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ABSTRACT 

The obj ect ive o f  thi s  res earch was to inves t igate whether i t  i s  

pos s ib l e  t o  con struct a computer system that provides good pri ce 

recommendation s  for marketers in the export wool industry . The 

computer system is a program that stores and makes u s e  o f . expert 

knowledge in the course of providing recommendation s  to a u s er . 
' 

" Good'l price recommenda t i ons are ones  that c lo sely resemble those 

o f  a consensus of experts . 

Fu z z y  l ogic, a method o f  inexact reason ing, is used to derive 

recommendation s  from inexact rules in the system . The system 

a l l ows users to  input vague expres s ion s  used in natur a l  l anguage , 
I 

tran slates them into n on fuzzy va lues and then performs a set o f  

operat i ons on them to produce a nonfuz zy recommended price . 
' 

The e f f ect iveness of the system in making good price ' dec i s ion s  

was tested by compar ing the sy stem ' s  recommendations w ith 

consen sus recommendat i ons from a pan e l  of experts . The 

correlat ion coe f f i c ien t  between the sy stem's recommendations and 

the c on s ensus recommendations was found to be higher than .any o f  

the correl a t i on coe f f icients between the individua l manager's 

f ir st recommendation s  and the c on s ensus r ecommendations . Thi s  

suggests that the system constructed i s  capable o f  providing good 
I 

price recommendat ions . 

i i  
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CHAPTER ONE 

INTRODUCTION 

This chapter describes the obj ective of the study and provides an 

out l ine o f  the organ i z ation of th is thes is . 

1 . 1 Project Description 

The obj ect ive of th i s  study was to  demonstrate that it  i s  

poss ible t o  construct a knowledge-based system that provides 

good pr ice recommendat ions for a user in the export woo l 

industry . A knowledge-based system is a computer program 

that stores and makes use of the knowl edge of experts to 

make good recommendations for manager� . 

To eva luate the system , the recommendat i ons the computer 
' . 

makes were compared w ith recommendations made by a set of 

exp erts . To do th i s , a set o f  scenarios descr ibing the 

d e c i s ion mak ing environment was f irst constructed . The 

s y s� em was then used to generate a set of recommendat ions in 

r esponse to these scenarios . Subsequent l y ,  expert managers 

were asked to make dec i s ions given the same set of 

s cenarios . Hence , there were e l even sets of 

recommendat ions . The f irst set was produced by the system , 

the others were produced by �he ten managers . The De lph i 

t echnique was then used to arr ive at a set o f  co nsensus 

r ecommendations . The consensus recommendat ions were ·assumed 

to be the correct s o lutions to the probl ems suggested by the 

s cenar ios . The system ' s  recommendat i ons and the managers' 

r ecommendations were then compared w ith the consensus 

1 
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recommendations one by one . The c loser each set of 

recommendat ions was to the consensus recommendat ion� , the 

1 better the se t of recommendations . The cor:r e l ation 

coe f f ic ient was used as an indicator of how close each set 

of recommendat ions was to the consensus recommendat ions . 

Fuz zy logic was used a s  the bas i s  f or making recommendations 

in the system . Fu z zy logic i s  a means o f  mode l l ing inexact 

r e a s on ing . The logic i s  suitable  to handle  the h igh degree 

of f u z z iness as soc iat ed with dec i s ion mak ing var iabl�s in a 

marketing envi ronment . Dec i s i on making var iables in a 

market ing environment are mostly fuz zy . F or examp l e , the 

var iable " competition" is fuz zy becau se it can take on fuzzy 

l ingu istic va lues l ike " strong " , "very strong " ,  " weak" , 
' 

" very weak" and so on .  An expert mark eter ' s  dec i s i on mak ing 
I 

. knowledge can be expressed a s  dec i s ion rules invo lving these 

f u z zy dec i s ion var iables . These dec is ion rules are a l s o  

c a l l ed fuz zy relat ions . An expert makes use of the s e  

d e c i s ion rules  i n  arriving a t  a decis ion . The fol l owing i s  

a n  examp l e . I f  " compet ition" and " pr ice change" are two 

important fu z zy var iables in a marketer's dec i s ion mak ing 

environment , then a poss ible f u z z y  relation between the two 

var iables i s : 

I f  compet ition i s  strong, then price change should be 

negative. 

The knowl edge-based system reported in  thi s  the s i s  is an 

attempt to  represent and make use  of fuzzy knowledge in the 

prob lem a rea of pr ice dec i s ion mak i ng i n  the expo rt woo l  

2 



industry so that recommendations generated by the system are 
i 

better than thos e  produced by a good manager . S uch a ' system 

is an  important start ing po int for further deve lopment of 

expert systems in  market ing . 

In order to construct th e knowledge-based system , · a forma l 

means of representing f u z z y  var iables  and f u z z y  r e l ati ons 

must be esta b l i shed . I n  add it i on , a calculus must be 

estab l ished to enable recommendat ions to be deduced from 

the fuzzy  r e l ations and the fuz zy var iables . The 

representation schema and ca lculus used in th i s  the s i s  were 

f ir st forma l i z ed by Zadeh ( 1 9 6 5 ,  1 9 6 8 , 19 7 3 , 1 9 7 5 a , 1 9 7 5b ,  

1 9 7 6 a ,  1 9 7 6 b ,  1 9 7 9 ) . 

The system is  wr i tte n  in T urbo P r o l og · and is  implemented on 

an  IBM P CAT mi crocomputer . 

3 



1.2 organization of the The s i s  

T h e  rest o f  the thesis i s  d ivided i nto f ive chapters . 

Chapter 2 contains a comprehens ive rev i ew of know ledge-based 

�ystems for 'market ing dec i s ion mak ing . Section 2.1 o f  

Chapter 2 descr ibes the var i ous components o f  a knowledge-

based s ystem . S ection 2.2 then rev i ews and evaluates the 

various i knowledge-based systems constructed s o  f ar i n  the 

area of market ing decis ion mak ing . S ection 2 . 3  attempts to 

j ust i fy the use o f  fuzzy logic in the construction o f  the 

system . 

Knowledge engi neering and the problems 
I 

o f  knowledge 

acqu i s i t ion are d i scussed in Chapter 3, secti o n  3. 1 .  The 

D e lphi techn ique is put f orward in s ection 3 . 2 a s  an 
' 

ideal 

method to  use for trans ferr ing the experts ' knowledge into a 

set o f  decis ion rules . The method o f  conducting the Delphi 

sess ions i s  d i s cus sed in section 3 . 3 .  F ina l l y , section 3.4 

puts f orward a method for testing the ef fect ivenes s  o f  the 

knowl edge-based system constructed . 

Chapter 4 conta ins the system spec i f icat ion and describes 

the system in deta i l . Section 4.1 descr ibes the 

ph i losophical  bas i s  for the construction of the system . 

Section 4.2 descr ibes how the know l edge i s  represented in 

the system . Section 4.3 describes the inference mechanism 

in the system . It a l so provides a deta i l ed description o f  

the structure o f  the system . S ection 4.4 provides the 

j ust i f icat ion f or using Prolog as the programming l anguage 

for the system . 

4 



I n  Chapter 5, a s amp l e  run of the system i s  provided and a n  
i 

eva luation o f  the system i s  a l s o  made . F inal l y , Chapter 6 

provides conclusions and directions for f uture research . 

5 



CHAPTER TWO 

KNOWLEDGE-BASED SYSTEMS IN MARKETING 

Thi s  chapter is d ivided into three sections . Sect ion 2 . 1:g ives a 

genera l descr ipt ion of  the dif ferent compon� nts of a knowledge­

based system . Sect ion 2 . 2  reviews a number o f  app l i cat ions of  

knowl edge-based systems in  market ing . Section 2 . 3  descr ibes fuz z y  

logic and attempts : to i l lustrate the po int that fuz zy l o g i c  i s  a 

sui tab l e  t oo l  to use when modell ing a system w ith the h igh degree 

of  vagueness character i stic of the marketer s ' dec i s ion making 

enviro nment . 

2 . 1  s tructure o f  Knowledge-based Sys tems 1 

� nowledge-based system arch itecture i s  centered around a 

knowl edge-base and an inference eng ine . The inference 

eng ine ena b les inferences to be  drawn us ing the k nowledge , 

in  the form o f  f act s and dec i s ion ru les , stored in the • ' 

knowledge-base . The fol lowing i s  a d iagrammat ic 

r epresentat i on of  a knowledge-based system : 

6 



2 . 1 . 1  

The 

F i gure 2 . 1  K nowledge-based Sys tem Components 

Knowledge B a se ----> 

User Interface 

The Know ledge Base 

Facts S upp l ied 
by User 

I 
V 

I n f erence Engine 

V 
Recommendati on( s )  

knowl edge base contains a l l  the dec i s i on making 

knowledge of experts in the probl em doma in . Based on the 

knowledge 1n the knowl edge base and the f acts supp l i ed by 

the user i f  n ecessary , the inference eng ine deduces a 

recommendation f or a user . The decis ion making know l edge i s  

usu a l ly represented as decis ions rules , semant ic networks 

and frames . 

2 . 1 . 1 . 1  Deci s ion Rules 

The decis ion making knowledge in  the problem area can be 
I r epresented in  the form of dec i s i on rul e s . These d ec i s ion 
! 

ru l es a� e made up of a condition component and an  act i on 

component . The action i s  recommended i f  the cond i t i ons  are 

s a t i s f ied . Rules without a cond i t ion component are ca l l ed 

f a cts . S ome facts are stored i n  the sy stem and s ome are 

suppl ied by the user dur ing run t ime . 

7 



• 
Most d ecis ion ru l e s  in know ledge-based systems are rul e s  o f  

thumb used b y  experts in  arriving a t  the i r  everyday 

deci s ions . Thes e  rules are somet imes cal led heur i st ics . 

The f o l lowing i s  a typical  rule stored �n the system : 

I f  the cash f low i s  favorable , then the pr ice chan'ge i s  

positive . 

A typ i c a l  fact conta ined in  the knowl edge base i s : 

Mark-up i s  2 . 1 % .  

Der ivat i on of  a recommendat ion invo lv ing these rul e s  is 
I 

usua l ly done by modus ponens . The .. f o l lowing deduct i on 

schema i s  cal l ed modus ponens : 

Given If A then B 

and A 

then B may be inferred 

For e xample , g iven the above dec i s ion rule 11 I f  the cashf low 

i s  f avorable , then the price change i s  positive . " '  and the 

user ' s  input of a favorable cash f l ow s ituat ion , then the 

recommendation from the sys tem wi l l  be " the pr ice change is 

pos i t ive" . 

Fu z zy logic uses  an extens ion o f  � odus ponens ca l l ed 

gener a l i zed modus ponens . Genera l i z ed modus ponens , enables 
I: 

deductions to be drawn when the dec i s ion ru les and the facts 
I 

contain fuzzy linguistic values. General!zed modu$ p onens 

8 



is shown a s  below : 

G iven I f  A '  then B '  

and A" 

then B" may be inferred 

where A ' , B '  A" and B"  are a l l  propo s i t ions invo lving fu z zy 

l inguistic va lues . 

The f o l lowing i s  an examp l e  o f  genera l i z ed modus ponens : 

G iven I f  the market s ituat ion is favorab l�, then 

the price change is p o s i t ive. 

and The market s i tuat ion i s  very favorab l e. 

then The price change is l arge po s i t ive. 

The f our fu z zy l inguistic va lues used in the above · schema 

are " favorable market s ituation " , "posit ive price change " ,  

"very f avorable market s ituat ion" and " very pos it ive price 

change " .  The f irst " i f . . .  then . . .  " clause describes the 

fu z zy re lationship between " favorable ma .rket s i tuation" and 

" po s it ive price change " .  The fuz z y  re lat i onship can be 
I 

represented by a re lat iona l matrix ( Zadeh 1 9 7 3 } . The second 

fu z zy proposit i on " the market s itua t i on is very favorable"  

i s  represented by a membership function . The conc lus ion 

" The price change is large pos it ive " is deduced :·by the 

formu l a  provided by Z adeh ( 19 7 3 ) . The f ormula wi l l  be 

described in s ect ion 2 . 3 . 1 . 5 .  
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2 . 1 . 1 . 2  s emantic Networks 

Bes ides represent ing knowledge in the form of condit ional 

statements , it i s  pos sible to represent knowledge by means 

of s emantic networks . 

A s emantic network cons i sts o f  nodes an4 arcs connecting the 

nodes . Nodes are used to represent obj ects or concepts in 

the problem doma i n , and the arcs represent the relat ions 

between them� Both the nodes and arcs are labe led . 

examp l e  g iven in Barr and Feigenbaum { 1 9 8 1 )  i s  as f o l l ow : 

i s  a 
Robin 1------------------------>1 

I B ird 

node arc node 

' 

An 

The above network represents a fact "Al l robins are b irds " . 

The f act that C lyde is a robin can be added to the network 

by introduc ing an extra node into the above f igure . Th i s  is 

shown be low : 

---------- is a ---------- i s  a ----------

C lyde 1-------->1 Robin I ------------>1 Bird ---------- ---------- ----------

node arc node arc node 

The semant ic network repres entat ion of know ledge not only 

enables the representation o f  relat i onsh ips between obj ects , 

but it a l so enables deduct i ons to be drawn . For examp l e , 

the fact that C lyde is a bird can be deduced by f o l l owing 

the arcs connecting the obj ects in the rietwork . 
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2 . 1 . 1 . 3 Frames 

\ 
F�ames were origina l ly proposed by Minsky ( 1 975 ) . They are 

u�ed to r epresent knowledge about obj ects and events typical  

t o  spec i f ic s ituat ions . A frame conta ins s lots , the p laces 

where knowledge about obj ects i s  inserted . The fol lowing 

examp l e  i s  a frame represent ing the gener ic concept of cha ir 

( Barr and Feigenbaum 1 9 8 1 }  : 

Cha ir  Frame 

Specia l i z at ion-of : 

No-of-legs : 

sty le-of -back : 

S l ots 

furn iture 

a n  integer (defau l t  = 4 )  
s tra ight , cushioned , 

I 

Va lue o f  s lots 

The above frame contains three slots : Spec i a l i z a t i on-of ,  No-

of - legs and Sty l e-of-back . The va lue of the s l ot 

" Specia l i z ation-of " is  " furn iture " .  The default va lue of 

the s l ot " No-of - legs"  is  4. The s lot " Sty le-of - back" can 

take o n  a number o f  poss i b l e  va lues such a s  " stra ight " ,  

" cushioned " and so on . 

A frame o f  a part i cu lar cha ir has the s ame s lots " i nherited" 
I 

from the cha ir frame , but the contents could be made more 

spec i f i c .  Deduction in the f yame representat i on cart be done 

by attach ing a procedure to a slot to determine its va lue . 

An examp l e  to exp l a in deduct i on in the frame repres�ntat ion 

i s  the add it ion of an extra s lot cal l ed " price"  t o  the above 
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2 . 1 .  2 

frame . The va lue o f  the s lot can be worked out a s  be low :  

I f  customer-type = " reta i ler " 
I 

then price = mark-up-pr ice * 7 0 % 

e l s e  i f  customer-type = "wholesa ler" 

then pr ice mark-up-price * 6 0 %  

e l s e  pr ice = mark-up-pr i ce . 

The Inference Engine 

The derivat ion o f  a recommendation i n  a knowl edge-based 

system i s  done by the inference engine conta i n i ng deriva t i on 

s t rateg ie s . There are bas ica l ly two d i f ferent der ivat i on 
I 

s trateg ies , backward cha ining and forward cha in ing . 

' 

2 . 1 . 2 . 1  Backward Cha ining 

B a ckward chaining i s  goa l -di rected . A goal i s  often 

f ormu l ated as a hypothes i s  to be tested . Often the 

hypothes i s  test ing enta i ls formu l at ing and test ing 

�ntermed iate �ypotheses ( or subgoa l s ) . The f o l l ow ing i s  an 

examp l e  of backward cha ining us ing three dec i s ion rules : 

Ru l e  1: I f  A and C then F 

Ru l e  2: I f  B then c. 

Ru l e  3 :  I f  F then G .  

As suming that A and B are known to be true , the hypothe s i s  

t o  b e  tested is " G  i s  true" . 

Using backward cha ining , ru l e  3 i s  s e l ected to start the 

der ivat i on becaus e  ru le 3 s ays that "G is true if  F i s  
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true " . That is , to test the hypothes i s  that " G  i s  true" , it 

is necessary to test the intermed iate hypothes i s  that "F is 

tru e " . To test th i s  intermediate hypothes i s , rul e  1 is 
I 

s e l ected . 

According to ru le 1,  F i s  true i f  A and C are both true . At 

th i s  stage , the two intermed i ate hypotheses are A and C .  A 

i s  known t o  be true already . I f  C can be shown to be true , 

then F i s  true . 

To  determ ine i f  C i s  true , ru le  2 i s  used because the 

c onclus ion part of ru le 2 is  c. According to ru l e  2 ,  C i s  

t r u e  i f  B i s  true . I t  i s  known a l teady that B i s  true , 

therefore c is a lso true . S i nce both A and c are true, F i s  

true, and G must be-true a s  wel l . 

2 . 1 . 2 . 2  Forward Cha ining 

Forward cha ining , on the other hand , i s  data driven , or 

bottom-up . It starts from the ava i lable information a s  it 

c omes in and!tr ies to draw conclusions that are appropr iate 

t o  the goa l s . 

U s ing the same examp le as descr ibed above , and a ssuming that 

the same hypothes i s  is tested and the same f acts are known , 

f orward chaining starts the derivat i on with the premises 

that A a nd B are true . 

Ru le 2 i s  now selected to start the der ivat ion because B i s  

the prem i s e  of the rule.  Thi s  w i l l  establ ish that · C ( the 

c onclus i on of the ru le} i s  true and c i s  now .a fact . 
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2 . 1 . 3 

2 . 1 . 4 

Because both A and C are true , ru le 1 can be appl ied and 

it can be �stablished that F is true . S ince F is true , rule  

3 i s  now " f ired " , produc ing the conclus ion that G i s  true . 

The User Interface 

The user interface i s  an  essent i a l  component o f  a know ledge-

based system . An ef fective user interface provides clear 

i nstruct ions and help fac i l it i es to make it easy for a user 

to  use the system . I t  is essential f or ensur ing user 

a cceptance o f  the system . With a computer operated system , 

a typical help fac i l ity provides instructions a s  to ,how to 
' 

proceed when the help function key istpressed . 

Conclu s ion 

On the bas is of th i s  general introduct ion to the structure 

o f  a knowledge-based system , sect ion 2 . 2  reviews a number o f  

app l icat ions o f  knowl edge-based systems i n  Market ing , and 

draws some general conc lus ions from the review . 
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2 . 2  Review of Knowl edge-based Systems in Marketing 
I 

Only a f ew know ledge-based systems have been constructed for 

supporting market ing dec i s ion making . The f o l lowing' is a 

review o f  these systems . 

Levine , Drang and Edelson { 198 6 )  bu i lt an expert system to 

assess the chance of a sale being concluded g iven the 

persona l ity tra its of the salesper son and the consumer . The 

purpo s e  of the system was to provide advice to s a l espersons 

as to the best approach to be used in a s a l es s ituat ion . 

The system d oes not handle vagueness in the infer ence 

proces s . No eva luat ion was done on  the ef fectiveness of the 
1. 

sYstem in provid ing qua l ity recommendations . 

Tse and Syed { 19 8 �) developed a donsult i ng system for 

�ompet itive ana lys is and plann ing contro l to ·support 

bus iness dec i s ion making in industr i es with a h igh degree of 

product d i f ferent iat ion and mu lt iproduct production 

fac i l it ies . The knowl edge in the system is represented by 

frames . The system does not hand le s ituations o f  vagueness . 

The system wa s used to determine the market share of var ious 

producers in the US po lypropy lene industry in 1 9 8 3 .  The 

system ' s  :est im�tes were compared with the est imates made by 

SRI I nternat i onal . SRI ' s  estimates were der ived from market 

res earch resu lts . The two sets o f  est imates were found to 

agree with each other c losely . 

Dhananj ayan , Janak iraman and Sarukes i { 1 9 8 8 )  reported a 

. system for identi fying the respons ible factors for a firm ' s  

1 5  



f a.l l  in market share using mu ltiple- loop causal  f actor 

interaction model l ing . I n  the system ,  a l l  factors affect ing 

market share are arranged in a tree- like structure as shown 

below : 

F igure 2 . 2  Tree- l ike Representat ion of Causes of 
Fall  in Market Share 

Fa l l  in 

/ 
I nterna l Factors 

/ 
Fa l l  in 
Output 

\ 
Uncompetitive 
Pr ice I\--/\-·. 

Market Share 

\ 7rna l \ctors 
. 

Riva l Firms Government 

I \�-- 7i\��-
Mu lt iple- loop causa l f actor interaction model ling refers to 

· a systemat ic depth- f irst search with backtrack ing to 

traverse the :tree shown above for a l l  the possible causes to 

a f a l l  in  market share. The system does not handl e  

vaguenes s . No eva luat ion was done to determine whether the 

system was successful . 

Mock ler ( 1 9 8 9 )  reported three prototype systems of 

knowledge-based systems . The f irst prototype system wa s 

des igned f or managers of hea lth care compan ies . The 

system ' s  o b j ect ive was to ass i st a manager to eva luate a new 

product ' s  potent i a l  i n  the local market 
I 
;and make 

. recommenda t i ons as to whether a spec i f ic product should be 

introduced , and if so , how . The second system was a 
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databas e  or iented system . The system was made up o f  two 

data bases : a customer data base and a product data ' bas� . 

The system asks a user a number o f  questions about the 

customer and the product and then uses the dec i s ion ru les 

stored i n  the system to g ive spec i f ic med ia s e l ection 

recommendations for consumer product companies . The th i rd 

prototype system was des i gned to help s a l e s  managers 

establ i sh for each sa lesperson f a i r  and reasonabl� s a l es 
i 

quotas for a brand of mouthwash in a local sales territory . 

The system uses production rules and backward cha in ing and 

the information provided by the user to reach 

recommendat ion . The inf ormat ion p�ovided by the 

its 

user 

includes ind ividua l past s a les performance , demograph ics , 

econom i c  cond itions� sea sonal ity , comp�t ition and so on . 

None o f  the three prototype systems has  the capac ity fo deal 

with s ituations o f  vaguenes s .  The prototype systems were 

eva luated by the experts invo lved in  the bui ld ing up of the 

system . Al l the prototype systems were j udged to  be 

performing succe s s ful ly . 

Parkinson and Parkinson ( 1 9 8 7 )  reported severa l  appl ications 

of expert systems . One was in med i a  planning , another was 

in  r etail  s ite s e l ection . The third one was f or assess ing 

�onsumer react ions to changes in the market mix . The f ourth 
I 

one was  for determin ing competitors '  reaction to the changes 

in  a company's marketing strateg ies . S t i l l  another' one was 

'for bu i lding up econometr ic mode l s  of markets . A l l · these 

systems were 1 n  the p i lot stage of deve l opment� No 
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eva luation has been done on the s e  systems . 

From the above review , it can be  s een tha t  the number o f  

appl ications of knowl edge-based systems i n  Marketing i s  

s ti l l  very sma l l .  rn fact, most systems devel op ed so f ar 

a r e  prototype systems only . 

I t  appears that f ew of the systems were tes ted for 

e f f ectiveness . For those systems that have been eva luated , 

eva luation was , in  the main , carr i ed out by the experts from 

whom the knowledge was obta ined . A more obj ective method o f  

eva luation would be preferred . 

The only case where such obj ective criteri a  have been 

e s tabl i shed was in the eva luation o f  Tse and Syed ' s  system . 

Even so , there i s  sti l l  one probl em w i th the method used i n  

the eva luation of the system i n  that only data from 1 9 8 3  

were used . Data spanning years outs i d e  the year i n  whi ch 

the data was gathered shou ld be u s ed to eva luate the 

es timates produced by the system before the sy$tem could be 

j udged as performing at an accepta b l e  l eve l .  

None of the systems developed has the capac ity to hand l e  the 

h i gh degree of fuz z iness characte r i s tic of a marketing 

manager ' s  decis ion making environment . 

The lack of a tool  for dea l ing w i th fuzz iness was a l so 

i denti f i ed by Zadeh ( 1 9 7 3 ) and Ackof f  ( 1 9 7 9 ) .  They observed 

that, as the comp l exity of a probl em increases , the abi l ity 

to analyz e it in  prec ise and r e l evant terms decreases . There 

i s  a thresho ld beyond whi ch compl ex i ty ,  pre c i s i on and 

1 8  



s igni f i cance can no longer coexist . Trad it i ona l science-

oriented methodologies are incapable of dea l ing \ith a 

manager's dec i s ion making environment because these tools 

are reduct ion i stic , ana lysis-or ientep, and mechanistic 

( Ackof f  1 9 7 9 ) . Techniques in operat ions research and 

appl ied mathematics are not suitabl e  for doma i n s  with a h igh 

degree o f  fuz z iness . When these techniques are  adapted for 

the a n a lys i s  of humanistic systems , . in particular the 

manager ' s  dec i s i on mak ing prob lem , they are bound to f a i l  

( Zadeh 1 9 7 5b ) . As Zadeh ( 19 7 3 )  put it , " the c loser one 

looks at a rea l-wor ld problem , the fuz z i er becomes its 

so lut i on " . 

An a lternative approach i s  needed for real- l i fe  huma n i stic 

systems such as po l itica l , economic and bus iness systems . 

Much o f  dec i s i on mak ing i n  the rea l wor ld takes place in  an 

·environment in wh ich the goa l s , the constra ints and the 

,consequences of pos s ible courses of action are not known 

prec i s e ly . Unless a tool can be developed for handl ing thi s  

k ind o f  " fu z z iness " , a n y  attempt t o  s imu l ate inanagement 
i 

dec i s ion mak ing on a computer w i l l  have l imited success . 

A typ ica l way used by the systems reviewed above to 

,c ircumvent the need to dea l w i th the h igh degree of 

fuz z iness i s  to bui ld up leve ls or gradations for each fuz zy 

f actor . An examp le o f  a dec i s ion rule from the media 

s e lect ion system reported in Mock ler ( 19 8 9 ) i l lustrates the 

·approach : 
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I f  customer- type = 'teenager' and 

media -preference = 'radio' and 

buy ing-dec i s ion = ' irrationa l ' and 

product-type = 'convenience' or 

product-type = ' impu l s ive '  and 

target-market = 'selective ' and 

product- invo lvement = ' low ' and 

geograph i c-reach ' local ' or 

geographi c-reach = ' regi ona l ' a nd 

adverti s ing-requirements = ' repetition- short-

duration-mes sages' 

then med i a  = ' radio ' 

I n  the above rule,  the fuz zy factor , product-i nvo l vement ,  i s  

d ivided into two levels: h igh and low . S imi l ar l y , another 

fuz zy f actor , buy ing-decis i on, is  divided into two l evel s :  

rationa l and irrational . There are two probl ems w i th th i s  

approach o f  representing knowledge a bout fuz zy f actors i n  

the form o f  level s .  First,  the system can only d ea l  w i th a 

certa in number of f actor levels .  For example , in  the above 

examp l e ,  the system can handle two levels o f  product-

involvement and two level s of buy ing ration a l i ty .  No 

provis i on has been made for other level s of product 

involvement such as " very high level o f  product 
! 

invo lvement" , " very very high level o� product involvement" , 

" s l ightly high l evel of product invo lvement" , and so on . 

S imi larly , other level s of buy ing rational ity are not taken 

into account. The fact that there are an inf i n i te number o f  

level s f or each factor i s  not dea l t  with . 
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number o f  combinat ions expands exponenti a lly , the system 
\ 

becomes too l arge to  deal with all poss ible  combi nat ions o f  

product- i nvo lvement l eve ls and degree o f  rational ity i n  

buying-dec i s ion . 

The second problem with the approach i s  that the l eve l s  

might f a i l  to b e  mutua lly exc lus ive when the dec i s i on mak ing 

variable is fuz zy . For example ,  a particul a r  leve l of 

product i nvo lvement could be categor ized as a " h igh l evel o f  

product i nvo lvement"  or a " s l ight ly high level o f  product 

i nvo lvement"  s imu ltaneously . The problem becomes more 

ser ious the fuz z ier the dec i s i on mak ing variable i s . 
I 

To so lve th�se problems , fu z zy log ic can be used . Fuz zy 

logic tackles the 'f irst problem by us ing a s et o f  hedge 

functions and log i c a l  operators .  By u s i ng the s e  'funct ions 
I 

a nd operators , fuzzy  quant ities can be manipu l ated i n  l ike 

manner as numbers are manipulated by ar ithmetic operators ,  

thus avo id ing the need to bui ld up dec i s ion ru les  for each 
! 

and every poss ib l e  combinat ion of factor leve l s . Deta i l s  of 

the mechan i sm invo lved wi l l  be g iven i n  sect i on 2 . 3 . 2 .  

