ]

at JOYPURHAT for Z&Hr.



4.3 KNOWLEDGE REPRESENTATIONM PROCESS AT LDC:

With the over all analysis of national grid system and the
knowledges of the system expert relating to faults analysis, it
was conveniently accepted that all the procured knowledges of the
LBC can be best represented by  RULES system representation
technigues. The most impdrtant reason behind the acceptance of
this svystem of representatinn’hecause of its flexwibility. The

present status of the generators and their generation capability

cthanges frequently due toc mechanical and electrical problems,

conseguently the pieces of knowledge procured on the basis of
these generators also changes. Only the RULE system
representation technigues provides the facility to change a rule
ar to add the rule by changing the static data base of the
program. The following important rules developed for some

representative faults are described below—

GENERATION FAULTS
RULE NO-1

FROELEM: THE GHORASAL STEAM (GT4) BGOES MAINTENANCE AND
ASHUGANT GAS (GT—1) TRIPS FOR ELECTRIAL FAULTS.

ACTIONS: =) I water level high, start all machines of KAFTAI
b} Start generators of estern region,
c) S5tart the machines of western regions,
d} Mote the max. demand & total generation.

DECISIONS:IF DEMAND » GENERATION THEM REDUCE LOAD SHEED ELSE
GRID O.kK.
Figure No: 22

RULE NO-2

PROBLEM: KHULNA BARGE (1&2) STOF FOR MAINTENAGNCE, CHITTAGOMNG
STEAM {580 M) HAS DRAFT FURNANCE FAULT, SIEALBAHA (1 & 2) WAS
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OFF FOR MECHANICAL FAULTS.

ACTIONG: &) Whether all the base stations are in operation,
b} Start "WAFTAI" generators, if rule curve allowes,
c} Start the perepherial generators of estern grid,
d} Start in sequence the generators of western arid.

DECISIONS: IF GENERATION > DEMAND THEN SYSTEM IS BALANCED, ELSE
LOAD SHED ACCORDING TO PRIOGRITY.

RULE ND-3

t

FROBLEM: "KAFTAI" WATER LEVEL LOW, "KHULNA" STEAM (110 MW} GOES
FOR MAINTENAMCE, "CHITTAGONG" BARGE (1) STOPPED FOR SALANTITY.

ACTIONS: a) "ASHUBONG" and "GHORASALY all machines started as
principal generatars
b) Power stations in estern grid started Lp,
€} Fower stations in western grid started up .
d) Calculate total demand and generation.

DECISIONS: IF GENERQTIDN # DEMAND, NATIONAL GRID 0.K, ELSE
SWITCH OFF LOADS SHEED ACCORDING TO FRIORITY.

Figure No: 2=

RULE NO-4

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

ALTIONS: 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.

DECISIONS: If GENERATION » DEMAND, THEN GRID IS NORMAL, ELSE
REDUCE LOGAD. :

RULE MNO-5

FROEBLEM "HORIFURY GAS (20 M) TRIFS, "CHITTAGONG" GAS (TG7}
89
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IN MAINTENANCE, "KAPTAI" WATER LEVEL MUCH BELOW RULE CURVE.

ACTIONS: a) Start the GTs of base stations,

b} line up Estern peripherial GT7s,

£} Run up Western peripherial GTs.
DECISIONS: IfF GENERATIOM > DEMAND, SYSTEM O.k. ELSE SWITCH
CERTAIM LOADS.

Figure Mo: 24

SUB-STATION FAULTS.

RULE dNo—-6

FROEBLEM: BREAKER ND 112R AT NATORE SUER-STATION TRIFS FOR
FAULTS S0 LINE NO 1242 GOES OFF.

ACTIONS: a) Be alert about ratings of parallel line no 1243,
b) Start uvup SAIDFUR GT1 and GT2,
c} Start up RANGFUR GT1,
d} Start up BOGRA GTL.

DECISIDES: If DEMAND » GENERATION, LOAD SHEDDING "THAKURGOAN"
AND ”?ALASHEQRI“. ELSE 8YSTEM MNORMAL .

Figure Nos 25
RULE MNO—-7

PROBLEM: ERREAKER NO11SE OF “ASHUGONG" SUB-STATION TRIPS,
CONSEQUENTLY LINE NGO 132% ALS0 GOES OFF.

ACTIONS: a) Be carefull of alternate line No 1324,
b)Y "SHARJIBATER" GTL start up,
c}y "SYLHET" GT1 line up.
d} Mote down maximam demand in that region,
e) Total regicnal generation.

DECISIONS: IF DEMAND > GENERATION, THEN SWITCH OUT “SRIMONGAL™
ELSE SYSTEM O.k.

. RULE No-8

FROBLEM: LINE NG 1358 GOES FOR  MAINTENANCE DUE TO FAULT IN
81
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BREAKER NO &25H QT’"SIHQLEQHQ”.

ACTIONS: a) Farallel lines ratings of 1388 and 1389 must be
minimum,
b) Fower supplied from "KULSHI" sub-station through
line no 1377,
c} Power supplied from "HALISHAHAR" sub-station
through line no 1373.
DECISIONS: IF SUFPLY » DEMAND, SYSTEM O.K. ELSE SWITCH OUT
"HAROARWLIAY LOAD.

Figure Ng:Zé

RULE NO-9

PROBLEM: IN "BHERAMARA" SUR-STATION CIRCUIT BREAKER NO AOSE
TRIFPS DUE TO OVER CURRENT AND LINE NO 1231 SHUT DOWN.

ACTIONS: a}) Be carefull about rating of line no 1237,
b} "BARISAL" GT1 & GT2Z start on,
c} if demand not fullfil.

DECISIONS: SWITCH OUT "PATUAKALI" LOAD, ELSE SYSTEM O.K.

-RULE NO-10

FROELEM:  "IRSHURDIY 646KV SUBE-STATION INFORMED THAT 133E HAVE
MECHANICAL FAULTS AND 441 LINE SHUT DOWN.

ACTIONS: a) Loading of the lines &60 & 128% are to be minimum,
b) Fower feed from "RAJSHAHIY" sub-stations,
) Fower supplied from "SHARIADFUR" sub-station.

DECISIONS: IF DEMAND SUPRLY, THEN SWITCH OUT “BIRAJGONG"
AND "ULLAHPARAY LOAD, ELSE SYSTEM NORMAL .

Figure No:27
RULE WND-11

PROBLEM: AT "GOALFARA" SUEB-STATION BREQKER ND  &60BE  AND
LINE 1220 TO BE SWITCHED OUT FOR MAINTENANCE.

ACTIONS: &) Loading of the lime 1221 be minimum,
by Y"BARISHAL" GT1 & GT2 start on.

3
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DECISIONS IF GENERATION = DEMAND, THERN SYSTEM O.F.  ELSE
BWEITOH GUT "FATUSEHAL D" .

RULE NO-12

FROBLEM:  CIRCUIT BREEAKER (N 210D CREATED FROBLEM AT
EHULNA SUR-STATION. '

ACTICNSG: z) Check rating of line no 12073,

by Powsr directed from "BHERAMARAY sub-station
through line no L1203

DECISTONG s IF DEMAND:EUFPFLY, LOAD SHEDDING IN “JESSORY ELSE OF

B

| o

Figure MogZ#
RULE NO-173:

FROBLEM: FOR SOME ELECTRICAL FALULTS AT NOAFARAS SUB-STATION CR
MO &GOSR SHUT DUONN.

ACTICNS: 2) Mo tripping of lime no 12046 dus to overcurrent,
bl Fower fesd from "BOTTAILY sub-station,

DECESIONS: IF DEMAND > SUFFLY  LDAD  SHEDDING IN "JHENID&H"

ELSE SYSTEM 0.4, ' -
MEaTNTENANCE FAULTS

RULE NO-i4 \

FROBLEM: " HARIFOR ~ HATHGZART" LINE (MO 135%32) SWITOHED OUT

FOR GREATER CHITTAGONG WORKS.

ALTIONGE: ay power can be supplid through L1552 no. line.
B kaplail carm Supply throvgh 13824 Ro. linss if
water level high
e Hhat is the impsct on the Natiemal grid.

DECISION: a) Proaker no 11328, and Isolator 1145 disconnecdbsd
at,  HORIFPUR. L .
b} BEreaker no —102E, dhd Isolator 1oilis also
disconneeted from system at HATHAZART .

i
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disconneeted from system at HATHAZARI, -
¢} Brounding Mo 1156 in HMORIPUR and Grounding also
1056 at HATHAZARI.

RULE NO 13

FROBLEM: " ISHURDI-PAENAY LINE ND. b62 SHUT-DOWN FOR
MAINTENANCE WORWK:

ACTIONS: a) FPower Can be Supplied through SALDPUR,
b} BOBRA power station started,
c) What is the impact on the national grid whether
demand » supply nat.

DECISIONS: a) Breaker no 133E and I=salator 1348 disconneé&ted
form ISHURDI end,
b) Breaker no.l102R and Isolator 1038 disconnected
from FPAENA end,
c) Grounding at 125 6 in ISDHURDI and Grounding at
13096 in FABNA.

RULE NO-16-.

FROBLEM:GREATER DHAkKA CE ASKED FOR 1313 LINE MAINTENANCE
“SIDDIRGONJ 7O MIRPUR.M

ACTIONS: A) Fower Supplied form TONGI through 1311 line,
b) Whether demand * Supply, if so reduce load at
Mirpur Sub—-station.
c) Circuit Breaker no 741B and Isoclator 1415
disconnceted farm SIDDIRGOMI end.

DECISIONS: a) Breaker no 113F and lsoclator no 1143
disconneeted form MIRPUR end.
B} Ensure Grounding No-1166 at MIRPUR and
Grounding 1426 at SIDDIRGONT .

RULE NO-17

FROBLEM: FOR TOWER FAULT LINE NO. 1220 DISCONNECTED FOR
MAIMTENANCE . .
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- ACTIONS: a) Power Supplied from BARISHAL  through line no—
1221,
b} whether demand > Supply, if So load shedding in
BAGERHAT .

DECISIONS: a) Breaker no &$08H and Breaker no &05B and Isolator

&075 and 60465 disconnceted from GOALPARA end, -
bl Breaker no 10ZB and Isolator 1035 and 1015
disconneeted from BAGERHAT end.
)l Fut Grounding no.1l26 at GGQLPARA and also
Grounding no.l105G at BAGERMAT.

RULE WNO-18

FRORLEM: LIME NO, 1245 "BOGRA--POLASHBARI" DAMAGED RY STORM
TO BE REPAIRED.

ACTIONS: a. Power feed through 1245 lines,
h. If demand > Supply, switch cut FOLASHBARI.

DECISIONS: a} Circuit Breaker no. 213H Isolator 21485
discomnected from the BOGRA end,
by Rreaker no,2098 and Isolator 2045 disconneeted
from FOLASHEBARI end,
c}) Ensure Grounding no.2iBG at BOGRA and Grounding
no 20536 at FOLASHBARI.

RULE NO-19

FROBLEM: SAIDFUR 12 MYA TRANSFORMER'S FUSE BLOWN OUT DUE TO STORM.
(Saidpur diesel plant goes into maintenance)

ACTIONS: a) Power feed through line no 1244,
B) Start up the RANGFUR Bas GT,
ct If demand *» Supply, reduce load,

DECISIONS: a) Discnnncgk Breaker no 203B and Isolator no 2098
at SAIDFUR end,
b Dlscun4cet BrEdker no 213R and Isoclator 2195 at
RANGPUR end, ) .
c) Grounding no 20368 at FOLASHEARI and Grounding no-
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2156 at KANGFUR.
RULE NO-20

FROBLEM: FOR MAINTENANCE WORK OF GREATER CTG “ MADANHAT——
SIKALBAHA" LINE NO 1358 70O BE DISCONNECTED.

ACTIONS: a) Power Supplied through Line no 1378,
b)Y KAFPTAL can be started,
c) Demand * Supply., if So DOHAZARI feeder switch
(mlAE ‘
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CHAPTER-5

EXPERT SYSTEM

| PROGRAM DEVELOPMENT FOR L.D.C.




S.1 JUSTIFICATIONS FOR USING PROLOG AS PROGRAMMING TOOLS:

On the basis of the special features of PROLOG a brief
description of reasons using FROLOGB as programming language is

given below-

al FROLOG is & fifth-generation languadge that takes
programming into a new dimension. Because of its natural logical
approach, both people new to _prﬂgramming and rrofessional
programmers can  build powerful applications- such as expert

system, natural -language interface etc.

b) PROLOG is a declarative language, this means that, aiven
mnecessary facts and rules, it can use deductive reazoning to
solve programming problems. This type of declarative language,
characterized by ghe fact that no definite algorithm or facts are
explicitly defined in thé program, rather it provide a set of
rules and facts on the inference mechanism of FROLOG to find a
path with in  the problem damain and tnlfind a solution to =

particular problem.

c) PROLOG'S power ig in its ability to infer facts from other
facts, the description in a prolog program is used to cpecify the
desired relation between input data and the output will  be

generated from that input.

Gince at  the Load Despatch Center the different types of
faults can be defined ir the form of rules. So the
descriptive type of language like PROLOG is more suitable than

procedural languages.
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d} Ewecution of PROLOG program is contralled automatically.
When PROLG  program is executed, the system tries 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 =z=oclution at LDC.

e) Frocedural languages distinguish between a program and the
data it uses. The procedure and control structures of a program
are defined by the programmer. The program maniﬂulatés the data
according to the defined procedure. But developing programs with
FROLOG is dramatically different, A FROLOG program  is a
collection of data or facts and relationships combining these
facts., In other words the data base is an  integral paft of

progrSm.

The knowledge extracted from the daily Roster HRBooks and
fraom previous history at L.D.C are collected in the form of
hewristic. By using these heuristic FROLOG can easily reach a

goal.

f)} One of the outstanding feature of turbo proleg i= that it
hald 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 asseritz predicates and

removed with the retract predicates.
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The expert system developed has a consultatiorn module. The

ions gathered from comsulbtation are imporbtant to rsach  a

goal . also the informations that are necessary changes extract

+
r_L

consultation o 5u it is obvious tn have a dynamic data base as

FROLOE has.

23 Turbo  FROLOE has a very short simple syntas, +the furbo

0 typically wses 10 fimes fewer programming  lines  when

KIZ

e Amorrg other things turboo PROLOS

sulving & gprogram than pasos

flas a0 built in

Ctern  recoonisation facility and az wall as

simple and efficisnt way of handling recursive strocture.

m

owe and it

FROLDE 5 mpecial featuwras  as  mentioned
piroximity  with logical reasoning facilitates codification of  a
program  and-makes  theoretically possible "intelligent coormppd e

irn a limited sense.[d & 97,

9.2 PROGRAM EXECUTION METHODS FOR THE EXPERT SYSTEM AT LDC:

There are different types of program edecution methods on
FRILOG to reach a goal, Tt is relatively straight forward fo
develop  a skeleton of expert system, if we restrict oursslves o

the ba

funcifions lying at the heart of such system. But . to
deveiop a pmwerfﬁl mxpert system we  have to consider three
fundamental elements: Erowledge consishing rf cond i tional
statements, data obtainsd from the problem at  the hand the

procass of inference.
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9.2.1 METHODS OF PROGRAM EXECUTION:

fIn the basis of this concepts two major strategies that bave

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

a) Unification.

ki) Backtracking.

a) UNIFICATION:A Unifier of two terms is a 5ub5titution
making the terms identical. If two termg have a unifier, we say
they unify in all otherwise a failure is wsed to occurs. In fact
when a goal or respective sub-goal is invoked, FROLOG 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

"Unification".