The second prob lem is tack l ed in fuz z y  log ic by regard ing 

factor l evels a s  fuzzy subsets . Grades of members� ip of 

d i f ferent magnitudes can be ass igned to a g iven dec i s ion 

making s ituat ion r e f lecting the grades o f  membership of the 

s ituation in the d i f ferent fuz zy subsets . For examp l e , the 

'grade o f  member sh ip of a particu l ar leve l o f  product 

invo lvement in the fuz zy subset " h igh leve l of product 
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invo lvement " could be 0 . 9  wh i le its grade of membership in  

the fuz zy subset " s l ightly high level of product 

invo lvement " could be 0 . 2 .  That i s , a part icular: fuz zy 
' 

s ituation can be long to more than one fpz zy subset at  the 

sam� time with d i f ferent grades of membership . Th i s  makes 

f U z z y  logic a good representat ion mechan i sm for fuz z ines s . 

I n  the next section , the mathemat ics of fuz zy log i c  w i l l  be 

exp lored and its usefulness in s imu l ating marketers ' 

decis ion making under incomplete knowledge w i l l  be further 

e laborated . 
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2 . 3  F�z zy Logic 

\ 
Thi s  s ect ion exp la ins how fuz zy logic can be a useful  

' 

technique to u s e  when there . is  a need to deal with a huge 

numbe r  of poss ible comb inations o f  · factor l evels a s  

ment i oned in s ection 2 . 2 .  Section 2 . 3 . 1  descr ibes · fuz zy 

logic as an a lgebra and introduce s  the var ious useful 

operators . Sect i on 2 . 3 . 2  provides the j us t i f i cat ion f or the 

cho i ce of fu z zy logic by show ing how the a lgebra can be 

usef u l ly app l i ed in s ituations i nvo lving large number o f  

fuz z y  f actors a n d  factor l evels . 

2 . 3 . 1  The Fuz zy Logi c  Approach 

1 

1, 

Fuz z y  logic i s  based on the concept o f  a fuz z y  subset 1 . The 

idea o f  a fuz z y  subs�t can best be i l lustrated by compar ing 

it w ith an ord inary set . � 

The main d i f f erence between c l a s s i c a l  set theory and fu z zy 

subset theory i s  in enumerabil ity . In  class ical set theory 

it is poss i b l e  to enumerate the e lements belong ing to the 
! 

set . In fuz zy subset theory it i s  not possible to enumerate 

the e l ements b e l onging to the subset . 

Kaufmann { 19 7 5 )  g ives the fol lowing explanation regard ing the 
use of the term fuz zy subset instead of fuz zy set : "Why do we v 
use the term fuz zy subsets instead of fu z zy set? Th i s  i s  
becaus e  a fuz zy set wi l l  never b e  a concept proper to  the 
present theory ; the reference set wi l l  a lways be an ord inary 
set , that i s , such as one def i ned intuitively in  modern 
mathemat ics , that is aga i n , a co l l ect ion of we l l-spe c i f i ed and 
d i st inct obj ects . It  i s  the subsets that wi l l  be fuz z y . "  
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According to Z adeh { 1 9 7 3 ) , a fu z zy subset A o f  a universe of 
'I d 1 sc ourse u i s  character i z ed by a membership ( or 

co�pat ibi l ity ) function u : U ---> [ 0 , 1 ] wh ich a s s oc iates 

with each e l ement y in U a number uA ( Y) in the interva l 

[ 0 , 1 ]  represent ing the grade o f  membership ( or degree of 

compatibil ity or degree o f  truth ) o f  y in  A .  That i s , i f  A 

is a f in ite subset o f  U with e l ements y 1 , y2 , . . • . . •  ' y n 

then the fuz z y  subset can be expressed a s : 

·rn the above formula , the express ion above the stroke , 

uA ( Yi ) ,  is  the grade o f  membersh ip of Yi in the fu z zy subset 
I 

� where Yi i s  the ith e lement o f  u and i = 1 ,  2 I . . .  , n .  

The theory o f  ordinary s ets i s  a part icular case o f  fuz zy 

subsets . The character i stic funct ion u ( y )  is  def ined as 

uA ( Y) = 1 i f  y € A and uA ( Y) = 0 if  y f A .  

An e xamp le can be used to i l lustrate the idea o f; a fu z zy 

subset . Cons ider the fu z zy subset " s l ight increase in  

price " . To  character ise th i s  f u z z y  subset , it i s  necessary 

to ident ify the universe of d i scourse . The universe of 

d i scourse i n  th is case is the range of poss ib l e  price 

. increases . Suppose that the range of pos s ib l e  price 

i ncreases is from $1 to $ 1 0 , then the fuz z y  subset " s l ight 

i ncrease in pr ice " can be expressed as below : 

s l ight pr ice increase = { 1 / $ 1 , 1 / $ 2 , 0 . 9 / $ 3 , 0 . 9 / $ 4 , 

O . B j $ 5 ,  0 . 7 6 / $ 6 , 0 . 5 / $ 7 , 0 . 3 / $ 8 , 0 / $ 9 , 0 / $ 1 0 )  
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The number a bove the stroke represents the grade o f  

me�bersh ip o f  the price increase st ipu lated under the 

stroke . Hence , the grade o f  membership o f  a $ 1  increase i n  
I 

pr ice and the grade o f  membersh ip of a $ 2  increase i n  price 

in the fuz z y  subset " s l ight price increase"  are both 1 .  

That i s , i t  i s  1 0 0 %  certa in that a $ 1  pr ice i ncrease and a 

$ 2  price i ncrease shou ld belong to  the fuz zy subset " s l ight 

price i ncrease " .  on the other hand , the grade o f  membership 

o f  a $3 increase in pr ice in the fuz zy subset " s l ight pr ice 

i ncrease " is 0 . 9 .  That i s , it  is less than 1 0 0 %  certa in 

that a $ 3  increa se in price should be catego r i z ed a s  a 

" s l ight price increas e " . The rnempership va lue of 0 . 9  

r e f l ects the 'degree of vagueness of the s ituation :when the 

dec i s i on maker i s  , uncertain as to whether or not a $ 3  

i ncrease i n  pr ice shou ld be categor i z ed a s  a " s l ight. price 

i ncrease " .  The other membership va lues can be interpreted 

i n  l ike manner . Fina l ly ,  when the membership va lue i s  z ero , 

it  means that the correspond ing price increase does not 

b e l ong to the fuz zy subset " s l ight price increase"  at  a l l . 

Like trad i t i ona l boo l ean logic , fuz zy logic can be descr ibed 

mathematica l ly as an algebra by cons idering it as a system 

conta in ing a set o f  fu z zy propos itions and a number o f  

b inary2 operators . I n  order that these operators can be 

A b i nary operator is a s ingle-va lued function a s s ign ing for 
any two e l ements in an algebra a va lue in the a lgebra . For 
examp l e , the addition operator ' + '  in ar ithmet i c  a s s igns a 
s in g l e  value 5 to ' 2  + 3 '  where 5 ,  2 and 3 are a l l  e lements o f  
t h e  a l gebra o f  add ition on natura l  numbers . 
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�pp l ied to  the fu z zy propos it ions to produce new fuz zy 

propo s i t i ons , the original fuzzy  propos it ions in the system 

must b e  e x p r e s s e d i n  t h e  f o r m  o f  f u z z y  s u b s e t s  o f  
i 

pr�d e t e r m i n e d  u n i v er s e s  o f  d i s c o u r s e .  C o n s  i d  e r  t h e  
I 

fol .l owing s imp le  case  when the system contains the f o l l owing 

three f u z z y  proposit ions : 

S l ight price increase ; 

Large price increase ;  and 

Favorable c a sh f low . 

The f irst two fu z zy propos it ions can be represented i� the 
I 

f orm o f  f u z z y  s u b s ets  by r e ferr i n g  t o  the u n i ve r s e  o f  

discourse o f  pos s ible pr ice increases . The fuz zy subse't for 
' 

" s l ight price · increase" has been shown above . The fuz z y  

subset f o r  " large price increase"  i s  shown be l ow : 

large price increase = ( 0 / $ 1 ,  O j $ 2 , 0 . 1 / $ 3 , 0 . 2 / $ 4 , 

0 . 3 / $ 5 , 0 . 4 / $ 6 , 0 . 5 / $ 7 , 0 . 6 / $ 8 , 0 . 7 5 / $ 9 , 1 / $ 1 0 )  
i 

To get the fu z z y  subset representation for the l a st fuz zy 

proposit ion , cons ider the s imp l i f ied case that there are 

only f ive pos s ib l e  pos itive bank ba l ances : $ 1  m i l l ion , $ 2  

mi l l ion , $ 3  mi l l ion , $4  m i l l ion and $ 5  m i l l ion . A poss ib l e  

fuz zy subset representat ion f or the f u z zy propos it ion i s  a s  

be low : 

f avorable  cashflow = ( 0 . 2 / $ 1 m i llion , 0 . 4 / $2 m i l l i ons , 

0 . 8 / $ 3  m i l l ions , 0 . 9 / $ 4 m i l l ions , 1 / $ 5  m i l l ions ) 
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After a l l  the fu z zy propos it ions have been trans formed into 
' 

fuzzy subset s , binary operators can be def ined and qpp l ied 

to: these fuzzy  subsets to get new fuz zy subsets . Five 

operators can be def ined for the a lgebra. They are the 

conj unction operator , the dis j unction operator , the negation 

operator , the condit iona l operator and the compos ition 

operator . Each one of these operators are di scussed below . 

2 . 3 . 1 . 1  The Conj unction operato r ,  A 

The conj unct ion operator , � , can be def ined as the minimum 

of the grades of membership o f  an element in the original 

fuz z y  subsets . The conj unct ion operator I i s  common ly 

label l ed as " and" . symbo l i ca l ly ,  it can be represented by 

the f o l lowing formu\a : 

us i � s j ( Y ) = min ( us i ( Y) , us j ( Y) )  -----> 2 . 1  

where y i s  an  element in  the universe of discours e ;  

m i n  stands for min imum ; and 

S i and S j are any two fuz zy subsets in the universe of 

d i scour s e . 

Us ing the f irst two fuz zy propos it ions mentioned above , the 

new fuz zy proposit ion " s l ight pr ice increase and large pr ice 

increase" can be obtained by app ly ing formula  2 . 1  to the two 

fu z zy subsets representing the fu z zy propos i tions " s l ight 

pr i ce increase"  and " large price increase 11• The resu lting 

fu z zy propos i t ion i s  represented by the fo l l owing fuz zy 

subset : 
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s l ight price increase and l arge pr i ce increase = 

( 0 / $ 1 ,  0 / $ 2 , 0 . 1 / $ 3 , 0 . 2 / $4 ,  0 . 3 / $ 5 , 

0 .  5 / $ 7 I 0 .  3 / $ 8 I O j $ 9  I 0 / $ 1 0 )  

0 . 4/ $ 6 , 

The above fuzzy subset could be interpreted as "medi um pr ice 

i ncrease " . 

2 . 3 . 1 . 2  The Disjunction Operator , V 

The second operator is the d i s j unction operator . I t  i s  

commonly l abe lled a s  " or " . Us ing the s ame symb o l s  a bove , 

the d i s j unction operator , V ,  can be def i ned by the f o l l ow i ng 

f ormula : 

us i v sj ( Y ) = max ( us i ( Y ) , usj (Y ) )  ----- > 2 . 2  

where max stands f or maximum . 

Us ing the first two fuz z y  subsets a bove , a n ew fuz zy 

propos it i on " s l ight price increase or l arge pr i ce increase"  

can be  obta ined us i ng the or  operator . The result ing f u z z y  

propos i t i on is represented b y  the f o l l ow i ng fuz zy subset : 

s l i ght price i ncrease or large pr ice increase = 

( 1 / $ 1 , 1 / $ 2 , 0 . 9 / $ 3 , 0 . 9 / $4 ,  0 . 8 / $ 5 ,  

0 . 5 / $7 ,  0 . 6 / $ 8 , 0 . 7 5 / $ 9 , 1 / $ 1 0 )  

0 . 7 6 / $ 6 , 

The above fuzzy subset could be interpreted a s  " ei ther smal l  
! 

or l arge price increase " . 

The m i n  a nd max operators mentioned a bove are only two o f  

the pos s i ble operators for conj unct ion and d i s j unct ion o f  

fuz zy subsets . Other operators could b e  def ined f or the 
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conj unct ion and d i s j unct i on of fu z zy subsets . Exampl e s  are 
\ 

Yager's operators ( in Z immermann 19 8 5 )  and the Hamacher 

operators ( Hamacher 1 9 7 6 )  . 

Bel lman and G iertz ( 19 7 3) addressed the problem of choi c e  of 

operators for conj unct ion and d i s j unct ion a s  f o l l ows . 

Cons ider two fu z zy statements with membership va lues uA ( x )  

and: u8 ( x ) , where uA ( x )  and u8 ( x )  a r e  both between 0 a nd 1. 

I n  th is case , A and B are two fuz z y  subsets of interest and 

x is an element in the universe of d i scourse .  The membership 

va lues of the conj uncti on and d i sj unction of the two 

statements are the va lues o f  the two membersh ip functions f 
I 

and g respect ively . The va lues o f  f and g are · i n  the 

interva l ( 0 , 1 ) , wh_ere f ( uA ( x ) , u8 ( x ) ,) , = uA ( x )  1\ u8 ( x ) , 

g ( uA ( x ) , u8 ( x ) } = uA ( x )  V u8 ( x ) . Bel lman and G i ertz  felt 

that the fo l low ing restrictions are reasonably imposed on f 

and g :  

a )  f and g are nondecreas ing w i th respect to uA ( x )  and 

u8 ( x ) . That i s , uA A 8 ( x )  or uA v 8 ( x )  cannot decrease 

when uA ( x )  or u8 ( x )  increases . 

b )  The assoc i ative law holds for  the two operators .  

� )  f and g are symmetr i c ,  that i s : 

Hence , the assoc iative law ho lds for the two op�rators . 
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d )  For x1 and x2 i n  the universe of discourse , i f  uA ( x1 ) = 

uB ( x1 ) > uA ( x2 ) = uB (x2 ) , then the membership values o f  

x1 in " A  or B "  o r  " A  and B "  are greater than those o f  

x2 . 

e )  f ( uA ( x ) , uB ( x ) ) � min ( uA ( x ) , uB ( x ) ) and g ( uA ( x ) , uB ( x ) ) 

� max ( uA ( x ) , uB ( x ) ) .  

f )  

This means that accepting the intersection o f  the two 

statements requires more whi le accept ing the truth o f  

one statement or  the other requires l e s s  than a ccepting 

each individua l one alone . 

f ( 1 , 1 ) 1 ,  g ( O , O ) = 0 .  

g )  uA ( x )  A (uB ( x ) V uc ( x ) ) i s  equiva lent to ( uA ( x )�uB ( x ) ) 

V ( uA ( x )  1\ and uc ( x ) ) . 

uA ( x )  V ( uB ( x )  A uc ( x ) ) i s  equ i v a l ent t o  ( uA ( x )  V 

uB ( x )  ) A ( uA ( x )  V uc ( x ) ) . 

B e l lman a n d  G i ert z ( 1 9 7 3 ) s howed t h a t  the m i n  a n d  m a x  

o p e r a t o r s  a r e  t h e  o n l y o p e r a t o r s  f or c on j u n c t i o n  a n d  

disj unct ion that satisfy the a bove cr iter ia . The m i n  and 

max operators were therefore u s ed in the system r eported in 

this thes i s . 

2 . 3 . 1 . 3  The Negat ion Operator , 

The t h i r d  o p e r a t o r  i s  the n e gat i o n  o p e ra t o r , � .  T h e  

operator i s  usua l ly given t h e  l abe l " not " . 

def ined by the f o l l ow ing formu l a : 
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u�s i ( Y ) = 1 - us i < Y ) - - - - - > 2 . 3  

For example , the fuzzy propos i t i on "not s l ight price 

.increas e "  can be repre:;;ented by a fu z zy subset us ing formu la 

2 . 3 .  The result ing fuz zy subset i s  shown below : 

not s l ight pr ice increase = ( O I $ 1 ,  O l $ 2 , 0 . 1 1 $ 3 , · 

0 . 1 I $ 4 I 0 . 2 I $ 5 I 0 . 2 4 I $ 6 I 0 . 5 I $7  I 0 . 7 I $ 8 I 1 I $ 9 I 

1 1 $ 1 0 )  

It can be shown that the above negation operator sat i s f ies 

the restrictions imposed by Giert z and Bellman ( 1 9 7 3 )  on a 

comp lementation funct i on .  These testr ict ions are as 

follows : 

a )  u�s i ( Y ) depends only on u8 i ( Y ) .  

b )  I f  u8 i ( y )  = o then u�s i ( y )  = 1 ;  and 

c )  

d )  

e )  

i f  u8 i ( Y ) 1 then u�s i ( Y ) = o . 

The funct ion i s  cont inuous and 

decreas ing when u8 i ( Y ) increases . 

The function i s  i nvolut ive . 

I t o A cer a1n change in  the value 

mono
.
tonica lly 

0 .  

o f  i s  

accompanied b y  t h e  same amount o f  change in  the 

2 . 3 . 1 . 4  The Cond itional Op erator , :J 

The f ourth operator i s  the cond it iona l operator . The 
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condit ional operator actua l l y  describes a relat ion between 

the e l ements of two fuzzy subsets . It is used to symbo l i z e  

a n  i f  then relationship between two fuzzy  

propos it i ons . Mathematica l ly , a fuz zy relat ion R ' from a 

fuz zy subset X to a fuz zy subset Y i s  a fuzzy subset. of  the 

Cartes ian product X * Y .  I f  x1 , x2 , . . . .  , xn are the 

.e lements of X and y 1 , y2 , . . . .  , Yn are the elements of Y ,  R 

can be r epresented a s  below : 

R = ( uR ( � l , y l ) / ( xl , y l ) ' uR ( x l , y2 ) / ( xl , y2 ) ' . . .  , 

uR ( x l , Yn ) / ( xl , yn ) ' 

UR ( X2 , y l ) / ( X2 , y l ) ,  . . . .  , 

I n  the above formu l a , the express ion a bove the stroke i s  the 

grade of membership of the ordered p a i r  be low the stroke . 

The result of app ly ing the condit iona l operator to  two fuz zy 

·subsets C and S wi l l  be a two-dimens i ona l relat iona l matr ix . 

The formu la for the conditional operator , :J , i s  as be l ow : 

U c :::> s ( Yi t Z j ) = max ( ( 1 - uc < Yi ) , u8 ( z j ) )  . . . . . . . . 
. 2 .  4 

,where Y i is 
I 

the ith e lement in  the fuz zy subset c ;  and 

Z ·  J is the j th element in  the f u z z y  subset s .  

The above relation is associat ive , trans it ive , symmetr i c  and 

ref lexive . 

Hence , the fuz zy decis ion rule " i f the cashf l ow i s  +avorable 
I 

then the pr ice change i s  s l ight pos i t ive" can be symbo l i z ed 
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by app lying the condit ional operator to the two 

correspond i ng fu z zy subsets . Let the fuz zy subset d�not ing 

the fu z zy propos ition " the cashf low is f avorabl e "  be C and 

the fuz zy subset denot ing the fuz zy propos ition " the price 

change is s l ight pos it ive " be s ,  then the fol lowing 

relational matr ix can be obtained by equation 2 . 4 :  

$ 1  

$ 1m * 1 

$ 2 m  1 

c $ 3 m  1 

$ 4 m  1 

$ 5 m  1 

Figure 2 . 3  Re lat iona l Matrix 

$2  

1 

1 

1 

1 

1 

s 

$ 3  $ 4  $ 5  $ 6  $ 7  $ 8  $ 9  $ 1 0  

0 . 9  0 . 9  0 . 8  0 . 8  0 . 8  0 . 8  0 . 8  0 . 8  
I 

0 . 9  0 . 9  0 . 8  0 . 7 6 0 . 6  0 . 6  0 . 6  0 . 6  

0 . 9  0 . 9  0 . 8  0 . 7 6 0 . 5  0 . 3 0 . 2  0 . 2  

0 . 9  0 . 9  0 . 8  0 . 7 6 0 . 5  0 . 3 0 . 1  0 . 1  

0 . 9  0 . 9  0 . 8  0 . 7 6 0 . 5  0 . 3  0 0 

* m stands for mi l l ion . 

2 . 3 . 1 . 5  The Compos i t ion Operato r , o 

' 
I 

Fina l l y , the compos it ion operator , denoted by the symbo l o ,  

can be used to make an inference ba sed on a g iven fact a nd a 

dec i s ion rule . For examp l e , given the fuzzy f act C '  and the 

dec i s i o n  r u l e  C � s ,  t h e  compos it ion of these two 

propos i t i ons g ives the fuzzy  subset S ' . The operator i s  

def ined a s : 
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uc 1 oc :J 8 ( y j ) = max ( m  in ( uc 1 ( y i ) , uc :J 8 ( y i , z j ) ) ) 

- - - - - > 2 . 5  

A ssume that the fuz zy subset C 1  represents the f u z zy 

propos i t ion " cashf lo\v is  very favorab l e " . Using the concept 

of hedging suggested by Z adeh ( 1 9 7 7 6 a )  and descr ibed in the v/ 

n ext section , it i s  poss ible to der ive the membership 

f unction for c 1 • 

2 . 3 . 1 . 5 . 1  Hedging 

3 

Hedgi ng works on l ingu i stic var iables 3 . In  the l ingui st i c  

approach , a rol e  comparable to that o f  a unit o f  measurement 

is developed by hedging primary f u z zy subsets . That i s , 

other subsets in  the term set can be  generated through the 

Zadeh ( 1 9 7 3 )  de f ined a l inguistic var i able as character i z ed by 
a quintuple ( x ,  T ( x ) , U ,  G ,  M)  in whi ch x is the name of the 
var i ab l e ; T ( x ) ( or s imp ly T) denotes  the term-s et of x ,  that 
i s , the set of names of l ingu ist i c  va lues of x ;  G i s  a 
syntact i c  rule ( wh ich usua l ly has the form of a grammar ) for 
generating the names , T ( x )  o f  x ;  and M is a semantic rul e  f or 
associating with each l inguist ic  val u e  its meaning , M ( x ) , 
which i s  a fuzzy subset o f  U .  U is the universe of discourse . 

Lingui s t ic variables are used exten s ively in  a l l  natura l 
language . Natura l languages cons i st of l ingu i stic var i ables 
that take on f u z zy va lues . For example , the l inguistic  
var iable " high "  might take on  syntact i c  va lues l ike " h igh " , 
" not h i gh" , " somewhat h igh " , " very h i gh " , " not very h igh " , 
" very very high " , " high but not very h i gh " , " qu ite h igh " , 
" more or less high " . The s e  syntact ic va lues are col l ect i vely 
known a s  the term set , T ( X ) , o f  the l ingu istic var iable 
" high " . Each o f  the va lues in the term set is composed o f  a 
semantic va lue a s  wel l .  The semant i c  va lue is  the membership 
function of the fuzzy subset concerned . Once the membership 
funct ion of the primary l inguistic variable " h i gh "  is def ined , 
the membership funct ion o f  other l ingu i stic values can be 
determined by hedg ing . 
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u s e  of l ingui s t ic hedges such a s  "more or less " , ",very " , 

" qu i te" , " extreme ly " and so on . Each one of these h edges 
i .... 

can be represented a s  a funct ion o f  the pr imary fuz z y  subset 
I 

" high " . The f o l lowing hedge funct ion ( Zadeh 1 9 7 6 a ) : shows 

how the fuz z y  subset " very h igh " can be obtained from the 

pr imary fuz zy subset " h igh" . The hedge funct ion i n  this 

examp le def ines the membership funct ion of "very h igh " as 

the square o f  the membership funct ion of " h igh" : 

where H represents the pr imary fuz zy subset "h igh'' ; and 

H '  represents the fuz zy subset " very high " . 
I ,  

The fol lowing are other poss ible hedge functions suggested 

by Zadeh ( 1 9 7 6a ) . I n  the formulae below , x stands f or a 

pr imary l ingu istic var iable . 

very x = x2 

very very x = ( very x ) 2 = x4 

very not exact = very inexact 

= ( �exact ) 2 

not very exact = � ( very exact ) = � ( exact2 ) 

plus x = xL 2 5  

minus x = x0 · 7 5  

plus p lus x = minus very x 

high l y  x = minus very very x 
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I n  gener a l , hedge funct ions can be def ined in the foll owing 

manner : 

where a i s  some rea l va lue . 

Thus , it  can be seen that a key f eature o f  the f u z z y  

l ingu i s t i c  approach h a s  to  do with t h e  u s e  o f  hedg ing in  

prov iding a �ubst itute for the bas ic notion o f  a unit  o f  

measurement so that a ca lcu lus c a n  b e  establ i shed for 

man ipu l at i ng vague and imprec ise concepts . Th i s  ba s i c  unit 

of measurement accounts for much of the power of the fu z zy 

l ingu i s t i c  approach for modell ing f u z z iness i n  humanistic  

systems . 

2 . 3 . 1 . 5 . 2  App l i c a t ion of  the Compos i t ion Operat ion 

With the use o f  hedg ing , it is pos s ible to calcu late the 

members h i p  funct ion of C '  us ing the formu la uc , ( Y ) = uc ( Y ) 2 

where C represents the f u z zy subset ·� favorable cash f low"  

descr ibed on page 3 3 . 

uc ( Y )  represents the membership va lue o f  y in the 

fuz zy subset c ; and 

C '  represents the fuz zy subset " very f avorable 

c a shf low" . 

The f u z zy subset C '  can be expressed a s  below : 
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very favorabl e  cashf low = ( 0 . 04 / $ 1  m i l l ion , 

0 . 1 6 / $ 2  mi l l ions , 0 . 6 4 / $ 3  m i ll ions , 

0 . 8 1 / $ 4  m i l l ions , 1 / $ 5  m i l l ions ) 

\ 

App l y i n g  formu l a  2 . 5  to C '  and the r e l ationa l matr i x  i n  

f igure 2 . 3 ,  the induced fuz zy subset S '  is : 

{ 1 / $ 1 ,  1 / $ 2 , 0 . 9 / $ 3 , 0 . 9 / $ 4 ,  0 . 8 / $ 5 , 0 . 7 6 / $ 6 , 0 . 5 / $ 7 , 

0 . 3 / $ 8 ,  0 . 2 / $ 9 , 0 . 2 / $ 1 0 )  

The fuz zy subset S '  can be labe l l ed a s  " a  l i tt l e  bit more 

than s l ight price increase"  because the grades of membership 

of large price increases are larger than the correspbnd ing 
I 

memb e r s h i p  va l u e s  i n  t h e  f u z z y  s p b s e t  " s l i g h t  , p r i c e  

increa s e "  shown o n  page 2 4 . 

With the above f ive operators ,  inferences in fuz z y  logic can 

be perf ormed mecha n ica l ly on fuz zy subsets . The formu l a e  

g iven can a l s o  be  genera l i z ed to cases involving more than 

'two fu z zy subsets . 

2 .  3 .  2 Conc lus ion 

Fuz zy log ic is the appropr iate techn ique to use when there 

i s  a need to dea l with a larg,e number of fuz zy var i ables and 

combinat ions of f actor leve l s  as descr ibed in section 2 . 2 .  

The r e a s on i s  t h a t  fu z z y  l og i c  e n a b l e s a math ema t i c a l 

r e l a t i o n  to  b e  e s t a b l i s h e d  b e tw e e n  fu z z y l i ngu i s t i c  

v a r i a b l e s  . T h r o u g h  t h e  u s e  o f  h e d g i n g f u n c t i o n s , 

. recommendat ions can be made eas i ly us ing the compos i t i on 

· operator descr i bed above . There i s  n o  need to exh�ust a l l  
I 
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the pos s ible dec i s i on rules re lating the d i fferent level s  o f  

fuz zy variab les . In  the fuzzy logic approach , ' it i s  

suf f ic i ent to have one dec i s i on ru le  relating each pair o f  

primary fuz zy var iables . 

Cons ider the fol l owing exampl e  of a decis ion rule descr ibing 

the cond itiona l r e l at ionsh ip between f avorable cashf l ow and 

a pos it ive change in price : 

I f  the cash f l ow i s  favorab le, then the price change 

is pos itive . 

Suppose that the current cashf low s i tuation i s  

favorab l e " , without the use I of  fu z zy log ic it  

" very 

i s  not 

pos s i b l e  to create a system to recommend the opt ima l l eve l 

o f  pr ice change unless there i s  a decis ion rule : in the 

knowledge base that describes the relationship between " very 

favorable cashf l ow "  and degree o f  price change . For 

examp l e , only i f  the fol lowing dec i s ion rule  i s  stored in  

the knowledge bas e : 

I f  the cash f l ow i s  very favorab le , then the price 

change is large pos i t ive . 

w i l l  a ( nonfu z z y )  system be able to  recommend a " large 

positive change"  in price . 