In FROLOG, predicates unify with each other i
¥ They have the same relational mname (predicates).
¥ They have the same number and same type ot 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. &fter unification the wvariahble

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 wvariliables

will be bound to the value of the terms.
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¥ A Fres variabhle to wunify with another free variable,
after uwnification, the two variables will act as one. IT one of
them ism bownd to a value the othsr one will be bound to the sams

wva lue .

let wus consicder the s:ipert system program. It

wee  enter  the goal -Breaker (£ TLEFWY Y. then  the  following

unification will take place

.

bare

ke (115, 13MW7 ).

18Mu7 ).

—
e
2

brealer

Therefore, the answer to the initial goal wWill bhe X=115%.

bY BACKTRACKING: The bachkward chaining techniouoes

M M=

different places of the program to make the expert =
taster. The process of matching the goal or sub-goal Lo a fact or

head of 2 rule when one fach or a rule faills is  kEnown as

bhacktracking. [+ ism  wvery imporiant  concept  in execubtion of

-l

at L.D.0C. Let us consider the tollowing

program for experd

concenhtual program- _ \

L.oad s

F

Y
"

L it
problem 1,
cheok kaptai,

e Ao

cheok g

problem 1, 4f
e fault,
breaker faults,

station _faults.

foy,



probiem 1 if
line_faults,

maint_faults.

check_Kaptai if
waterilevel,

add _bhydro.

check Kaptai if
mech_ faults,
goes_maint,

add_bhydro.

In the above program in order to prove loadshade we have {o
prove probleml, check gaptai, and check generator. However, in
order to prove probleml we have to prove eitbher gen_faulis, or
breaker faults or stations faults. ﬁlternétely the second

predicates line faults or maintenance faunlts 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 td
prove problem i" If the first rule of probleml {i.e
gen_faults,breaker faults etc.) is satisfied. It will keep a mark
or pointer here and then proceed to prove next goal check“£aptai.

If the first rule for checkmﬁéptai fa;ls, hacktacking occur

and the next rule {check_gaptai:i— mech_faults, goes_maintenance,
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add_hydro} is tested , if this rule also fails then program
backtracks to the previous rule probleml, where it earlier place
the pointer. The next rule for probleml {(probleml: line faults,
maint_ faults) is to resatisfy the rule problemli. The whole

process 1s known as "depth first search with backward chaining”.
5.2.2 EﬁNTRDL TOOLS USED FOR PROGRAM EXECUTION:

The program developed for the euxpert system executes by the
process of backtracking and unification to search through 1its
probiem gspace to find a sclution to a particular problem or  to

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

b

.This givey the program its declarative nature. However 1t is
often necessary to introduce some procedural nature 1in  the
program specially to control the search space which Wwill
otherwise grow combinationally. This is reguwired to run the
program efficiently. to reduce rthime and to use minimum

storage.

To accumulate the above advantages the following control

predicates used in the expert system program.

¥ Recursion

¥ Cut
¥ Fail
¥ Repeat’

RECURSION: Recursion is a technigue in which something is defined

in terms of itzelf. Recuwrsion is a technigue of using a clause to

e g
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a) DEFINING THE PROBLEM: It was very trivial to consider
first in program weiting is to find out upto what extent the
result by the program is sxpected to do. This includes defining
the set of ipput, the set of outputs and if possible  tao

determine some of the the operations reguired by the program.

The first step in designing the Eysteﬁ iz 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 1ts optimum actions to overcome the faults.

b) GATHER ING KNOWLEDGE ABOUT THE PROBLEM DDMAIN:The
accumulation anrd codification of knowledge is one of the most
important aspect for an expert system. To make a program
inteliigent, we must provide it with lot of high guality specific
knowledge about some problem area. The knowledge is accumulated
for this system

1) From domain experts. .,
2} Regorts of the previous faults.
) From shift engineers.

43 From daily roaster books. etc.
c) CHOOSING A DATA STRUCTURE AND KNOWLEDGE REFPRESENTATION:

The biggest praobiem in designing an expert system is the
proper interaction between the knowledge engineer and the domain
expert. The knowledge engineer observes, talks, with human expert

in a objiective form.

13- )
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.

invoke & copy of itgelif. For example , we use the recursion

clause check_generator in the expert system program of LDC as

check _generator (5,D,_})s-
SxDy ta
check_generator (5,0, _):—

generator (S,Y,Z,N},

check gemnerator {(S5,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 clausez

body with in the fecursive clause,

the recursive clause causing it to inveoke itself

hody outside the 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 terminates

each line.

CUT ‘' : Cut is a means to stop backtracking; The ‘cut'(]

control predicate is implemented in the program as an exclamation
. -

point (!'}. The cut tool always succeds and once it succetds it

K o



acts as a fence, effectively blocking any backtrachking beyond the
cut. As an illustration we consider a segment program  of  the
expert system
add_hydro (G,D_}:=-
G=D, 1.
add hydro (G,D,_}:—
hydro_generator (N, G,X .M},
NN=MN+1,
GG=G+M,

add_hydrao (MNN,GG,X,M).

Here by recursivé procedure the program will lime on a
generator and subsequently check the updated total generation. At
the moment when the generation will he greater than the demand
the cut (7'} will stop further backtracking otherwise the program

will enter in a infinite loop.

Cut is always used to reduce the search space to  increase
runtime. 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 af a particular type. In the expert system the predicate
rule (X.Y) 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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write a predicate which succeds it a certain other
predicates say fault (X) Tails. This can be done by using the not
predicate

not ( fault (X)) 1.

However , it is ouwr experience that the use of the not
predicate in this wversion of the compiler (1.0) causes the
program  to  behave erratically. The cut-fail combination to

initiate the not predicate as shown below

The_fault (X}~
fault (X),!,fail.

The_fault {(_}.

REPEAT: In order to make the expert system more efticient 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 tigure 32,

The ‘repeat’ predicate is defined as
repeat.
repeat: -

repeat.

The repeat predicate is extensively used in the expert system

to make it user oriented. Thigs is shown below

eyt

endsg-—-

1o
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INVOKED GOAL = [ REPEAT

/
s

V7

| REPEAT o
EHead of the rulez

AAAAA !
|

V
[ REPEAT
J

(Body of the Rul

_//_me_wm"mu_
p :

REPEAT REPEAT
(fact) - [(Head of the rule)
REPEAT

(Body of the rule)

- F1G: 29 THE REPEAT PERIODIC ILLUSTRATIONS AND ITS INFINITE BRANCHES
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write {"Is the water level above the rule curve”)
reply (X},

.

=Y

end .
reply {(X)s—
repeat,
readchar {(X).
answer {X}.!,
answer {7y ).

answer ('n’),

The effect of the above program segment is that when the
computer asks the user whether he wants to know about the water
: -
condition of Captai, pressing any key other than v or n will have

no effect. Fressing 'n’ will terminate the program. Fressing Tyt

will cause the program to continue.[11 & 9]

5.3 STEPS IN THE DEVELOPMENT OF EXPERT SYSTEM FROGRAM:

Aan expert is a person who, because of training arid
experisnce, is able to do things that the rest of uws cannot,
experts are not only proficient but also amooth and efficient in
the actions tH& take, Efficient programming techniques 1is an
important factor to make the expert system’'s nature as expert

mentioned above. The following stages are used as a guideline to

develop the eupert system program.
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5.4 PROGRAM MODULES OF THE EXFERT SYSTEM AT LDC:

The heart of an expert system is its corpus of knowledge. How
iz that kpowledge arganized is the prime factor to support the
décisimn making and to reach a goal. The strategy followed here
is of modular pfogramming in developing the LDC expert system.
The system is organized into four distinct modules. The figure 4}

shows the different program modules of the expert system.

a}l Inference engine
b) Questioning module
c) Kriowledge base module

d) Fault location module
a) INFERENCE ENGINE OR RULE ACGQUISITION 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 wvia the
support  software, to lodge it im the data base, to employ fthe
contents of the knowledge base to draw inferences and to record
ﬁhese as  well in  database. 1t exercises these functions

repeatedly, until it can do, need to do or no more.

L.ike any other expert system the inference engine is the core
of the system. The user enters into a consultation with the

expert system whereby the system gathers informations about the
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START

P:wnnmc DATA BAS

b Information abou

different types o
faults atr LDC

N~

STATIC DATA BASE

e Production rules

* Load shedding conds.|

% Codes of differen fue|
faults

CONSULTATICN
PROGRAM

# Maintensnce Procedures

M Faults [ocation etc

#Informations about
bose generators

Informations about

the water level
e

EXPLANATION
PROGRAM

BER!

RULE ACQUISATION
PROGRAM

END

J

FIGC: 3@ THE ORGANISATION OF THE LDC EXPERT SYSTEM PROGRAM MODULE
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from system experts are shtored

YD

ALl the BErnowledos acoumals
in a sgries of if fthen rules which are typically of the form

IFSCOMDITION: . THENM <ACTIONM:. -

The reasoning process of the expert system involves maltohing

umers that there iz a problem and

arned  wnification. The

works towards solving the problem by “triggering rules’ 1fF thedr
activation pattern matoches with the data mlement in the dynamic

data bass,

d} CHOOSING AN ALGORITHFM: &itihough PROLGE is declarative, we
may need  to choose an algorithm or mors accurately  a  decision

teee  to be aged o sgarch through the problem  space. PROLDE by’

Ji

1

itself uses depbtbh-first sesarch fechnigus. The algorithms used are

detaiis disrussed in the next aorticle.

2) DEVELOPING THE PROGRAM: The final step is to write the code
of  the progeran in FROLOG. To do so we have Lo flrst convert  the
gathsred Enowledge into FPROLDEG rules and faots. The program is
divided into  two main sections. The first aamtion which is the
heart of the expert systen containes guestion asking, grid Taonits,

production rules & sxplanation module.

The second part of the program ose twetle graphics  facility
of turbo FROLOG to display the location of the faults. Finelly it
Fequire Lo oconsider efficiency,. storsge reguirement, rruntims,

=T

etc. of the program.
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| sTART
.<_ ..... —

CONSIDER A RULE FOR
A PERTICULAR DOMAIN

X

AN
S

PROBLEMS
TRUE ?

YES

- STORE THE RULE NUMBER

—
g

e g ALL\\
THE :
RULES \ No

.. CHECKED? /
AN

YES

EULE FIRED

FIC: 31 THE RULE FIRING MECHANISM OF EXPERT SYSTEM PROGRAM
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™
heads, one is for fthe tsmporary informstions called dyramic  data

base ancother for permanent informations called static data hase.
The ftemporary informations are accumulated during  consulbation

and can be altered during program execution.

.

The permanent informations incluodes bthe generators status of

different ﬁmwar tations, dts MW capacity. electrical anct
mechaninal  conditions @fﬂ, Alan bthe informations of  different
powsr lines, the conditions of the eguipments connected with t e
powsr lines. A wall as the sub-station positions of national

’

wilectrical grid system.

d) FAULT LOCATION MODULE:

the line and turtle graphics

The "Fault leocation sodule! uses

b

facility of turbs PROLDIGS to locate the faulty generator,  Dre

and lines of the national electrical grid. This module is helpful

the operstor csn convey more specific instructions. This  modoele

-

ig meant to be used on a mmﬁitmw.havimg CEA or BEGA adapter card.
5.5 DECISION TREES FOR DIFFERENT FAULTS AT LDC:

a} RECISION TREES FOR GENERATION FAULTS: :

L]
This logical approach ass

et the programmer to . select which
generator  should make on at the time of faults., The generator

selection depends upon differest factors

Ly Per unit cost of production

Fauwnlt aocour
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ENERATIO
) FAULTS

NOTE DOWN THE MAX.
DEMAND OF NATIONAL GRID

TOTAL SYSTEM GENERATION

NO
STATION GENERATORS

RUNNING?

FIG: 32 THE DECISION TREE FOR GENERATION FAULTS
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. YES NO

\f
' .

STRAT UP THE BASE |
LOAD GENERATORS

| START SIX GENS. WHILE]
GENERATION > DEMANDI

A
|

YES

!
?
:i_
|
_._...__.__.'5'5. !

//

~ GENERATIONS YES

snner
N

NO SYSTEM
R 0K

CAPTAI
4:::10 GENERATORS

* IF WATER LEVEL ABOVE

THE RULE CURVE

\ START

. ON?

NO

F1G: 32 (CONTINUED)
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ool

/V;\NO
CAN S -
,/ESTERN GRID. * THE EASTERN GRID PHERIPHERIAL
NO N GENERATORS CAN STARTED ON?

GENERATORS
™. START
ON?
|- YES
Y
V
START ON EASTERN GRID |
GENERATORS

i

ya
GENERATIONS™, YES
N AN
1
DEMAND?
\\\.
NO SYSTEM
= + 0K

FIG: 32 (CONTINUED)
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///// .
UESTERN GRID™._
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YES
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GENERATORS SUCCESSIVELY)|

GENERHTIONS
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v

LCARD SHED
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LOARD SHED

FIG: 32 (CONTINUED)
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LOAD SHED
OPERATION

THE AMOUNT OF LOAD SHED

Y

40 % FOR ISHURDI

Y

30 % FOR KHULNA

1 20 % FOR CHITTAGONG

|

10 %Z FOR TONGI
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231 Amount of demand

i

4) Elgctrical & Mechanical positions of gen

and the above factors  ths

Rh bthe basis of the experi’s i

d

sprision bree will first procesed to check the condition of  the
the Western grid gensrators. The approach will procesd  according
Lo the priority of the generators as selected in the data base.

For sach and every generator on it goes subrouting  to  the

demand conditions of national grid. At the moment when  the

generation s gr 2 then demand the ftree gives suggestion

blinking text. Oblhwerwise the tres goss to load shedding root

The pricrity of losd shedding also selected by the aathority
concerned. The spproach is to also ﬂrﬁﬂ&edﬁ aﬂ:uwdiﬁg to that wvery
priority.  The 40¥ of total load shedding for Ishurdi i,e, for the
Morthern part of the country which is ocomparstively ITmas
important  in boith industrial & administrative view point.  Then
20U For Fhulha  region which i more immurtaﬁt in dndosteial

e

aspect, JO% for Dhittagorng and lastly the lesst load shedding for

Torngi. Tongl ls the distribution of greater Dhaka. Figure 32

shows the decision tree for gernerstion fauits.

b} DECISIOM TREE FOR MAIMTEMAMCE & BREAKER FAULTS:

For the different

song,  some times  the lines of the
naticnal - grid goes to maintenance. The natural Calamity  ang the

malfunchion of the eguipment connected with the power  line are




MAINTENANCE
FAULTS

NOTE TOE LINE NUMBER FOR
MAINTENANCE OPERATION

YES

J/

POWER SUPPL

ANY STATIONS
/8UB STATIONS NEAR

TO SUPPLY
POVER?

vNO

FIG: 33 THE DECISION TREE FOR MAINTENANCE FAULTS
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FIG: 33 (CONTINUED)
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MAINTENANC
 OPERATION

DISCONNECT CB REMOTE END

DISCONNECT SAME ISOLATOR

¥

DISCONNECT CB NEAR END

L

DISCONNECT CORRES. ISOLATOR

\

GROUNDING

AT FAR END

GROUNDING AT NEAR END
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malnly ibhie For maintenance opperation.  The tonical

R O
approach  before going to mainternance operation Tirst is o
coansidsr alternative lines Lo Tace  the regional DR T
demand, obviously the rating of the alternate line muast not

grcoesd] the limitbt.

Thern the decision btree goes for sesrching, that is, 1s there

tions o

any possibility to feed powsr ne
Then it goss to a subroutime to Iine up a generator i¥ possible.

tatione or stations contribotion Lt ohesck

Sfter adding  thes sub-

whether this additiconal supplies greater  than regional demand,

i wmo then the lines concerned goss maintenance oparation without

inad shedding otherwise maintenance opesration happens with load

shadding .

operation  the approach first glves

Fior the maintenan

necessary instruction  of remobte sub-station with the specific

number  of the breakter, lsoliator, grounding point, then the sans

For  the closer sub-station. Figire 2% & 3 sommarizes the abuvs

actions of maintenance and sub-stations Ffaults.

c) MODULE FOR TRANSFORMER & TELEMETER BOARD FAULTS:

These +two modules are identical  in natues  in progeamming

viewpoint, we uses the technigue of almost the diagonesitic types .of

sxpert svatem. I this programming module 1t first  asks some

uestions wikh the yves/no options, by the response of the uaser it

create & dynamisc  datebase. By the process of unification  the

informations  shored are matohsd with the static

goes to a conclusion with the name of the faults and sons Dehind
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FAULTS
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" LOAD SHED

NOTE AMOUNT OF LOAD SHED

40% FOR IRSHORDI

30% FOR KHULNA

20% FOR CHITTAGONG

10% FOR TONGI

i

END
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CHAPTER 6

DISCUSSION OF RESULTS AND CONCLUSIONS-




6.1 DISCUSSION OF RESULTS:

at The Eupert system developed for the central load
dispatch center with this auspicious hope that it will be
an useful tools for the national electrical grid supply
specially to take an e%pertise and most accurate decision
at the time of slectrical crisis or faQIta =0 that the grid
supply is reliakle and most economical. The cccocurrence of
faults in the interconnected grid system is very . COmMMOR
phenomenon but when the faults occurs, consgguently by  the
consultating with this expert system it will prompt a
textual proficient suggestion by applying beuwristic rules
of knowledge base just like an expert gives efficient and
smooth suggestions by dint of his experience and ‘training.
Eut an  additional outstanding featuwre of the developed
sysiem is that it can exhibits the location of the faults
along with the single line disgram, so that the operator
can convey specific suggestions to the concern sub-stations
or  stations. Moreover unlike human expert the artificaal
expert system ﬁever faded or sericusly affected due to over

Use.

bY To make the system more friendly specially for the
new Dperaforﬁ, the sapert system have the option to show
the single line diagram of national electrical grid of both
the eastern and western region, so that & perfect idea
abkout  the different stations and sub-stations, their
location in the telemeter board as well as the gengrator,
breaker and isolator mumbers etc. With out this idea the

operator can not convey proper instructions to the faulty
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regions. So the proposed expert system is also a helpful

training kit for the users.

)} The most wseful Ffeature of the developed expert
system is it can offer a high level expertise in problem
solving. This expertise can represent the best thinking of
the top ewperts in this‘field and leading to the fault

solutions most accurate and efficient .

d} An important by preoduct of the developed expert
system is  that the accuwmulation and codification of the
knowledge that uses far the reliable supply "of national
electrical grid. So long there were no such systematic
approach in this field. Moreover the knowledge can  be
increased by adding heuristic rules obtained from the
domain eupert. this corpus of knowledge that defines the
proficiency of an expert system can also provide an
additional feature az 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 wsed by the system staff.

6+'2 RESULT VYERIFICATION:

The textual sugge=tions given by the developed expert
system for a faults are most accurate than that of the
necessary  steps tqken by the system expert at the time of
crisis. The power of searching and analyzing status, grid

lines data which are essential factors for fault analysis
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FIG: 3% A DISPLAY OF EXPERT SYSTEM RESULT.
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can made more exactly and firstly from the given
informations. As for an example, from the vroster bocok a
fault coccur on the 2%th March, 17828. The fault was that the
ASHUGONI 'S two base generators were overhauling condition.
THE sveten expert suggested to line'up the hydro generators
of lHﬁPTﬁI. The same suggestion were giveﬁ by the expert

system alwo shown in figure 30,
69 LIMITATIONS OF THE PRESENT WORK:

Building an expert system reguires a major investment of
time, money, energy and  faith. If the problem is
appropriate and if adeguate resources are committed the
process will be accelerated more rapidly.  But even the
smoothest develupment.effort will have rough spots. Some of
this unavoidable limitations of the developed expert system

are discussed below?

s} The domain experts are not familiar with computers and
doubsts that an appreach using computers will be of any use
for thé LRDC. That' s why they can not spare much time  for
the project morecver there was a whispered in the center
that 1if a computerized method introduced in the LDC many
persons will lose the Jobz. It was a great -pitfall in

extracting high guality bnowledge from the system experts.

by Self knowledge means that the expert system cocan
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 built—imn-—
explanation facilities only having the auxiliary display
window to show the chains of rules-fn reach a conclusions.
After the system performs well attempts were made to  add
mechanisms  for &llowing the system to explain and  justify
its operations, but it was difficult to develop and also

lest understood.

c} Choosing the correct tools for building the expert
syatem is ogne of the most difficult decision to make in
expert system development. It was decided to use FROLOG but
ultimately it was found that the tools was inappropriate
for some specific task of grid system. FROLOG compiler ver
1.1 has limitedL codes to compile and has very narrow
graphical tacilities. Unfortunately this increased the

unaceptable length of the praogram.

64 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 41t is &
research prototype package. However there is a wide ccope
faor expansion of the system. MHope that this research  work
will fead a guide line to future expert system design
projects undertaken in the undergraduates graduate level
in our University. A brief ocutline of poscsible scopes of
expansion of the existing eupert system iz enumerated

below:
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al In terms of sophistication  and utility, the
development stage of an expert system can classify into
four dimensions, Tirstly heginsr a5 & demonstration
protutyﬁe that ies a small, demonstration program that
handlesx & porticon of the problem that will eventually be
addressed. A typical rule—-based demonstration prototype
might contain 5 to 20 rules and performs adeguately one or
two  test cases. The second or most current expert systems
have evolved to the étage of research prototype. These
syshem are medium to large size program  that have been
revised throughl testing on real problems in  the user
community. They are méderately reliable, contain  smooth
friendly interface and address the needs of the end users.
8 typical rule—based research/field prototyps contain 100
to SO0 rulesg-perfurms very well on many tests and take two
to three years to develop. Our work has reached upto  this
stage. In foture with some fTurther work  the developed
system can be turned into production and commercial model
by  adding some fTigld teste making the system more fast,

efficient, reliable in the user environment.

b)Y Computer hardware advances have made possible to
develaop an integrated expert system called the intelligent
system that is the expert system embedded in microprocessaor
chip *ro form an integrated hardware/software package.' One
example this is the EELG analysis system, an expert system
embedded in Motorola MCEBD1 smingle chip eight bit

microacomputer and designed to interpret electro-
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encephalegrams  recorded for renal patients. Likely an
intelligent system can be developed for assisting and
corrgcting faults of LDC by introducing cormcept of single

piece equipments.

c} A natwal language interface could be developed which
will permit the user to communicate with the expsrt system

during the consultation process using as human language.
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FRERKRENKEXFERT

BYSBTEM FROGRAM STARTAXKXA%/

code=4024

damains
faults 4 indication = symbol
query = string
reply = char

database

off_generator ( string, EtEing )
gen_dem{integer,integer)

dem_rat (integer,integer)
#line {integer )
supp_dem (integer.,integer,integer)

Apositivel{indicatiaon}
xnegative(indication)

predicates

go
new _gen_dem{integer,integer)

next _generator {(integer,integer,integer)
check _Captai(integer,integer)

generator (integer.,string,string,integer}
add_hydro (integer,integer,integer)
hydra_generator
cliear_datas.

breaker {integer,integer,integer)
problem {(string,integer)

parallel {integer,integer}

rating (integer,integer)

(integer,string,string,integer}

check_rating

{integer.integer,integer,integer}

start_generator {(integer,integer,integer,inteqer)

regional_generator

{integer,string,integer,integer)

check_generator{integer,integer,integer})
new_supp_dem{integer,integer,integer)

check_nperation

{integer,integer)

power_ line (integer,integer,integer,string,integer)

disconnect_operation

(string,integer)

operation{string,integer)
power_feed {integer)

clear_facts

grapb
form_Dplock (integer,integer,integer,integer,integer)
klockl (integer,integer,integer,integer)

gr{integer)
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gen{intager,integer,integer) .
tran{integer,integer,integer) TR
lin(integer,integer,integer) SRR LR
startl : s
ztart?

startsd

startd

gol

start

choice{char)

protleml (faults)
indication{indication}
positive({guery,indication)
clear_fact

remember (indication,reply)
ask{guery,indication,reply)

western

star

boundary
trin(integer,integer,integer,integer,integer)
blok{integer,integer,integer ,integer,integer,integer)
form_trin(integer,integer,integer,integer,integer)
arrow{integer,integer,integer)

starl

stard

thaku

golp

barisal

faridpur

bager

Jhen

inter

graphs

form_block {integer,integer,integer.,integer.inteqger;
blockl (integer,integer,integer,integer)/

drawl

drawa

drawd

triangle

loadl

load2

loads=
clock(integer,integer)
block(integer,integer)
milco(integer,integer)
ground(integer,integer)

goal
go.
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clauses
I 3 FROGRAM TO CREAT MENU ®/

gas -
makewindow(l,0,0, """, 0,0,25,80G), .
makewindow(1,87,106, "EXFERT SYETEM" ,3,15,15,30),
write("NENt FOR LDCAnAENE EXEXKERE" ), _
nl,nlynl,nl,nl,write{"\t WHAT TYPE OF PROEBLEM 7?")nl,nl,
nl,nl,write(" FRESS THE SFACE BAR FOR THE OFTION MENU™),
readchar(_),
makewindow(2,71,106,"0FTION MENU" ,7,3%,18.41),
cursar (3,00,
WA be (RN RO RO O R R R R AR KRR R RRR"" ) 4],
write(" GENERATOR FROBLEM — TYFE "g"").nl,nl,
write(" MAINTENANCE FPROBLEM ~ TYFPE ‘m""}.nl.nl,
write(" STATION PROBLEM ~ TYFE ‘'s"").nl.nl,
write(" TELIMETER ROARD FROEBLEM — TYFE "t ""}).,nl,nl,
wirite { ROk ok oo R ook DR RO R R R R ROk Rk R )
nl.nl,write{"TYFE THE FIRST CHARACTER OF YOUR CHOICE"),
readchar{X).,
choice(X}),
start.

éhoice(X):w

XK o= "g"y !y

makewindow(®,71,1046, "GENERATOR FROBLEM", 12,0,15,32),
cursor (3,6),

write(”===:mzzmmmﬁxﬂmﬂ£ﬁ:”)F

Nlywrite{"” a1 — CAFTAI FAULTS "),nl,nl,

write(" 02 - W.G.M. FAULTS "),nl,nl,

write("” Enter A Number "3,
makewindow (=, 71,106, """, 21,25 ,3,6),

cursorf{d,1),

write(" 03 - E.G. SUB-STATI{ON FAULTS")ynl.nl.nl.nl,
readchar(_J.

choice(X):—
X = ‘m’ ,!',clearwindow,
makewindow(3,71,106, "MAINTENANCE FROBLEM", 5,20,18,30},
nl,nl,write{(" 04 - TURBINE MAINTENANCE "),nl,nl,
write{" 05 - GENERATOR MAINTENANCE"},;nl,.nl,
write(" Enter A Number "),
makewindnw(357l,lﬁbﬂ"”,31523,396),
cursor{d,13,
write(" 0& — MOTOR MAINTENANCE"},nl.nl,
readchar{_ ).

choice(X) 1~
¥ = 's°, !y clearwindow,
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makewindow(X,71,106,"STATION FPROBLEM", D,20,18,50),
nl,nl,write(" 07 - TRANSFORMER FAULTS "),nl,.nl,
wirite{(" 08 - GROUND FAULTS "),nl,nl,

write(" 09 ~ E.G. SUEB-STATION FALLTS" )} ,nl,nl,
wirite(" Enter A Number "),
makewindow (X, 71,104,"" ,21,23,3,46),

cursor{id,1),

readchar(_}.

cholice{X)s—

X = "t°, !, clearwindow,
makewindow(3,71,106,"TELIMETER BOARD FPROBLEM", w,20,18,50),
nl,nl,write(" 07 - TRANSFORMER FAULTS “},nl,.nl,

write(" 08 - GROUND FAULTS "j),nl,nl,

write(" O — £.6. SUB-STATION FALULTS" ) ynl,nl,

write(" Enter A Mumher "},
makewindow(Z,71,10&6,"" 21 ,2%,3,4),

cursor(i,1),

readchar{ __}.

choice{_}:~

makewindow(I,71,106,"",5,20,18,50) ,nl,nl,nl,
write("SORRY, YO HAVE PRESSED THE WRONG KEY"),nl,nl,
write("FRESS THE SFACE EAR TO START AGAIN"),nl,

W R {1 o e Y

readchar{_).go.
A¥ PROGRAM TO CREATE EXFLANATION MENU R v

clauses
gos—
makewindow(1l,27,2,"0OFTION MENU",3,3,8,50),
write("¥ Breaker Fault; Code: ©1."),.nl,nl,
write("¥ Generetion Fault; Code: 0Z2."1,nl.nl,
write("Enter your option code(01/02) : "),
readint(X),clearwindow,removewindow,checkl (X).

checkl{X):— X=01, -
makewindow(Z,141,2,"BREAKER FALLT",%,%,8,35),
write("No Rreaker Fault, SYstem Oxk."),nl,nl,nl,
write{"Fress SFACE bar to return.”),,readchar(_},
clearwindow,removewindow, ! .

checkli{X):- K=,

makewindow (3,23, 2, "GENERETION FAULT",Z,3,5,60)},
write{"Is the water level above rule curve(y/ni?.."J1,
readchar(Ch},clearwindow, removewindow,check2(Ch) .

checkl{X})s~ X<rol,
makewindow(2,2%,2,"",2,3,4,50),
wirite("Your Code is {(01/02); Try Again..."}readint({¥},

clearwindow,removewindow,checkl(Y}.
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cstartz-—

check2{Chi:— Ch="n’,

makewindow (2,141 ,2, "6ENERETION FAULT" ;3 3.8,937,

wrrite{"Try to open Gus Turbine, OK."),nl,nl,nl,

write("¥%#% Flease,Fress SPACE bar to return. ¥X%"),readchar{_}.,
clearwindow,removewindow, ! .

checkZ(Ch}l:— Ch="vy’,
makewindow{Z, 23,2, "EAPTALI" %,3%,8,53),

Wwrite("Is the base Generetor at E&FTAL running™"},nl,nl,
write("Fress (Y/Ml.aannaa doteadchar{Replyl,
clearwindow,removewindow,check{Reply).

check2(Chli— Ch<X "y,
makewindow (2,23, 2, """ 3,3, 7,007%,

write("You Fressed a wrong Fey."}.nl,

write("Flease press {(y/n); Thanks...").readchar{(C},
clearwindow,rremovewindow,check2(l) .

check{Reply}i— Reply='n"’,
makewindow(2,141,2,"KAFTAI",5,3,8,588),

write{"8tart Hase GBeneretors, OK."},nl,nl,nl,

write{"xkk Please,Fress SFACE bar to return. ¥%F"},readchar( ).
clearwindow,removewindow, ! .

check{Reply) - Replys=’
makewindow(2,141,2,"",3

3

)

Ha5,B8,5
write("SYSTEM, OK."),nl,
write{("You may start extra Generetors.”),nl,nl,nl,

write("%4¥ Flease,Fress SPACE bar to return. #EX"),readchari{_},
clearwindowremovewindow, f.