Us ing the fu z zy logic approach , however , the second dec i s ion 

ru le  does not need to be exp l icitly stored in  the knowl edge 
i 

base . Th is i s  because the fu z zy subset " very favorable 

cai:;h f l ow "  can be def ined a s  a funct ion of the pr imary f u z zy 
I 
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subset " favorable cash f l ow"  a s  f o l low ( Zadeh 1 9 7 6 a ) : 

very favorable cashflow = ( favorable cash f low) 2 

I f  the f irst decis ion ru le i s  represented in  the f orm o f  a 

relational matr i x  in the knowledge base , then an i nduced 
' 

dec i s io n  can ne derived bas ed on the max-min c ompos itional 

rule o f  inference shown in s ect ion 2 . 3 . 1 . 5  above . I n . other 
I 

words , i n  the f u z z y  logic approach , i t  i s  not necessary to 

exhaust a l l , the possible combinat i ons  of a l l  the possible 

leve l s  o f  each one of the fuz zy dec i s ion variables i n  the 

dec i s ion making environment . Th i s  i s  a very im�ortant 

advantage o f  fuz z y  log i c  over the other approaches because 
I . 

whi l e  the number o f  dec i s i on rules  grows exponenti a l ly w ith 

the number of fu z zy yar iables , the number of h edge functions 

grows only proport ionally . As an  example , cons ider the case 

when there are only two f u z zy factors and that each · factor 

is made up of n i ne leve l s , then the e xperts i nvo lved in the 

construction of the system w i l l  have to provide 8 1  dec i s ion 

rules  i f  fuz z y  logic i s  not used . Using the fuz z y  l ogic 

approach , however , these experts w i l l  only need to provide 

one dec i s ion rule invo lving the pr imary fuzzy  subsets and 18 

hedge functions . Comparative ly speak1ng , · the task of 

establ i shing these hedge functi ons  is much less burdensome 

than that of e stablishing a l l  pos s ible deci s i on rules . 
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CHAPTER 3 

KNOWLEDGE ENGINEERING AND METHOD 

The f irst step in bui lding a knowledge-based system i s  knowledge 

a cquis it ion . The process o f  knowledge acqu i s i t ion i s  : commonly 

known as knowledge engineer ing . Th i s  chapter is d ivided into 

f our sect i ons . S ection 3 . 1  descr ibes the proces s  and the popular 

methods o f  knowl edge engineer ing . The problems involved in the 

proces s  are a ls o  discussed in the s ection . Some addit ional 

problems aris ing from knowl edge a cqu isition from m�rket ing 

managers are a l so h igh l ighted . To solve these prob lems , the 
I 

De lph i ' t echnique was put f orward a s  a good method to use in  this 

research . Section 3 . 2  descr ibes the De lgh i technique and the 

j us t i f icat ions for adopting the technique . Section 3 . 3  describes 

how the Delph i t echnique' was actu a l l y  app �ied in the research . 

Section 3 . 4  puts forward a method for test ing the ef fectiveness 

o f  the knowledge-based system constructed . 

3 . 1  Knowl edge Engineer ing 

3 . 1 . 1  Introduction 

The term know ledge eng ineer ing was coined by Feigenbaum 

( 1 9 7 7 ) as a process of reduc ing a large body of know l edge to 

a prec ise  set of facts and ru l e s . Potent i a l  s ources o f  

problem-so lving ' knowledge are experts , textbooks , databases , 
i 

case studi e s  and persona l experience . Shaw and Ga ines 
i 

{ 1� 8 7 ) def ined knowledge eng ineer ing a s  "the acqu i s ition , 
i 

e l i c itation , structur ing and encod ing of know ledge for 

appl ication in infer entia l , goa l-directed , exp l anatory , 
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deci s ion and a ct ion support systems" . 

\ 

Bas i ca l ly ,  th�re are two approaches to knowledge eng ineering 

( Waterman 1 9 8 6 ) : observat iona l and intuit ive . The 

observationa l approach is somet imes referred to as �rotoco l 

ana ly s i s . Th i s  method s el ects a sample of the problem space 

and the experts are observed in the process of solving the 

probl em .  Th� method o f  solving the problem . i s  recorded . 

Smith and Baker ( in Boose ( 19 8 6 ) ) ,  the bui lders o f  Dipmeter 

Advi s or , used nove l prob lems and then recorded the , problem 

solv ing process . 

The intuitive method i s  based on  self- introspect i on . It  
I 

requ i res experts to descr ibe the ir cogn it ive processes in  
I 

solving a probl em an? coming to a r ecommendat ion . 

The steps i n  conducting a know l edge eng ineer ing exercise 

have been descr ibed by a number o f  authors . Buchanan and 

Short l i f f e  ( 1 9 8 4 ) offer the f o l l owing step-by-step approach 

to knowledge acquis ition : 
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F igure 3 . 1  Stages o f  Know l edge Acqu i s it ion 

- - - - - - - - - - - - - - >  

- - - - - - - - - - - - >  

- - - - - - - - - - >  

Ident i fy 
. problem 
· character istics 

I Requ irements 
V 

F ind concepts 
to represent 
knowledge 

- � - - - - - - - - - - - - - - - - -

Concepts 
V 

Des ign s tructure 
to organ i z �  
knowledge 

Structure 
V 

Formulate rules 
to embody 
knowledge 

Ru les 
V 

Val idate rules 
that organi z e  
knowledge 

Reformu l at ions V 
- - - - - - - - - - - - - - -----

1 Redesigns 

Re f in ements 
I 

- - - - - � - - - - - - - - - - - - - - - - -
' 

'\ 

I dent i f i cat ion 

Conceptu a l i z ation 

Forma l i z at i on 

Implementation 

Test ing 

Hayes-Roth et a l . ( 1 9 8 3 ) a lso out l ined s im i l ar stages o f  

expert system knowledge acqu i s it ion that correspond roughly 

to trad i t iona l system ana lys i s  and des ign , with . more 
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emphas i s  p l aced on incrementa l and gradual  devel opment . 

\ 

W i e l i nger and Breuker ( in Merry 19 8 5 )  def ined three stages 

of knowledge engineer ing . The f irst stage is kn,owledge 

ident i f icat ion , when knowledge engineers' record what experts 

r�port on how they so lve a problem . The second stage i s  

known a s  knowledge conceptua l i zation , dur ing which knowledge 

e ng ineers try to bu i ld up a forma l descr ipt ion of the 

pr imit ive concepts in  the reasoning processes . These 

primit ive concepts are entities  in the �roblem domain and 

the relat ions amongst these entities . The last stage i s  

ep istemo l og i cal analys i s . At thi s  stage , knowledge 

eng ineers attempt to  uncover the cond�t i onal relationships 

among the primitive concepts ident i f ied in the knowledge 
' · 

conceptua l i z ation stage . 

There are three problems a ssociated with knowledge 

e'ngineer i ng . The f irst and the most ser i ous problem is that 

no scient i f ic model  has been establ i shed for the cho ice o f  
I 

methods to  acquire knowledge from experts . The most popu lar 

method is to conduct unstructured or s em i-structured face-

to�face interviews with experts . Other methods rely upon 

observat i ons . Computer programs have a l so been constructed 

to  automate the acqu i s it ion of knowl edge from experts . The 

choice of a part icular method , however , :can be an arbitrary 

decis ion made by the knowledge engineer . 

The second problem associated w ith knowledge engi neer ing i s  

that experts typ i ca l ly d o  not structure the ir dec i s ion 

mak ing i n  any forma l way , and they may have great d i f f i cu l ty 
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r ecognis ing and descr ibing the steps o f  the ir reasoning . 

This pro b l em of know l edge trans fer has been ana lysed . \ by a 

number o f  researcher s . D ixon ( 1 9 8 1 )  d i scovered that much 

human act ivity is not access ib l e  to awareness . Co l l ins  

( 19 8 5 )  stud ied knowledge trans fer processes among sc ient ists 

and found that some knowl edge might not be accessible to  

experts because these experts are not aware o f  the 

s ignif icance of a l l  the steps invo lved in s olving a problem . 

B a inbr idge ( in Merry 1 9 8 5 )  notes that there is no necessary 

c orre lation between verba l reports and menta l behaviour . 

That i s , introspect ive verba l reports o f  how a problem i s  

reso lved m a y  . not descr ibe accurate ly/ a n d  comp l etely the 

actua l ment a l  activities invo lved in s o lving the problem . 

The th ird problem w i th knowl edge eng ineer ing i s  . that i f  

methods i nvo lving i ntorviews and observations are used , 

d i { ferent k i nds o f  interviewer , interviewee and observat i on 
i 

b i a ses ( Green , Tu l l  and Albaum 1 9 8 8 )  can a f fect the qua l ity 

of 1 the knowledge acqu ired from the experts . The s e  biases 

arise from the soc i a l  interact ion between the knowledge 

engineer and the experts i nvited to partic ipate in the 

construct i on of the system . Many cognit ive de fences have 

been found to impede ef fect ive communicat ion ( Freud 1 9 14 , 

Green , Tu l l  and Albaum 19 8 8 ) . 
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3 . 1 . 2 Cho i c e  o f  Knowledge Eng ineering Methods i n  the 
current study 

Three prob lems arose with the cho i ce of common interview-

based methods or observation-based methods in  the current 

study . One was that these methods have never been tried in  

a problem doma iD character ised by · a high degree of 

fu z z iness . The problem doma in of a marketer i s  

overwhe lming ly fuz zy . There is often no correct so lut ion to 

a market ing problem . 

�nether prob l em was that marketers part ic ipat ing i n  the 

knowledge engineer ing process came from d iverse backgrounds 

w i th respect to experience and ex�ertise . I t  was very 

l ikely that knowledge eng ineers would get a large amount o f  

c�n f � ict ing knowledge from these expert marketers . '  I n  th i s  

connection , a techn ique that i s  less vulnerable  . to the 
i 

psycholog ica l problems ment ioned above and at the s ame t ime 

a l lows marketers to come to a certa in degree of consensus 

was requ ired f or this study . 

Fina l ly ,  the experts that were invo lved in th i s  study were 

scattered a bout in d i f ferent l ocat ions : Time and c6st made 

frequent group face to face meetings infea s i bl e . A more 

cost ef fect ive method was requ ired . Having taken a l l  these 

f a ctors into cons iderat ion , the De lph i techn ique appears to 

be a good t echnique to use in th i s  research . The techn ique 

. i s  descr i bed in greater deta i l  in the next s ection . 

Add itiona l j ust i f icat ions for adopt ing the method are a l s o  

g iven in the section . 
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3 . 2  The Delphi Technique and i t s  Appl icat ion in 
Knowledge Engineering 

1 

According 
. 1  . .  t 

to Linstone and Tur o f f  (:1 9 7  5 )  , the 

\ 

Delph i  

techn ique 1 i s  a method for structuring a group c ommunication 

process  s o  that a chann�l of .feedback and an opportunity f or 

the partic ipants to revise their opi n i ons is provided . A 

h igh degree o f  anonymity for the part i c ipants i s  maint a ined 

throughout the entire process . Th i s  avo ids a number of 

problems in commun icat ion aris ing from face-to- f ace 

interactions among the experts . For examp l e ,  it  el iminates 

the dys funct iona l effect in  a group .commun ication process 

when certa in group members ,  who might not have except i onal 
I 

expert i s e , dominate the group ( Carzo  1 9 6 3 ) . 

The De lphi techn iq�e invo lves a moni tor who des igns the 

questionna ire . The quest i onna ire i s  then sent to a group of 

expert s . After the quest ionna ire i s  returned , the mon itor 

summar i z es  the results and , based upon the conc lus i ons 
I 

reached , formu lates another quest ionnaire f or �he next 

iterat i on . Each respondent i s  then given at  teast one 

chance of revi s ing h i s  or her j udgments based 
. ' 

upon 

examinat ion of the group response . The respondents may have 

to go through several iterations unt i l  a certain degree of 

consensus is reached . 

The De lphi techn ique was one o f  the spino f f s  of defense 
research . I n . the ear ly 1 9 5 0 ' s ,  the US Air-Force sponsored 
Rand C orporat i on started the " Proj ect Delph i "  study to l ook 
into the pos s i b i l ity of obta ining the most re l i ab l e  consensus 
o f  op i n ions of a group of experts by a series o f  intens ive 
quest i onna ires i nterspersed with controlled op i ni on feedback . 
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Br ightman and Verhoeven ( 1 9 8 6 )  cr itic ised non-Delphi type 

problem solving groups for the i r  fai lure to der ive a 
\ 

consensu s . They reason that group leaders o ften do not 

possess  the necessary interpersonal ski l l s  nor the 

understanding o f  group dynamics to be ef fect ive , and . group 

problem so lving may encourage the suppression o f  personal 

bel i e f s  that may invoke con f l ict . The De lph i method , 

accord ing to these authors , may be more e f fect ive in 

ach ieving a consensus be l ie f . 

In  a s ituat i o n  where experts hold d i fferent v i ews o f  the 

rea l ity and where the reasoning mechanism i s  comp l icated , 

. tHere may be personal conf licts l resulting from · 
I 

their 

d i f f erent recommendations about the same problem : ( Linstone 

and Turoff  1 9 7 5 ) . These con f l icts would affect the qua l ity 

of the knowledge extracted ' from the knowledge engineer ing 

process .  The De lphi technique avo ids this by protect ing the 

ind ividu a l  from bring ing �p an idea that turns out to be 

idiot ic and results in a loss of face . It a l s o  avo ids the 

d i f f icu lty of publ icly contrad ict ing individua l s , : and of 

unwi l l ingnes s  to abandon a pos ition once it is made pub l ic .  

The De lphi techn ique i s  actu a l ly a process o f  negot i ation � 
among the experts . In  the process of negot iat ion , experts 

' cont inua l ly add , ver ify and rev i s e  their percept ions of 
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rea l ity unt i l  a certain degree of consensus i s  arr ived2 at . 

Da lkey , Brown and Cochran ( 19 7 0 )  stud i ed the f eedbacks in  

d i fferent Delph i  s ess ions . The experiment suggested that 

the experts were sens it ive to the feedbacks . Most were 

interested in  the op in ions of the other group members and 

des irous of moving in the d irect ion o f  the consensus . 

Delphi technique has been appl ied in a w ide i 

1 range of 

areas s uch as forecasting and future stud i e s  with very 

sat i s fa ctory resu lts . Early stud ies by Turo f f  ( 19 7 0 ) , for 

examp l e , used the Delphi techn ique on maj or pol icy . i s sues 

and the results were effect ive . More recent app l ication 
I 

stud i e s  by C louser { 1 9 8 6 ) , Brancheaa and Wetherbe . ( 1 9 8 7 ) , 

Trewatha , Hampton , Vaught and Parker ( 19 8 8 ) , Yong , Keng and 

Leng { 1 9 9 0 )  I Ray ' and Sahu ( 1 9 9 0 )  a l l  found the Delph i 

techn ique useful in  the app l ication areas descr ibed in the ir 

research report s . 

An example o f  the applicatio n  o f  the technique in  market ing 

was the study c onducted by Ray ( 1 9 8 8 ) . Ray formed a De lphi 

panel and found that the results were useful f or redes igning 

i 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 The phi losophica l basis of the De lph i techn ique can be v i ewed 
f rom the Hege l ia n  d ia lectica l perspect ive (Mitr o f f  and Turof f  
i n · Linstone and Turoff 1 9 7 5 ) . T h e  idea o f  the Hegel ian 
approach is that truth is c on f l ictua l .  The truth o f  a system 
i s  a comp lex interp lay between a thes i s  and a c ounter thes is . 
These two theses engage each other in a persist ing debate over 
the true nature of the system to draw forth a new plan that 
sy�thes i z e s  the thesis and the counter thes i s . In a De lphi 
sess ion , d i f ferent experts m ight have d i fferent v i ews about the 
truth of a system . The De lph i sess ions f orm the bas i s  for these 
d i f ferent opinions to interact to get to the truth . In the 
process , individua l experts a lso learn from one another in a 
protected environment wh i l e  studying others and the wor ld . 
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bus iness strateg ies  and ref ining markets . Gibson and M i l ler 

( 19 9 0 )  app l i ed the De lph i technique for regi onal economic 

d iver s i f icat ion problems and found that the method presented 

a very useful approach to the ana lys i s  o f  comp lex , 

mul t i dimensiona l problems . Hoss e i n  and Khorramshahgol 

. ( 19 9 0 )  used the Ana lyt ic De lphi Method in  locat ion dec i s ions 

with great succes s . The Ana lytic Delphi Method incorporates 

intangible and tangible  factors into the dec i s ion making 

proc e s s  by integrat ing mathemat ica l mode l s  for . multicr iteria 
I 

dec i s ion making w ith the Delphi method . 

The De lph i process can be automated by a computer system . 

Fra s er et a l  ( 1 9 8 9 ) , f or examp l e , I constructed a . . system 

ca l l ed Confl ict Resolver ( CR)  for mediat ing di sputes · ·a r i s ing 

among compet ing expert systems . The ' cR uses a D e lph i - l ike 

medi a t i on to reach a compromise reso lut ion . 

Th i s  section has d i scus sed the nature o f  the Delphi 

.techn i que and its app l ications . The next s ection , s ect i on 

3 . 3 ,  concentrates on how the technique was actua l l y  used in  

th i s  study . 
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3 . 3  The App lication o f  the Delphi Technique in the 
current Study 

3 .  3 . 1  

The entire knowl edge engi neering process was divided into 

three stages . The f irst stage , the p i l ot s tudy , i s  

descri bed i n  section 3 . 3 . 1 . Duri ng the s econd stage , 

f ie l dwork was conducted to obt a i n  the i n i t i al responses of 

the marketers to a set of que s t i ons about how pr ice 

dec i s i ons should be made in the export woo l i ndustry . The 

second stage is descri bed in sect i on 3 . 3 . 2 .  Three Delphi 

ses s ions were conducted in the third stage whi ch i s  

descr i bed in section 3 . 3 . 3 .  The s ummar i z ed resul t s  were 

then u sed for the construct ion of the actual system . 

The P i lot S tudy 

3 . 3 . 1 . 1  Method Used in the P i lot study 

The f irst stage is the p i lot study . The study had three 

obj ectives . The f irst was to c o l l ect some b ackground 

i n f ormat ion on . the environment of p r i ce deci s i on maki ng i n  

t h e  wool industry t o  enable a better formulat i on and � 

ident i f icat ion of the system and the problem .  The s econd 

was to obtain a set of heuristic deci s i on rules i nvolving / 

pr imary fuz zy vari ables . The third was to co l lect ba s i c  

i n format ion to bui ld u p  the quest i o nria ire for c o l l ecting the 
I 

required pr ice recommendat ions and the values of membership 

funct ions of the l inguistic var i ab l e s  in stage two o f  the 

study . 

I nv itation l etters were sent to a l l  woo l exporters i n  the 
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N orth I s l and and the l etters were f o l l owed up by t e l ephone 

c a l l s . The l i st of wool exporters was obta ined from the 

1 9 8 9  Stat i stical Handbook pub l i shed by the N ew Z ea l and Wool 

B oard . 

the 

Fourteen compani e s  were w i l l ing to  part i c ipate i n  
I 

prel iminary persona l intervi ews . The letter of 

invitation and the que s t ionnaire u sed in the prel iminary 

i ntervi ews can be found in Appendi x  1 .  

The questionna ire in Appendix 1 i s  an  unstructured 

questi onna ire . The questions formed the framework for 

d i scu s sion with the woo l  marketers .  After each question was 

a sked , responses and c l ar i f ications were probed unt i l  a l l  

the necess ary informat i on had been obta i ned . 

The questionna ire is  d i vided into f ive parts . The f irst 

part l ooks into the process managers go through in quot ing a 

pr ice for a transact ion . The second part a sks the managers 

to  g i ve the important f actors they wou l d  cons ider in the 

price dec i s i on maki ng process . How each one o f  these 

f actors would affect the ir decis ions was a sked i n  the th i rd 

part . In  part four , marketers were asked to suggest the 

s ituat ions under which they would recommend a sma l l  pos it ive 

change in price , a pos i tive change in pr i c e , a very p o s it ive 

change in pr ice , a smal l  negati ve change in pr ice , a 

negat ive change in price and a very negati ve change i n  

pr i c e . The last part asks managers under what s i tuations 

they would not change the price . The responses were u sed to 

bui ld up a s et of dec i s ion rules  r elat ing the primary f u z z y  

var iables . 
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3 . 3 . 1 . 2  Results of the P i lot s tudy 
I 

3 . 3 . 1 . 2 . 1  Process of Price Dec i s ion Making 

The method that a manager uses in recommend ing a price i s  

bas i ca l ly cost-p lus pricing . F irst o f  a l l , the costs of the 

amount of wool to be sold are obtained from the company ' s  

account i ng records . These cost inc lude the cost o f  th� woo l  

and add i t i onal cost items l ike fre ight , insurance and so on . 

Then an  average marg in of around 2 %  i s  added to the · tot a l  

c o s t . T h e  f i n a l q u o t e d  p r i c e i s  a d j u s t e d  u p  o r  d ow n  

· depend i ng on bas ica l ly three f u z zy factors in  the dec is i on . 

mak i ng e n v i ronmen t . The s e  three f � z z y f a c t o r s  a r e  t he 

company ' s  cash f l ow s ituation , the market s ituat i on and the 

compet i t ive s ituat ion .  

3 . 3 . 1 . 2 . 2  Important Fuz zy Factors i n  the Dec i s ion Making 
Proce s s  

, The importanc\e o f  a dec i s ion making variable w a s  assessed on  

the ba s i s of the  tota l . number o f  t imes  the var i a b l e  was  

quoted as important by the manager . The f o l l owing tab l e  

shows t h e  important factors and the number of t imes they 

·were quoted as important : 
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Table 3 . 1  Importance of Fuz z y  Factors 

Factor Importance 

Market S ituat ion 

Exchange Rate 

Cash f l ow S ituation 

Competit ion 

Interest Rate 

Payment Terms 

Importance o f  Customer 

Inf lati on 

Company Pol icy 

14 
1 0  

8 

7 

4 

2 

2 

1 

1 
I 

To s imp l i fy the construction of the system , onl y  f actors 
' 

that w e r e  quot e d  a s  important by a t  l e a s t  h a l f  o f  t h e  
' 

managers were spe c i f ically dealt with by the system . Hence , 

the l as t  f ive f a ctors in Table 3 . 1  were not incorporated 

into the knowledge-based system reported in thi s  thes i s . 

F u r t h e r m or e , s i n c e  o n l y  c omp a n i e s  t h a t  h e d g e  a g a i n s t  

exchange rate f luctuations through a bank were s ubj ects o f  

thiS S tUdy I the system did not need t O  take Care O f  eXChange 

rate as a deci s i on making variable in an exp l i c it manner . 

When the bank has taken over a l l  the r isks assoc iated with 

exchange rate f luctuat ions , the system only needs to include 

the c o s t  o f  . h e d g i ng a g a i n s t  c ur r e n cy f l u c tu a t i o n s  i n  

· �a l cu l a t ing t h e  tota l c o s t  o f  t h e  wool  t o  b e  s o ld t o  a 

. customer i n  the price dec i s ion mak ing proces s . Thus , only 

three f u z zy var i ables were dea l t  w i th by the system . The s e  

three factors a r e  market s ituation , competi tive s itua t i on 
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and cashf l ow situat ion . Thi s  i s  not r e a l i s t ic , but provides 

a suita b l e  compromi se for the prototype descri bed in  thi s  

r esearch . 

3 . 3 . l . 2 . 3  Decis ion Rules used in the D e c is io n  Making Pro c e s s  

3 .  3 .  2 

A number o f  deci s i on rules were obt a i n ed from the manager s . 

The fol l owing two are examp l es of these ru les : 

I f  cashf low i s  favorable , then p r i c e  change i s  smal l  

pos i tive . 

I f  cashf low i s  unfavorable , then p r i ce change i s  sma l l  

negat ive . 

The F ieldwork for Initial Respons e s  

3 . 3 . 2 . 1  Method 

I n  the second stage of the study , a questionna i r e  was s ent 

t o  a l l  the companies l i sted as wool exporter in  the 

Statist i c a l  Handbook 1 9 8 9  ment i oned above . The l is t  

inc ludes companies in the North I s l and a s  wel l as the S outh 

I s l and . The tot a l  number of compan ies  is 1 1 2 , a f ter 

excludi ng all those who have stopped trading . Companies 

having the same address were counted a s  one c ompany . The 

quest i onna ire and the covering letter a r e  shown i n  Appendix 

2 .  

Before the second quest i onnaire w a s  s ent out , i t  was 

pretested by a sk ing managers in  P almerston North the 

questions cont a i ned in  the ques t i onna i r e . Pecu l iar 
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responses were noted during the pretest . For examp l e , i f  

certain questions need to be repeated or amp l i f i ed before 

they were understood , these questions were s imp l i f i ed or 

r ewr itten . Managers were a l so a sked the ir opinions  o f  the 

questionnai re so that improvements could be  made before it 

was sent out . 

Dur ing the survey , nonrespondents were contacted by phone 

and if necessary , an appointment was made s o  that a p erson a l  

i nterview could b e  conducted to a s s i st the managers in  

a n swering the quest ionnaire . Thi s  saved t ime and e f f ort i n  

trave l l ing as the managers were widely d ispersed throughout 

the country . The number of usable quest i onna ires returned 

was 2 8 , mak ing up a response rate of 2 5 % .  Of  the 8 4  

companies , 5 did not f i l l  in the questionna ire becaus e  they 

were in f inancial di f f i culty , and therefore did not want to 

be  involved in  the survey . Another 2 3  companies refused to  

p articipate because they were not involved in woo l  export , 

a lthough they were l i sted as woo l  exporters i n  the 

Stat istical  Handbook . The remaining 5 6  nonrespondents 

e i ther were not interested in the survey or cou ld not 

participate because of company policy . 

I 
A lthough the response rate was only 2 5 % and only ten 

l 
managers were f ina lly _ invited to parti c ipate in  the Delphi 

s e s s i ons  ( see sect ion 3 . 3 . 2 . 2 . 3  bel ow ) , a l l  the compani e s  

were performing wel l  i n  the industry . The ir managers were 

o f ten consulted on t e levis i on or appeared in  newspapers 

regarding the strategies  woo l exporters should take in the 
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downturn o f  the market s ituat ion . Thi s  i s  important because 

the system t o  be constructed i s  supposed to g ive qual ity 

recommendat ions to users . To enable  qua l ity r ecommendations 

to be g iven , the knowledge stored in the system must come 

from successful  managers . 

Most reports on  expert systems or knowledge-based systems 

deve l oped do not mention the number o f  experts invited . I n  

fact , none o f  the know ledge-based systems rev i ewed in  

sect ion 2 . 2  spec if ied the number o f  experts invo lved in  

knowl edge engineering . After a rev i ew of studi e s  i nvo l ving 

the app l ication of knowl edge-based systems in  other bus iness 

area s , it was found that only two o f  them rep orted on the 

number of experts involved . In the Capital  E xpert System 

deve l oped by Texas I nstrument for making cap i t a l  investment 

dec i s i ons  and reported in AI I nteractions { 1 9 8 6 ) , only one 

expert was involved . Another developed 

Ca l i f orni a  

consumpti on 

Edison for predicting 

i n  the Southern Ca l i fornia 

summer 

area 

by Southern 

e lectr i c ity 

{ Gi bson and 

Cortese 1 9 8 9 )  used only one expert . As far a s  eva luat ion i s  

concerned , deve lopers of both systems reported substanti a l  

s avings in  the ir operat ing expenses a fter t h e  impl ementa tion 

of the system . The deta i l s  of how the eva luat i ons 1 were done 

were not g iven . 

I t  appears that some systems developed i n  non-business areas 

a l so i nvo lved few experts .  A good exampl e  i s  the system 

c a l led REVA ( Rotating Equipment V ibration Adv is or )  devel oped 

by Stones and Webster I ncorporated ( Meyer and Cur ley 1 9 8 9 ) 
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f or the d iagnos i s , analysis and prediction o f  equipment 

f a i lure . Only two experts were i nvolved i n  the const ruct ion 

of  the syst em . No eva luation was done on  the e f f ect iven e s s  

of the system . 

So far , no study has been done on the optima l number o f  

experts that shoul d  be invited to partic ipate in  the 

construct i on of knowledge-based syst em s . The f e e l ing 

obta ined f rom reviewing previous studi e s  is that the 

control l ing factor i s  avai lab i l i ty . Most systems only 

involve experts who are readi ly ava i lable . In t h i s  

connect ion , more research is  required . 

Coming back to the f ie ldwork , the quest i onnai r e  u s ed was 

divided into three s ections . The f irst section requ ired the 

managers to recommend the percentage price change in 

r esponse to each of the given scenar ios . The data obtained 

in thi s  sect ion were used for test ing the effectiveness o f  

the system i n  making pr ice recommendat i ons . 

Thirty scenarios were presented . Each s cenario w a s  made up 

of a combination of different leve l s  of the three most 

important fuzzy factors in the dec i s i on mak ing proces s . 

There are 7 2 9  poss i b l e  scenar ios becaus e  each f u z z y  f actor 

is made up of 9 l eve l s . Of these thirty s cenar i o s , s ix 

involved one primary fuz zy var iable only . Two i nvolved 

very extreme scenar ios . The reason why only two extreme 

scenar ios were inc luded in the set of s cenar i o s  was that 

these extreme scenarios are rare in  pract ice . 
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twenty-two scenar ios were picked up randomly from the 

s c enarios i nvolving at least two fuzzy  variables , none o f  

them had extreme levels . The f o l low ing example shows a 

s cenario w ithout extreme levels : 
I 

"Very f avorable market s ituation"  and " favorable  

cashf l ow situat ion" and " strong compet ition" 

A typical example of a scenario i nvolving an extreme l ev e l  

i s  a s  below : 

"Very very favorable market s ituation" and " n e ither 

favorable nor unfavorable cashf low s i tuati on "  and 

" neither strong nor weak competition" 

In respons e  to the scenarios , managers were a sk ed t o  

recommend a percentage price increasej decrease . 