Y ) .

4

check{Reply}:— Reply<is'n’,
makewindow(Z, 23,2, " 3,3,7,00),

wrrite(*You pressed a wrong Fey.").nl,

write{"Flease press (y/n}: Thanks..."),readchar(Rep),
clearwindow,removerindow,check (Rep).

/¥ EASTERN GRID START x/

makewindow(l,31,2,"OFTION MENU",10,10,10,40},
write{"Do you want to see the eastern gride 7"),nl,
write{"Then press the code QO1"},nl,

readint{Reply).

Reply= Ol,

graphics{(2,1.2),

penpos (0,0, 0),

1ine(D,0,31999,0.7),

1ine (31999 ,4,31999,21999,7) ,

1ine (31999, 31999 ,0,31999,7 ).
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1ine{(, 31999 ,0,16000,71},
line{d,0,0,12000,7),

cursor(0,30) write{("WELCOME TO "),
cursor(l.28) ,write( "EASTERN GRIDE™),
=tartl,

start,

startd,

startd,

gol.

startl:-—

cursor(l,2),write{"Kabirpur'"},
1in (2500 ,2250,800),
tran{l,2250,160307),
1ine (2200,800, 12000
line (2800 ,3000,2800,6000,7),

line {2800, 2000, 2200 , 3000, 7 Y

line (2800 ,6000 ,2200,6000,7),
cursor(l,13},

write{("Tangail"),

1in (CEOO00, 2400, 28007 ,
tran{z,2400,7000) ,
cursor(lyéﬁ),write(“Shahjibazar“)g
1in {10000, 2400, 21500},

tran {1, 2400,228040),
tran{(3,2400,26800),

gen (2, 4400, 27200

1in{ 2S00, 4000, 288007 ,
tran(l,4000,30300],

gen (1, 3700, 30700},

line (1500, 20000 ,6000,20000,7},
1ine {1500, 20000 ,1500,22000,7) ,
1ine (1500,22000,2200,22000,7),
Tine (705, 19000 ,6200,19000,7) 4

line (700, 19000 ,700,23000,7) ,

1ine (700, 23000 ,2200,27000,7 ),
cursor{d4,1%) write("Ghorasal"},

800,77,

1in {9000, 6500 ,2000),
tran{2,6500,5400),

gen (2,8000,5800),
tran{ . 6500,9000),
cursor(4,53) write("Ashugani®),
1in (11000,6500,11400)
tran( 5, 8500,12200),
gen{5,8000,124600) ,

line {6000, 10500, 6000, 12000,7),
line {6000, 10500, 6500, 10500,7) ,
line {6000, 12000, 6500, 12000,7) ,
1ine {5000, 10000, 5000, 12500,7),

line (5000, 12500 ,6500, L2500,7) ,
iine ( OO0 a 10000 " f=pull 1N M 1 OO0 " 7 ) "

tran{?, 6500, 200060) .
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start?:-—

cursor(%,62) ., write("Sreemongal”),
Lin {5000 ,8000,230007) ,
tran{l,8000,25000),
1ine {8000 23700, 2400 , 258700,7 ),

1ine {8000, 27000, 1800 27000, 7} ,
cursor(8,8),,write{"Tongi™},

1in {4008, 12000 ,500} ,

tran{2,12000,4000),

Line (12000, 2500 6500, 2%00,7),
1ine{12000,2900, 6500 ,2900,71,

cureor(8,326) ,write ("33 KV"},

Tim (ESO00, 11500, 133007,
tran{@,11500,14300) ,1ine {11500, 13500, 12000, 153500,7 ) 4
1ine{l4700,15400,12500,154033,7),

cursor{7,4%]) ,write{"kKhishorgani"}.,

1in{ 4500, 10000, 17500),

tran(l,10000,19500),

line{&5800, 18000, 19000, 18000,7),

cursar(11,57) ,write("Fenchugani®”).

1im (3000, 18500, 24000 ,

traml, 19500, 25000) .

startis—

cursor({ll,8),write{"Ullan"},

1in {3000, 18500 ,2800) , tran (2, 19300, 20003,
line (18000, 5700,183300,53700,7),

line (19000, 5700, 130030, HT00,T)

line{ 15500 ,2700, 12000 ,2700,7 ),

cursor(9,2%) ,write("Siddergani "), 1in (9004, LE000, 73500} ,
tran(lglﬁgaﬂgqaﬁﬂjﬂgen(1515909,9400),
tran{2,13000,108007) ,

1in {3300,14700, 10000) 4gen (3, 15200, 10800) ,
1ine{&500,8000,24300,8000,71} ,

line (6500, 7800, 24800,7800,7) ,

lin (2500, 14700, 14000) ,9en(1,153200,15400G),

line (15000, 13000,15000,14700,71},

1ine {14700, 13000, 15000, 13000,7 ),
line{14700,14700,15000,14700,7),

cursor{15,60) ,write("Sylhet"},tran(1,18%00,23000),
1in (BR000 18300, 24000 )
CurSDr(lé,E?)ﬂwritE{”Chattak“)5lin(3GDG,ElBOD,E4OGO),
tran(l,21800,25000]1,

cursor(10,44) ,write("Mymensingh'),

1in (4800, 14500,17500) , tran(2,14500, 1850407 ,
cursoriiZ.46) write{"Jamalpur"},
linﬁﬂﬁoﬂglﬂﬁﬁﬂ,laﬂﬂﬂ),tran{l,iaﬂﬁﬁslaﬁﬁﬂiﬂ
cursor(l452),write(”Mirpur“},lin(ESﬂﬁ,l?OﬁG,lﬁG),
Ctran {2, 19000,1000) ,

cursor (13,21) ,,write("Comilla” ), 1in {4000, 18000,7800) ,
tran{z,18000,85%00) , 1ine (1BGO0, 11000, 20300,11000,7) 4
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startd:-—

» - .y

cursor (16,21) ;write{"Feni" ), 1in (2004, 22000, 7800) ,
tran(1,22000,83007) .

’

cursor{ls,29) ,write{"Chandpur" ), lin {30600, 20300,11000)5
tran(2, 20000, 11500},

cursor{lsd,5) ,write{"postagoliaj,
1in (3800 ,21800,3000) ,tran (2, 21800, 440407,
1ine{Z21800,6700, 15000 ,6700,7 ),

line (22000, 200, 12800 ,200,7) ,

line (22000, 200, 22000 ,2000,7),
1ine {12500, 200, 12500 ,2300,7),

1ine (12500,2500, 12000, 2500,7 ),

cursor{l8,12)  write{"Madanhat")},1in{6000,24300,4300) ,
tran(2,24500,7400) ,line (24900, D300, 27300, 5300 ,7) 4
line (23500, LOODD , 24900, 10000 ,7 ),

lime (23800, 10000, 23500 ,21000,7 ),

1ine (235800, 21000,285000,21000,7}),

1ine {23800, 10500, 24500, 10200,7) 4

line (23800, 10900 23800, 12200,7),

lime (23800, 12800 , 223800 20500, 71,

lime ( 3800, 200800, 20000,20500,7), -

1ime {25800, 1220, 25000, 12200,7 ),

line {23800, 12800, 28000, 12800,7) ,

cursor(17,3) ,write{ "Kulshi®"},1in {E500,25500,2000},
tran{2,25800,2500),1line {23500,4000,28000,4000,71,
cursor(20,1%) ywrite(Halishahar"),

1in {(4500,27500, 450073,

tran (2, 27500, 50007},

linme{275R00, 9000 ,29300,90045,7 7,

line {29800, 0000 F9500,F200,7 )

line (29500 ,2200, 29000, 9200,7),

cursor{zl,2%) ,write("Sikalbahar”]},
1in(4800,29000,9200) ,tran (3, 29000, 110007,
gentl,S50o00,1140075, '

1in (2500, 29000, 4500) , tran (2, 29000, 3000 ),

gen{®, 30500, R400 ),

Tine (29000, 7000 30000, 70006,7),

1inme {29000, 10000, 24800, 10000,7) ,

Line (29000,95300,258700,.9300,7),
1ine{Z5700,9900, 28700, 10000 ,7 ) 4
cursor{2l,1),,write("Raroanlia”},
1in{2500,28500, 1500) ,tran (2, 28800, 20007

+

cursor{l?, &) ,write{"Chandraghona”},

1in (2500, 25000, 12000) ,tran (2, 202000, 123000 4
cursor(18,5%4) ,write{"Kaptai),lin (2000, 20000, 20000 ,
tran (3, 25000 ,20500) ,gen (3, 260300, 21000) ,

TR

cursor(2?,54) ,write{"Dohazari”),
1in{FRO0, 29200, 200000 ,tran{l ,29300,21000],
line {29700, 205800, 29700, L3500G,7) ,
Tine (29700, 20800, 29200 ,20500,7),
line (29200, 13500,29700,13300,7) ,
Line( 27000, 26000, 21999, 26000,7) ,
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Line (27000, 26000, 27000,31997,7), ,
cursor(22,68) ,write( "GENERATOR" ) ,gen (1, 28000, 27000) ,

A ]

cursor{23,68) ,write( "TRANSFORMER" } , tran{1,29300,263500) , Fa

readchar(_). { w
b,
y ot
gen{d,_,_ l:—'. B
gen(M. X, Y1z~ .
NS NEES s
penpasi{X,Y 0}, ’ﬂ_

oy,

forward(?ﬁ@),right(@ﬁ),forward(/uﬂ)gright(QG),
forward (700) ,right {20}, forward{700) ,
Kl=X Y 1=Y~3050,

penpos{X1,Y1,2),back(300),

KR X, Y=Y+ 1000,

gen (NN, XX, YY) .

tram{d, ,_)i=t.
tran (M, GE,H)

Mirt=M—-1.

penpos (G,H,30},
forward(?ﬂﬂ)nright(lEO]gfnrward(?ﬂﬁ)ﬂright(lzﬁj,fmrward(?ﬁﬂ)u
J=G+400,

penpos{d,H,30),
fnrward(?ﬂﬁ),right(lﬁﬁ},forward(?DG}ﬂrightilﬁﬂ),fDrward(7GO)5
R1=J+700,CL=H,RE=J+1000,CE=H,

line{(R1,C1L R2,0C2,7),

GGE=G+0,

HH=H+ 1000,

tran (MM, 56, HH) .

Tin(l,F,K)s—

penpos{F,K,90),
foarward{l-).

s WESTERN GRID START x/

clauses
westerns-—
write{"do you want to display the western grid?{y/n)" ),
readchar(Reply ),

Reply="y '
star.
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gstars-—-
graphics(4,0,4%,
boundary,
startl,
start,
inter,
thaku,
golp,
bharisal,
faridpur,
hagesr,
Jhen.

houndaryz—

line{l1,1,1,3199%9,%9),
line{l1,1,31999,1,9),
line{31999,1,31959,35199%9,9},
line{l,31999,31999,31999,9),
cursar {289},

write("WELCOME TO WESTERMN GRID"),
trin (2. 28500,27300,0,600),
cursor (F2,70),

write("= Trans"),
blok{1l,29700,27000,0,0,500),
cursor {23,701,

write{"= Gen").

starlis-—

cursor (2,200,

wrrite{"pabna"l,

cursor{Z,637,
wirlte ( "ULLAFARAT ),

Line (4RO, 7000, 4500, 11000,9),
line (4500, 25000, 4500 ,29000,9)
line (4500, 7300, 5000, 7300 ,9),
line (4500, 9000, 6000, 9000, F) ,
line (4500, 10500, 6000, L0830 ,9) ,
line (4500, 28500, 6000, 20000,9),
line (4500, 27000, 4000, 27000,9]),
Tine (4500, 28500, 7000, 28500, 9) 4
Line { &O00, 14500, 6000 , 25500, 9) ,
line (4000, 7500, 6000, 5000,9),
1ing {7000, 2¢ ), TN ER000,9),
line (7000, 28500, 8000, 28500,9 ),
trin (2, 8000, 28500, 0, 10007},
line{9000,28900, 9800, 28500 ,9) .,
arvow{ 10000, 28500 ,70) ,

1ine {900, 27000, 9300, 29800,9),
Tine {500, 27000, 10000 , 27300 ,9 ) ,
trin{2, 3500, 27000,0,600),

line (G000, 27000, 6500, 27000,9) ,
AFrow {00, 27000, 90),

line (@500, 28500, 10000, 28300,7) ,
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inters;—

blak(lyluuua527ﬂﬁuﬂ9GﬂQF10QD),
trin {2, 6000,9000,0,1000),

Line (7000,9000,8000,9000,9]),
arrow {8000, Y000, 707} .

Py RAJSHAHI ¥/
line (&O00, S0O00, 10000, G000,F ),
Lime{ 100, 3500, 10000, 65900,F] ,
Tine (10000, 700, 10000, 2000,7) ,
1ine (L0000, 1300, 11000, 1300,9)
Lrind P, 11000,1300,0,10007),
Lime{ 12000, 1300, 13000, 1300,9) ,
Tine ( L0000, 1300, 8000, 17500,9),
line (10000, 40008000 ,4000,%),
lirne {8000, 1300, 8000, 4000 ,9),
cursor{H,%),
write("Rajshai”},
cursar{7,1&4]),
write{"Ishurdi},
lime { 10000, 4000, 11000, 4000, 9,
lLine (10000, 6000, 11000, 000,93,

form_trin (2,2, 11000,4000,0,2000,1000),

Line{ 12000, 4000 ,28000,4000,9},
line (12000, 6000, 28000, 6000,7) ,
L 2E000,9) .

Line (15000, 3000, 173

J¥interconectori/

line ( 13000, 22000, 14700, 22000
1ine (13000, 22300, 14200, 223 ,
1ine{ 14700, 22000, 14700, 20000 ,9) 4
Line ( 14200, 22300, 14200, 25000,9) ,
cursor{?,30])

write{"lshurdi”),

cursor (1l 60},

write("to eastern gridl.

Line {13000, 500, 13000, 2000,9)
Line ( LEQO0, 700, 14000,700,9)
arrow( 14000, 700,70) ,

line (13000, 2000, 14000, 2000,9) ,
line {13000, 3200, 14000, 2200 ,9) 4

77

line(lbﬂﬂﬂglqﬂﬂUﬁléﬂﬁﬂgl?DOQFQEn

1ine(lﬂﬁDO,EUUUG,leQO,EUUUQFQ),
1ine(l&600,laﬂﬁD,léﬂﬁﬂﬂﬂﬁﬂﬂﬁﬂq)5
1ine (16000213 3;E?GG$,215G059),
line{ 16000, 221 o, BLO00, 22000,9)
1ine(?l@ﬂﬂy21506ﬂ21966,24900,9),
trin(EHEl5QQHEEEGGFO,lGGG)5

1ine(225ﬂ932*56ﬁ52350652350@,9),
1ine(22500,xOGG0F22590nEEEGﬂ;Q)5
trin(zﬂggmomgﬁﬁﬁmeﬂop1&&&),

line (24000, 20500, 24800, 20300,9) ,
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arrow{24500,20500,907),

line (29000, 19000, 25000, 22500,

form _trin(2,2,25500,19000,0,1500,1000),
Tine{ 24500, 19000,28500,19000,9),

arrow( 23500, 23300,90}),

line (26500, 20500 ,26700,20500,9) ,
line (26700, 20000,246700,21500,9),
trig(2,2720Qﬂ2ﬂ?ﬂﬂ,9,1006),

1ine {28200, 20700 ,28500, 20700 ,9) ,
line {28800, 17500, 28500 ,20700,9),
Line {28500, 17300, 29000 ,17500,9) ,
arrow (29000, 17300,90) 4

1ine {28500, 18500, 28700, 18300,9),
1ine (28500, 19200 ,28700, 12800,9] ,
line (28500, 19900, 28700, 1990G,9) 4
blok (3%,28700,18230,90,700, 30073,
line{ 29000, 21200 , 29000, 26000,9) 4

trin(2, 29300 ,22000,0,600) ,
line (29700, P SL000  22000,9,
arrow{ 31000, 22000,90) ,
form_trin(2,2,16500,184900,0,1200,1000) ,
line {17500, 185300, 18000, 18300, 9} ,
line {17500, 19700, 18000, L2700 ,71,
Lire (18000, 18000, 18000, 20000 ,9) ,
Lrin (2, 18500, 19000, 0, 10007,

line (19500, 19000, 20200, 19000, 9,
line (20200, 18000, 20200, 20000 ,9) ,
line {20200, 18000, 21000, 18000,9),
arvrow (R21000,18000,90) ,

1ine (20200, 18700,20700,18700,9)
line (20200, 20000, 20700, 20G000,%),
blok({2,20700,18200,90, 13500,1000),
blok{1,14000,1500,22,0,1000}),
trin (2, 14000, 3200 0, 1000) ,

line {17000, 500, 17000, 12000,9)
1ine (17000, 73, 18000 ,700,9)

1ine {17000 ,2700,18000,2700,9),
1ine (17000,4700,18000,4700,9),
1ine (17000, 10000, 18000, 10000,9) ,
form_trin (3,2, 18000,700,0,2000,1000),
trin(ﬁnlﬂﬂﬁﬂnlGOﬁﬂ,G,lQOD}3

1ine{ 19000, 700, 20000 ,700,9),
line{19000,2700,19500,2700,9),
line (19000 ,4700,19500,4700,92) ,
line (190030, 10000, 12500, L0000,9) ,
hlok (%, 12800,200,90,2000,1000) ,
line(19500,9000, 195800, 11000,9) ,
line (19500, 10800, 20800, 10500,7) ,
trin (2, 20300, 10300,0,1000),

line (21300, 10500, 22000, 10300 ,9) 4
line (22000, 10000, 22000, 110040,9) ,
1ipe {22000, 10800, 22500, 10000,9) ,
arrow (22500, 10500, 90])
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lime {21000 ,25900,21 QOO AR, Z)a
line (21000, 3000, 21500, 3000,9) ,
trin (@, 21500, 2000 ,0,1000) ,
cursor (12,16},

write{ "BEheramara®).
thakus—

cursor{l14,70},
write{"Thakurgaon®j,
cursor(12,40),
write{"Bogra™),
cursor (17,42},

write ("Rangpur™),

cursor (19,892,
write{"Falashari"j,
cursor{19,95},

write('Saidpur"),

1ine (20000, 26000, 20000, 29000,9),
line{ 20000, 26000, 29000, 26000,9)
brin (2,20400,27500, 0,600,

1ine (21000, 275300, 217300,27500,9),
line (21300, 26300 ,21300,28000,9) , .
Lrin (2, 21700,27300,0,60M]),

line{ 28300, 27900, 22700, 275300,9) ,
line(22700,26500,22700,28500,9),
line (F2700, 265013, 24000, 26500,9) ,
arrow! 24000, 26500 ,907,

1ine{(Z2700 , 27500, 22200 , 27300 ,9)
blak{l,23200,272590,90,0,000) .

golp:-

cursor(Z2l,1),
write("Goalparal,

line {28000, 2500, 28000 , 10000 .9 ),
form_trin(6,2,28400,4000,0,1000,3033) ,
line(2B%900,4000, 28200, 4000,9) ,
1ine (28900, D000 , 29200, 5000,9),
1ine (REP00, 6000 ,29200,6000,9),
line (23900, 7000, 29500, 7000,9),
line(28%00,8000,29000,8000,.9),
line {28900, FC BOBO0, 000,93,
blok(2,79900,6730,90, 10060,500),

lime {0900, 8500, A03800 , 13006, 9
¥ ] L T q

lire ( Z05G0, 8800, 31000 ,8800,7),

line (30500 ,9800 ,31000,9800,9),
blok{2,31000,8200,70,1000,000),

lime (29200, 3500 ,29200,6300,9),
form_trin{3,2,29500,4000,0,1000,400),

1ine {30000, 4000, 30300, 4000,97) ,

line{ SO000 , 9000 , 30300, 5000, F
a a a a a

lipe (30000, 6000, 30700, 6000 ,9)
hlok{2,X B, AFQ0, Q0 , 1000, 600 )
line (30700, 53500,30700,6800,9),
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1ine(®O700, 68000 ,31000,6000,9),
line (30700, 6500, 31500,6000,9]),
arrowi Z1500,6D00,70),
blok(1,31000,53750,90,0,500]).

barisal:—

cursar (14,327,

write("Rarisal"),

Line {20000, 12000 ,20000,17000,9),
form_trin(3,2,20500, 13000 ,0, 1000, 400)
1ine (21000, 13000, 21500, 13000,2),
line {21000, 14000 ,21500, 14000,9),
line (21000 ,15  ZLE00, 15000,9) ,
1ine {21500, 12900, 21500, 16000,9),
1ine (21500, L3000, 21800, 13000, 9) 4
blok{l,21800,12750,90,0,500},
trin (2, 22000, 15500,0,600) ,

line (22500, 1550022800, 153500,9),
1ine {22800 ,14000,22800,16000,%),
line (22800, 14500, 23200, 14500,9) ,
1ine{Z2800, 12800, 234600 , 13000 ,F ),
arrow{ 23600, 15500, 90},
blok(1,23700,14250,90,0,500) .,

faridpuyr -

1ine (17000, 7000, 20000, 7000, 97,
line (20000, 6500, G000, 800:0,9) ,
line {20000, 4800, 24000 ,6800,9) 4
trin {2, 20800, 7500,0,4600),

line (24000, 8500, 24005, 800G0,9),
trin {2, 24500, 70600,0,5600),

ling (25000, 7000, 2R500, 7000, 9) ,
arrow{ 25500, 7000,90)

line (24000, 7500, 28500, 7500,9) , .
line (25500, 75300, 25500, 12¢ T
1ine(2550951EQGG,EO$QQKIEUDO,9),

cursor{18,20),
write{"Madaripur").

bager:—

cursor{20,332),

wirite( "Ragerhat"},

line (27000, OO0, DTFOO0,12 GO0 ,9),
1ine{R7000, 9300, 26700, 980 ,9 ),
line{2&700, 9500, 26700,8000,9) 4
1ine (26700 ,8500,28000,8500,%2),
1ine{ 27000, 11500, 29000, 11300,9),
trin(2, 275900, 12000 ,0,600},

line (28000, 12000,28800,12000,9) ,
arrowi 28800, 12000, 94},

line {29000 ,1 10400, 2RO00, 12000,9),
trin(2,29500,11500,0,600),

1ine {30000, 11500, 205800, 11500,9
x " ] 1 ]
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arrow{ 50800, 11500,90),

line (27000, 12200,20000, 12200,9) .

jhen:—
1 ine (23000 . 40 a 2EOO0 5 200, 9} "

form trin(2,2,23500 ,2800,0, 1000,600) ,

1ine (24000 2500, 24500, 2500,7 ) 4
line {24000 ,3%5500, 247300, 3500,9) ,

readchar(__J.

trini{N,R,C,A,L},

CC=C+5,

MNo=Nc~1, :
form_trin(NNc N,R,CC,A,H,L].

ErindO, s aw )i

trimiN,R,C, A L)Y+

penpos{R.C.A),
left{30), forward{L),
right {120}, forward(l),
right{120), forward{i),
MRN=M-1

RR=R-L/7%2,
trin(NN,RR,C,A,LY.

blok {0, s s n_a_di=!a

blok{N,R,C,AS,L}zs~

penpos{R,C,A),
farward{L),right(?0),
forwardi(L},right (20},
farward{L).,right (20},
Forward(l},

MN=N-1 ,

Ce=C+5,

blok (NM,F,CL.A.8,L).

arrow{R,C,A) s

penpos (R, C.A),
left (b)), forward{300),
penpos(R.C.A),
left(l20) , farward (3007},

gols-—
: write ("\r which type of problem?"i.nl,

readln (Fj,nl,

write {"which category?"j.nl,
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readint {(Cl,nl,
problem {F,C}.

prablem {("gen',0Ll}s—

write {("Evaluate the max. demand of nation grid."}.nl,
readint (Di.nl, :
write ("Note down the total system generation after faults."j.nl

readint {(G}.,nl,
assertai{gen_dem(G,D) ).
check Captai(BG,D}.

problem{"gen",O0l)s~-nl,nl,

write(” ACTION: LOAD SHEDDINGHP™).nl,
field_attr {(148,1,24,135}, '
gen_dem {6.D},

H=D-G,
write (
Te=H%0 .4,

write ("load shead first IGHURDI=",I,""MWd"},nl,
k=H%Eo. 2, :

write ("load shead second KHULMA=",K,"MW"),nl,
C=HEO. 2,

write {"load shead third CHITTAGONG=",C,"MW"),.nl,
T=H¥O. 1,

write ("load shead lastly TONGI=",T,"MW"),nl,
clear_datas.

1E /=

gmount of load shead =",H ).nl,

problem {"st",Q2)i—

write ("WHICH BREAKER IS FAULTY?"),nl,
readint (Bi.nl,

write {("WHAT IS THE TOTAL SUUFFLY AFTER FAULTS"j).nl,
readinti%),

write {("WHAT 15 THE FRESENT DEMANDY"}.nl,
readint (D},

breaker (B,L.AC).

parallel {L,M_-J.

rating (FL.R1,

asserta (supp_dem(S,D.AC) ),

check _rating {(5.D,R.AC), .

X

problem{st,.02) i

write ("SYSTEM GUES LOAD SHEAD").nl,
field attr (16,0,25,1332,
supp_dem{S,D,AL),

=5, :
write ("AMOUNT OF LOAD SHEAD=",H,"MW"),nl,
. graph. )

problem (mt, 031 &

write {("which line geoes to be maintenance"),nl,
readint {L.},nl,
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assertz (xline(l.}},

write ("what is the max. regional demand”),nl,

Feadint (D),nl,

write ("can power supplied through alt.line (y/n)7"},nl,
raadochar (Replyl).nl,

Reply =y’ .,

write {"put the rating of alt.line "),nl,

readint (H),nl,

asserta {(dem_rat (D,R)).

powker _ feed {_J.

problem(t,4) -
makewindow(1,2%,7,"Telemeter Board",2,5,10,60),
write(" This is expert system Telemeter Faults"l.nl,nl,
write{ " The expert system will ask about faults."),nl,
write("In response vou prasz key 'y’ or ‘M W"Iynlynl,nd,
write(" FILLEASE FRESS THE SFACE BAR.") .
gound (5, 3000)
readchar(__) .
ramovewindow,
Clearwindow,
problemi{Faults),!,nl,nl.,nl,nl.ni.nl,
write{"kxkix THE PROBABLE FAULTS IS k%% ", Faults),.nl,
clear_fact,
sound (10, 2007} .

g FROGRAM FOR TELIMETER BOARD FROBLEM ¥/

problem({t,04) 1~

gound (1,600 ) ,nl,nl,nl,nl,nl,

write("¥%% SORKRY . NO ENOWN FROBLEM ®kxk*").,nl,
cClear_ tTact,

spund {10, &0 .

positive( _,Indication}:—
wpositive{lndicationi,!.

positive(fuery,Indication):—
rot{xnegative{Indication}),
ask{fuery,Indication,Reply},
Reply="y’.

ask (Query, Indication, Reply) -
write (Hhuery ),
readechar{Reply},
write{Replyl,nl,

remember ( Indication,Reply).

remember (Indication, "y }i=



avmertal(upositive{indication)}.

remember{Indication, 'n"}s-
asserta(xnegative(indication}}.

clear_ fact i-
retracti{xpositive{_}).Tail.

clear_fact &=
retract({xnegative(_ ), fail.
clear_fact.

indication{faulty_display):-—
beep.
positive("Faulty display TR (y/n) o faulty _displayd.

indication{weak_hlinking_cdisplay):-
beep.,
positive{"Weak_blink _displayTE P yweak _blinking _disply).

indication(dark_line_display):-
beep,
positive{"Dark_line__ of Th (y/n) "M.dark_line display}.

indication{partial or_total darkness) -
beep,
positivei{"Far/totally dark TR M ypartial_total darkness).

indication{beep_sound)}:—
beep.
positive("Beep sound of TE (y/n) M beep_sound) .

indication{no _meter_readingji-
beep,
pozitive ("Moo meter reading TR (vy/n) ?v o no_meter reading) .

indication{voltmeter_no_reading):—
beep,
positive("No voltmeter TE {(y/n)?",voltmeter_no_reading).

indication(varmeter_no_reading}:-
beep,
positive{"No varmeter TE (y/n) 20 varmeter_no_readimg) .

indication{freguencymeter no_readingl:—
beep,
positive(" No fregmeterTh {(y/n)?",frequencymeter_no readimg).

indication{faulty reading}:~
beep,
positive ("False meter TR (y/n) M, faulty _readingl.

indication{totally darkness):-

beep,
positive("Totally dark of THB {(y/n) Tt,totally darkness).
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indication{displaying_faults}:i-
beep, .
positive{"No display in TB (y/n}) 7",dispilaying_Ttaults}.

indication{instrument_fault):s-
beep,
positive("Nao reading of meters TE {(y/n)?",;instrument_fault).

indication{fuse_aff}:-
heep, '
positive(“Fuse of TH OFF {(y/nj) ?",fuse_off).

problemli{carrier_signal_wWweak)i~

indigation{faulty_displayvi},
indication(weakwblinking_display)5
indication{dark_line_displavy}.

probleml (display_circuit faults)i-

indication{partial_or_total darkness),
indication({beep_sound),
indication(no_meter_reading}.

probleml{instrument_faults):—

indicationi{voltmeter_no_reading),
indication{varmeter_no_reading),
indication{fregquencymeter_ no_reading).,
indication{faulty readingl}.

probleml (power supply faults):-
indication{totally_darkness),
indication{displaying_faultsj,

indication({instrument_fault).

probleml (fuse_ faults)as~
indication{fuse_off).

check Captai{G,D):-
wirlte {”is water level above the rule curve?").nl,
readchar (Reply),
Reply ="y,
add_hydro {G;D.MN),!.

check _Captai{__,_Ji~

gen_dem{G,D},
naext_generator{G,D,MN).

new_gen_dem(G,D)=-

retract(gen_dem{__,__

1)
asserta{gen_dem{G,D})

t
# oo o
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add_hydro {(G,D,_)s-

G, !

add_hydro(G,D,N}s:—

next _generator

next _generator (G,D,M):

hydro_generator
MM=N+1 ,

GG=G+1Z,

write ("

(N X, Y Zha'y

n ] ] 1
5):9 !‘Y!‘

new_gen_dem{3,D),

add_hydro (G540

G0, ! .