The second section of the quest ionnaire contained questions  

f or ident i fy ing the membership functi ons for the pr imary 

f u z z y  var i ables used in the dec i s ion rules obta ined in the 

p i l ot study . One o f  the f indings in  the pi l ot s tudy was 

that when managers were a sked to describe how they 

determined the outlook of the market , they responded by 

saying that they f irst looked at a graph i c a l  d i sp l ay o f  the 
I 

movements of the market indicators in  the past twe lve 
! 
I 

months , then they extended the graph into the future . When 

the extended port i on of the graph i s  upward-s lop ing , the 

market s i tuat ion i s  going to be favorabl e .  Otherw i s e , i t  i s  

unfavorab l e . Hence , two d i f f erent sets o f  f igures , each o f  

whi ch contained seven diagrams dep icting seven d i f ferent 
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poss ible s l ope pos i t i ons of the extended part o f  the graph , 

w ere used to obtain the membership funct ions o f  favorable 

market s i tuat ion and unfavorable market situat i on . The � 

d iagrams can be found in Append ix 2 .  

The pi lot study a l s o  showed that the w ay thes e  managers 

evaluated how f avorable or unfavorab le the cashf l ow 

s ituat ion was in the same way that they eva luated the market 

s ituation . Hence , a nother two sets o f  d i agrams s im i l ar t o  

t hose used in obt a i ni ng the membership funct ions f or market 

s ituations were used for obt a i n ing the membersh i p  functions 

f or the cashf low s ituat ions . The d i a gr ams can be f ound i n  

Appendix 2 .  

B ased on the p i l ot survey , the d i f f erence between a 

c ompany ' s  pr ice and its compet itor ' s  pr i ce wa s used by the 

manager as the basis for eva luat ing the degree of 

compet i t i on in the market . Hence , f or f u z z y  subsets 

i nvolving " compet i t ive s ituat i on " , the degree o f  compe t i t i on 

was asses sed in the f o l lowing manner . F irst , the d i f ference 

between a company ' s  price and its strongest compet itor ' s  

pri ce was computed . Then the d i f f erence was expressed a s  a 

percentage of the company ' s  price . The percentage was u s ed 

as a measure of the degree o f  compe t i t i on .  The range o f  

these percentages i s  from - 1 5 %  to 1 5 % . Thes e  percentages _ 

were used for the membership functi ons o f  " favorab l e  

competit ive s ituat ion" a n d  " un f avorable compet it ive 

s ituation " . 
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The third section co l lected informati o n  about the number o f  

years of marketing experi ence of the manager answer ing the 

ques t ionnaire a nd whether the company hedges against 

currency f luctuat ions . 
I 

The purpose o f  the second quest i on 

in  thi s  secti on was to select experienced managers to 

part i c ipate in the Delphi sessions . Only experienced 

managers were regarded as experts . 

The f irst questi on of section three was concerned w ith 

whether or not the company hedged aga inst exchange rate r i sk 

through a f inanc i a l  inst itution . I t  was decided to exclude 

compan ies that speculate in the f or e ign exchange market 

becau s e  it was thought that the pr i c i ng decis ions would be 

made i n  a different way by those who hedge than by those who 

do not , and it i s  thought better to have a homogeneous group 

of experts than a heterogeneous one . O ' Brien ( 1 9 9 0 )  and 

Newqu i st ( 1 9 8 6 )  suggested that one cardina l principle in  the 

construction of a knowl edge-based system is that the system 

shoul d  a im at support ing deci s ion making in a sma l l  and 

wel l-def ined problem area . The problems f aced by a group of 

homogeneous marketers shou ld be more we l l -defined and 

narrower in scope than a heterogeneous group of marketers , 

and a system a imed at supporting the former group should 

have a h igher probab i l ity of success . 
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3 . 3 . 2 . 2  Results  o f  the F i e ldwork 
. . 

3 . 3 . 2 . 2 . 1  Managers ' Recommendations G iven the Scenarios 

Each manager who part i c ipated in the study recommended price 

changes in response to the given s cenar ios . An exampl e  of a 

s�t o f  such recommendat ions can be found under co lumn one on 

page 140 of Appendix 3 .  

3 . 3 . 2 . 2 . 2  I n i t i a l  Membership Funct ions 

The managers were a l so asked to g ive the membersh ip 

funct ions for the f u z z y  l inguistic variables used in the 

�ec i s ion ru l e s  obta ined from the p i lot �tudy . The f o l lowing 
I 

i s  an examp l e  of  the membership funct ion for sma l l  positive 

change in price g iv�n by one of the m�nagers : 

( 0 . 9 0 / 1% ,  0 . 8 7 / 2 % ,  0 . 6 5 / 3 % , 0 . 4 0 / 4 % , 0 . 3 0 / 5 % ,  0 . 2 7 / 6 %, 

0 . 2 5 / 7 % ,  0 . 2 3 / 8 %, 0 . 2 2 / 9 % ,  0 . 20 / 10 % ,  0 . 2 0 / 11%, 

0 . 1 8 / 1 2 % , 0 . 18 / 13 %, 0 . 18 / 14 %, 0 . 18 / 15 % )  

3 . 3 . 2 . 2 . 3  S e l ect ion o f  Managers for Delphi Sess ions 

Responses to the f irst two ques t i ons in  sect ion three of the 

s econd quest ionna ire were used to se lect managers to 

participate in the De lph i sess ions . The part icipants were 

s creened and eventua l ly only ten managers were qua l i f i ed to 

part icipate in  the De l ph i  sess i on s . Two criter i were used 

f or se lect i ng these ten managers .  F irst , they must have at 

l east ten years of work ing experience in the · i ndustry . 

S econd , the compan i e s  they serve must a lways hedg� aga inst 

currency f luctuations in the f ore ign exchange market . I n  
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3 .  3 .  3 

fact , a l l  these managers were very exper ienced marketers . 

The average number of work ing exper ience o f  thes e  mana�ers 

was over 2 6  years . The least experienced one had t�e lve 

y e a r s  o f  work i ng exper i ence , the m o s t  exper i enced o n e  

thirty- s ix years . 

The Delphi S e s s ions 

3 . 3 . 3 . 1 Method 

Th r e e  D e l ph i  s e s s i o n s  w e r e  h e l d  to a l l ow t h e  e x p e r t s  

part i c ipat ing in  the study t o  refine their j udgments . Three 

sess i ons  were organ ised because Linstone and Turoff { 19 7 5 ) , 
I I 

Erffmeyer , Er ffmeyer anp Lane { 1 9 8 6 )  found that a point o f  

d imin i shing returns i s  reached a fter thr�e o r  f our rounds . 
I 

T h e y  a l s o  f o u n d  t h a t  e x c e s s i v e  r e p e t i t i o n  u p s e t  

part i c ipants . Most commonly , three rounds proved t o  be  

suf f ic ient because ninety-nine percents of the change in / 
op i n i ons occur i n  the f i r s t  th r e e  rounds ( B rockh o f f  i n  

Turo f f  197 5 ) . 

Dur i ng each iteration , a summary o f  the responses o f  the 

prev ious sess i on were sent to each manager together w ith the 

manager ' s  own responses to the quest ionna ire in the previous 

iterat ion . Append ix 3 shows an example of the ques t iqnna ire 

s'ent t o  the managers in an iterat ion . A cover ing letter was 

sent together with the questionna ire . The cover ing l etter 

invited the managers to revi se their ru les and membership 

i u n c t i o n s  i f  n e c e s s a ry a f t e r  t h e y  had r e a d  t h e · g r o u p  

r:esponses . 
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S i n c e  the d e c i s i o n  r u l e s i n v o l v i ng t h e  p r i m a r y  f� z z y  
I 

va r i a b l e s  f orm the b a s e s  for d r a w i n g  i n f erences i n  the 

system ,  these  rules were also inc luded in the three Delph i 

s e s s ions to ensure that the managers cou ld come to a degree 

of consensus on them . 

The three De lph i sess i ons took place over a three-month 

pe� i od from May to August 19 9 0 . The f o l l owing tabl e  shows 
I 

the response rates o f  the three De lph i sess ions : 

Table 3 . 2 Respons e  Rates of the Delph i  Sess ions 

Number of Number of 
Questionnaires Quest ionna ires 
Sent Returned 

Round 1 1 0  1 0  ' 

Round 2 1 0  7 

Round 3 1 0  4 

I 
A h i gh attr it ion rate is common for the last one . or two 

D e lphi sess i o�s in us ing the Delphi  techn ique . For th i s  

p a r t i cu l a r  s tudy t h e  prob l em s h o u l d  n o t  th r e a t e n  t h e  

r e l iabil ity o f  the c onsensus o bta ined because thos e  who 

d r opped out made very few rev i s i o n s  of op i n i on s  i n  the 

D e lphi sess ion prior to the ir dropp ing out . In other words , 

i t  is safe to assume that they d i d  not want to change the i r  
I 

op in ions any further a fter the last  t ime they responded , and 

t h a t  the average of these l a st r e s p o n s e s  from th� ten 

managers cou ld be taken as the consensus requ ired . 
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3 . 3 . 3 . 2 Results of  the Delphi S tudy 

3 . 3 . 3 . 2 . 1  Deci s ion Ru les 

A consensus wa s obta ined on the f o l lowing s ix dec i s ion 

rules . Each ru le  descr i bes  the cond itiona l re l at ionsh ip 

between two pr imary fuzzy variables . 

Rule  1 :  

Ru le 2 :  

Ru le 3 :  

Ru le 4 :  

Ru le  5 :  

Ru le 6 :  

3 . 3 . 3 . 2 . 2  

.Consensus 

If c a shf low is f avorabl e , then pr ice change is 

sma l l  posit ive . 

I f  cashf low i s  unfavorab l e , then price 9hange is 

sma l l  negatiye .  

I f  market outlook is favorqlble , then price · • change 

i s  sma l l  pos it ive . 

I f  market out look i s  unfavorabl e , then pr ice 

change is sma l l  negat ive . 

I f  c ompet it ion i s  strong , then pr ice change is 

sma l l  negat ive . 

I f  competition i s  weak , then pr ice change i s  sma l l  

pos it ive . 

Membership Func t ions 

! I • were a lso obtained for the membersh1p funct i ons . 

The membersh ip funct ion f or favorable cashf l ow i s : 

( 0 . 2 5 / d i ag l , 0 . 6 7 / d iag2 , 0 . 8 5 / d i ag3 , 0 . 8 0 / d iag4 , 

0 . 7 0 / diag5 , 0 . 6 7 / d iag6 , 0 . 6 6 / d i ag7 ) 
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D i a g 1  to d i a g 7  repres e nt seven p o s s i b l e  s lope p o s i t i on s  

dep i ct ing seven poss ib l e  favorable cash f l ow s ituations as . 
\ 

.described in s ection 3 . 3 . 2 . 1 .  Thes e  d iagrams can be f ound 

in Append ix 2 .  

Th� membership funct ion f or unfavorable cashf low 
I 

' I  
1 S : 

' 

( 0 . 2 7 / d i ag1 ' ,  0 . 5 0 / d iag2 ' ,  0 . 8 7 / d iag3 ' ,  0 . 8 5 / d iag4 ' ,  

0 . 8 1 / d i ag5 ' ,  0 . 8 0 / d iag6 ' ,  0 . 7 7 / d i ag7 ' )  

Aga i n , d i ag1 ' to  d i ag7 ' repre sent seven d i f ferent � l ope 

pos it ions represent ing seven d i f ferent leve ls o f  unfavorable 

cash f low s ituat ions . Thes e  seven d i agrams can a ls o  be found 

in Append ix 2 .  

The membersh i p  funct ion for favorable market out l ook i s : 
' 

( 0 . 3 8 / f ig 1 , o . 5 7 / f ig 2 , o . 7 4 / f ig3 , o . 6 5 / f ig4 , o _ . 6 5 / f ig5 , 

0 . 67 / f ig 6 , 0 . 6 7 / f ig 7 ) 

The membersh ip funct ion for unfavorable market out look i s : 

( 0 . 4 8 / f i g 1 ' ,  0 . 7 6 / f i g 2 ' ,  0 . 8 1 / f i g J ' ,  0 . 7 5 / f i g 4 ' ,  
I 

0 . 6 4 / f ig 5 ' ,  0 . 6 5 / f ig6 ' , 0 . 6 5 / f ig7 ' )  

F i g 1  to f ig7 and f ig 1 ' to f ig7 ' can a l l  be found in Appendix 

2 .  

The membersh ip funct i on for strong competition i s : 

( 0 . 4 3 / 1 % ,  0 . 5 1 / 2 % , 0 . 6 C f 3 % , 0 . 6 1 / 4 % ,  0 . 6 0 / 5 % , 0 < 6 7 / 6 % ,  

0 . 6 8 / 7 % , 0 . 7 0 / 8 % , 0 . 7 1 / 9 % , 0 . 7 3 / 1 0 % , 0 . 7 5 / 1 1 % , 

0 . 7 7 / 1 2 % ,  0 . 7 9 / 1 3 % , 0 . 8 0 / 1 4 % , 0 . 8 0 / 1 5 % )  
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The membership funct i on for weak compet it ion i s : 

( 0 . 7 5 / 1 % ,  o . 5 7 / 2 % , o . 4 2 / 3 % , 0 . 2 4 / 4 % , 0 . 3 6 / 5 % , o· : 3 9 f 6 % ,  
' .  

0 . 3 7 / 7 % , 0 . 3 7 / 8 % , 0 . 3 8 / 9 % , 0 . 3 6 / 1 0 % , 0 . 3 3 / 1 1 % , 

0 . 3 2 / 1 2 % , 0 . 3 1 / 1 3 % , 0 . 3 1 / 1 4 % ,  0 . 3 0 / 1 5 % )  

The membership function for sma l l  pos i t ive change i n  pr ice 

i s : 

( 0 . 9 5 / 1 % ,  0 . 8 9 / 2 % , 0 . 4 5 / 3 % , 0 . 3 8 / 4 % ,  0 . 3 0 / 5 % , 0 . 2 9 / 6 % ,  

0 . 2 5 / 7 % ,  0 . 2 2 / 8 % , 0 . 2 1 / 9 % , 0 . 2 0 / 1 0 % , 0 . 2 0 / 1 1 % , 

0 . 2 0 / 1 2 % , 0 . 2 0 / 1 3 % , 0 . 2 0 / 1 4 % ,  0 . 2 0 / 1 5 % ) 

I 
The membership funct ion for sma l l  negative change in price 

i s : 

( 0 . 9 5 / 1 % ,  0 . 9 1 / 2 % , 0 . 5 4 / 3 % ,  0 . 3 1 / 4 % , 0 . 2 7 / 5 % , 0 . 2 8 / 6 % , 

0 . 2 8 / 7 % , 0 . 2 5 / 8 % , 0 . 2 4 / 9 % , 0 . 2 4 / 1 0 % , 0 . 2 3 / 1 1 % , 

0 . 2 3 / 1 2 % , 0 . 2 2 / 1 3 % ,  0 . 2 1 / 14 % , 0 . 2 0 / 15 % )  

l .  3 .  3 . ' 2 . 3 Consensus Dec is ions 

Table 3 . 3  summar i z es the results of the three . Delph i  

sessions o n  the dec i s ions g iven by the managers i n  response 

to the thirty scenarios descr ibed in s ection 3 . 3 . 2 . 1 . 
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Tab�e 3 . 3  Consensus Recommendat ions to  Problem Scenarios 

Market 
out l ook 

Cashf low 
s ituat ion 

Compet ition 
s ituation 

\ Group 
Average 

================================================================ 

Unfavorable 

Very very 
favorable 

Very favorable 

Very favorab l e  

Very favorable 

Very favorable 

Very favorable 

Very favorable 

Very favorable 

Very very 
unfavorable 

Favorable 

Favorable 

Favorable 

Favorable 

Favorable 

Favorable 

Unfavorable 

Un favorable  

Unfavorable  

Unfavorab l e  

Unfavorable 

N e ither favorable 
nor unfavorable 

Favorable 

Neither favor�blP. 
nor unfavorable 

Very favorable 

Favorable 

Very favorable 

Unfavorable 

Un favorable 

Un favorable 

Very unfavorable 

Ne ither favorable 
nor uhfavorable 

Very favorable 

Very favorable 

Favorable 

Very unfavorable 

Very unfavorable 

Ne ither f avorable 
nor unfavorable 

Ne ither favorable 
nor unfavorable 

Very favorable 

Favorable 

Favorable 

Unfavorable 

Favorable 

67 

Very weak 

N e i ther strong 
nor weak 

Very strong 

strong 

Strong 

Weak 

Very strong 

Strong 
I 

Very strong 

Neither strong 
nor ' weak 

Strong 

Weak 

Strong 

Very strong 

Weak 

Ne ither strong 
nor weak 

Ne ither strong 
nor weak 

Very strong 

Very strong 

Strong 

Strong 

N e ither strong 
nor weak 

- 0 . 6 5 %  

2 . 6 5 %  

2 . 3 % 

2 . 2 5 %  

2 . 3 5 %  

2 . 1 5 %  

1 .  5 %  

1 .  4 %  

1 . 1 % 

- 1 . 9 % 

·1 .  5 %  

1 . 1 5 %  

0 . 9 % 

0 � 1 % 

0 . 4 % 

0 � 5 % 

- 1 . 1 %  

- 1 . 3 5 %  

- 1 . 1 5 %  

- 0 . 9 5 %  

- 1 . 7 8 %  

0 . 5 5 %  



Market 
outlook 

Cash f l ow 
s ituat ion 

Competition 
s ituat ion 

Group 
Average 

------- --- --------------- - - - - ---------------------------------------------------------------------------------------------,-----

Neither f avorable  Unfavorable Neither strong - 0 . 2 % 
nor unfavorable nor weak 

Unfavorable Very u n f avorab l e  Very strong - 2 . 0 5 %  

Ne ither f avorab l e - Neither favorab l e  Strong - 0 . 2 % 
nor unfavorable nor unfavorable 

Ne ither f avorab le  Neither favorab l e  Weak - 0 . 1% 
nor u n f avorable nor unfavorable  

Very unfavorable  Very f avorable  Very strong - 1 . 7 5 %  

Very unfavorable Favorable Strong - 1 . 4 5 % 

Very u n f avorab l e  Very unfavorab l e  Very strong - 3 %  

Very unfavorab l e  Very unfavorable  Weak -3 . 0 3 %  
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3 . 4 Syst em Eva luat ion 

The obj ect ive of th is  research was to bui ld a computer-based 

woo l  pr ice dec i s i on making system that performs at least as 

wel l  in  the decis ion mak i ng task as  individua l experts in 

the industry . 

B a s i c  to any expert system is the premise that experts make 

good recommendations , and if the manner in whi ch they arr ive 

at those recommendations is mode l led and incorporated in a 

system , then the system w i l l  also make good recommendati ons , 

prov iding the mode l l ing is adequate .  I f ,  under the same 

�ond itions , the system makes the same recommendat i ons as an 
I 

expert then the system can be regarded as emulat ing an  

expert and the moqe l l ing has achi ev�d its  purpos e . The 

study does one step further , it attempts to emulate the 

recommendat ions of a consensus of experts , as  ach i eVed by 

the De lphi method , suppos ing the consensus recommendat ion to 

be better than any ind ividua l expert recommendation . 

I nd ividua l experts make good recommendat ions , that is  why 

they are regarded as experts , but i n  any g iven s ituation , 

one expert ' s  recommendat ion w i l l  d i f fer from another ' s , and 

· the same appl ies to the manner in  wh ich they make their 

recommendat ions . That is , with i n  a group of experts there 

wi l l  be a var i at ion in  the manner in wh ich they make the ir 

recommendat ions , and in any part i cu lar s ituat ion tqere wi l l  
I 

be a var i at i on in  the recommendations they make . The 
' 

consensus o f  the manner in  wh ich they make the ir 

recommendations is thus regarded a s  a better way to· �ake a 
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recommendat ion than that of any part icular i nd ividua l ,  and 

the consensus recommendat ion is regarded a s  a ' better 

recommendation than that o f  any par t i cular ind ividua l . 

The system described in th i s  the s i s  mode ls  the consensus of 

experts in the 

recommendat ion s , 

manner in wh ich they make their 

and the system is eva luated by compar ing 

the decis ion making performance of the system with that of 

the experts , when each recommendat i on is measured aga inst 

· the consensus recommendation . I f  the system more c losely 

emu lates the consensus recommendat ion than most of the 

experts then the system is regarded as perf orming at l east 
I 

as we l l  as indiv idual experts . 

Thus the De lphi method has to be emp l oyed on three 

· occa s i ons . Twi ce in the system bu i lding pha s e ; to ach ieve 

consensus regard ing the membersh ip functions and to · · achieve 

cons ensus regard ing the decis ion rules , and once in the 

. eva luat ion stage ; to achieve consensus regarding the 

recommendations . The consensus recommenda t i ons provide a 

standard aga inst wh ich to measure both the ind ividual 

expert ' s  recommendat ions and the system ' s  recommendat ions . 

�pp ly ing the above method to the construct i on and eva luation 

of the knowl edge-based system reported in th i s  study , the 

f irst two k inds of consensus the consensus on the 

�embership functions and the consensus on the dec is ion ru les 

were stored in the system and used to ar� ive at 
I 

recommendati ons wh ich were then compared w ith the consensus 
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on the recommendation s . I n  other words , the eva luation 

invo lves a set of consensus recommendat ions and ten �ets - of 

ind ividua l  recommendat ions , a l l  of wh ich were produced by 

the marketers in response to the th irty problem scenar ios 

descr ibed in sect i on 3 . 3 . 2 . 1 , and another set of 

recommendat ions produced by the computer system g iven the 

same set of problem scenarios . 

Having obta ined a l l  the recommendations descr ibed above , the 

corre l ation coe f f ic ients between the i nd ividua l managers • 

recommendat ions  and the consensus recommendations were 

computed . This produced ten correlation coe f f icients . 

Mea nwh i le , the corre l ation coe f f icie�t between the system ' s  

recommendat ions and the consensus recommendations was a lso 

obtained . By comparing the syste�-consensus co�f f icient 

·w ith the individua l manager-consensus coe f f ic ients , a 

j udgment could be made as to how ef fect ive the system was in  

· generating price recommendations , and whether or not the 

system was per forming at least as well  as the experts in  the 

study . I f  the system-consensus coe f f ic ient wa s larger than 

most of the manager-consensus coef f i c ients , then the system 
I 

cou ld be j udged as performing at . least as we l l  a s  a good 

manager . On the other hand , i f  the system-consensus 

corre lation coe f f i c i ent was sma l ler than most of the other 

coe f f i c ients , then the system could be s a id to be performing 

worse than a good manager . 
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CHAPTER 4 
I 

SYSTEM SPECIFICATI ON \ 

Thi s  chapter i s  d iv ided into four sect{ons . section 4 . 1  

descr ibes the bas i c  phi losophy for bui lding up the system . 

Sect i on 4 . 2  descr ibes the knowledge i n  the knowl edge base . 

Section 4 . 3  then goes on to descr ibe how the knowledge stored in 

the system is used and how the control mecha n i sm draws 

i n f er ences . The ent ire contro l  procedure i s  represented by a 

f lowchart in  th i s  s ect ion . S ect ion 4 . 4  i ntroduces Prolog , the 

programming l anguage used for the construction of the system , and 

the reasons behind the choice of Pro log f or this proj ect . 

4 . 1  Phi losophy for the construction of T Z  

• I 
TZ i s  the name g iven to the system reported i n  th 1 �  thes is . 

The b a s ic ph i losophy for the construct ion o f  the system i s  

evolutionary prototyp ing ( Tate 1 9 9 0 ) . 

; 
A i prototype i s  not the real  thing . It  imitates the rea l 

th�ng only i n  certain essent i a l  aspects . A prototype 

enabl e s  a crude form of the actua l system to be deve l oped 

and tested . I f  the prototype meets the requirement , then 

the a ctua l system is deve l oped . Otherwise , the prototype i s  

rev i s ed unt i l  i t  meets the requ irement . I n  evolut ionary 

prototyping , once the prototype i s  cons idered s at i s factory , 

the prototype f orms the bas i s  for the construct ion o f  the 

app l icat i on system .  

The reason for adopt ing the above approach was that the 

attempt to 'develop a knowledge-bas�d system for price 
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decision making was the f irst o f  its k ind . There i s  a h igh 
\ 

degree o f  risk and uncertainty i n  developing : such an  

appl icat ion system . There was only a roug� idea at the 

beginning that the system woul d  be used for generating price 

recommendat ions . The spe c i f ication o f  the d i fferent 

components in th i s  system became more . exp l i c i t  a fter the 

three D e lph i sessions . Nevertheless , deta ils  o f  the contr o l  

procedures and how these d i f ferent components are  r e l ated 

were st i l l  somewhat unc lear . The process of bui ld ing up T Z  

was fu l l  o f  tr i a l  and error . Some components i n  the ' system 

were rewr itten several times before they were accepted . The 

�xperi ence obta ined a fter buildin� up TZ is that it i s  

�eldom poss ible to get a so ftware system r ight at the f irst 
' 

t ime and that a prototype approach was found very useful in 

the deve lopment of T Z . 

Another advantage o f  us ing the evolut ionary approach was 

that it  he lped to restr ict the scope of the i n it i a l  syst em . 

The or i g inal ver s ion of T Z  only performed fuz z y  inferences 

invo lving the primary fuz z y  subsets . Once the performance 

of thi s  sma l l  system was found �ati s fa ctory , other 

subsystems , such as  the one for handl ing user-system 

dia logues , were appended to the main program i ncrementa l ly . 

As a r e sult , the system became gradu a l ly more and more 

comprehens ive . Thus , the evo lut i onary approach enab l ed 

modu les to  be bu i lt up one a fter another and j udged ( by the 

user and the system deve loper ) f o r  their qua l ity before 

they were incorporated into the system . This i s  i n  
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accordance w ith what Lehman ( 1 9 8 9 ) proposed for s oftware 

deve lopment . Lehman suggested that software had to  evolve , 

undergo continuous adaptat ion and change . I t  had to be  

t reated a s  an ever-to-be-adapted organ i sm , not a s  a to-be­

produced-once art i fa ct . 

Fina l ly , the evo lut ionary approach i s  a l so cons i stent 

the idea that TZ wi l l  one day be  upgraded to a system 

w i th 

that 

can support a l l  the market ing funct i on s  in an orga n i z at ion . 

Modu les can be added one a fter another i n  an  evol�tionary 

manner to the main system unt i l  it  can provide functional 

support for all  a sp ects of market ing dec i s ion maki ng i n  the 

export woo l  industry . 
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4 . 2  Knowledge S tored in TZ 

The bas ic knowl edge stored in TZ i s  the . . \ . 

dec 1 s 1on. · ru les 

extracted from the managers a fter the proces s o f  knowledge 

eng ineer ing . Each ru l e  describes the cond iti onal 

relat ionship between two primary fuzzy var iables . These 

dec i s ion rules have been reported in sect ion 3. 3. 3. 2. 1. 

There are two rules for each fu z zy var iable used by the 

s'ystem . I n  the future upgrad ing of the system , more rules 

can be added when more fuz zy var iables are incorporated into 

the decis ion making proce s s . 

Besides the above dec i s ion ru les , th�e are f ive other kinds 
I 

of knowledge stored in the system . They are descr ibed 

be l ow : 
. ' 

4 . 2 . 1  Membership Functions o f  Pr imary Fuz zy Var iab l e s  

The membershi p  functions o f  the pr imary fu z z y  var iables and 

the a ssociated un iverses  of d i s course can be found in 

sect ion 3 . 3 . 3 . 2 . 2 .  

4 .  2 .  2 Relat iona l Matr ices 

Each o f  the s ix primary dec i s ion ru les is represented in  the 

form of a r e l ationa l matrix in the knowledge base . The 

formu l a  for obta ining the relat i onal  matr ices can be found 

in sect ion 2 . 3 . 1 . 4 .  The relational matr ix f or the f irst 

dec i s ion ru l e  is  given be low : 
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F igure 4 . 1  Re lationa l Matr ix for Ru le 1 

\ 

Favorab1e C a s h f 1 ow 

. 2 5 . 6 7 . 8 5 . 8 . 7  . 6 7 '  . 6 6 

. 9 5 . 9 5 . 9 5  . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 

. 8 9 . 8 9 . 8 9 . 8 9 . 8 9 . 8 9 . 8 9 . 8 9 

. 4 5 . 7 5 . 4 5 . 4 5 . 4 5 . 4 5 . 4 5 . 4 5 

. 3 8 . 7 5 . 3 8 . 3 8 . 3 8 . 3 8 . 3 8 . 3 8 
. 3  . 7 5 . 3 3 . 3 . 3 . 3 . 3 3 . 3 4 

sma l l  . 2 9 . 7 5 . 3 3 . 2 9 . 2 9 . 3 . 3 3 . 3 4 
po s it ive · . 2 5  . 7 5 . 3 3 . 2 5 . 2 5 . 3 . 3 3 . 3 4 
price 
ch ange 

4 .  2 .  3 

' . 2 2  . 7 5 . 3 3 . 2 2 . 2 2 . 3  . 3 3 . 3 4 
' . 2 1  . 7 5 . 3 3 . 2 1 . 2 1 . 3 . 3 3 . 3 4 

. 2 . 7 5 . 3 3 . 2  . 2 . 3 . 3 3 . 3 4 

. 2  . 7 5 . 3 3 . 2 . 2  . 3 . 3 3 . 3 4 

. 2 . 7 5 . 3 3 . 2 • 2 . 3 . 3 3 . 3 4 

. 2 . 7 5  . 3 3 . 2 • 2 . 3 . 3 3 . 3 4 

. 2 . 7 5 . 3 3 . 2 . 2 . 3 . 3 3 . 3 4 

. 2  . 7 5 . 3 3 . 2 . 2 . 3  . 3 3 . 3 4 

The relational matr ices for the other f ive dec i s ion ru les 

can be found in Append ix 4 .  