SN

(G, D Nz~

agenerator (N, X.¥Y.Z).!,

NiN= pN+1,
write ("
Gl=G+2Z,

II,IXFII !]"Y!l!

new_qgen_dem(Gl,0).

next generator

clear_datas:—
retract {(gen_dem (_,_}},.fail.

/K

graph:-

clear _datas.

hydro_generator
hydro_generator
hydro_generatar
hydro_generator
hydro_generator

generatar {1,"A
generator (Z,"A
generator {3,"A
generator (4,"A
generator {(S,"#
generator (6,"A
generator (7,"A
generator (8,"0
generator {Z,"G

(G1,D,NNY .

"al)anl,

S B o Y

(12,"C hdro—-1","Captai®, 40},
(1%, "C hydro-2","Captai®,40).
{(14,"C hydro-3",."Captai® ,20).
(15,"C hydro—4","captai®, b0j.
{14,"C hydro—-5","Captai”,507).

steam-1", "“Ashugong", &4).
steam-2", "Ashugong",&69 ).
steam—3", "Ashugong”, 1340 .
stem—-4*, "Ashugong®,13%0).
stem--3", "Ashugong®,150).
gas=-1", "Ashugong®,30).

gas—-2", "Ashugong',30).

steam—1", "Ghorashal" ,55).
steam—2","Ghorashal” ,63].

generator (10,"6 steam—3","BHorashal”,219).

generator (11,7

GRAFHICS FOR GENERATION FAULT X/

G steam—4" ,"Ghorashal" 220}

graphics {2,0,58),

pencolour (33,
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drawl:—

pendown .

drawl

a

drrawi,

drawk
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wirite ("EHULNA SUB-STATION"),
cursor (2,38),

write (Mo e By
Tine {3000, 3000, 3000, 12000,7)
line {3000, 25000 ,5000,3 "7
line (&C L ROUD, OO0, 7000, 7Y,
line {bDDD,l?GGO;&QGGFT§OGG,7
line (BOO0,7000,8000,7300,7 ),
line {8000, 7500,7500,8000,7),
linme (8000 ,8000,8000,9000,7),
line {77580,92000,8250,9000,7),
line {(7850,9230,8150,9250,7),
line {(7950,92500,8050,9%033,7),
Jine {8000, 12000, 8000,12000,7
line {80HY, 12300, 7500, 1E000,7
line (8000,13000,8000,14000,7
line (7750,14000,8250,14000,7
line (7850,14250,8150,14280,7
line (7950,14500,8050,143%00,7
line {(8OG0, 19000,8000,19500,7
line (8OO0, 19500, 7500, 20000, 7
line (8000,20000,8000,21000,7
line (7780,21000,8250,21000,7
line (7850,21250,8150,21250,7
line (7950,21900,8000,21500,7
line (8B000,25000,8000,20000,7
line (8OO0 ,28500, 7300 ,26000,7
line (8000, 260 g0, BOOD , 2700 0.7
lire (7750,27000,8250,270400,7
line {7850,272590,8150,27250,7
line {(7950,327500,B050,27500,7
line (&000, 7000, 11500,7000,7)
line (3000, 12000, 11500 ,12000,7]),
line (&000, 19000, 11500, 19000,
line (3000,20000,11500,20000
Lime (109500, 7000, 10300, 10000,7),
lirme (10500, 12000, 10500, 13000
line (105800, 19000, 10500, 22000
line {10%5040,29000, 10500, 28000
line (190500, 10000, 11500, 10000
line {1Z2300,1 MG, 1 {000, 10000
line (139000,1 D000, 1 AL00, 100 ($18)
line 5 & 198040, 10000
line (Z22500,100 gE4QOD,lﬁGQQ
line (RBO00, 10000, 26000, 10000
line {(27000,100 iy 4 2000, 1 OO
line ] y

(28000, 10000 , 28000, 7000,7 ),

lel
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¢ o

line (2

AL BT g, L

B0, 28000 “5Dﬁﬁ,2509£

Yo 70

)
line {26000 n SA0C0 ETO00, 25500 x 7)a

line {27000, 22000,29000,

line (28000 ,25000, 28!

PEOGO, 7).,
0, ZBO00, T,

line (28000 ,28000,22300,28000,7),
line {21500,28000, 22300 ,28500,7) ,
line (21500,28000,12800,28000,7),
line (12500,728000,11500,28500,7)
line {11800,28000, 10500 ,28000,7),

torm_block (2,14000,F500, 1
form hlock (2,14000,18300,1000,1000,46000),
form block (&,24G00,95300,1000,1000,

form_block (2,24000,20500,1000,1C

cursor (9,23,
write{"Goalpara),
cursor{&,72),

write{'"Noapara'l),
cursor (1,77,
Wr-ite (12135,
cursor {3,73,
write ("1214"}),
cursor (1,71},
wirite ("1210"}),
cursorti,71),
write{"1212"},
cursor (9,123,
write ("1045"},
cursaor(17,12),
write ("4048"),
cursor (7.18),
wirite ("105G"),
cursor (9,500,
write ("L1O38"), .
cursor {11,193},
write {("102B"),
cursaor (13,20},
write ("1018"},
cursor (17,30},
write ("4015"),
cursar (19,19},
write ("402B"1,
cursar (20,20},
write {"4038"),
cursor {731},
write {(U"R056EM),
cursor (F,31).
write ("2045"),
cursor (17,31},
write ("41458"),
cursor (F.3%1,
write (“ZOES"),
cursor (11,40},
write {("ZOZ2E"),
cursor (13,39},
write ("20O15"),
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cursor (17 ,39).
write ("4115"},
curgor (19,400,
write ("41287),
cursor (20,39},
wr-ite ("4138").

drawis-—

cursar (17,47).
write {("9038"},
cursor (17,547,
write ("9018"),
curasor (19,333,
wirite ("O2E"),
cursor {15,387,
wirite ("FO5E").
cursor (15,4%),
write {("F045"7,
cursar (7,487,

wirite (M115G%),
cursar (7,4%) .

wirite ("1138"),
cursor (11,50},
write ("112B"),
cursor (135,490,
write {("1115"),
cursor (9,97),

write ("1145"}),
cursor {7,651,

write ("2156G").
cursor (9,643,

write ("2135"),
cursor (11,659},
wrrite {"Z12B" ),
cursar (13,564},
write ("2L118"1,.
cursar {(9,.73),

write ("Z2145"1,
cursor {17,564},
write ("4215"),
curgor {1%,65),
write ("422B"}),
cursor (20,647,
write ("4235"1},
cursar (17,72),
wirite ("42458"),

form_block{2,20330, 6830, 200 0, AO00 ],
form_hlack (2,28 0, L7E80, 300, 500, 400070,
farmmhluck(l,ﬁﬂaﬁﬁ,27850 g, DO
fmrmwblock(35183565985G31 EQQ D000,
form_block{2,183%50, 18850,5 § RO0  2000),
farmmblockil,1835@,24656,3ﬂﬂﬂﬂﬂﬂy40}y
form_block (1,50,30,31940,31900,100),

pEnpoOs {29000, 10000, 1),
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triangle,

penpos {(@FE00,10000,1),
triangle,

curasor (23,271,

write ("4GLT"),

penpos (29000, 13000,1),

triangle,

penpos (29500, 18000,1),
triangie,

cursor {2%,40),

write ("4137T"}),

penpos (29000, 28000, 171,
triangle, .
penpos (29500,28000, 1),
triangle,

cursor (235,5609),

write {(UM42577).

cursor {24,321},

write ("48/564 MVATY,
cursor (24,34},

write ("48/&64 MVA"],
cursor (24,09).

write ("4B/&64 MVA"),
readchar (__}.

triangles-—

right (A0},
forward (1000},
left{1di},
farward {1000},
left (120},
forward {1000 .

farm_block (O, 4 s _x. )57 -

form_block (M,S,EHL,M)i—

blockl (S,E.H.L),

88=9,

EE=E+M,

NN=N- 1,

farm_block (NN,BS,EEL.H.M).

blockl (S.E,H.LY:~
penpos (S,E.0),
forward(H}),
left (F0}),
forward (L)
left (99),
farward(H} .
left (F0),
forward{l.) .
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. FROGRAM FOR STATION(BREAKER) FAULTS k7

check_rating (5.D,R,AC):—
write {"CAN POWER FEED BY ALT.LINE (y/n)").nl,
readochar{Reply).
Feply="y’,
supp_dem{5,0,A0),
S+R=%1,
S1xDg 1,
write("GRID SYSTEM O0.K.NO LOADSHEAD").nl.
field attr (156,0,28,1348),
graph.

check_rating(8,0,R,AC)

5uppwdem(S,D5ﬁC}n
check _generatar(5,D,AC).

new_supp_dem (8,D,AC):~

retract (supp_dem(_ . _s_ )1
asserta (supp _dem{S,D,ACI). .

check _generator(8,D0,AC) &~

write{"CaN FOWER FEED BY NEARER STATIONS (y/n)"1.nl,
readchar (Replv),

Reply ="y’ .,

new_supp, dem{5,D.AC),

start_generator(N,5,D,AC).

start _generator{N,S,D,AC):~
S*D, .
start _generator{N,5,0,AC) -

r-E_-t;}ir_maln__(;]reruer'a—?ct(:sr(N:.,‘)r(_.,M,.f’é(l),I

NN=h+1,

SE=5+M,

write ("BRING GENERATOR " X, "IN LINE" J.nla!.
new supp_dem(5,0,AC) .,

start _generator {(NN,S5,D,AC),

graph. -

graphsa-

Wwrite (¢ Do vou want to see graph {y/n)"l.nl,
readchar (Replyi,

Reply="y .,

wirite ("the graph code."),nl,

readint (A},

gr{A).

[
o
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breaker (203,1242,1).
breaker (115,1320,2).

parallel {1320, 13221 .
parallel (12 42,1245 .

rating (1242,%9
rating (1243, }
rating (1320,6).
rating \1¢h1_7)

regional_generator (1,"56-1",2,1).
regional _generator (2,862, 1,1}
regional_generator {(Z,"RGE-1",2,1).
regional _generator (4, R T ) I
regional_generator (8, “PY—j“,iqh)
regional_generator {4, ney-Et 4,27 .

£ ¥ FEROGRAM FOR MATNTENANCE FAULTS x/

power _feed { _Jae

write {("can power feed station/sub station {y/n)?"},nl,
readchar (Reply),.nl,

Reply ="y .

check operation (D,R).

chect operation (DR~

dem_rat (D,R},

wline (L)Y,

power_ line (L. Fl. F,8T.M 1,

RR=R+,

RR¥D, Py

Wwrite {("GBEID SYSTEM O.K. NO LOAD SHEAD."¥snly
tield attr (1&,0,30,13535),
disconnect_operation(S,L).

araphs.

check _operation (D.R):—

dem_rat{D.R),

wline (L).

power_line {LyFL,R,ET,M),

RR=F-HE

E=D—-Ri, .
write ("SYBTEM GOES REGIONAL LOADSHED" ) .nl,
tield attr(16,0,30,130),

write ('amMouNT OF LOADSHED = " ,E "MW"1,nl,
t:li~'_—',(:t::r1rvr£-¢:t_;:m|:sE.'ri:*Ul:i(:m(S,.L),!I

graph.

disconnect_operation (S,L)s- -



a6 from

25 from

D&6Gfram

operation {5.L).
write ( S.,L ) ni,
clear_facts.

clear factsi—

retract (dem_rat{_._}),fail.
clear_ facts:-

retract {xline{_J3,Tail.
clear_facts. :

graphss=~

wirite ("Do vuo want to see graph (y/ni"i.nl,

readchar {Replyl. :

Reply="y’ ',

write {("The graph code."},.nl,

readint (A,

gr{Al. .

power_line (1353,15592,2,"captai 2",40).

power_line (641, 1073,2, "saidpur _gas",z20).

power__line (1278,1234,4%, "hogra_gas"” ,30) .

operation {"discomnect 1173B,1145,110G from HORIFUR &102B,1015,10
HATHAZART " 1353 .

operation ("disconnect 133E,1345,1336 from IGHURDI &1i0ZE,1035, 140
FABNAY 46611},

operation ("disconnect ZADE,2168,2046 from ULLAFARA &ED20A4R, Z0OB5,2
BOGRA" ,1278) .

F K GRAFHIS FROGRAM FOR MAINTEMANCE FAULTS K/

gy (&661):—
graphics (4,0,2}),
pencolour (L},
pendown,
form_block (1,1000,1000,12000,6300,100),

cursor {(1G,4),
wrrite ("PABNA"),
farm_block (2,3500 W, D00, BOG, 2000) ,
form_ologhk - (22,8000, 3000, 300, 500, 2000) 4
line (6000, 1200,6000,6000,7),

Line {3000, 3250, 77 P B250,73,

line (4000,05250,4500,5250,7),

line (4500, 592%0, 3000, 3500,71,

line {(7000,3200,23000,53280,71},
line (B000,5250,7500,5250,7),
Line (7500, 5280, 7000, 5500,7)
line {8500,5250,9500,5250,7),

Cline (9%00,5250,10000,9500,7)
lime (10000,5250,20000,8280,7),
line {12000,3250,12000,5750,7),
line (12000,5750, 12500, 6000,
line {1Z000,6000,12000,6500,7),
line {11500,5500,12800,6500,7),
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line {(11750,67:0,1

line {Z0000,3200,2

b

cutrsar (14,207,
write ("4 & 1"1,
field attr (24,9,4
cursor (b,14},
write ("I0ZE"}.
cursor (8,14),
wrilte ("1038"),
form_block (1,1730
form _block (3,2300

PRI NLE

form block (F,26500,16000,500,5800,3500)

cursaor (23,431,

("ISHURDI &
{24000 ,14300,
{23000, 14500,

write
line
line
linme (20000, 14000,
lime (20000 ,14200,
line {Q3000,1623%0,
line {(2Z500,186200,
lipe (205400, 16200,
lime (20500,1868725,
Line (Z20H00,17250,
line (21000,17750,
line (Z0750,18000,
line (Z0O525,18200,
line {23500,18200,
line (237320, 13500,
line (237950,13500,
line (23730 ,17000,
line (24400, 17000,
line (24400,15300,
line (2&69500,156250,
line {26000, 15500,
line (26000,15300,
line {2&6000,17000,
line (27000,16250,
line {(&27300,14200,
line (27850,146290,
line (28500,16230,
line (2852040,16730,
line {28900 ,17200,
line (28000,17750,
line (28250, 18000,
line (28400,18850,
cursor (18,43},
write (M1ZEIBR"},
cursor (14,43},
wirite (M"1Z0OGY),
readchar {(_).

form_block

form_block

‘:C)ﬂmﬂ _....!‘_...."_.."...,..) "

(N, S E,H, L M}z

RPO0,6TR23,7 ).
QGO0 , 14000,7),

L1729,

0,14000, 12000,

LAV I
AT, 2H000, T )

- L
ZROO0 23000,7),
20000, L6250,7 ),

21500, 16250,7 ),
RRG00, 1&250,7),
2RO00, 16500,7)
ROSO0, 16729,7) 4

FO000, 17000,7),
ROB0O0,1T7T7R0,7),
20000 ,17730,7),

PORBO, 18000 ,7 ),
ROAQO,18230,7 )
BEVIN,L6280,7),
BI7H0,17000,7),
24000, 15500,7,
24000, 17000,7) ,
2EA00, 17000,7 ),
ARAO0, LEHGD, 7 ),

REOOO,16250,71,
ZEOA00, L7000, 7) ,
RAHFR5,15500,7),
2R7IH,1T0O00,7 ),
27O0O0,16250,7),
RITRO,L1E200,7),
PYEOD,16290,7 7,
28500 ,186750,7) .,
DRZE0, 1T000,7),
PESMYITTBR0,T ),
2RO, LTV TE0, 7Y,
FETE0, 18000, 7)),
PROO0, 18256, 7],
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biockl

/K

blockl (S,E.Hl.),

S55=5,

EE=E+M,

NR=N-1,

form_block (NN,SS,EE,L,H,.M).

{(G.E.H, L)z~
penpos {(S5,E,90),
farwardi{H).
left (90},
Tarward (L},
left (70},
forward{(H},
left (90},
forward{L}.

GRAFHICS FOR MAINTAINENCE %/

predicates

goal

clauses
gol s~

maha_blcck(integer,ihteger,integergintegerginteger)
blockl(integer,integer,integer)
make_tranglel(integer,integer,integer,integer,integer)
mahe_trangleﬁ(integer,integeryintegergintegerginteger)
grl

goz

o3

gol,
o,
gal.

graphics{4,0,3}),
pencalour (13,
pendawn
mahe_blmck(lFEDG,EQD,léﬂﬂﬂglGGGO,SDDQ),
line (800, 7000,800,11000,7),

1ine (800, 11000, 11000, 11000G,7) ,

line (B0, 7000, 2200, 7000,7)

line (1700, 7000,1700,7700,7) 4

1ine { L7000, 7700, 1500,8200,7),

1ine (1700 ,8200,1700,8900,7) ,

line( 1400, 8F00, 2000 ,8900,7)

1ine (1600,9100,1800,9100,7) 4

1ine {3100, 7000, 2200 ,7400,7)

1ine (A100, 7000,4200,7000,7) ,

"

makemhlock(1,420@,&&505?DO,7GG950&),
cursor (2,20} ,write("1045" ),
cursar{S,20) write (" 1LO3B" ),

line (4900, 7000,6800,7000,7),

line (5500, 9000, 3500, 300, 7)),

line {5500, 3800, 6100, 0300,7) 4
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god

line(&700,5
line(&700, 0
1ine{7900,5
line{B8500,5
line (10100,
line{Qud0, 0
lime {10100,
line (10700,
line{ 11300,
line {13800,
line{12800,

1ine{10700,7

lime{ 19600,
line{ 13600,
lime (18400,

line{ 13300,

500,6100,51
BO0, 7I00, D0
S0), 85010, 01
D00, 9300, 55
RO, PR, 5
0, FO00, 25
8GO0, 11300,
5500, 10700,
a1, 118040,
BEO0, 11800,

7

P

-

ehoon Ot

8OO0, 12800, 3

1, 15100,
7000, 153600,
A700, 15000,
4100, 15600,
400, 13900,

O, 7Y,
00,7,
00,7,
00,7 ),
UL, T,
00,7,
SEO0,7).
FOO0, 71,
GRO0,7 ),

FOO0 7,
4700,7)
4100,7),
BA00,7 ),
EAO0 7Y,

Lime( L5100, 5100, 19700, 3100,7) ,

make block(l,l13100,665C

line { 13800,

Time (14400,

7000, L3000,

SLUPIS
A0, 7Y

line ( 185000, 7000, 16900, 7000, 7)),
line (5500, 4500 ,4800,45300,7 ),

make block(1l,4100,41580,700,700,6007

1ine(4100,4500,5100,4%500,7) ,

make_trangl
Tine{l700 .4

1ine {5500,
line (6700, 2
line (67002
line {7300, 2
line{dh0x, 4
linme(7300,5
line{B300,2
lime( 100040,

line ( 1000,

make hlock({
line{11200,
line{l117a0,
line {12100,
line (D300 ,5

~
2.

B[00, 1000, 45

SO0, 6100, 25

500,6100,21
SO0, 7P00, 230
SO, TEO0, 45
B0, 7RO .45
S0, TAO0, O
SO0, PH00,25
2E00,9500,2
2500, 10500,

1, 10OS00, 2200, 700,700

AHO0, 11700,
2R00,12100,
2RO0, 12750,

00, LE7 50,50

00 a y

00,
00,
Q0,7

00,7 .
OO0 ,7 7,
00,7 ),

Q0,77 ,
100, 7).
200,77,

2RO, 7},
2150,7)
2500,7) ,
0,77 .

line (7300, 7000, 3500, 7000, 7 ),

line{il: .
line{ L1000,
1linei 15030,
line (16000,
line {16000,
lime {14700,
1line (149040,
cursor{ll,é

11000, 11000

W 27000, 7)

27000, 16500, 27000,7)

FTOO0, L&D,
27700, 13600,
TEEOG, 16000,
TROO0, 1600,
2PE00,16100,

B).write("12

RETO0,7)
BBE00,7)
2F000,7)
ARG, 7))
2PEMILT)
8G") .

cursor(1%,68) ,write("1278" ),
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Time (17100, 27000, LASO0, 26600,7 ),
1ine (17100, 27000, 183030, 27000,7),
Tine {17100, 23200, 18 4 2 BR00,7T) .,

Line (18900 ,27000, 187500 ,26600,7),

line{ 18900, 23200, 18300, 22800,7),
line(18%00,27000,19500,27000,7)

line (18900, 23200, 19500, 23200 ,7)
cursor{lid4,s»8) ,write("1268"),
cursar(14,92) write{"3265"2,

make block{i,19500,26680,700,700,700),
make block(l,19500,228580,700,700,700),
line {20200, 27000 , 2GR00, 2TO00G.7) .

1ine {20500, 23200, 20800, 23200,7) ,

line {20800, 27000 ,21400,256600,7),

Line (20800, 23200, 21400, 22800G,7) .,
cursor{lb,68) ,write{"1248"),
cursor({l6,52),write{"5248"),

1ine (21400 ,27000,228600,27000,7) ,
line{21400,2 W 22E0D, BIZ00,T7 ),

line{ 22600, 27000, 28200 ,26600,7),

line (22600, 2E200, 23200, 22800,7) ,

cursor{l7, 48 write("122M"},
cursori{l7,92) write{"322M"),

- -

Line (23200,27000, 25800 ,27000,7)
line{2H200, 23200, 2A800, 23200,7) 4
line {23800, 30000, 23800, 21000, 7)
cursor (19,69 ,write{ "1E20B" ),
cursor{if&,52) ,,werite{"225B" ),
Jime (17900, 27000, 17900 ,29400,
line{ 1700, 23200, 17900, 242200,
1ime (17900, 29400, 19100, 29400,
1ine (17900 ,24200,19100, 242040,
line{21750, 27000, 21750 ,29400,
Lime (Pl 700, 23200, 21750, 24200,
1ime(19100,29400, 19700, 29800,
1ine{19100,24200,17750, 245600,
cursor {19, 75) ,write{"1235"),
cursor(15,562) ,write{"525%5"),
1ine (19700, 29400 ,22600 29400 ,71,
line (19700 ,24200 ,22600,24200,7),
line{R7a00, 29400, 23200, 29800,7 1),
line (22600, 24200 ,23200,24600,7} ,
cursor (17 ,79) ,write{ 121" ),
cursari{l7,62) write("321M"),
Tine { 2A200, PF400 , 24500, 29400 ,7) 4
line{ 23200, 24200,24500,24200,7),
line (24800, Z0000, 248900, 21000 ,7 ) .

R R RN R B e
TR N N

goie-—

makentranglﬁi(Eﬁlﬁﬁﬁﬂ,ﬁﬁ?ﬁﬂﬂ1G095100054GO)g
line (15500, 23200, L5000, 25200,7 ) ,

make tranglel(l,l4000,22700, 1000, 1000,1000) ,
cursor{id, 611 write("CC~1"),
cursor{lil, ol write{"{G.T1"),
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cursor{l2, 1) ,write{"R2VT"),

make_blmck(l,llﬁﬂﬂ,iﬂﬁﬂﬂn14GGG;13100,EQQ},
cursnr(?,99) .write ("ASHUGONG" ),
cursor{b,18) write{("1028"]),
curstr{(7,19) ,write(*1125"),
cursor{d,l),,write{"KISHORGANI" ),
cursnr(?,92) ,write{"1118"),
rurbor(lunTu) write{"113E" ),

[ WY mr(ll,hu)_wrlte(”ll4k“},
cursor(1l,12) ,write("1158"),
cursor{2,.,l),write{"10/13MVA" ),
cursor(E,.4) ,write("403R0" ],
cursar(9,1) ,write("4015"),
cursari{o, f)qwaLLF(”4URF”}
cursor{7,.1),write("?035"},

cursor(8,1) ,write( "2028"),

cursar(?,1) write{"FU158"),

cursori{?742) ,write("1 I 4 &"}),

curamw(h;qi) wrlte(“MﬁINTENﬁNFE FAULT OF LINE MO 1%E46"}),
cursor{?i,7),write{ "BETWEEN ASHUGANG & KISHORGOMNI"),
11n9116HOG,£3:mu L7400, 2TR200,7),

make block{1,0,0,31000,31900,1),

readohar ().

make block {0, . _a_a_.n_}
make block (N, F G, H,. J}
leLklgF‘G'H_I)5

FF=F,

GG=G+1,

mN=N—-1,

make_ hblock (NN,FF,66,1,H.J).

Blockl(F,B,H,I) s~

penpos(F,G,0),
forward(iHi,
left {(90) .
forward(l).,
left(90),
farward{(H)},
left{(Y0),
forward{l}.

make_tranglel (O, _,_s.a._a_)i= !.

make tranglel(N,A,B,C,D,E):—

penpos (A, P00,
farward(C),
right (120),
forward{C},
right (120},
Torward(Ch,
MR==N-~ L,



fafy=0+E
make tranglel(NN.AAEBR,C,D,E).

make_trangle2{ 0, s a__a_a )i !

make_trangleZ(N,A,B,C,D,E)z~

penpos{A,B, 90},

forward{C),

left (120},

forward (i},

1eft (120},

férward(ﬁ),

NN=i -1,

AR=A+E

make trangleZ{NN,&8,B,C,D,E) ..

F¥ GRAFHICS FROGRAM  FDR PRAKER FAULTS

ar (203 -

graphics {(4.0,2),

pencolour (1},

pendown ,

form_block (1,9000,2000,12500,12000,100),
cursor (17,1473,

wirite (Y"SAIDPUR"),

cursor (14,29),

write ("202R"),

cursar (9.29),

wrrite ("21ZE"),

cursaor (17,395,

write ("2056"),

form_blaock (2, 18000,7000, 500,500 ,4000) ,
form_block (2,12000,7000,500,500,40001) ,
line (14000, 20, 14000, 14000,7),

line {15000, 3000, 19000, 14000,7),

Line (1&000, 2000, 16000, 14000,7) 4

line (18500,11250,19000,11250,7),

line (19000,11280,19500,11000,7},

line (19%00,11250,258000,112030,7),

line {20500,11200, 20800 ,11750G,7),

Lime (ROS00, 11750,20000,12000,7),

line {20900, 18250, 20500, 127580,7),

line (20000,12750,21000,12780,7),
line (20250,13000,307930, 13000,7 ),
line (R20400,13250,205025,1%254G,7),
line {(18000,11250,17500,11250,7),
lime (17500,10230,17300,122580,7),
line (17500,102580, 17000,10280,7) .
lime (17500,12290,17000,12230,7]),
limne (15000,10200,165800,102000,713 .,

line (16000, 12250, 16300, 1225%0,7) ,
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;

(16500, 10250, 17000, 10500,
(16500, 12250, 17000, 12500,
00¢, 11250,

IO00, 10250, 13000, 12250, 7
90, LOBEG, 13500, 10250 ,7
30, L2250, 13500 S0, 7

ot RARY |

line
Tine
line
line
line
. line

(12500, 11280, 1
(1

L L]

Ll

oy 2y
el

line
line
lime
line
line
line
line
line
line
line
line
line
linme

(14000, 10250, L3750, 10950,
D00, 12050, 13750,

(17780, 10250, 13R50, 1000,
(13750, 12250, 13850, 12500, 7
(12000, 11250, 11800, 11250,7),
(11500, 11250, 11000,11750,71,
(LO700,11250,8000, L125G,7) ,
(9725, 110250, 9725, LO725,7) ,
(9725, 10725, 10250, 10500,7) ,
(97725, 10250, 9725, L0000, 7) ,
(9250, L0000, 10250, 10000,7),
(PBED,P7RE, 16000, 2725, 7) ,
(700, F000,92800,9000,7),

e
R L

ey

Al

s
]

form_block (1,9000,18500,12500,13000,100),

cursar (17,38]1,
write {("RANGFURE"),
form_block (2,18000,24000,

e 8O0, D00, 4000},
form_block

S00,40007%,

2 oy

Lty

12000, 24000 , 500,

(14000, 19000, 14000,
(13000, 19000, 13000,
{16000, 19000, 16000,

line
line
line

O

~p N

'

line (18000,24250,17900,34250,7),
Line (12000,24280,11500,24250,7),

line (18500,74250,19000,24250,7),
line (19000,24290,19500,24000,7 ),
line (19500,724250, 25000, 242%0,7),

27000,
2ATRG,

x

FEOO0,

line (4 .
line (20000,
line {20000,

S30H00

s 2200,
242G, FOO0E,

), 2OO0T
D4TE0, 19500,

75,
“
7Y,

lime (20000,25000,20000,200800,7 ),

Time (19900, 285800 ,200800 , 20000 ,7),

line (192725,257530,202%0,23720,71),

linge (19850, ) RGO00,

73,

line

{ L2500,

L B

1, TADE,

7

line {13000,23250, 13000, 28250,7),

line
line
lime
line
lime
line
line
line
line
iime

line (11000 ,242%0,5000,24250,7)
175 .