Formu l a e  for Hedging Funct ions 

A number of formulae for the hedging functions used in the 

system were also stored in the knowl edge base . 

f ormu lae were the ones suggested by Zadeh ( 1 9 7 6 a } . 

'f ormu lae are  as follows : 

1 Very very favorable = favorable4 

2 Very favorable = f avorable2 

3 S l igh t lY: favorable = f avorable0 . 7 5 

4 Very very unfavorable = unfavorable4 

5 Very unfavorab l e  = unfavorable2 

6 S l ightly unfavorable = unfavorable0 . 7 5 
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4 . 2 . 4  

7 

8 

9 

1 0  

1 1  

1 2  

Very very strong = strong4 

Very strong = strong2 

S l ight l y  strong = strong0 . 7 5 

Very very weak = �eak4 

Very weak = weak2 

S l ight ly weak = weak0 . 7 5 

Relatively Constant Facts 

Two sets of facts rema in relat ively stable in the price 

dec i s ion mak ing proce s s . The f irst one is the mark-up used 

i n  the cost-plus pr i c i ng procedure .  The average mark-up was 

f ound to be 2 . 1 % .  

The second set of facts stcred in the knowledge base i s  the 

we ights g iven to individua l fuz zy  variables . These we ights 

are needed because the system makes a recommended price 

change for each fuz z y  input . S ince there are three fuz zy 
: 

i nputs , there are three such recommendation s . We �ghts must 

therefore be ass igned to these three recom�nded price 

changes so that a s ingle  recommendation can be output by the 

system . 

The we ights were obta ined by p i ecewis� regression . The data 

used were those obta ined by section one o f  the second 

quest ionna ire . To s ave the number o f  degrees o f ' freedom , 

the a s sumpt ion was made that each input var iable has only 

f ive leve l s . Also , for s imp l i c ity , the as sumptions that the 

e f f ects o f  the var iables are addit ive and that there is no 

interaction between the d i f ferent leve ls of the input 

7 7  



variables were made . 

. Four dummy variables were requ ired for each one o f  the fuz zy 

variables . The standardised beta coe f f i c ients of the dummy 

variables resulting from the ana lysis cou ld be i nterpreted 

as  the importance o f  the correspond ing l eve l s  of the input 

variables . The we ight ass igned to each variable is then the 

average of the standard i sed beta coe f f icients associated 

w ith the variab l e . The we ight ca lcu lated for the f irst 

4 . 2 . 5  

va riable , cashf low , was 0 . 8 6 .  For degree o f  competition , 

the we ight was found to be 0 . 2 8 .  For market out look , the 

weight was 2 . 2 6 .  These we ights were resca l ed so that they 
I 

summed to one . As a resu lt ,  the weights were a s  f o l lows : 

cashflow ' 0 . 2 5 3  

compet ition 0 . 0 8 2  

market out l ook 0 . 6 6 5  

Accounting Data 

I 

An account i ng subsystem was a l so constructed wh ich enables 

' the ma in  program to  draw account ing i nformation from the 
I 

, subsystem ih  the process of making a price recommendation 

f or a user . 

Accounting data that was used i n  the price recommendat ion 

process inc lude the up-to-date operat ing expenses f igures , 

the s a l e s  f igure and th e st0ck f igure . I n  the samp le run of 

the system in sect ion 5 . 1 , a l l  the f igures used were made-up 

f igures fo  the purpose o f  showing how a price 
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recommendat ion was generated by the system . The role played 

by the s e  data in the price recommendat ion proces s  , can be 

f bund in the system spec i f icat ion in section 4 . 3 . 2 . · 

S ince the system was eva luated by compar ing the percentage 

price change recommended by the system and the percentage 

price change recommended by the i nd ividual  managers i n  

response t o  the s et of pr.ob lem scenar ios i n  the second 

quest ionna ire , the use of make-up f igures did not a f fect the 

resu lt of  the eva luation . In fact , these make-up f i gures 

can be repl aced e a s i ly by actua l and genuine data when the 

system i s  put into use by a company . 
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4 . 3  Structure and Inference Mechan ism i n  TZ 

4 . 3 . 1  Components o f  TZ  

The f o l lowing f igure shows the main  components i n  the 

system : 

Figure 4 . 2  Structure of TZ 

Ma i n  Program 

( T Z . exe ) 

User 
inter f ace 
system 

- - - - - - - - - - - - > 

( Welcome . exe ) 

V 

Accounting 
system 

( Acct . exe ) 

V 

, . I 
V V 

Transact ion F i nancia l 
process ing - - - > report ing 
system system 

( lacGt . exe ) ( 2 acct . exe ) 

V 

V 

Graph 
drawing 
system 

( Pr ice . exe 
Cash . exe)  

Price 
data 
bank 

· ! ' __ __ _ 
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Fuz z y  
inference 
mach ine 

( Pmain . exe ) 

< - - Knowledge 
base 

<1- Account ing 
data 
bank < -

< - - User 
input 



The top leve l main program drives the var ious subsystems in 

the knowledge-based syste1n . A l l  the " exe"  programs shown 

ins ide the brackets are stand-a lone executable codes of the 

source programs wr itten in Pro l og . The source code for 

these programs can be found in Appendix 5 .  The 

documentat ion i s  conta ined with in the program . 

The ma in program contr o l s  the execut ion of four subsystems . 

These four subsystems are the user interface subsystem , the 

account ing subsystem , the graph draw ing system and the fuz zy 

in ference machine . 

O f  the four subfystems , the most impor�ant one is the fuz zy 

i n f erence mach ine . The fuz zy in ference machine app l ies 

fuz zy logica l operators to the know ledge stored in the 

knowledge base , and account ing data retr ieved f rom the 

a ccounting data bank , and informat ion supp l ied by the user 

to  come to a pr ice recommendat i on . The inference process 

and the know ledge invo lved in the process are descr i bed in 

s ection 4 . 3 . 2  below . 

The second subsystem under· the ma in modu le  is the graph 

drawing system . Th i s  subsystem uses the data from the price 

d ata bank to produce a graphica l d i sp lay o f  the movement of 

wool prices i n  the prev ious twe lve months . It a l s o  draws a 

s i m i l ar diagram for the cashf low movements in the previous 

twelve months . 

The 1 th ird subsystem i s  the accounting i nformation system . 

The ' account ing in format ion system is further d ivided i nto 
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4 . 3 . 2  

two sma l l er subsystems . The f i r st on� i s  the transact ion 

process ing system which accepts input accounting d ata and 

updates the ba lances in  the books . The second subsystem , 

the f inanc i a l  report ing system , outputs f inanc i a l  

statements . 

F ina l ly ,  the user interface subsystem i s  respon s i b l e  for 

providing "help"  faci l it i es to make it easy for the u s er to 

use the system . 

Having introduced br i e f ly the var ious components o f  the 

system , the d iscuss ion below w i l l  focus on how the main 

program and the fuz zy inference machine recommend a price to 

a u s er and the ro le p layed by the var ious subsystems i n  this 

process of price recommendation . 

The Inference Mechanism 

The inference mechan i sm in TZ can be r epresented by the 

f o l l owing f l ow diagram : 

F i gure 4 . 3  Flow D i agram Showing the Inference 
Mechan i sm in TZ 

Start 

V 

Welcome user 

0 
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0 
I V 

( 1 ) - - - ---�- - -> Display choices 
ava i lable in TZ 

V 

User chooses to Y 
use account ing system? --- - - - -- -> Enter 

account ing 
subsystem 

. I V 
Proces s  

---- -- transactions? 

N 

y 

V 
Input 

transact ions 

. I 
Update 

balances 
I V 

Produce N 
--- ---- > f i nanci a l  --> ( 1 ) 

statements ?  

y 

V 
Produce 

f i nanc i a l  
statements 

I V 
(- 1 ) 

User chooses to N User N 
go into fuz zy --�-> want - - - >  Stop 
inference machine? to  

cont inue? 

y 

0 
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0 

I 
V 

D i sp lay graph showing 
movement of market 
ind i cators in  
the past twe lve months 
us ing data from the 
data bank 

V 

User input of h i s j her 
j udgment of market out look 

V 

D isplay graph shoJing 
cash f l ow movement i n  
past twe l ve months 

V 

User i nput h i s j her percept i on 
of cash f l ow s i tua t ion 

V 

User i nput h i s j her j udgment 
of competitive s ituation 

V 

App ly hedge funct i ons to 
user ' s  inputs 

0 
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0 

I 
V 

App ly max-min comp o s i t ion 
rule o f  inference 

V 

Ca lculate pr ice change due 
to input o f  market outlook 

V 

Ca lcul ate pr ice change due 
to input o f  cash f l ow s ituat ion 

V 

C� lcu l ate price change due to  
input of competitive s ituation 

V 

Ca lculate we ighed a verage pr i c e  
based o n  t h e  above three price 
changes 

V 

Obtain from the a ccount ing 
subsystem various cost data 

V 

C a l cu late the tot a l  cost o f  
wool t o  b e  sold 

0 
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0 

I 
V 

Mark up 2 . 1% to get the price 
to be quoted to a buyer 

V 

Adj ust the quoted price up or  
down depending on the weighed 
average price change calculated 
above 

V 

output the recommended price 

V 
N 

\ 

User wants to contlnue? - - - - - - - - > Stop 

I y 
V 

( 1 )  

As ment i oned above , the m a i n  program is  the control l ing top 

modu l e  o f  the system . When the system is executed ,' the main 

�rogram drives the user interface subsystem . This subsystem 

presents the f irst menu and welcomes the user . I n  add ition 

to provid ing a br ief  introduction to the syste� , h e lp 

funct i ons are provided to  make it  easy for the user . to  use 
' 

the system . 

After the welcom i ng windows have been presented , the : system 

invites the user to choos e  between the account i ng system and 

the knowledge-based system . I f  the knowledge-based . system 
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i s  chosen , the ma in program outputs a genera l descr iption of 

the nature o f  the know ledge-based system . Then the user i s  

presented with a graph ical d i sp lay of the pr ice movements of 

woo l  i n  the previous twe lve months . The graph i c a l  d isplay 

is produced by one o f  the programs id the graph drawing 

subsystem , P:rice . exe . The d i splay i s  produced to s imu late 

an actual  step a manager goes through in mak ing a 

recommendat ion . One of the results of the prel iminary study 

( see section 3 . 3 . 1 ) is that a typica l manag�r looks at a 

graph ical d i splay o f  previous price movements to form an 

opinion on how favorabl e  the market i s . The opin i on a f fects 

the extent to wh ich the user adj u$ts the price that i s  

quoted t o  a buyer . 

A fter the graphi c a l  di splay , the user ' s  op i ni on of how 

· f avorable the market s ituation i s  is s o l i c ited . The input i s  

i n  the form of vague and fu z zy l inguistic  va lues . 

The next screen shows a graph ical d i splay of the cashf low 

s ituation of the company in the previous twelve months . The 

d i splay is produced by cash . exe in the graph draw ing system . 

Aga in , the purpose of drawing the cash f low d i ag�am i s  to 

s imulate an actual  step that a manager goes through i n  the 

dec is ion making proces s ,  as described by the manage1;s in the 

pre l iminary study . After the d i agram has been disp l ayed , 

the user ' s  j udgment of the cashf low s ituat ion o f  the company 

is inputted into the system . 

The l a � t  piece o f  informa t i on requ ired i s  the user ' s  

8 7  



perception o f  the competitive s ituat i on . Thi s  p i ece of 

informat ion i s  obta ined by the main program . Aga i n , fuz zy 

l ingu i s t i c  inputs are a l lowed . 

After a l l  the above information has been obta ined , the main  

program passes  control over to  the fuz zy inference machine . 

The f u z z y  i n f erence machine performs a set o f  fuz zy 

operations on the inputs to produc e  a price recommendation . 

The i n f erence machine appl ies the max-min compos i t i on rule 

o f  i nference described in section 2 . 3 . 1 . 5  to determ ine the 

impact 

buyer . 

of each fuz zy factor on the pr ice to  be quoted to a 

The resu lts o f  app lying the rule are thre e  price 

changes due to  the three fuzzy f a ctors input by a user . 

These three price changes are we i gh ed us ing the constants in  

s ecti on 4 . 2 . 4  to  determine the overa l l  price adj u stment to  

be  made to the price quotat ion . 

The main program then a sks for the amount o f  wool to  be sold 

to a buyer . The cost of the woo l  and the vari ous overhead 

f i gures are then obtained from the accounting data bank so 

that the overall  cost f igure can be ca l cu l ated . A mark-up 

of 2 . 1% i s  then appl ied to the overa l l  cost f igure to get a 

prel iminary pr ice quote for the shipment . The f in a l  price 

recommended w i l l  be the pre l iminary price quote adj usted by 

the percentage price change produced by the i n f erence 

machine . 
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4 . 4  Pro log : The Programming Language Used in T Z  

\ 
Thi s  sect i on is devoted to the d iscuss ion of how the 

knowledge is represented and how the �nference mechani sms 

are imp l emented in Pro log . Thi s  section is d iv ided into 

f our parts . Section 4 . 4 . 1  introduces Pro log and descri bes 

the nature o f  the l anguage . Section 4 . 4 . 2  descr ibes how the 

knowledge is  represented in Prol og . Sect ion 4 . 4 . 3  descr ibes 

how the inference mechanism is  imp l emented in Pro log . 

Sect ion 4 . 4 . 4  j ust i f ies the cho ice o f  Prolog as the 

programming language f or the system . 

4 . 4 . 1  Introduction to Prolog 

Prolog i s  a language deve loped spec i f ica l ly for log i c  

programming . Pro log is a logic dedicated language and it 
I 

can be described from the declarat ive and procedura l 

perspect ive . 

A program wr itten in a procedura l · l anguage provides a 

sequence o f  operations wh ich controls  the execut ion of the 

j ob to be carr ied out . The order o f  the sequence o f  

operat ions i s  important . 

A program wr itten in  a declarat ive language con s ists of a 

· col lect ion of log i c  statements about the problem , in some 

arbitrary order . I t  is the l og ic cont a i ned in  the statement 

rather than the order wh ich is  important . 

As a s imp l e  i l lustrat ion , cons ider the statement " P  i f  Q ,  R "  

in  Pro l og . From t h e  dec larat ive viewpo int , the : statement 
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can be read as " P  is  true i f  Q and R are true" . From a 

procedura l  v i ewpo int , it can be interpreted as : to sq�ve P ,  

f irst solve the subproblem Q and then the subproblem R .  

Mos t  trad i t ional programming languages are procedura l 

l anguages . Order ing of program statements i s  important i n  

procedura l  l anguages .  Us ing the above example , subproblem Q 

must be s o lved f irst before the subproRlem R i s  s o lved i f  

4 .  4 .  2 

the statement 

l'anguage . One 

"P if Q ,  R" is implemented in a procedura l 

o f  the goa l s  o f  log i c  programming i s  to 

deve lop a language that is free from the requ irement that 

pr�gram s tatements must be exeucted one at a t ime and in the 

pr�def ined order . 

Prolog i s  bas ica l l y  a dec larat ive type o f  language � 

However , th is statement must be made with reservation 

because order ing i s  s ometimes important in  Pro log . 

Knowl edge Rep r e s entation in Prolog 

In Prolog , a l l  knowledge i s  represented in the f orm of Horn 

c lauses . · A  Horn clause is a spec i a l  type of c lause . A 

c lause i s  a cond i t ional statement with a cond it ion part and 

·a conc lus ion part . The fol low ing i s  an examp le o f  a cl ause : 

Grandmother ( X , Y )  or Grandfather ( X , Y )  i f  Parent ( X , Y )  

and Parent ( Y , Z ) . 

The above cla11se says that X i s  the grandmother or 

grandfather of Y i f  X is a parent of Y and Y i s  a parent of 

z .  
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I f  a c l ause is made to conta i n  only one conclus ion , a Horn 
·, 

c lause is  obta ined ( Horn 1 9 5 1 ) . Any problem that can be 

expressed by the knowledge representati on forma l ism 

d iscuss ed in sect ion 2 . 1 . 1  can be reexpressed by Horn 

c lauses . An examp le of a typ ical Horn c lause i s  as f o l low : 

Grandparent ( X , Z )  i f  Parent ( X , Y )  and Parent ( Y , Z ) . 

The Horn c lause s ays that X i s  a grandparent o f  Z i f  X i s  a 

parent o f  Y and Y i s  a parent of z .  " Grandparent ( X , Z ) " is  
I 

known as the head o f  the Horn c l ause and " Parent ( X , Y ) and 

Pa'rent ( Y ,  z )  " i s  the body of the Horn clause . There are 

three predicates in t h i s  clat,tse : Grandparent ( X , Z ) , 

Parent ( X , Y )  and Parent ( Y , Z ) . A pred icate describes the 

relati onship between two obj ects . ·  For examp l e , the 

pred icate Grandparent ( X , Y )  says that the relationship 

between X and Y i s  that X i s  a grandparent of Y .  

Horn c l auses can be represented d irectly by Pro log . For 

examp l e , the above clause is represented by Pro l og as : 

grandparent ( X , Z )  i f  parent ( X , Y ) , parent ( Y , Z ) . 

As seen from the example , the only things necessary . to do to 

represent the c lause in a form that can be interpreted by 

the Prolog compi ler are to replace " and " by a comma , and to 
' 

· change the init ial  letters of the predicate names to l ower 

case letters . 
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4 . 4 . 3  Inference Procedure s  in Pro log 

The der ivat i on of a conc lus ion is very convenient i n�o lv i ng 

H orn c lause s . The b a s ic inference mechanism i s  backward 

deduct ion as descr ibed in sect i on 2 . 1 . 2 . 1 .  An examp le that 
I 

s hows the inference mechan ism i s  given below .  Assume that 

the knowledge base conta ins the f o l lowing c lauses : 

grandparent ( X , Z )  i f  parent ( X , Y ) , parent ( Y , Z )  . . . . . . .  � · 4 . 1  

parent ( X , Y )  i f  mother ( X , Y ) . 

par ent ( P , Q ) i f  father ( P , Q ) . 

mother ( eva , j ohn ) . 

f ather ( peter , eva ) . 

4 . 2  

4 . 3  

. . . . . . • 4 . 4 

• • • • • • • 4 • 5 

Clause 4 . 1  has been explained a bove . C l ause 4 . 2  means that 

X is a par en� of y i f  X is  a mother of Y .  Clause 4 . 3  says 

that P i s  a parent o f  Q i f  p i s  a f ather of Q .  C l ause 4 . 4  

i s  a fact . It says that Eva i s  the mother o f  John ( in the 

Horn c lause given a bove , Eva and John must be  i n  sma l l  

letters because Prolog interprets every ident i f ier that 

begins w ith a cap ital letter as a variable ) .  

c lause asserts that Peter is the father o f  Eva . 

The last 

Suppose now it i s  necessary to determ ine whether · or not 

Peter is a grandparent of John . I n  Pro l og ,  thi s  query i s  

made by key ing into the computer " grandparent ( peter , j ohn) " 

i n  response to the " goa l : 11 pr.·ompt . After rece iving the 

·query , Pro log s e l ects the f irst c lause that matches the 
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pattern of the input query , whi ch in this case is 

grandparent ( peter , j ohn � . The f irst c lause that matches the 

input predicate is clause 4 . 1  in the knowledge base . The 

resu l t  of pattern match ing is that the X var iabl� in the 
i 

f irst c l ause i s  instantiated to peter and the Z variable is 

instant iated to j ohn . Hence , the f irst clause becomes : 

grandparent ( peter , j ohn ) i f  parent ( peter , Y ) , parent ( Y � j ohn) . 

. . . . . . . 4 . 6 

The c l ause a s s erts that Peter is  a grandparent o f  John i f  

Peter is  a parent of Y and Y is  a parent of John . Hence , to 

determine if the pred icate " grandparent ( peter , j ohn) " is  true 
I . 

or not , Pro l og has to determine whether or not 

parent ( peter , Y ) is true and whether �r not parent ( Y , j ohn)  is  

true . 

To determine i f  "parent ( peter , Y ) "  is true or not , Prolog 

searches aga i n  in  the knowledge base to see i f  there is  any 

Horn c l ause w ith a head that matches "�arent ( peter , Y ) " .  The 

f irst c laus e that matches the predicate i s  c lause 4 . 2 .  

After instany iat ion , c l ause 4 . 2  becomes : 

parent ( peter , Y ) i f  mother ( peter , Y ) . 

I f  mother ( peter , Y )  is true , then parent ( peter , Y ) i s  true . 

To do this , Pro log checks whether or not mother ( peter , Y ) i s  

true . There i s  no c lause in the knowledge base that matches 

. mother ( peter , Y ) because the only clause w ith the mother 

pred icate · i s  mother ( eva , j ohn)  and this predicate does not 

match mother ( peter , Y )  no matter how Y is i nstant iated . As 
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a resu l t , the claus e " parent ( peter , Y )  i f  mother ( peter , Y ) " 

f a i l s . \ 

A lthough Prolog f a i l s  to prove that parent ( peter , Y ) i� true 

bas�d on clause 4 . 2 , Prolog w i l l  sti l l. look through the 

know l edge base to s e e  if there are other clauses that are 

s imi lar to 4 . 2  to enable it to deduce that parent ( peter , Y ) 

i s  true . Clause 4 . 3  is  the one that w i l l  be cons idered 

next . After instant i ation ( P  i s  instanti ated to peter and Q 

i s  instant iated to Y ) , clause 4 . 3  becomes : 

parent ( peter , Y ) i f  father ( peter , Y ) . 

Th is t ime the body o f  the Horn clause matches c l ause 4 . 5  in  

the  knowledge base -, father ( peter , eva ) if  Y i s  instant iated 

to eva . Having successful ly obta ined a match ing pred i cate , 

y i s  instantiated t o  eva and the conc lus ion that 

parent ( peter , eva ) is true i s  i nferred . 

' 

After Y i s  instant i ated to eva , clause 4 . 6  becomes : 

grandparent ( peter , j ohn)  i f  parent ( peter , eva ) , 

parent ( eva , j ohn ) . 4 . 7  

parent ( peter , eva ) has been proved to  be correct . I f  

parent ( eva , j ohn)  i s  a lso true , then grandparent ( pet�r , j ohn } 

can be i n f erred a s  true a s  wel l .  To prove parent ( eva , j oh n ) , 

Prolog s earches through the knowledge base and try to d o  

pattern matching again . The f irst c l ause that matches 

parent ( eva , j ohn ) is  4 . 2 .  A fter instant i ation , 4 . 2  becomes : 
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parent ( eva , j ohn)  i f  mother ( eva , j ohn ) . 4 . 8  

\ 
Tha t  is , eva is a parent o f  j ohn i f  eva is the mother of 

j ohn . Clause 4 . 5  matches the body of 4 • 8 • Thus , 

mother ( eva , j ohn ) i s  true and so  i s  parent ( eva , j ohn ) . 

As both two cond itions of 4 . 7  ar� · true , 

grandparent { peter , j ohn ) is  a l s o  true . Prolog w i l l  output 

"tru e "  in response to the or ig ina l query . 

There are three interesting aspects of the above inference 

mechanism . The f irst one is that the resolution process for 

a query in  Pro log is backward deduct ion . To . so lve a 

problem , Pro log tr ies  to reduce it / to sma l ler problems . 

The s e  sma l l  problems are further reduced into smal ler 

problems unt i l  the �ma l l est prob lem {s obtai ned whi ch can be 

,so lved by a s i ngle c l ause in the knowledge base . 

The second i nteres t i ni aspect i s  that a step cal led 

un i f ication i s  necessary in the der ivat ion proces s .  That i s , 

i f  two match ing Horn c lauses contain var iables , the head o f  

t h e  Horn c lauses must b e  in stant iated so that they become 

ident ical with each other befote the reso lut ion . 

I nstant iat i on is done through subst ituti on . 

The third interesting feature in  the contr o l  mechan i sm i s  

. that Pro log uses depth- f irst s earch w ith backtracking . Th i s  

c a n  be i l lu strated by represent ing the process of answering 

. the query in the above examp le in the form of a tree as 

· b e l ow :  
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F igure 4 . 4  Tree Representation of the Above Examp le 

grandparent ( peter , j oh n ) ? 

/ · �  

. \ 

parent ( peter , Y ) ?  parent ( Y , j ohn ) ? 

/ t 
mother ( peter , Y ) ?  f ather ( peter , Y ) ? mother ( Y , j ohn ) ? 

/ l  1 
backtrack f ather ( peter , eva ) mother ( eva , j ohn 

� l 1 
f a i l true true 

Prolog explores one branch of the search space ( the ent ire 

tree)  at a time . When it reaches a tip of the tree and if  
I , 

the query carnot be proved to be true , it backtracks and 
I 

searches an a ltern�t ive branch as c lose to 
' 

the , t ip as  

pos s ibl e . The process conti nues unt i l  either the query i s  

proved to  be true or the entire tree has been searched . 

Pro log outputs the message " Fa l s e "  i n  the l atter · case . 

Pro log a ssumes that a qu8ry �ust be f a l se when it  cannot be 

proved to  be true . 

4 . 4 . 4  R e a s ons for us ing Pro log a s  the Programming Language 

The reasons for choosing Prolog as the programming �anguage 

for the system are as fol lows : 

1 A Prolog program for a g iven application typica l ly 

requires only one tenth a s  many program l ines as  the 

correspondi ng Pasca l program ( Turbo Pro log 2 .0 User ' s  

Guide 1 9 8 8 )  . Thi s  i s  ma i n ly due to the use of 
i 

r ecurs ive data structures and backtrack ing in Pro l og . 
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Recurs ion can be done part i cularly ef fect iv� ly in 
'· 

Pro log because of the use of trees and l ists ' · ' a s  the 

b a s ic data structures in the language . The f o l l owing 

program i s  a typica l examp l e  of the use of recurs ion in  

f ind ing i f  " Name " is a member o f  a g iven : l ist . 

Comments in  the program beg i n  w ith the characters " / * "  

and end w ith the characters " * / " .  

doma ins 

n�me l i st = name * / *  name l i st i s  d e f ined a s  a l i s t  
of names * /  

name = symbol / *  a l l  the names a r e  s t r i n g s  o f  

i 
predicates 

member ( name , name l i s t )  

characters * /  

f *  member i s  a predicate · that descr ibes the 
relationship between the obj ects " name " and " name l ist 11 • 
The pred icate s ays  that " name " i s  a member of 
" name l i st " . * /  

c l auses 

member ( Name , ( Name i _ J ) .  

/ *  Name is a member o f  th e l ist i f  Name i s  the f irst 
e l ement of the l i st . * /  

member ( Name , ( _ ! Ta i l ) )  : - member ( Name , T a i l ) . 

/ *  Name i s  a member of the l i st i f  Name i s  a member o f  
the ta i l � * /  

The second c lause above shows that the data structure 

"member ( Name , Ta i l ) " i s  d e f i ned w ithin another data 

structure "member ( Name , ( _ ! Tai l ] ) " . Us ing · the above 

two c l auses , the way the query "member ( 2 ,  [ 1 , 2 , 3 ) ) ? " i s  

solved c a n  be represented b y  the fol lowing tree : 
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F igure 4 . 5  Tree S o lution o f  "member ( 2 ,  [ 1 , 2 , 3 ] ) ? i• 

member ( 2 , 

I 
V 

member ( 2 , 

I 
V 

member ( 2 , 

I 
V 

member ( 2 , 

I 
V 

member ( 2 , 

I 
V 

True 

[ 1 1 2 1 3 ) ) ? 

[ l i _ J ) ?  

F a l se 

[ _ ! Ta i l ) ) ?  

[ 2 , 3 ] ) ?  

[ 2 j _ ] ) ?  

y 

/ * invoke the f irst clause * / 

/ *the second clause is invoked 
becaus e  the f irst one cannot 
answer the query* /  

/ *  th i s  i s  the cond ition part 
of the second c l ause * / 

I . . i 
f * to answer the a bove query , 

the f irst c lause i s  used* / 

The use o f  recurs ion often reduces the s i z e  o f  a 

program substant i a l ly . 

On other hand , select ive backtracking and 

thoughtful app l ication of the bu i lt-in predicate " cut1 1  

( " cut is a pred icate that i s  bu i lt into the Pro log 

system)  can s ignif icantly reduce the search space . 

Thi s  is because " cut"  prunes part of the search tree 

that wou ld norma l ly be generated a s  a resu l t  of 

backtrack ing . I t  i s  impo s s i b l e  to backtrack across a 

" cut 11 to subgoa ls p l a ced before the 11 cut " . I n  other 

words , when a " cut"  is encountered as a 1goa l , the 

system becomes committed to a l l  previous dec i s i ons 
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2 

3 

made . Any attempt to resat i s fy the goa l between the 

parent goa l and the " cut" goa l w i l l  fa i l . " Cut'\ makes 

the program work f aster and occupy less computer memory 

because backtracki ng points do not need to be recorded 

for later use . 

Prolog · s imu lates backward inferenci ng which i s  

cons istent with the conceptua l model o f  a marketing 

expert system proposed by Tse ( 1 9 8 8 , 1 9 8 9 ) . 

When the system i s  written in Pro log , dec larat ive 

knowledge can be ad ded into its knowledge base when the 

system i s  upgraded . The dec larative knowl edge for 
I 

pr ice decis ion making can be obta ined from standard 

textbooks , r�search reports and case studies  { Tse  and 

Al exander 1 9 9 0 c )  . 

4 Programs wr itten in Pro l og have a h igh degree of 

referen t i a l  transparency . Programs lacking referent i a l  

transparency contain var iables whose va lues change 

dur ing the execution of the program , making the results 

of execut ion uncontro l lable . Programs wr itten in 

procedural languages l ike Pascal often cannot achieve a 

high degree of referent i a l  transparency . The f o l l owing 

is an examp le of such a program wr itten i n  Pasca l : 

program a la n ; 

var f lag : boo lean ; 

funct ion f ( n : integer ) integer ; 

beg in 
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end ; 

beg in 

end . 

i f  f lag then f : =n 
e l se  f : =O ;  
f lag : =  not f l ag ;  

f lag : =true ; 
wr iteln ( f ( l O ) ) ;  
writeln ( f ( l O ) ) 

\ 

Upon execution of the program , 'two outputs can be 

obta ined . The f irst output i s  ten . The s econd output 

i s  zero a l though it is expected that the answer should 

be ten . O f  course , the problem i s  basica l ly due to  the 

poor ski l l  o f  the programmer . Y et , programs written in 

a procedura l  language tend to have a h igh r i sk of 
I 

committing this error because o f  the procedura l · nature 

of the control mechan i sm . The procedura l  nature makes 

program l i nes dependent on one another , resu lting in 

variables w ith unpredicted va lues . For sma l l  programs 

the prob lem can be avoided w ith special  care taken by 

the programmer . However , when the s i z e  o f  the program 

i ncreases , the control of the problem becomes more 

d i f f icult . For a dec larat ive l anguage l ike Prolog , the 

problem s e ldom occurs because each c l ause i s  self  

conta ined and is independent o f  other c lauses · in  the 

program . 

5 Extens ive debugg ing fac i l it i e s  are a l so · ava i la b l e  in  

Prolog , the most outstanding o f  wh ich i s  the �ompi ler 

d irect ive " trace " . A trace program is ava i la b l e  s o  

that the execut ion o f  a program c a n  b e  traced . · 
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CHAPTER FIVE 

TZ , THE KNOWLEDGE-BASED S YSTEM FOR PRICE DECI S I ON MAKING 

This chapter is divided into two s ect ions . Sect ion 5 . 1  

g ives a samp l e  run of the system . S ection 5 . 2  reports the 

results  of system eva luation . 

5 . 1 Samp l e  Run of T Z  

The programs for T Z  are l isted i n  Appendix 5 .  The 

documentation i s  conta i ned withi n  the program . The 

fol l ow i ng i s  a s amp le run of the program . A sample run of 

the program can be obta ined by typi ng " t z " with the Pro log 

system programs in the background . 

The f irst window we l�omes the user : 

------- - -- - - - - - - - - ----- Welcome ------- -------------------- - --
Key in " H ' for Help . 

Please  type your name then 
Enter . Alan 

The message at the top o f  the w i ndow instructs the user to 

key i n  " H "  if  help is required . 

After the name is  keyed in as shown above , the f o l l owing 
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window appears :  

Wel come to TZ , the Twi l ight Zone , Alan . 

I am  a Knowledge-based System to help you make 
better price decis ions . 

\ 

I am created by Alan Tse at the Department of Market ing , 
Mas sey Univer s ity . 

P le a s e  key in  today ' s  data in the fol lowing f ormat : 

D D / MM / YYYY . 1 4 / 0 7 / 1 9 9 0  

' 

Tne date is requ ired for the account ing system to process 
I 

the input data . After the date i s  inputted into the system , 

the fol lowing windo� appears whi ch a l lows the user to choose 

between us ing the accounting subsystem and the market ing 

knowledge-based system . 

- - - - - ------ TZ - Market ing Knowledge-based System - - - - - - - - - - - ­

P lease press ' H '  for he lp . 

P l ease select one of the fol lowing two facil it ies ava i lable 
i n  this system , then press return . 

1 .  Account ing System 

2 • Marketing Knowl edge-based System 

My cho ice i s i 1 

Suppose opt ion 1 was chosen a s  shown above . The system 

then d i splays the fac i l ities under the account ing system : 
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-- - - ---------- - - ------ Accounting System - - - - - - - - - - - - - - - - � - - - ­

P l ease pres s  ' H '  f or help . 

P l ease s e lect one o f  the fol l ow ing two facilit i e s  
a va i lable in thi s  a ccount ing system , then press return . 

1 .  I nput Account ing Data 

2 .  Output F i nancial Statements 

My cho ice i s : 

Append ix 5 provides the l i st ing program for the above two 
I 

account ing subsystems . The " Input Account ing Data " 

subsystem accepts , input transact ion , data and updates the 

balances in  the books . The " Output Financ i a l  Statements " 

subsystem uses a ccount ba lances in  the books to construct 

the b a lance sheet , the trad ing account and the pro f it and 

loss account . 

After the user has f inished us ing the account ing subsystem , 

the user can go back to the ma in menu by press i ng . " Es c " . 
I 

Suppose th is t ime the user chooses opt i on 2 .  
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- - - � - - - - - - - T Z  - Market ing Knowledge-based System 
P le a s e  pres s  ' H '  for help . \ 

P lease se l ect one of the fol low i ng two f a c i lities ava i lable 
· i n  this system , then press return . 

1 .  Account ing System 

2 . ' Market ing Knowledge-based System 
I 

My choice is : 2 

After recei v ing the number " 2 "  from the user , the system 

produces a graph showing the movements o f  the market 

indicators in th� past twe lve morith s . The d iagram i s  

. preceded b y  the f o l lowing descr ipt ion : 

---- ------- TZ  � Market ing Knowl edge-based System - - - - - - - - - - - ­
P l ease pre s s  ' H '  for h e lp . 

I am going to ask you to input your eva luat ion o f  
the current market s ituation . 

But before you input your j udgment , I am go ing to  
show you a graph ical  di splay o f  the movements o f  the 

. prices based on the market indicators of the last  
twe lve months . 

· It i s  hoped that the diagram w i l l  be able  to help you 
to ident i fy whether the woo l market i s  go ing up 
or coming down . 

P lease press any key to cont inue . 
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· A s amp le graph showing the market s ituation is shown below : 
\ 

Thi s  graph shows the pr ice movements for the last year . 
· The y-axis i s  the market indicator . 

6 0 0  -

I 
5 0 0  -

I 
4 0 0  -

I 
3 0 0 -

I 
2 0 0  -

I 
1 0 0  -

I 
- l - - - - 1 - - - - l - - - - l - - - - l - - - - l - - - - l - - - - l - - - - l - - - - l - - - - l - - - l > 
aug sep oct nov dec j an feb mar apr may j un j u l  

P lease pre s s  any key t o  cont inue 

A f ter the above d i agram has been d isplayed , the user ' s  

percept ion of the market s ituation i s  requ ired by the 

system : 
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-----�-----Please t e l l  me your market s ituat ion--- ------------

Please se lect one of the f o l low ing opt ion� that best \ 

desc� ibes your perception of the current market s ituation : 

1 .  Very very favourab le 
2 .  Very favourable 
3 .  Favourab l e  
4 .  S l ight ly favourab l e  
5 .  Ne ither f avor a b l e  nor unfavorab l e  
6 .  S l ight ly unfavourable 
7 .  Unfavourable 
8 .  Very unfavourable 
9 .  Very very unfavourable 

Please i ndicate your cho ice by key ing in the appropr iate 
number : 3 

The next gra�h shown by the system is a cashf low s ituation 

diagram . The cash f l ow d iagram shows the movement of the 

cash f low s ituat ion of the company in the past twe lve months 

using the data in tSe accounting subs�stem . The d iagram i s  

preceded by t h e  fol lowing message : 

0 
- - - - - - - - - - - TZ - Market ing Knowledge-based· System 

Now I am going to show you the cashf low s ituat i on o f  
your company in  the previ ous twe lve months . 

Please press any key to continue . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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The f o l lowing is an examp l e  of such a d iagram : 

\ 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 0  

8 

6 

4 

2 

- 2  

- 4 

- 6  

- 8  

Thi s  graph shows the cash f l ow movement for the past year . 
The y-a x i s  is the bank balances in $mi l l ions . 

I 
I 
I 

I 
-

I 
-

I 
-

I 

\ I . 
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I 
Please press any key to continue 

The u s e r  i s  the n  prompted for the p ercept ion o f  c a s h f low 

s i t u a t i o n : 
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- - - --------P lease t e l l  me your cashf low s ituation- - - - -·- - - - - - - -

P l ease s e lect one o f  the f o l l owing opt ions that best 
describes your current cash f l ow s i tuat i on : 

1 .  Very very f avourable  
2 .  Very favourable 
3 .  Favourable 
4 .  S l ightly favourable  
5 .  N e ither favorable nor unfavorab l e  
6 .  S l ightly unfavourable 
7 .  Unfavourab l e  
8 .  Very unfavourable 
9 .  Very very unfavourable 

P lease ind icate your cho ice by key ing i n  the appropr i at� 
number : 4 

The next p i ece o f  informat ion required to be inputted by the 

user i s  the compet it ive s ituation : 

- - ------ - - -P l ease t e l l  ,me your compet it ive s i tuat i on- - - - - - - ---

P l ease s e l ect one o f  the f o l lowing opt i ons that best 
d escribes your current competitive  s ituation : 

1 .  
, .  2 .  

3 .  
4 . 
5 .  
6 .  
7 . 
8 . 
9 .  

Very very f avourable 
Very favourable 
Favourable  
S l ight ly f avourable 
Ne ither favorable nor unfavorable 
S l ight ly unfavourable  
Unfavourab l e  
Very unfavourable 
Very very unfavourable  

P l ease i nd icate your cho ice by keying in  the appropriate 
number : 2 

TZ  then asks for the amount of woo l  to be sh ipped to the 

btiyer . Fina l ly ,  it outputs the recommended price a fter 

going through a l l  the c a l culat ions descr ibed in section 4 . 3 .  

The output i s  shown below : 
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- - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

The . recommended price for the 1 0 0  kg o f  wool  you are go ing 
t6 s e l l  to your . customer is $ 6 1 3 . 4 .  

P l ease press any key to  continue . 

The last w i ndow then asks whether or not the user wants to 

go on us ing the system . Suppose the response from the user 

is " n " , then 'the f o l lowing is produced : 

- - - -- - ----- T Z  - Market ing Knowledge-based System - - - - --------

Do you wish  to  cont inue us ing the  Market i ng know ledge-based 
system? 
( P lease answer y j n )  n 

Thanks for us ing the system . 

P l ease pre s s  any key to exit . 
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5 . 2  Evaluat ion of T Z  

I n  thi s  sect ion , the obj ective o f  the research is  f ir s t  

r evis ited in subsection 5 . 2 . 1  and then the resul t s  of the 

e va luat ion are reported in subsect i on 5 . 2 . 2 .  

5 . 2 . 1  The Obj ective Revi s ited 

The pr imary obj ective of this research , as described i n  

s ection 1 . 1 o f  the thes i s , was t o  bui ld up a knowl edge-based 

s ystem that per f orms better than most expert managers in 

p roviding price r ecommendat ions to  a user . Thi s  i s  

important becaus e  i f  the result i s  positive , then f urther 

i nvestment and r e search can be put into the bui ld ing up o f  

larger s c a l e  systems , with the ultimate obj ect ive of stor ing 

a l l marketing deci sion making expertise in a computer 

system . The cost of bui lding up a l arge sca l e  know l edge-

b ased system i s  very high . No commitment shoul d  be made 

w i thout f irst research into the feas i b i l ity of the proj ect . 

I f  the result of the research is negative , further research 

must be done as to whether there are other better techniques 

that coul d  be u s ed to enable  a successful system to be  

bui lt . A lthough it  has been expla ined in sect ion 2 . 3 . 2  that 

fuz zy 

degree 

l og i c  is a desirable technique to use g iven the h igh 
I 

o f  fuz z iness in a marketer ' s  dec i s i on : maki ng 

environment , the technique has never been actua l ly used a s  a 

means o f  model ing inexact reason ing in  market ing . Hence , 

the app l i cation described in th i s  thes is can be  used a s  a 

testing ground f or the app l i cabil ity o f  the method in  the 
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5 . 2 . 2  

bui lding up o f  knowledge-based systems in marketing . Shoul d  

the method b e  f ound t o  b e  ineffect i ve , mod i f icat ion can b e  

sought so that a revi sed vers ion o f  the logic , o r  p o s s ibly a 

n ew type of l ogic , can be deve l oped that could enable a 
I 

system to be constructed successfully f or the m arketing 

funct ion . 

system Evaluation 

As described in sect i on 3 . 4 ,  the eva luati on of the system 

was done by f irst o f  a l l  creat ing a number of test ing 

s cenarios . These scenarios can be found i n  sect i on one o f  

the quest ionna ire in  Appendix 2 .  

I ndividual managers were then asked to make recommendat i ons  

i n  response to these problem scenarios . The Delphi method 

was then emp loyed to enable the e xperts to  achieve consensus 

r egarding the recommendations to the probl em scenar i os . The 

consensus recommendat i ons provided a standard aga inst whi ch 

to  measure both the individual e xpert ' s  r ecommendat i ons  and 

the system ' s  recommendat ions . 

Three sets of recommendations and e l even corr e l a t i on 

coefficients were eventual ly obtained according to the 

procedure described in sectipn 3 . 4 .  The corr e l a t i on 

coef f icient between the system! ' s  recommendations and the 
! 

consensus recommenda t i ons was f ound to be 0 . 9 3 3 7 . The 

correlation coe f f ic ients between the individua l manager s ' 

recommendat i ons and the consensus recommendat i ons  ranged 

from -0 . 5 3 8 0  to 0 . 9 0 7 3 .  
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It  can be seen that the system outperforms , on the se lected 

criter i on , all the individual managers ' recommendations . 

This indicates that the system i s  actua lly performing better 

than a l l  the managers in providing price recommendat ions , i f  

i t  i s  accepted that the consensus recommendations are the 

best ava i lable recommendat i ons . In  other words , it appears 

poss ible for 

recommendations 

the consensus . 

the system to a chieve the consensus 

without go ing to the trouble of obta i n ing 

Of  cour s e , the conclus ion made in the previous paragraph i s  

based o n  a s in g l e  sample . Neverthel ess , the resul t  i s  a 

piece o f  pos itive evidence that lends support to  the i dea 

that it  is poss ible  to construct a system that outperforms a 

good manager . 
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CHAPTER S I X  

CONCLUS IONS AND DIRECTIONS FOR FUTURE RESEARCH \ 

S ince the result o f  the eva luation repprted in  sec�ion 5 . 2  

i s  posit ive , it can be conc luded that the know l edge-based 

system c onstructed for the wool industry i s  per forming 

better than a good manager in provid ing pr i ce 

+ecommendat ions . Although the eva luat ion was based on a 

s ing l e  s ample o f  thirty s cenar ios and the system was 

spec i f ic to the export wool industry , the result is an 

encourag i ng piece o f  pos itive evidence . 

Also , the use of fuz zy log i c  appears to be an  effect ive 
I 

know l edge representat ion techn ique a s  wel l  a s  an  effect ive 

method f or mode l ing, inexact reasoning . The method as least 

has been shown to be a good one to use f or the bu i lding up 

of know l edge-based systems for support ing price dec i s ion 

mak ing i n  the export woo l  industry . 

Although _ the system appears to be a success in the . current 

appl icat ion , further research needs to be conducted in  the 

f o l l owing areas to upgrade the performance of the �ystem i n  

an incrementa l manner as suggested in s ection 4 . 1 .  

First of a l l , T Z  has not fu l ly automated a manager ' s  

j udgment of the fuzzy  var iables described in th i s  research . 

In  order that a genuine expert system can be deve loped , 

_ further study is  required a s  to how a l l  expert j udgments may 

be incorpora�ed in  the system constructed . 

Second , more dec i s ion var iables need to be incorporated into 
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the system . The more variables incorporated into the 

system , the better the performance of the system . Th i s  must 

be done in an incremental fash ion a s  there are a l arge 

number of var i ables in the dec i s i on mak ing environment . 

Th ird , TZ can only handle price dec i s i ons i n  the wool 

industry . Other e l ements of the marketing mix in  the 

industry shou ld be incorporated as wel l . 

Fourth , the hedge funct ions used in  the system are the ones 

s�ggested by Z adeh { 1 9 7 6 a } . These funct ions might not be 

the best funct ions to use in the current app l �cation . 

stud ies need to be done to determihe the best funct iona l 

f orms to use in  the current app l ication . 

F i na l ly ,  TZ  i s  only suitable for supporting price dec i s ion 

mak ing in the export wool industry . It  w i l l  not be· useful 
. . 

for other industries . 
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APPENDIX 1 

\ 
INVITATI ON LETTER FOR THE PRELIMINARY STUDY 

Dear S ir / Madam , 

I am · undertak ing research into 
behaviour of wool exporters in New 
study i s  to bu i ld up a computer 
decis i on making in the industry . 

the price dec i s ion mak ing 
Z e a land . The obj ective of the 
system that s imul ates price 

The most important phase of the pro j ect is to conduct personal 
interview s  with successful woo l  marketers l ike yoursel f to 
col lect expert o p i n ions on how price decis ions shou ld be made . 
The dec i s ion maki ng , methods would then be stored in the computer 
for s imu lat ing pr ice dec i s ion making . 

I wi l l ,  i n  a few days ' t ime , get in touch with you aga in to  see 
if further arrangements cou ld be made regard ing the interview . 
Meanwh i le , i f  you have any queries , p l ease f e e l  free to : l et me 
know on 6 9 0 9 9  ext n . 8 0 8 3 . 

Thank you for your k ind attent ion in th is matter . 

Yours s incere ly , 

Alan Tse 
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QUESTIONNAIRE FOR PRELIMINARY STUDY 

DEPARTM�NT OF MARKETING 
MASSEY UNIVERS ITY 

PRELIMINARY SURVEY OF PRICE DEC I S ION MAK I NG 
METHODS I N  THE EXPORT WOOL INDUSTRY 

1 Could you p lease t e l l  me i n  genera l how you quote a pr ice on  
the woo l you s e l l  to your customers? 

2 Wou ld you please t e l l  me what important factors you woul d  
'take i nto account when you make your price decis i ons? 

a )  
' b )  
. c )  

d )  
. e )  
f )  
g )  

' h )  
i )  

' j )  

3 How does each one o f  the above factors a f fect your everyday 
price dec i s ions? 
( PROBE FOR EACH ONE OF THE FACTORS MENTIONED I N  QUESTION 2 )  
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4 'Just then 
affecting 
is  to get 
be made . 

I co l lected from you severa l important factors 
your pr ice determ ination . What I want to  do next 
your expert op in ions on how pr ice dec i s ions shou ld 

· Now , under what s ituations  wou ld you recommend a sma l l  
positive cha�ge i n  price? 

Under what s ituat ions wou ld you recommend a pos it iv� change 
in price? 

· Under what s ituat ions wou ld you recommend a very pos i t ive 
change in price? 

Under what s ituations wou ld you recommend a sma l l  negative 
change in  price? 

Under what s ituations wou ld you recommend a negat �ve change 
in price? 
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Under what s ituat ions wou ld you r ecommend a very negat ive 
change in price? 

Could I say that under all other s i tuations you would not 
change the price of your proctuct? 

Yes 0 - - > IF Y E S , END THE I NTERV I EW 

No 0 - - >  I F  NO , GO TO Q . 5  

5 Under what s ituations would you not change the pr ice of your 
product? 

THANK YOU FOR YOUR KIND COOPERATION . 
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APPENDIX 2 

COVERING LETTER AND QUESTIONNAIRE FOR SECOND STAGE OF S TUDY 

COVERING LETTER 

Department of Marketing 

Dear S i r / Madam , 

I am undertaking a research into the bui ld ing up o f  a deci s ion 
suppoit system for woo l marketers in  New Zealand .  The study is 
d ivided into severa l  phases . The obj ective of thi s  phase.  o f  the 
study . i s  to bu i ld a subsystem that helps managers to make . better 
price dec i s i ons . 

Enc losed together with this letter i s  a quest ionna ire that 
col lects informat ion about pric ing methods in  the i ndustry a s  
we l l  a s  data about a number of parameters f o r  bu i ld ing u p  the 
system . ; The quest ionna ire i s  intended �o be f i l led in  by the 
market ing manager of this company who is respons ible f or making 
price d�c i s ions . The in format ion co l l ected w i l l  be kept �trictly 
con f ident i a l . 

I wou ld be grate ful  i f  you would take the time to compl ete the 
quest i onnaire and return it to me in the postage-free enve lope 
enclosed . As your op inions  w i l l  be h ighly va luab l e  in this 
research , it is very important that I get 6omp l eted 
questionna ire from you . Y our ear l iest response w i l l  be greatly 
appreci ated . 

Yours f a ithfu l ly , 

Alan Tse 
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QUESTIONNAIRE FOR THE S ECOND S TAGE OF STUDY 

DEPARTMENT OF MARKETING 
MASSEY UNIVERSITY 

SURVEY OF PRI CE DECI S ION MAKING METHOD S  
I N  T H E  EXPORT WOOL INDUSTRY 

INSTRUCTIONS : PLEASE ANSWER THE FOLLOWING QUESTIONS BY EITHER 
TICKING ( v )  THE APPROPRIATE BOXES OR B Y  WRITING I N  
THE SPACE PROVIDED . 

SECTION 1 :  PRICING DEC I S IONS UNDER DIFFERENT SCENARI O S  

1 Assuming that in your bus ines s ,  nothing e lse changes but the 
market out look , cashflow s ituat ion and compet itive 
s ituat ion , please tell me by how many percent you would 
increas e  or decrease the pr ice you are ready to quote your 
bJyers for woo l under each one of the f o l lowing s cenarios : 

I NSTRUCTI ONS : 
I 

THE FOLLOWING TABLE CONTAINS FIVE COLUMNS . THE FIRST THREE 
COLUMNS REPRESENT THE THREE VARIABLE S . OF INTEREST IN THE 
DECISION MAKING ENVIRONMENT . EACH S CENARIO I S  A COMBI NATION 
OF THES E  THREE VARIABLES . FOR EXAMPLE , THE F IRST $CENARIO 
I S  MAD E  UP OF " Un favorab l e 11 MARKET OUTLOOK ( Column 1 ) , 
1 1 Favorable 1 1  CASHFLOW SITUATI ON ( Column 2 )  AND " Very weak" 
COMPETITIVE SITUATI ON ( Co lumr, 3 ) . PLEASE PUT DOWN THE 
APPROPRIATE PERCENTAGE PRI CE CHANGE YOU WOULD RECOMMEND IN 
RESPONS E  TO TH I S  S CENARIO I N  THE SPACE PROVIDED UNDER EITHER 
Co lumn 4 OR Column 5 .  

Column 
1 

Market 
out l ook 

Unf avorable 

Very very 
f avorable 

Very f avorab l e  

Very f avorab l e  

V e r y  f avorab l e  

Very f avorab l e  

Column 
2 

Cash f lo w  
s it u at i o n  

Column 
3 

Compet i t ion 

Favo r a b l e  V e r y  weak 

Column 
4 

Percentage 
o f  pr i c e  
i ncre a s e  

N e i t h e r  f avorable N e ither s t rong 
nor u n f avorable nor weak 

Very f avorable Very st rong 

Favorab l e  S t rong 

Very f avorable S t rong 

U n f avo r a b l e  Weak 
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5 

P e rcentag e  
o f  p r i c e  
decrease 

' %  



Market 
o u t l ook 

Very f avorable 

Very f avorab l e  

Very f avorable 

Very v e ry 
u n f avorab l e  

Favorab l e, 

I 
Favorab l e  

Favor a b l e  

Favora b l e  

Favora b l e  

Favor a b l e  

Un f avorab l e  

U n f avorab l e  

U n f avorab l e  

U n f avorab l e  

Un f avorab l e  

Neithe� f avorab l e  
nor u n f avorab l e  

Neither f avorab l e  
nor u n f avorab l e  

U n f avorable 

Neither f avorab l e  
n o r  u n f avorab l e  

Neither f avorab l e  
nor u n f avorab l e  

Very u n f avorab l e  

Very u n f avorab l e  

Very u n f avorable 

Cash f l ow 
s it u at ion 

Compet it ion Percentage 
of pr ice 
increase 

U n f avorab l e  Very s t rong % 

U n f avorab l e  Strong % 

Very u n f avorab le Very s t rong % 

N e i t her f avorable 
nor u n f avorab l e  

Ne i t her st rong % 

nor weak 

Very f avorab l e  Strong 

Very f avor a b l e  Weak 

F avor ab l e  Strong 

Very u n f avorable Very s t rong 

Very u n f avorable Weak 

Ne ither f avorable N e i t her s t rbng 
nor u n f avorab le nr,r weak 

Ne ither f �vorable N e i t h e r  st ropg 
nor u n f avorab l e  nor weak 

Very f avorab l e  Very s t rong 

Favorab l e  V e r y  s t rong 

F avorable St rong 

U n f avor ab l e  s t rong 

F avorab l e  N e i t her st rong 
nor weak 

U n f avorab l e  Ne i t her s t rong 
nor weak 

Very u n f a vorable Very s t rong 

N e it her f avorab l e  St rong 
nor u n f a vorable 

Neither f avorab l e  Weak 
nor u n f avorable 

Very f avorable Very s t rong 

F avor ab l e  S t rong 

Very unf avorable Very strong 
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Very u n f avorab l e  Very u n f avorable Wea k  
\ 

SECTION 2 :  PARAMETERS FOR DECISION SUPPORT SY STEM 

INSTRUCTIONS : 

FOR EACH ONE OF THE QUESTIONS IN  THI S  SECTION , PLEASE FILL IN  THE 
BLANKS j US ING ANY NUMBER B ETWEEN 0 AND 1 ( INCLUDING 0 AND 1 ) . FOR 
EXAMPLE , IN QUESTION TWO , I F  YOU HAVE NO DOUBT THAT A G IVEN PRICE 
INCREASE SHOULD BELONG TO THE CATEGORY OF SMALL POS ITIVE PRICE 
CHANGE , PUT THE NUMBER 1 IN THE SPACE PROVIDED FOR THE G IVEN 
PRIC E  INCREASE . IF YOU HAVE NO DOUBT THAT A G IVEN PRI CE INCREASE 
SHOULD NOT BELONG TO THE CATEGORY O F  SMALL POS ITIVE PRI CE CHANGE ,  
PUT THE NUMBER 0 I N  THE SPACE PROVIDED FOR THAT G IVEN PRICE 
INCREASE .  FOR OTHER CASES , PLEASE USE A NUMBER BETWEEN 0 AND 1 
TO REFLECT THEIR DEGREE S  OF MEMBERSHIP IN  THE CATEGORY OF  SMALL 
POS I TIVE PRI CE I NCREAS E .  BEFORE YOU ANSWER THE QUESTIONS , PLEASE 
READ THE FOLLOWING EXAMPLE : 

EXAMPLE : 

PERCENTAGE OF PRI CE INCREASE 

1%  
2 %  
3 %  
5 %  
7 %  

THE ABOVE MEANS THAT : 

GRADE OF MEMBERSHIP IN  
THE CATEGORY OF " SLIGHT 
PRI CE INCREAS E "  

0 . 0  
0 . 5  
1 . 0  
0 . 2  
0 . 0  

i A 1 %  PRI CE INCREASE I S  DEFINITELY NOT A SLIGHT PRI CE 
INCREASE , SO THE DEGREE OF  BELIEF IS 0 . 0 .  

i i  I AM NOT S O  SURE WHETHER OR NOT A 2 %  PRI C� INCREASE 
SHOULD BE REGARDED AS A SLIGHT PRICE INCREAS E .  THE 
DEGREE OF BELIEF I S  0 . 5 .  

i i i  I AGREE TOTALLY THAT A 3 %  PRICE INCREASE I S  1 A S LIGHT 
PRI C E  INCREASE .  THE DEGREE OF BELI EF IS 1 . 0 a  

iv 5% IS A BIT TOO HIGH TO BE REGARDED AS A SLIGHT PRICE 
INCREASE . MY DEGREE OF BELIEF THAT I T  SHOULD BE 
CATEGORI ZED AS  A SLIGHT PRI CE INCREASE I S  0 . 2 .  

V .  7 %  I S  TOO HIGH TO B E  CONSI DERED AS A SLIGHT PRICE 
INCREASE .  MY DEGREE OF  BELI EF I S  0 .  