00, 2EE50

{1720
(12000,
( 15000,
(14000,3
(17200,2
(17300,2352
(172002
(186000 %
{15000,
{

{

ey
Wt

11500,
1

L5300,
FH2H0, 15500
50, 134600,
o250, 134600,
S0, 17500, 7
S0, 17000,
D250, 17000,
250, LS00, P
2HR50, 165040,
AAZ00 L1000,

2332820,
20050,
850,
50,
i,
DEIS0,

U

- e
ey
[

282

=0,
e

et gl S0 #
29220,

F4500,

o

ErAgLE

73
7
73
7Y
7
73
73
7)
7}
7)

4

2
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Lime (SO0, 24250, 8000, 17500,7) ,
line (5000,17300,28000,17500,7),
line {Z5000,17500,25000,11250,7),
cursor (2,437,

write ("1 2 4 2"}, :
Jine {7000,242480,7000,23750,7),
line (7000,23750,7500,23500,7),
line (7000,23250,7000,22750,7),.
line (6500 ,22750,7500 ,22780,7),
line (&750,R225800,7250,22500,7),

line (&FO0,22250,7100,222530,7),
Freadochar( ).

form_block (Oy 4 _s_a._s_32= '

form_block (N,S,&E,H,LM}s—

blockl (8,E,H.L),

58=9,

EE=E+M,

NN=N- 1,

form_block (NN,SS,EE. L HM).

blockl (S.E,HdL)s~

penpos (5,E,0),
forward(H),
left (GO0},
forward(iL},
left (90),
forward{H},
left (20},
forward{l.}.

SR BORODAULTIA  SURSTATION ¥/

predicates
diraw
block{integer ,integer)
new
trian(integer,integer} .

goal
graphics{1,1,0),
diraw.

clauses

diraws -
1ine(ﬂ90,Q531999,2)91ine(99319995319¢9”31999,2)ﬂ
line(31999,31999ﬁ319995652)ﬂlineiﬁl?qqﬂﬁﬂﬂpﬂgz},
“Tipe{ 18000, 3000, 18000 27000, 2) ,

curﬁmrﬁiﬂl)ﬂwrite(“\t BaRrROa UL T A ),
cursor(2,2), write(" Mt tsub station®).
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1ine(?ﬁﬁﬁpﬁﬁﬂo,9GQQ,50&&,3),
2 10000, S000,27 4

1ine { 10000, 8000, 11000, 3000, 2,

block {11000 ,45007] ,
line (12000, 5000, 20000, SG00,2) 4

Pine( 20000, 8500, 21000, 5000 ,2)
line (2 L0000, 5000, 28000, 3000, ,

life ( FEO0O0 , SO00 , 2ROO0 , Q000N , 23y

1Line (700 GO0, TOOD ,27000,7 )
1ine(7ﬂ@u,90ﬂ0,9&06,9@60,E)q

line {9000, 9500, 10000, F000,2) 4

line (19000, 9000, 11000, 2000, 2) ,

block {11000,85300),

line {12000, 000, 20000, 9000,

i
line( 20000, 9500, 21000, 000,72
3
=

line (21000, 9000, 26000, FOOD 2
line (23500 ,8800, 26000, 000 5
line (26000, 9000, 25500 ,9200,32)
1ine(?amﬂylzﬂﬂmyqomﬁy1EGGGHE)5
1ine (9000, 13800, 10000, 17

line (10000, 15000, 11000, 13

block {11000, 125007,

line{ 12000, 13000, 20000, 13000, 2)
line (FO000, 17 L 21000, 13000, 2
line (21000, 17  2EOHT, 13000 ,2)

trian {23000, 120M0) ,

linei24100, 1 g 27000 13000, &
Tine (7000, 17000, 9000, 17000,2),
1ine {9000, 17500, 10000, 17000, 27,
11ne(190009l?DDOFlLQGQ,1760652

Block{ 1100, 140030,

Tine { L2000, L7000, 20000, 170330, 5)
1ine{ 20 )y L7E0O0, 21000, 17000, 2
line{ 21000, 17000, 28000, 17000,

trian{ZH000, 17000},
line (26100,17000 , 27000, L7000,2
Line{ 7000, 21000,F000,21000,32),

line {9000, 21500, 10000, 21000,2),

Line{ 10000, 21000 ,11000, 21000 .3

block (11000, 2000H) ,
1ine{120ﬂ0ﬂ21066g2090952105ﬁ
line (2000, 21500, 21000, 21000,
1ine(glc3ﬂpzlmﬁﬂﬂﬁéﬁﬂﬂgﬁluﬁﬁﬁﬂ
line{Z 2OBO0 , 26000, 21000 2
line{2&C “,21QQ99255O05212QQ,2)
Line {7000, 2B000, 9000, 2B000, 2)

¢ 8
1ine(90063255ﬁﬂﬂ16066,25096,2),
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news: -

bBlock{X,

trian{l,

line (L0000, 25000, 11000, 25G00,27,

block {11 W 24500),
line (12000,25000, 20000, 25000,2),

LU g ANV g K o -
1ine {20000, 25500, 21000,25000,2) ,
line (21000 ,20000, 26000, 23000 ,2

L L] L] L] L] L]

line {28500 ,248300,26000,23000,2),
line (26000, 23000, 23000, 28200, 2) ,
1ine ( 18000, 4000, 20000 4000, 2,
1ine {20000,4500,21000, 40041 ,2) ,
1ine (21000, 400G ,273

line (23000, 4000, 275
1ine(1869G,7QQQ;260GQ,?DQQ,E),
1ine (20000, 7300, 21000, 7000, 21,

0, A000, 2,
D0, SO, 2

d g )y

1ine {21000, 7000, 23000, 7000,2) ,
lime (23000, 7000, 23000 ,9000,2),
line {18000, 11000, 20000, 11000,2),
1ime (20000, 11800, 21000, 11000, 2),
1ine{21000%, 11000, 23000 . 11000,2) ,

lime {23000, 11000, 23000, 13000,2) ,

line (18000, 13000, 20000, 15000 ,2),
1ine (FO000, 15500, 21000, 15000, 2),
1ine {21000, 15000, 273000, 15000 ,2)
line (23000, 15000, 23000, 17000, 23,
line {18000, 19000 D0 17000, 2),
1irme {20004, c1FO0H) 2,
line (21000, SLFO00, 2,
W0, ZLLHG 2,

1ine (23000, 12000 2300

1ine { 18000 BEOO0, Z0000 23000 ,27 ,

bime (20000, 23900, 21000, 220040 ,2 ),
lime {21000, 22000, 23000 ,23000,2),
line (22000, 2000, 23000, 25000, 2,
cursor (10,7 ) ,,write("102B" ),
cursor (10,177 ,write("4028" ),
cursor{lo, 271 ,write{Z128B" ) ,new.

cursor(23,15) ,Wwrite ("3
cursor(l7,12) ,write("405T"),
AN

cursor(17,22) ,write ("4157"),
readchar{_).

Y I=Y+1000,
penpos{ X, Y1 .00,

forward (10040) ,right(79) , forward (10007,
right{79)  forward (1000) ,right {70},

forward (10040) .,
Vg

penpos{U,V,30),

forward (1200} ,ight{(120) , forward ( 1200) ,

right{l120), forward{ 1200},
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Ulbs=U-5040,

AEATECLVE SH

penpos (UL, VY 300,

forward (12000 ,right {(120), forward (12007,
right(120) ,forward (12007 .

a

graphics(4,1.,4),
loadl.,
loacdz,
loadd.

loadls~
Tirme (B000, 10000, J000, 28000, 7 ),
Line (4000, 20000, 4000 ,26000,77,
line (F00O0, 28000, 28000 , 2800, 71,
line {4000, 2600 OO0, 2AD00, 7 ),
1ine (3000, 10000, 4500, 10000, 7)),
Line (4000, 20000, 4500 ,20000,7},

Line (9000, 10000, SH0O0, 10000, 7)),
Line (A000, 10000, 45300 ,9500,7),

ground {4000, 10000]) ,
line { 5000, 20000, DR, 20000,7 ),

wal B

line ( BOO0, 20000, 4500, 19500,7),

block {9200 ,2300]%,
hlock {5900, 19500},

lime (H500, 10000, 7300, LO00G, 7)),
line{&B00, 20000, 75E00 ,20000,7 ),

Line {2000, 2000  F000,25000,7) 4
line (9200, 5500, 9000, 25000,7 ),

lime{ 1OO00, BO00 , 10000, 23000, 77,

bime (9000, 3030

10000, 20,7 ),

milco (12500, 20000)

clock (&000, 10000) ,
Clock { SA0G0, Z0000F ,

block (12300,9200),

Block {(12300,19200}),
graund ( 15000, 10000) ,
ground { 15000, 200007 ,

line (14500, 20000, 15000, 20000, 7)),
line( 14500, 10000, 1Aa00, 10000 ,7 ),
line (13000, H000, 1200 O, LO000,7) ,
Time 1400, 10000, 145400, 980G, 7 ),
line (14000 ,20000, 14500 ,19500,7),
1ine { 13500, 10000, 14000, 10000, 7 ),
Line{ 1350 2 38, 14000, 2000, 7,
lime (156000, G000, 16000, X0000,7),
line(1635Q,EOGQGH1635&,29&&6;?}5

lime ( 16000, 30000, 20000, 20000,7 ),

THIHDY R0
line (L4350, 29000, 20000, 29000 ,7 3,
clock (16000, 3000},

clock (16350, 20000)

ground{ 16830, 20000,

hlook (18500, 7000),

block (1880023010},

line{ 19800, 7500, 20000, 7500, 7 ),
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1ine (19700, 20500, 20000, 22000,7) ,
line (20000, 7500, 2068400, 8000,7 ),
Line { 20000, 22500, 20400, 22000, 7 ) ,
line (20500, 7500, 20800, 75300,7)
TRROG, 2000, 2800, 7 )

line (20400, n
] ine {21300, TERGD, Q0800 ,8000,7
Tine {Z1400, 3R500, 20900,
Line (21500, 7500, 22000, 7500,7 ),
Line (21400, 285800, 22000, 22D00, 7).
loadds -
block (Z2000,7000) ,
block ({22000, 22000},
mileoo(E600d, 000,
milco{26000,3200007),
cursor(11,2) ,write{ "FALASHEART™ ) 4
cursor (10,14) ,write( 1244 ),
cursori{9,19) ,write("113E" ),
cursoriil,1?),write("1485")
cursari{l0,28) ,write{ 1145},
cursori8,13) ,write("1115%),
cursor {8, 5%, write("1128" ),
cursor{3,38) write{"2118"),
cursor(B,98) ,write{ 2128},
cursor(F.44) ,write("Z1LIR") .,
cursor{li,4%) ,write("2143")
cursori1l,35) ,write{ "BOGRA™
cLirsor{l0,53) ,,write{"215G" ),
cursor(1i,486) write( 12417},
cursor{ 13, a6) write (1240},
cursor (s, 13) ,write("1628" ),
cursorib,33) ,,write("1018%),
cursnr {6,538 ,write("2023" ),
cursar (&, 58) ,write (2018 ),
cureor (3,199 write{ "1OIBY ),
cursor (3 Eﬂ)ﬂwritmi”lﬂﬁﬁ“)n
cursar{d, 19 ,write("1045" ),
cursor{i,43) ,Wwrite("2045" ),
curﬁur(4554)5writet“ﬁujﬁ“)g
cursor(d,56) write (1),
cursar {7, 6H) write( V2" ),
cursar (8,64) write{"4"]),
cursor{?,66) write{"3"),
cursor{lé, 71} write ("ISHURDIY ),
cursorib,71) write("1"),
cursor (7,71l write ("2 ],
cursar (8,71 write("4" ),
cursor{?.71,write{"2")
loadie-—-

' cursor{l3,58) ,write{ "E0E5") ,
cursori{ld,58) write("2028" ),
cursor{l5,58) write("20186" ),
cursor{is,58),write("2115%),
cursor{i7,.5R) write{"21ZB" ).,
curﬁnril?gﬁﬂ)gwrite{“ﬁlﬂﬁ”)n
curser{@l,52) swrite(MZ156" ),
cursar{ld,38) ,write{ "2045" ;,
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cursor{lf,38) write("2148" ),

cureor {15, 21) ywrite (" 1OEE" ),
curamr(l4ﬂﬁl}5write(“lGEB")g
qursmr(l452)Pwrite("lﬁ#ﬁ”)g

cursor (17,1) ,write("1145"),

cursor{l9,21) write("1015"),
cursor{lé, 21y ,write("1118"]),
cursari{l?,2L) write (" LLEH") .

cursor(19,71) swrite("1138"),

cursor{?1,15) write("LL3G" ),

cursor (@5, 8) ywrite( "NATORE" ),

cursnr(24,17) write{"FIG. FOK RULE NO-1 OF"}.
cursor{24,40) ,write ( "BREAKER FAULTS. "},
line { 23200, 2500, 19000, 2500, 71,

4

Tine ( 2E200, L7500, 19000, 17300,7)
gruuﬁd(ﬁﬁﬂﬂﬂyﬁﬂDG)g
ground { 26000, 200040)

Line (26000, 5000, 28000, 9000, 7 ),
1imeigbﬂﬂﬂ,gmﬂﬂa,SQQQGBEQDQG,73,
1ine ( 2HO00, 5000, 28000, 28000, 7) ,
1irie { BOOO0 , BO00, ZO000, ZECHIN 7 ) 4
readohar{ 1.

grmund(ﬁ,ﬂ):m
DRS00,
Dh=R— 5400,
E=(4+500,
Fal 40200,
G500,

ltine{A, B,
line{A,C,D,
line{A, E.f,
line(D.F.G.
line{H,1.Jd,
line{K.L.M,
clock (MyMN):—

G4 12000,
T2 000,
W=N+2500,
=S+ a0,
B=T+500,
Ko+ 500,
Ll 500,
O=2Z-+500,
D+ L 000,

0

SsE NN NN
R S
s

n

L)
m

=

M

0
- T
a
"

a
=

-

- 8

Line(M NS M, 7).
1ine{5,T.,5,W,7],
1irne{S, Telk s .73,
1ine{S, W W, 71,
line{l K. Z,W,7),
line(? W0 W7},



line(l. B, an_?)
liHE(L. DL TR7) .
bhlock{X,¥Y)z:—

TR+ 1000,
Fresy 4 1 OHHD

line (X, ¥, K,M,7),
tine{ X, P, Z,F:7),
line{Z.F,Z.¥.7).
Pine(Z .Y,y X 7.7

milco{AB) s~

Qe LOCHD
E=H-2000,
F=R+2500,
G500,

H= (550100,

T =500,
R=F+500,

Li=H—- 1000,

JmH~ 300 ,
line{(A,B,C,B.,7 1,
PTine{C,E.C,F, 72,
tine{C,EG,E,7),
Tire(G.EH1.7)
line(H,E.J,E,7 1,
tinei{C, P G.F,.7),
ine{G.FH,R. 7Y,
llnE(HKF'U.Fg?)"

/% END OF EXFERT SYSTEM PROGRAM
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APPENDIX—C

GENERATION CHART OF POWER STATIONS.
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APPENDIX -

( CONSOLATED SINGLE LINE DIAGRAM OF ELECTRICAL GRID SYSTEM-)
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assertz {(#line{l)),
write ("what i= the max. regional demand”"i,nl,

pege- 19,
/6,
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