OF COURS E ,  YOUR DEGREE OF BELIEF WOULD BE D I FFERENT FROM 
MINE . 
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NOW , PLEASE ANSWER THE FOLLOWING QUESTIONS I N  LIKE MANNER AS THE 
ABOVE EXAMPLE : 

2 P lease te l l  me the extent to  which you b e l ieve each one o f  
' t h e  f o l l o w i n g  p e r c e Dt a g e  o f  p r i c e  i n c r e a s e s  s h o u l d  b e  
regarded a s  a sma l l  po s it i v e  c h a n g e  i n  pri c e , by wr i t i n g  
numbers between Q a n d  1 i n  t h e  appropr i ate blanks provided : 

Percentage 
of price 
increase 

1 %  

2 %  

3 %  

4 %  

5 %  

6 %  

7 %  

8 %  

9 %  

1 0 %  

1 1 %  

1 2 %  

1 3 %  

1 4 %  

1 5 %  

Grade o f  
membership in 
the category of 
" sma l l  pos itive 
change i n  price"  
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3 P l e a s e  t e l l  me 
the fol lowing 
regarded a s  a 
numbers between 

Percentage 
of price 
decrease 

1 %  

2 %  

3 %  

4 %  

5 %  

6 %  

7 %  

8 %  

9 %  

1 0 %  

1 1 %  

1 2 %  

1 3 %  

1 4 %  

1 5 %  

the extent t o  wh i ch you believe each one o f  
percentage of price decrea ses shou ld be 
sma l l  negat ive change in pr i ce by ' writing 
Q and � in  the appropr i ate space provided : 

Grade of 
membership in  
the category o f  
11 sma l l  negative 
change in price 11 

-- --
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4 Each d iagram be low descr ibes the movement of the cashf low 
pos it i on of a company in the industry in the previous twe lve 
months . P leas e  t e l l  me the extent to which you bel ieve each 
one of the f o l l ow ing cash f l ow s ituations shou l d  be regarded 
as a favorable cashf low s ituation by wr it ing a number 
between Q and � in the appropr i ate space prov ided : 

bank 
ba l ance 

bank 
ba l ance 

bank 
ba lance 

bank 
· ba lance 

monthj year 

month jyear 

month / year 

month / year 
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" favorabl e  cashf l ow 
s ituation"  



b ank 
balance 

bank 
balance 

bank 
b a lance 

monthj year 

monthj year 

monthj year 

Grade of Membership 
i n  the category of 

" favorable cashf l ow 
s ituation" 

5 The d iagrams be l ow are s im i l ar to the d iagrams i n  question 
4 .  Thi s  t ime p l ease  tel l  me the extent to whi ch you be l i eve 
each one of the f o l lowing cashf l ow s i tuations shou l d  be 
r egarded as an unfavorable cashf l ow s ituation by wr it i ng a 
number between Q and � in the appropr i at e  space provided : 

bank 
balance 

monthj year 

1 3 0  

Grade of Membership 
i n  the category o f  

" unfavorable cashf low 
s i tuation " 



bank 
ba lance 

bank 
balance 

bank 
ba lc-mce 

bank 
' ba lance 

bank 
balance 

monthj year 

monthj year 

month j year 

month j year 

month/ year 
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in the category of 
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bank 
ba lance 

month / year 

Grade of Membership 
in the category o f  

"unfavorabl e  cash f l ow 
s ituation" \ 

6 E a c h  d i ag r am b e l ow d e s c r i b e s  t h e  movements o f  the market 
indicator in  the previ ous twe lve months . Please te l l  me the 
extent to wh ich you be l ieve each one of the f o l l owing market 
s ituat ions described by the d iagrams shou ld be regarded as a 
· f avorable market s ituat i on by writ ing a number between Q and 
� in  the appropr iate space prov ided : 

market 
indicator 

market 
ind icator 

market 
indicator 

month / year 

month jyear 

monthj year 
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in the category of 
" favourable  market 
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market 
ind icator 

market 
i ndicator 

. market 
i ndicator 

market 
indicator 

month j year 

month / year 

monthj year 

monthj year 
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1 1  favourable market, 
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7 The d i agrams be l ow are s im i l a r  t o  the "di agrams i n  que s tion 
6 .  Th i s  t ime p l ease t e l l  me the extent to wh ich you be l i eve 
e a c h  o n e  o f  t h e  f o l l ow i ng m a r k e t  s i t u a t i o n s  s h o u l d  · b e  
r e g arded a s  a n  un f avo r a b l e  m a r k e t  s itua t i o n  b y  wr i t i ng a 
number between Q and l in  the appropr iate space provided : 

market 
. ind i cator 

market 
ind icator 

market 
ind icator 

market 
indicator 

month j year 

month j year 

month j year 

month j year 
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in the category o f  
" unfavourable market 
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market 
indicator 

' market 
indicator 

market 
indicator 

month j year 

monthj year 

month j year 
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in the category o f  
" unfavourab le market 
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8 For t h i s  quest ion , I wou ld l ike you to look at the f o l low ing 
percentages . The f o l lowing percentages are obta ined in this 
m a nn er . F i r s t , th e d i f f erence between the p r i c e  of y our 
product and the price of your strongest compet itor '. s product 
i s  o b t a i n e d . T h e n  t h e  d i f f e r e n c e  i s  e x p r e s s e d a s  a 
p er c e n t a g e  o f  the p r i c e  o f  your p r oduct . Now , wou ld you 

' ' I 
p l e a s e  t e l l  m e  the extent to wh 1 ch you be l 1 eve e aph one o f  
the f o l lowing percentages shou ld be long to t h e  category of 
".un f avor a b l e " compet i t i v e  s i tu a t i on by wr i t ing ; a number 
petween Q and l in the appropriate space provided? 

Percentage that your 
price is above that 
of your competitors '  
price 

1% 

2 %  

3 %  

4 %  

5 %  

6 %  

7 %  

8 %  

9 %  

1 0 %  

1 1 %  

1 2 %  

1 3 %  

1 4 %  

1 5 %  
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9 The f o l l owing p ercentages are obt a i ned in l ike manner a s  the 
percentages in quest i o n  8 .  Now , p lease t e l l  me the extent 

· to wh i ch you b e l i eve each one of the f o l l ow i ng per�entages 
. s h o u l d  b e l o n g  to the c a t egory of " f avor a b l e "  compet i t ive 
s i t u a t i o n  by wr i t i n g  a n u m b e r  b e t w e e n  � a n d  � i n  t h e  
appropr iate space provided . 

Percentage that your 
price i s  below that 
of your competitors ' 
price 

1 %  

2 %  

3 %  

4 %  

5 %  

6 %  

7 %  

8 % 

9 %  

1 0 %  

1 1 % 

1 2 %  

1 3 %  

1 4 %  

1 5 %  
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S ECTION 3 :  COMPANY PROFILE 

1 0  Now I have s ome ques t i ons  about your company and your s e l f , 
j u st s o  I can  be sur e that I have a good cross - sect i on of 
compan i es and peop le in my samp le . 

. D i d  y our company hedge against e x change rate f luctua tions 
through a f i n ancial inst itut ion? 

I 

A lways Never Somet imes 

0 0 D 
1 1  C a n  you p l e a s e  te l l  me wh ich year y ou started work ing i n  the 

export woo l i ndustry? 

Year : 

THANK YOU FOR YOUR KIND COOPERATION . 
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Dear S ir ,  

APP ENDIX 3 

COVERING LETTER AND QUESTIONNAIRE 
FOR DELPHI S E S S I ONS 

COVERING LETTER 

Department of Market ing 

I am w r i t i ng to express my deep f e e l i n g s  o f  grat i tude for your 
h e l p  a nd advice in my research on bu i ld ing up a p r i c e  dec i s i on 
suppo r t  s ys t em f o r  marketers in t h e  w o o l  i ndus t r y . Th e f i rst 
round o f  the  survey has  been compl eted . A report summar i z ing the 
f i nd i n g s  s o  f a r  � a s  been enc l o s ed . The report s umma r i z e s  the 
responses from ten carefu l ly se lected experts each o f  whom has at 
least ten years of market ing exper i ence in the i ndustry . As  you 
are one o f  these ten experts selected , I am wr it i ng to you aga in 
to seek your comments on th i s  summary rep�rt . 

You w i l l  notice that the summary report i s  very s im i l ar to the 
quest i onna i r e  y ou re spo�ded to  l a st t ime . For e a ch que s t i on in 
the summary report , there are two sets o f ' numbers . The f irst set 
of num b e r s  w e r e  y o u r  own r e s p o n s e s  t o  the qu e s t i o n s  i n  the 
prev i ou s  q u e s t i o n n a i r e . The s e c o n d  s e t  o f  numb e r s  a r e  the 
average responses ! of the ten experts mentioned above . Under each 
qu e s t i o n , s p a c e s  h ave b e e n  p r o v i d e d  f or y o u  t o  r ev i s e  your 
responses in case if  your last respons e s  are not the same a s  the 
averages of the group . Of course , you don ' t  need to rev i s e  your 
op in ions i f  you th ink it is not neces s ar y . 

P lease send the summary report back to me with the stamped self­
addr e s s e d  enve l o p e  enc l o s e d . After I have co l l e cted a l l  the 
reports , I will  comp ile another summary for your comment . 

P l e a s e  b e  a s s u r e d  t h a t  t h e  s u r v e y  w i l l  b e  k e p t  s t r i c t l y  
conf ident i a l . 

Thank you for your k ind cooperat ion in this matter . 

Yours f a ithfu l ly , 

Alan. Tse 
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QUESTIONNAIRE FOR DELPHI S E S S I ONS 

DEPARTMENT OF MARKET ING 
MASSEY UNIVERSITY 

SUMMARY REPORT OF PRICE DECI S I ON MAKING 
METHOD S  IN THE EXPORT WOOL INDUSTRY 

IN STRUCT I O N S : THERE ARE THREE COLUMNS UNDER EACH ONE O F  THE 
QUESTI ON S  BELOW . THE F I RST COLUMN CONTAI N S  YOUR 
RESPON S E S  TO THE SAME Q U E S T I ON I N  THE PREVIOUS 
QUESTI ONNAIRE . THE  S ECOND COLUMN CONTA l N S  THE 
AVERAG E R E S P O N S E S  O F  THE T E N  EXP ERT MARKE T E RS 
WHOSE RESPONSES WERE USED TO COMPILE THI S  REPORT . 
PLEA S E  COMPARE YOUR OWN R E S PONSES TO THE AVERAGE 
RESPON S E S  OF THE GROUP AND PUT DOWN Y OUR REV I S ED 
O P I N I O N S ,  I F  A N Y , I N  T H E  A P P RO P R I AT E  S P A C E S  
PROVI DED IN THE THIRD COLUMN . 

S ECTION 1 :  PRICING D ECI SIONS UNDER DI FFERENT SCENARIOS 

1 A s sum i ng that i n  your bus i nes s , noth ing e l s e  changes 
b u t  t h e  m a r k e t  o u t l o o k , c a s/h f l o w s i t u a t i o n  a n d  
c om p e t i t i v e  s i tuat i o n , p l e a s e  t e l l  m e  b y  h o w  m a ny 
percent you wou ld increase or d ecrease the price  you 
are ready to quote your buyers f or woo l under each one 
of the fol lowing scenarios : 

Co lumnl Column2 Co lumn3 

Market Cash f l ow Compe t it ion Your own Group Your revi sed 
out l oo k  s i t u at ion re spon s e  average opinion 

( i f any ) 

U n f av o r a b l e  Favorab l e  Very weak 0 i 
% -0 . 6 5 %  % 

Very very N e i t her favorab l e  Neit her s t rong 3 % 2 . 6 5 %  % 
f avorable n o r  u n f avorab l e  n o r  weak 

Very f avorab l e  Very f avorab l e  Very s t rong 2 % 2 . 3 % % 

Very f avorab l e  Favor ab le Strong )_ % 2 . 2 5 %  % 

Very f avorab l e  Very f avorab l e  St rong 2. % 2 . 3 5 %  % 

Very f avorab l e  U n f avorable Weak 3 % 2 . 1 5 %  % 

Very f avorab l e  U n f avorable Very s t rong 3 % 1 .  5 %  % 

Very f avorab l e  U n f avorab l e  Strong .3 % 1 .  4 %  % 

Very f avorab l e  Very u n f avo rable Very s t rong .3 % 1 . 1 % % 

Very very Neither f avorab l e  Neither s t rong - 3  % - 1 . 9 % % 
u n f avorable nor u n f avorab l e  nor weak 

1 4 0  



Market Cash f l ow Compe t i t ion Your own G roup Your revi sed 
out l oo k  s it u at ion response averag

,
e opi n ion 

( i f any ) 

Favor ab l e  Very f avorable S t rong '2 % 1 .  5 %  % 

Favo r a b l e  Very f a vorable Weak 2. % 1 . 1 5 %  % 

Favorab l e  Favorab l e  S t rong 2.... % 0 . 9 % % 

Favorab l e  Very u n f avorab le Very s t rong "3 % 0 . 1 % % 

Favorab l e  Very u n f avorab le Weak 3 % 0 . 4 % % 

Favor a b l e  N e i t h e r  f avorab le N e ither st rong -- % 0 . 5 % % --

nor u n f avorab l e  nor weak 

U n f avorable Ne i t he r  f a vorab le Ne ither st rong 0 % - 1 . 1 i  % 
nor u n f avorab l e  nor weak 

U n f avorable very f avorab le Very s t rong 0 % - 1 . 3 5 %  % 

U n f a vo r ab l e  Favor a b l e  Very st ronrj 0 % - 1 . 1 5 %  % 

U n f avorable Favor a b l e  S t rong 0 % - 0 . 9 5 %  % 

' 0 U n f avorable Un f avorable S t rong % - 1 . 7 8 %  % 

Ne i t h e r  f avorab 1 e  Favor a b l e  N e it her s t ro n g  0 % 0 . 5 5 % % 
nor u n f avorab l e  n o r  weak 

N e i t h e r  favor a b l e  Un f avorable N e it her s t rong 0 % - 0' . 2 % % 
nor u n f avorab l e  nor we ak 

U n f avorable Very u n f avorab le Very strong _Q_ % -2 . 0 5 %  % 

Ne i t h e r  f avor a b l e  Neither f avorab le S t rong 0 % - 0 . 2, %  % 
nor u n f avorab l e  nor u n f avorab le 

N e i t h e r  f avorab l e  N e i t h e r  f avorab l e  Weak % - 0 . 1 % % 
nor u n f avor ab l e  nor u n f avorable 

Very � n f avorab l e  Very f avorab le Very s t rong ·- 2. % - 1 . 7 5 %  % 

Very u n f avorab l e  Favor a b l e  S t rong - 2 % - 1 . 4 5 %  % 

Very u n f avorab l e  Very u n f avorab le Very s t rong - 2.  % - 3 %  % 

Very u n f avorab l e  Very u n f avorab l e  Weak -� \ - 3 . 0 3 %  % 
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SECTION 2 :  PARAMETERS FOR DEC I S I ON SUPPORT SYSTEM 

2 Please t e l l  me 
the f o l l owing 
regarded a s  a 
number s  between 

the extent to which you bel i eve e ach one o f  
percentage of price increases should b e  
sma l l  pos it ive change in  pr ice by wr it ing 
Q and � in the appropr i ate blanks provided : 

Percentage Grade o f  
of pr ice membership in 
increase the category of 

" sma l l  positive 
change in pr ice " 

Your Group Your 
own average revised 
response op in ion 

( i f any }  

1 %  0 . 9 5 

2 %  0. 5 0 . 8 9 

3 %  0 0 .  4 1 / 

4 %  0 0 . 3 5 

5 %  0 0 . 2 8 

6 %  0 0 . 2 8 

7 %  0 0 . 2 4 

8 %  0 0 . 2 2 

9 %  0 0 . 2 1 

1 0 %  0 0 . 2 0 

1 1 %  0 0 . 2 0 

1 2 %  0 0 . 2 0 

1 3 % ' 0 0 . 2 0 
I 

1 4 % 0 0 . 2 0 

1 5 %  0 0 . 2 0 
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3 P l ease te l l  me 
the foll owing 
regarded as a 
numbers between 

the extent to whi ch you believe each one of 
percentage of pr ice decreases shou ld be 
sma l l  negative change i n  price by wr it i ng 
Q and � in the appropriate space provided : 

P ercentage Grade of 
o f  pr i c e  membership in 
decrease the category o f  

" sma l l  negative 
change in pr i ce" 

Your Group Y our 
own average revised 
response op i n i on 

( if any ) 

1 %  0 . 9 5 

2 %  0 . 8 1 

3 %  o. s 0 . 6 0 

4 %  0 0 . 2 8 

5 %  0 0 . 2 5 

6 %  0 0 . 2 7 

7 %  0 0 . 2 7 

8 %  0 0 . 2 5 

9 %  0 0 . 2 4 

1 0 %  0 0 . 2 4 

1 1 %  0 0 . 2 3 

1 2 %  0 0 . 2 3 

1 3 %  0 0 . 2 2 

1 4 %  0 0 . 2 1 

1 5 %  0 0 . 2 0 

1 4 3  



4 E a ch di agram b e l ow describes the movement o f  the c a s h f low 
p o s i t ion o f  a company in the industry in the prev ious twe lve 
months . P le a s e  t e l l  me the extent to which you bel ieve each 
one of the f o l lowing cashf low s ituat ions shou ld be r egarded 
a s  a f a v o r a b l e  c a s h f l ow s i t u a t i o n  by wr i t i n g  a n u m b e r  
between Q a n d  � i n  the appropr iate space provided : 

Bank 
B a l an c e  

Bank 1 
Ba l a n c e  

Cashf low 
s ituat ion 

------------ · 

Bank 
B a l a n ce 

mont h / ye a r  

mont h / year 

mont h j year 

Grade o f  Membership 
i n  t h e  cat egory o f  
" f avorab l e  c a s h f low 
s it u a t io n "  

Your G roup 
aver age own 

respon s e  

1 4 4 

o.s 0 � 3 2 

O . b 0 . 7 2 

0 ·1 0 . 8 7 

Your 
r'ev i s ed 
o'pin ion 
( i f any ) 



Bank 
B a l an c e  

Bank 
B a l an c e  

Bank 
B a l an c e  

Bank 
B a l a n c e  

C a s h f low 
s it u at ion 

mont h / year 

mont h / ye a r  

mont h / year 

Grade of Membership 
i n  t he c ategory o f  
" f avorab l e  c a s h f low 
s ituat ion " 

Your 
own 
respo n s e  

Group 
average 

0· � o . a 3 

I; 

0 . 7 3 

0 .  7 1  

o . s 0 . 7 0 

14 5 

\ 

Your 
r�v l s ed 
opin ion 
( i f any ) 



5 The d i agrams b e l ow are s im i lar to  the d i agrams i n  quest ion 
4 .  Thi s  time p l ease te l l  me the extent to whi ch you b e l i eve 
e a c h  one of t h e  f o l l ow i n g  c a sh f l ow s i tuat i o n s  shou l d  be 
reg a rded as an unfavora b l e  cashf l ow s ituat ion by wr i t ing a 
number between Q and l in  the appropr iate space prov ided : 

Bank 
B a l a nce 

Bank · 

B a l ance 

Bank 
B a l a n c e  

C a s h  f low 
s it u at ion 

month/year 

mont h / year 

mont h /year 

Grade of Memb e r s h ip 
in the c a t egory o f  
" un f avorab le c a s h f low 
s it u a t i o n "  

Y our Group 
average own 

re spon s e  

14 6 

Q 5  lo . 4 4 

0 , 5  0 . 5 5 

0 . 7 o '. a 1 

Your 
rev i s ed 
opinion 
( i f any ) 

' .  



Bank 
B a l ance 

Bank 
B a lance 

Bank 
B a l a n c e  

B a n k  
B a l a nce 

C a s h  f l ow 
s ituat ion 

mont h / year 

mont h / ye a r  

mont h / ye a r  

month/ year 

Grade of Member s h ip 
in the c at egory o f  
" un f avorable c a s h f l ow 
s ituat io n "  

Your Group 
average own 

response 

1 4 7  

o . \?  o . ? s 

0 . 7  0 . 6 3 

o . s  0 .  60  

0.4- 0 .  60  

Your 
revi sed 
opin ion 
( i t'  

'
any ) 



6 E a c h  d i a gram i b e l ow d e s c r i b e s  the movements o f  the market 
indi cator in the previous twelve months . Please t e l l  me the 
extent to wh ich you bel ieve each one of the f o l l owing· market 
s ituat ions descr ibed by the diagrams should be regarded as a 
favorable market s ituat ion by wr iting a number between Q and 
� i n  the appropr i ate space provided : 1 

M a rket 
s it ua t ion 

M arket 
I nd i' cator 

M arket 
I nd i ccit o r  

Market 
I nd i cator 

' · 

month/ year 

mon t h / year 

month /year 

Grade o f  Member ship 
in the c at egory o f  
" f avorab l e  market 
s ituat i o n "  

Your GJ;'OUp 
average own 

response 

1 4 8  

o. � o . 4 s 

o. s 0 .  6 7  

Your 
revi sed 
opin ion 
( i f any ) 



M a rket 
s it u a t ion 

Market 
I nd ic ator 

Market 
I nd i c ator 

I 

Market 
I nd i c at o r  

Market 
I nd i c at o r  

mont h / year 

mont h / ye a r  

mont h / year 

mont h / year 

Grade o f  Membe r s h i p  
in t h e  c at egory of 
" f avorab l e  market 
s ituat i o n " 

You r Group 
average own 

response 

1 4 9 

Q , b 0 . 5 9 

0 . 7 0 . 5 9 

o.s 0 .  6 0  

0. 3 0 . 60 

\ 

Your 
revised 
opinion 
( � f a ny ) 



7 The d i a grams be l ow are s im i l ar to the d i agrams i n  que s t ion 
6 .  Th i s  time please  tel l me the extent to wh ich you .bel ieve 
e a c h  o n e  o f  t h e  f o l l o w i n g m a r k e t  s i tu a t i o n s  s h ou l d  b e  
r e g a r d e d  as an  u n f avor a b l e  market s i tu a t i o n  b y  w r i t i ng a 
number between Q and � in the appropr iate space provided : 

Market 
s it u a t ion 

M a rket1 
I nd i cator 

Market 
I nd ic ator 

Market 
I nd ic ator 

mo nth/ year 

month/ year 

mo n t h / year 

G rade of Membership 
in the category o f  
" u n f avor a b l e  market 
s ituat ion " 

Your 
own 
re spon se 

0.4 l 

G roup 
a verage 

I , 0 .  5 3  

o . (, o . 1 o 

0 . 6 4 

1 5 0  

Your 
rev ised 
opin.ion 
( i f any ) 



Market 
s it u a t ion 

M arket 
I nd icator 

Marke t  
I nd i c a tor 

Market 
I nd i c ator 

Market 
I nd icator 

mont h / year 

mont h/year 

mont h / year 

mont h / year 

G r ade o f  Member s h ip 
i n  the category o f  
" u n f avorab l e  market 
s ituat ion " 

Y our 
own 
respon se 

G roup 
average 

O. b 0 . 5 9 

1 5 1  

0.4 0 . 4 9 

0. 4- 0 . 5 0 

0 -.3  0 . 5 0 

I 
Ypur 
rev i s ed 
opinion 
( i f any ) 



8 For this quest ion , I wou ld l ike you to l ook at the fo� low i ng 
percentages . The f o l lowing percentages are obta ined i n  this 
�anner . F i rst , the  d i f f e r e n c e  betw e e n  the p r i c e  of  your 
product and the price of  your strongest compet itor � s  product 
i s  o b t a i n e d . T h e n  ' t h e  d i f f e r e n c e  i s  e x p r e s s e d a s  a 
p er c e n t a g e  o f  the p r i ce o f  y our product . Now , wou l d  you 
,p le a s e  t e l l  me the extent t o  which you be l i eve eqch one o f  
the f o l l ow ing percentages should be l ong t o  t h e  category o f  
" u n f a vora b l e "  comp e t i t ive s i tuat i o n  b y  wr i t i n g ' a number 
between Q and 1 in  the appro�r iate space prov ided? : 

Perc entage t h a t  your 
p r i c e  i s  above t ha t  
o f  you r compe t i t or s ' 
p r i c e  

1 % ' 

2 %  

3 %  

4 %  

5 %  

6 %  

7 %  

8 %  

9 %  

1 0 %  

1 1 %  

1 2 %  

1 3 %  

1 4 %  

1 5 %  

Grade o f  Member s h i p  
in t h e  category 
o f  " u n f avourab l e  
compet i t ive s it u a t i o n "  

Your 
own 
r e s pon s e  

o. J 
o - 9 

1 5 2  

I . 

Group 
average 

0 . 4 0 

0 . 5 6 

0 . 6 5 

0 . 6 5 

0 . 6 4 

0 . 6 0 

0 . 6 1 

1
0 . 6 2 

0 . 6 3 

0 . 6 5 

0 . 6 6 

0 . 6 7 

' 0 . 6 9 

0 . 7 0 

0 .  7 0  

. .  

Your 
revi sed 
opin ion 
( i f any ) 



9 The f o l l owing percentages are obtained in  l ike manner a s  the 
p ercent a g e s  in  que s t ion 8 .  N ow ,  p l e a s e  te l l  me the extent 

· to  wh ich you be l i eve each one of the f o l l ow i ng percentages 
s hou l d  b e l ong to the category o f  " f avora b l e "  c ompet i t ive 
s i t u a t i o n  by wr i t i n g  a n u m b e r  b e t w e e n  Q a n d  � in t h e  
appropr i ate space provided . 

Percent age t hat your 
p r i c e  

'
i s  be low t h a t  

o f  y o u r  compet i t o r s ' 
pr i c e  

1 %  

2 %  

3 %  

4 %  

5 %  

6 %  

. 8% 

9% 

1 0 %  

1 1 %  

1 2 %  

1 3 %  

1 4 %  

1 5 %  

' 

Grade o f  Member s h i p  
i n  t h e  cat egory 
o f  " f avourab l e  
compet i t ive s it u a t i o n "  

Your G roup Your 
own average revi sed 
r e s po n s e  . · opin ion 

( i f any ) 

0. 7 0 . 7 5 

o. s 0 . 6 0 

0 . 2. 0 . 4 7 

0 0 . 3 0 

0 0 . 3 2 

0 0 . 3 6 

0 0 . 3 4 

0 0 . 3 4 

0 0 . 3 5 

0 i 0 . 3 4 

0 0 . 3 3 

0 0 . 3 2 

0 0 . 3 1 

0 . 0 . 3 1 

0 , 0 . 3 0 

1 5 3  



SECTION 3 :  DECI S ION MAKI NG RULES 

INSTRUCTION : PLEASE READ THE FOLLOWING DECISION RULES AND 
INDICATE WHETHER YOU AGREE OR DI SAGREE WITH THEM BY 
PUTTING A T I CK IN THE APPROPRIATE BOX PROVI DED . I F  
Y O U  DI SAGREE ,  PLEASE REWRITE THE RULE I N  THE SPACE 
PROVIDED UNDER EACH RULE . 

1 0  I f  cashf low is f avorable , then pr ice • . chang� : i s  sma l l  
pqs it ive . 

Agree 0 D isagree 0 
I F  D I SAGREE , PLEASE REWRITE THE RULE IN THE SPACE B ELOW : 

1 1  I f  cash f low is un favorable , then price change i s  sma l l  
negative . 

Agre e  Cl D i sagree 0 
I F  D I SAGREE , PLEASE REWRITE THE RULE ttN THE SPACE B ELOW : 

1 2  I f  market out look i s  favorable , then price change i s  sma l l  
pos it ive . 

D i s agree [ I 
I F  D I SAGREE , PLEASE REWRITE THE RULE I N  THE SPACE B ELOW : 

1 3  I f  market out look i s  unfavorab l e , then pr ice change i s  sma l l  
. negat ive . ' 

Agre e  Cl . D i s agree 0 
I F  DI SAGREE , PLEASE REWRITE THE RULE I N  THE SPACE BELOW : 

1 5 4  



1 4  ' I f  competit ion is weak 
pos it ive . 

Agre e  D 

then pr ice change i s  sma l l  

D i sagree D \ 

I �  DI SAGRE E ,  PLEASE REWRITE THE RULE I N  THE SPACE BELOW : 

1 5  I f  compet i t ion i s  strong , then pr ice change 1 i s  sma l l  
negat ive . 

Agree 0 D i sagree [] 
I F  D I SAGREE , PLEASE REWRITE THE RULE IN THE S PACE BE�OW : 

THANK YOU FOR YOUR KIND COOPERATION . 

1 5 5  



APPENDIX 4 

\ 
RELATIONAL MATRICES FOR THE OTHER F IVE DECI S I ON RULES 

1 Re l at ion a l  mat r ix for u n f avorab l e  c a s h f l ow s ituation a nd 
sma l l  negat i v e  c hange in pr i ce : 

U n f avorable C a s h  f l ow 

. 2 7  . 5 . 8 7 . 8 5 . 8 1 . 8  . 7 7 

Q) . 9 5 . 9 5  . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 
01 . 9 1 . 9 1  . 9 1  . 9 1 . 9 1 . 9 1 . 9 1 . 9 1 c. Ill . 5 4 . 7 3 . 5 4 . 5 4 . 5 4 . 5 4 . 5 4 . 5 4 .c: u . 3 1 . 7 3 . 5 . 3 1 . 3 1 . 3 1 . 3 1 . 3 1 
Q) . 2 7 . 7 3 . 5 . 2 7 . 2 7 . 2 7 . 2 7 . 2 7 u 

·rl . 2 8 . 7 3 . 5 . 2 8 . 2 8 . 2 8 . 2 8 . 2 8 H 
0. . 2 8 . 7 3 . 5 . 2 8 . 2 8  . 2 8 . 2 8 . 2 8 
Q) . 2 5 . 7 3 . 5 . 2 5 . 2 5  . 2 5 . 2 5 . 2 5  :> 

·rl . 2 4 . 7 3 . 5 . 2 4 . 2 4  . 2 4 . 2 4 . 2 4 � 
Ill . 2 4 . 7 3 . 5 . 2 4 . 2 4 . 2 4 . 2 4 . 2 4 01 Q) . 2 3 . 7 3 . 5 . 2 3 . 2 3 . 2 3 . 2 3 . 2 3 c 
r-i . 2 3 . 7 3 . 5 . 2 3 . 2 3  . 2 3 . 2 3 . 2 3 

' 
r-i . 2 2 . 7 3 . 5 . 2 2 . 2 2 . 2 2 . 2 2 . 2 3 Ill 
E . 2 1 . 7 3 . 5 . 2 1 . 2 1  . 2 1 . 2 1 . 2 3 Ul 

. 2 . 7 3 . 5 . 2 . 2  . 2  . 2  . 2 3 

2 Re l at ional matrix for f avorable market s ituat ion and sma l l  
po s it ive c h ange in p r i c e : 

Favor able Market S i tuation 

. 3 8 . 5 7 . 7 4 . 6 5 . 6 5 . 6 7 . 6 7 

Q) . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 
01 . 8 9 . 89 . 8 9 . 8 9 . 8 9 . 8 9 . 8 9 . 8 9 c Ill . 4 5 . 62 . 4 5 . 4 5 . 4 5 . 4 5 . 4 5  . 4 5 .c: u . 3 8 • 6 2  . 4 3 . 3 8 . 3 8 . 3 8 . 3 8 . 3 8 
Q) . 3  . 62 . 4 3 . 3 . 3 5 . 3 5 . 3 3 . 3 3 0 

·rl . 2 9 . 62 . 4 3 . 2 9 . 3 5 . 3 5 . 3 3 . 3 3 H 
0. . 2 5 • 62 . 4 3 . 2 6 . 3 5 . 3 5 . 3 3 . 3 3 
Q) . 2 2 . 62 . 4 3 . 2 6 . 3 5 . 3 5  . 3 3 . 3 3 > ·rl . 2 1  . 62 . 4 3 . 2 6 . 3 5 . 3 5 . 3 3 . 3 3 � ·rl . 2  . 62 . 4 3 . 2 6 . 3 5 . 3 5 . 3 3 . 3 3 Ul 
0 . 2  . 62 . 4 3 . 2 6 . 3 5 . 3 5 . 3 3 . 3 3 0. 
r-i . 2  . 62 . 4 3 . 2 6  . 3 5 . 3 5  . 3 3 . 3 3 
r-i . 2 . 62 . 4 3 . 2 6 . 3 5 . 3 5 . 3 3 . 3 3 Ill 
E . 2  . 62 . 4 3 . 2 6 . 3 5 . 3 5 . 3 3 . 3 3 Ul 

. 2 . 62 . 4 3 . 2 6 . 3 5 . 3 5 . 3 3 . 3 3 

I 
" I  

1 5 6  



3 Re l a t ional mat r ix for u n f avorab l e  market s ituation and sma l l 
n e g a t ive change i n  price : 

U n f avorab l e  Market S ituat ion 

. 4 8 . 7 6 . 8 1 . 7 5 . 6 4 . 6 5 . 6 5 

Q) . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 
Ol . 9 1 . 9 1 . 9 1 . 9 1 . 9 1 . 9 i . 9 1 . 9 1 c: Ill . 5 4 . 5 4 . 5 4 . 5 4 . 5 4 . 5 4 . 5 4 I . 5 4 ..c: u . 3 1 . 5 2 . 3 1 . 3 1 . 3 1 . 3 6 . 3 5 . 3 5 
Q) . 2 7 . 5 2  . 2 7 . 2 7 . 2 7 . 3 6 . 3 5 . 3 5 u 

. .; . 2 8 . 5 2  . 2 8 . 2 8 . 2 8 . 3 6 . 3 5 I . 3 5 H 
0. . 2 8 . 5 2  . 2 8 . 2 8 . 2 8 . 3 6 . 3 5 . 3 5 
Q) . 2 5 . 5 2  . 2 5 . 2 5 . 2 5 . 3 6 . 3 5 . 3 5 > 

. .; 
.j.J . 2 4 . 5 2 . 2 4 . 2 4 . 2 5 . 3 6 . 3 5 . 3 5 
Ill . 2 4 . 5 2 . 2 4 . 2 4 . 2 5 . 3 6 . 3 5 . 3 5 Ol Q) . 2 3 . 5 2 . 2 4 . 2 3 . 2 5 . 3 6 . 3 5 . 3 5 c: 

o-1 . 2 3 . 5 2 . 2 4 . 2 3 . 2 5 . .  3 6  . 3 5 . 3 5 
o-1 . 2 2 . 5 2 . 2 4 . 2 2 . 2 5 ' . 3 6  . 3 5 . 3 5 Ill 
El . 2 1 
Ul 

. 5 2  . 2 4 . 2 1  . 2 5 . 3 6 . 3 5 . 3 5 

. 2 . 5 2  . 2 4 . 2 . 2 5 . 3 6 . 3 5 . 3 5 

4 Re l at ional mat r i x  for weak compet i t ion and sma l l po s i t ive 
change i n  p r i c e : 

We ak Compet i t i o n  

. 7 5 . 5 7 . 4 2 . 2 4 . 3 6 . 3 9 . 3 7 

. 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 
Q) . 8 9 . 8 9 . 8 9 . 8 9 . 8 9 . 8 9 . 8 9 . 8 9 Ol a . 4 5 . 4 5 . 4 5 . 5 8 . 7 6 . 6 4 . 6 1 . 63 Ill ..c: . 3 8 . 3 8 . 4 3 . 5 8 . 7 6 . 6 4 . 6 1 . 6 3 

· U 

Q) . 3 . 3 . 4 3 . 5 8 . 7 6 . 6 4 . 6 1 . 6 3 
u . 2 9 . 2 9 . 4 3 

. .; 
. 5 8 . 7 6 i .  6 4  . 6 1 . 6 3 

H . 2 5 0. . 2 5  . 4 3 . 5 8 . 7 6 . 6 4  . 6 1 . 6 3 

Q) . 2 2 . 2 5 ' . 4 3 . 5 8 . 7 6 . 6 4 . 6 1  . 6 3  
> . 2 1 . 2 5 . 4 3 

·.-I . 5 8 . 7 6  . 6 4 . 6 1 . 6 3 
.j.J . 2 . 2 5  . 4 3 
·.-I 

. 5 8 . 7 6 . 6 4  . 6 1 . 6 3 
Ul . 2 . 2 5  . 4 3 . 5 8 . 7 6  . 6 4 . 6 1 • 6 3  0 
0. . 2  . 2 5  . 4 3 . 5 8 . 7 6 . 6 4 . 6 1 • 63 

o-1 . 2 . 2 5  . 4 3 . 5 8 . 7 6 . 6 4 . 6 1 . 6 3 o-1 
tO . 2  . 2 5  . 4 3 . 5 8 . 7 6 . 6 4 . 6 1 . 6 3  e 

• 2 . 2 5 . 4 3 . s a . 7 6  . 6 4 . 6 1 . 6 3 Ul 

1 5 7  



Weak Competition 

\ 

. 3 7 . 3 8 . 3 6 . 3 3 . 3 2 . 3 1 . 3 1 . 3 

. 9 5 . 9 5 . 9 5 . 9 5 . 9 5  . 9 5 . 9 5 . 9 5 . 9 5 

<1l . 8 9 . 8 9 . 8 9 . 8 9 . 8 9 . 89 . 8 9 . 8 9 . 8 9 
tn 

. 4 5 . 6 3  . 6 2' . 6 4 . 6 7 . 68 . 69 . 6 9 . 7  a rO 

. 3 8 . 6 3 . 6 2  . 6 4 . 6 7 . 68 . 69 . 6 9 . 7 .c u 
. 3 . 6 3 . 6 2  . 6 4 . 6 7 . 6 8 . 6 9  . 6 9 . 7  

<1l 
. 2 9 . 6 3 . 6 2  . 6 4 . 6 7  . 6 8 . 69 . 6 9 . 7 u 

·rl 
. 2 5 . 6 3 . 62 . 6 4 1-1 . 6 7 . 68 . 6 9 . 6 9 . 7  

0. 
. 2 2 . 6 3  . 6 2  . 6 4 . 6 7 . 6 8 . 69 . 6 9 . 7 

<1l 
. 2 1 . 63 . 6 2  . 6 4 . 6 7 . 6 8 . 69 . 6 9 • 7 > ·rl 

. 2 . 6 3  . 6 2  . 6 4 +l . 6 7 . 6 8 . 69 . 6 9 . 7  
·rl 

. 2 . 63 . 6 2 . 6 4 . 6 7 . 6 8 . 69 . 6 9 . 7 Cl) 
0 . 2 . 6 3 . 6 2 . 6 4 . 6 7  . 6 8 . 69 . 6 9 . 7 0. 
.-t . 2 . 6 3 . 6 2  . 6 4 . 6 7 . 6 8 . 6 9 . 6 9  . 7  
.-t 

. 2  . 6 3 . 6 2  . 6 4 . 6 7 . 6 8 . 6 9 . 6 9  . 7  rO 
E . 2  . 6 3 . 6 2 . 6 4 . 6 7 . 6 8 . 69 . 6 9 . 7  Cl) 

5 Relat ional matrix for strong compet iton and / sma l l  negat ive 
change in price : 

I 

' 
. strong Competit ion 

. 4 3 . 5 1 . 6 . 6 1 . 6 . 6 7 . 6 8 

<1l . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 tn a . 9 1 . 9 1 . 9 1 . 9 1 . 9 1 . 9 1 . 9 1 . 9 1 rO .c . 5 4 . 5 7 . 5 4 . 5 4 . 54 . . 5 4 . 5 4 . 5 4 0 
<1l . 3 1 . 5 7 . 4 9 . 4  . 3 9 . 4  . 3 3 . 3 2 
0 . 2 7 . 5 7 . 4 9 . 4  . 3 9 . 4 . 3 3 . 3 2 ·rl 
1-1 . 2 8 . 5 7 . 4 9 . 4  . 3 9 . 4  . 3 3 . 3 2 0. 
<1l . 2 8 . 5 7 . 4 9 . 4 . 3 9 . 4  . 3 3 . 3 2 
> . 2 5 . 5 7 . 4 9 . 4  . 3 9 . 4  . 3 3 . 3 2 ·rl 
+l . 2 4 . 5 7 . 4 9 . 4  . 3 9 . 4  . 3 3 . 3 2 rO 

' tn . 2 4 . 5 7 . 4 9 . 4  . 3 9 . 4  . 3 3 . 3 2 <1l 
a . 2 3  . 5 7 . 4 9 . 4  . 3 9 . 4  . 3 3 . 3 2 
.-t 

. 2 3 . 5 7 . 4 9 . 4  . 3 9 . 4  . 3 3 . 3 2 .-t 
rO . 2 2 . 5 7 . 4 9 . 4  . 3 9 . 4  . 3 3 . 3 2 E 
Cl) . 2 1 . 5 7 . 4 9 . 4  . 3 9 . 4  . 3 3 . 3 2 

. 2 . 5 7 . 4 9 . 4  . 3 9 . 4  . 3 3 . 3 2 
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Strong Compet it ion 

\ 
. 7 . 7 1 ' . 7 3 . 7 5 . 7 7 . 7 9 . 8  . 8  

Q) . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 . 9 5 
01 . 9 1 . 9 1 . 9 1  . 9 1 . 9 1 . 9 1 . 9 1 . 9 1 . 9 1 c: Ill . 5 4 . 5 4 . 5 4 . 5 4 . 5 4 . 5 4 . 5 4 . 5 4 . 5 4 ..c:: u . 3 1 . 3 1 . 3 1 . 3 1 . 3 1 • 3 1  . 3 1 . 3 1 . 3 1  
Q) . 2 7 . 3 . 2 9  . 2 7 . 2 7 . 2 7 . 2 7 . 2 7 . 2 7 u ·rl . 2 8 . 3 . 2 9 . 2 8 . 2 8 . 2 8 . 2 8 . 2 8 . 2 8 1-l 
0. . 2 8 . 3 . 2 9 . 2 8 . 2 8 . 2 8 . 2 8 . 2 8 . 2 8 
Q) . 2 5 . 3 . 2 9 . 2 7 . 2 5 . 2 5  . 2 5 . 2 5 . 2 5 > 

·rl . 2 4 . 3 . 2 9 . 2 7 . 2 5 . 2 4  . 2 4 . 2 4 . 2 4 � Ill . 2 4 . 3 . 2 9 . 2 7 . 2 5 . 2 4 . 2 4 . 2 4 . 2 4 01 Q) . 2 3 • 3 . 2 9 . 2 7 . 2 5 . 2 3  . 2 3 . 2 3 . 2 3 c: 
rl . 2 3 . 3 . 2 9 . 2 7 . 2 5 . 2 3  . 2 3 . 2 3 . 2 3 
rl . 2 2 . 3  . 2 9 . 2 7 . 2 5 . 2 3 . 2 2 . 2 2 . 2 2 Ill 
6 . 2 1 . 3 . 2 9 . 2 7 . 2 5 . 2 3 . 2 1 . � 1 . 2 1  Ul 

. 2 . 3  . 2 9 . 2 7 . 2 5 . 2 3 . 2 1 . 2  . 2  
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APPENDIX 5 

/ *  LISTING PROGRAM FOR T Z . PRO * / 

� / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* Th is  is  the top level program tha t drives the 
* var ious subsystems . 
* 

* 
* 
* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

pred icates 
getcho ice ( str ing ) 
start 
cho i c e ( integer ) 
check ( string ) 

goa l 
system ( " welcome . exe " ) 1 % The program f irst invokes the 

% we lcome menu . 
start 1 n l 1 n l 1  
wr ite ( " \ tThanks for us ing the system { " )  1 n l 1 n l 1  
wr ite ( " \tPlease press any key to exit . " )  1 readchar ( ) . 

c l auses 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* ' ·  * 
* The start predicate opens a wi ndow to a l l ow a user * 
* to  input h i s / her cho i ces . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

start : -
makewindow ( l 1 7 1 7 1 1 1 TZ  Market ing Knowledge-based 
System11 1 0 1 0 1 2 5 1 8 0 )  1 n l 1  
write ( " \ nP l ease press ' H '  for help . " )  1 nl 1 n l 1  
getcho i ce ( Choice ) 1 
str int ( Cho ice 1 Choice i )  1 

choice ( Cho ice i )  1 n l 1 n l 1 ! 1  
c l earwindow 1 n l 1 n l 1  
wr ite ( " \ tDo you w i sh to cont inue us ing the marketing 
knowledge-ba sed system? " )  1 n l 1  
write ( " \ t ( please answer y j n ) " ) 1 readln ( Respond ) 1 
Respond = " Y " 1 start . 

start . 
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l * * * * * * * * * * * * t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
� * 
* The getchoice predicate prompts the user f or the \ * 
* cho ice and provide help i f  the he lp key is pressed . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  
getcho i ce ( Choice ) : -

wr ite ( " \ tPlease se lect one of the f o l lowing two 
fac i l it ies ava i lable in " ) , 
wr ite ( " \ n \ tthis system , ther. press return . " ) , 
wr ite ( " \ n \ n \ t l . Accounting S ystem" ) ,  
wr ite ( " \ n \ n \ t2 . Marketing Knowledge -based System " ) , n l , n l ,  
wr ite ( " \ tMy cho ice is : 11 ) , readln ( Choice ) , 
check ( Choice ) , 
Cho ice < >  " H " , n l ,  
Cho i c e  < >  "h 11 , 
Cho i ce < >  "help " , 
Cho ice < >  "Help" , ! .  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * · * The s econd getcho ice pred icate prov ides help * 
* to the user i f  the he lp key is pr�s sed . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  I 

' 

getcho ice ( Choice ) : -
' ' 

, wr ite ( 11 \ n\tPlease ent.er e i ther ' 1 '  or 1 2 1  • 11 ) , nl , n l ,  
getcho ice ( Cho ice ) , n l , n l .  

/ � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* I * 
* The check pred icates check if the correct number * 
* has been keyed i n . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * /  
check ( " l " ) . 
check ( " 2 " ) . 
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I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *:* * * * * * * * * * * * * * * * * 
* * 
* The choice predi cates invoke the a ccount ing ' * 
* subsystem and the market iny knowledge-based * 
* system depend ing on the choice of the user . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

cho ice ( l } : -
system ( 11 acct . exe 1 1 ) 

cho ice ( 2 }  : -
. system ( 11 pma in . exe 11 } . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* Th i s  i s  the end o f  11 tz . pr o " . 
* ' 

* 
* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 
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I 

/ *  PROGRAM LI STING FOR WELCOME . PRO * /  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * *  
* * 
* Thi s  subsystem welcomes the user and provides * 
' * some help fac i l it ies . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

predi,cates 

goa l 

start 
getname ( string )  

· getdate ( string )  

st'art . 

clauses' 
I 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* ' * 
* ' The " start " c lause produces the f i�st window that * 
* we lcome s  the user and exp l a i ns the nature o f  T Z . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  ' ' 

start : -
makewindow ( l ,  7 ,  7 ,  " Welcome " , 0 ,  0 ,  2 5 , 8 0 ) , nl , 
write ( " Key in 1 H 1 fo1· Help " ) , nl , 
getname ( Name ) , 
write ( " \ n \tWelcome to TZ , the Twi l ight Zone , 
" , N am� , �· . " ) 1 n 1 , 
write ( " \ n \ti  am a Knowl edge-based System 
make \ n \ tbetter pr ice dec i s ions . " ) , 
nl , 
write ( " \ n \ t i  am created by A lan Tse at the 
Market ing , \ n \ tMas sey Un ive s i ty . " )  , n l , nl ,  
getdate ( Date ) , 
frontstr ( 2 , Date , Day , Rest ) , 
frontstr ( l , Rest , , Rest l ) , 
frontstr ( 2 , Rest l�Month , Rest2 ) , 
frontstr ( l , Rest2 , , Year ) , 
str int ( Day , D )  , 
str-int ( Month , M ) , 
str-int ( Year , Yr ) , 
date ( Yr , M , D ) , 

to help you 

Department of 

system ( " mus ic . exe" ) , 

i 
write ( " \ n \ tPlease press 
read ln ( ) . 

% 1 1mus i c . exe" is a subsystem that 
% produces some mus ic before the 
% user goes into the ma in  menu . 
any key to continue . " ) , 
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/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The " getname " c l ause asks the user to input h i s j her * 
* name into the system so that TZ can address h imj her * 
* in  person . · The clause a l so solcites i f  help i s  * 
* requ ired by the user . * 
' * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

getname ( Name ) : -
wr i te ( " \n \tPlease type your name then \ n \ t  Enter . · " ) , 
readln ( Name ) , Name < >  " H " , n l ,  
Name < >  "h" , 
Name < >  "help " ,  
Name < >  "Help " . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The second " g etname " c lause prov ides help mes sages * 
* for the user i f  help i s  r equ ired . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

I : 
getname ( Name ) : -

wr ite ( " \ n \ tWhat you need to do now i s  to kei in your 
name . " )  , nl , 
getname ( Name ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * *  
* * 

. * The " getdate"  c lause a sk s  the user to input today ' s  * 
* date into the system so that TZ can update the * 
* account ing subsysem . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ! 

getdate ( Date ) : -
write ( " \ n \ tPlease key in today ' s  date in the fol lowing 

f ormat : " )  , n l ,  
write ( " \ n \ t \ tddfmmjyyyy .  " ) , 
r eadln ( Date ) , Date < >  " H " , 
Date < >  "h" , 
Date < >  "lfelp " , 
Date <> " He lp " . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The second " g etdate" c l ause provides help messages * 
* f or the user i f  help i s  required . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

g etdat e ( Date ) : -
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wr ite ( " \ n \ tPlease key i n  today ' s  date in the format 
spec ified : " )  , nl ,  
write ( " \ n \ tFor example , i f  today is 14  June 1 9 9 1,1 then 
key in : " ) , nl , 

, write ( " \ n \ t \ t 1 4 / 0 6 / 1 9 9 1 .  " )  , nl ,  
i g etdate ( Date)  , nl .  

I 
' / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* ' * 
* Th i s  i s  the end of "welcome . pro" . * 
* * 
* * � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  
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/ *  LI STING PROGRAM O F  MUS IC . PRO * /  
/ * � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* , Th i s  program produc e s  some mus i c  ( j ack and j i l l )  * 
* a f ter the we lcome menu a n d  b e f o r e  the u s e r  g o e s  * 
* i n t o  the m a i n  menu . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

doma i n s  
d i r ec t i o n=up ; d own 

pred i c a t e s  
j a ck_a nd j i l l ( d i rect i o n , i nteger ) 

goa l 
j a ck_and j i l l ( up , 5 0 0 )  

c l au s e s 
j a ck and j i l l  ( up ,  F )  · -

F<5 o oo , ! , s ound ( 1 2 , F ) , F l=F+ 2 0 0 , j ack and j i l l ( up , F l ) . 
j a c k  and j i l l ( up , F ) · - 1 -

j ack and j i l l ( down , F ) . 
j a c k  a nd j il l ( d own , F ) · -

F>5 0 0� ! , s o u nd ( 1 2 , F ) , F l = F - 2 0 0 , j a ck and_j i l l ( d own , F l )  
j a ck_a nd j i l l ( down , ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* Th i s  i s  t h e  end o f  " mu s i c . pr o " . 
* 

* 
* 

� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

1 6 6  



/ *  LI STING PROGRAM FOR ACCT . PRO * / 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *� * * *  
* * 
* Thi s  program contro ls the execut ion o f  the * 
* transact ion process ing subsystem and the f inanci a �  * 
* reporting system . It a l lows the user to make a * 
* cho ice between the use of the two subsystems . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * / 

doma ins 
x = integer 

pred i cates 

goa l 

choice ( x )  
start 
getchoice ( str ing ) 

start , n l , n l ,  
write ( " \ tThanks for us ing the account ing system . " )  , nl , nl ,  
wr ite ( "  \ tP lease press any key to contHnue . " )  , readchar ( ) . 

c l auses 

/ * * * * * * * * * * * *� * * * * * � * * * * * * * * * * * * * * * * *� * * * * * * * * * * * * * * * * * * *  
* * 
* The start pred icate opens a window to al low a user * 
* to i nput hisj her cho ices . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * * * * * * * * � * * * /  

start : -
makew indow { 1 , 7 , 7 , " Account ing System" , 0 , 0 , 2 5 , 8 0 } , n l ,  
wr ite ( " \nPlease press 1 H 1  for help . " )  , nl , n l ,  
getcho ice { Choice ) , 
str int { Choice , Cho ice i ) , 
choice ( Choice i ) , n l , nl ,  
write { 11 \tDo you wish to continue? 1 1 ) , nl , n l ,  
wr ite ( " \t ( please answer y to cont inue to  use the 
accounting system , " ) , nl ,  
wr i t e ( " \ t p lease type n to go back to the market ing 
knowledge-based system . ) " ) , nl ,  
read ln ( Respons e ) , 
Response = " y " , start . 

. start . 
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/ * * * * * * * * * * * * * * * * * * * *** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The getcho ice predicate prompts the user for the * 
* cho ice and provide help i f  the help key is pressed . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

getcho ice ( Choice ) : ­
wr ite ( " \tPlease select 
fac i l ities ava i lable in " ) , 

one o f  the f o l lowing two 

write ( '' \ n \ tthis accounting system , then pre s s  return . " ) , 
wr ite ( " \ n \ n \ t l . Input Account ing Data " ) ,  
wr ite ( " \ n \ n \ t 2 . Output F inanc i a l  Statement s " ) , n l , n l ,  
wr ite ( " \tMy cho ice is : " )  , readln ( Choice ) , 
Cho ice < >  " H " , nl , 
Cho ice <> " h " , 
Cho ice < >  " h e lp " , 
Cho ice < >  "Help " , ! . 

'· 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * *  
* * 
* The second , getcho ice predicate provides help * 
* to the user i f  the help key is pres sed . * 
* I * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * / 

getcho ice ( Cho ice ) : ­

wr ite ( " \ n \ tP l ease enter either 
getchoice ( Choice)  , n l , n l .  

' 

' 1 '  or ' 2 ' . " ) , n l , n l ,  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * *  
* * 
* The cho ice predicates invoke the transact i on * 
* process ing system and the f inanc i a l  report ing * 
* subsystem depending on the cho ice of the u s er . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * / 

cho ice ( l ) : ­
system ( " lacct . exe " ) .  

choice ( 2 )  : ­

system { " 2 acct . exe " ) .  

' 

. / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* : * 
* Th i s  i s  the . end of " acct . pro " . 
* 

* 
* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * f * * * * * / 
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/ * PROGRAM LISTING FOR lACCT . PRO * / 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *� * * * -
* * 

· * Th i s  subsystem accepts input transaction data * 
* from the user and updates the accounting record s . * 

* 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

domains 
act = i nteger 
amount = real 
f i le  = a cctdata ; input ! ; output! ; input2 ; output2 

database 
subtota l ( act , pmount ) 
�ba lanc e ( integer , integer , integer , rea l )  

pred icates 
process 
update_mba lance ( string , integer , integer , real)  
balance 
month ly ba lance 
readba l-
:readmba l 
repf i le ( f i le)  
getdeb i t ( str ing ) 
getcred it ( string ) 
qu it ( str ing) 
check ( str ing ) 
match ( str ing , integer ) 

goa l ' 
openread ( input l , " ba l ance . da t " ) ,  
readdevice ( input l ) , 
readba l ,  
closef i l e ( input l ) ,  

· ·openread ( input2 , " mbalance . dat " )  , 
readdevice ( input2 ) , 
'readmbal , 

· c lose f i l e ( input2 ) , 
proce s s , 
openwr ite ( outputl , " ba l ance . dat" ) ,  
wr itedevice ( output l ) , 
balanc e , 
c i os e f i l e ( output l ) , 
openwr ite ( output 2 , "mba lance . dat " ) ,  
wr itedev ice ( output2 ) , 
month l y  balance , 
close f ile ( output 2 ) . 
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c lauses 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * *  
* ' * 
* The process predicate a l lows the user to input * 
* deta ils of a transact ion . * 
* * 
* * � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * /  

prqcess : -
,makewindow ( 1 , 7 , 7 , " Input Account ing Data " , 0 , 0 , 2 5 , 8 0 ) , 
, wr ite ( " Please type ' H '  for help . " )  , n l , n l ,  
' getdebit ( Dbacno)  , n l ,  % Dbacno i s  the account number 
. % debited . 
' str int ( Dbacno , Dbacno l ) , 

to be 

wr fte ( "  \ tP lease input the date of the 
( DD /MM/ YYYY ) : 11 ) , 

transaction 

readln ( Date ) , n l ,  
wr ite ( " \ tThe amount to 
getcredit ( Cracno) , n l ,  

be debited is � $ " ) , readrea l ( Debit ) , 
% cracno i s  the account number to be 
% credited . 

str int ( Cracno , Cracnol ) ,  
subtota l ( Dbacnol , Balance ) , 
Nba lance = Balance + Debit , % Nba�ance means new ba lance . 
as sertz ( subtota l ( Dbacnol , Nba l ance ) ) ,  
retract ( subtota l ( Dbacnol , Bal ance ) ) , �  

subtota l ( Cracnol �Ba lance l ) , 
Nbalancel = Ba lance l - Debit , 
a s sertz ( subtota l ( Cracnol , Nba l ance l ) ) ,  
retract ( subtota l ( Cracnol , Ba lance l ) ) ,  
update mba lance ( Date , Dbacnol , Cracnol , Debit ) , 
openappend ( acctdata , " acct . dat" ) ,  
wr itedevice ( acctdata ) ,  

% the new transact ion i s  stored 
% in the " acct . dat " data f i le . 

wr ite ( Date , Dbacnol , Cracnol , Debit , " \ n" ) , 
c losef i l e ( acctdata ) , ! , proces s . 

process . 

/ * * * * * * * * * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* : * 
* The getdebit pred i ca�e gets the account number * 
* o f  the account to be debited . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

getdebit ( Dbacno ) : -
write ( " \ n \ tPlease key in the number correspond ing . to the 
account you " ) , n l ,  
write ( " \ twant to debi t : " )  , n l , n l ,  
write ( " \ t l O O . Cash account " )  , n l ,  
write ( " \ t 1 0 5 . Stock account " )  , n l ,  
wr ite.{ " \ t l l O . cap ital account" ) , n l ,  
write ( " \ t 1 5 0 . Current asset accounts " )  , n l ,  
write ( " \ t2 0 0 .  F ixed asset accounts " ) , n l ,  
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write ( " \ t 2 5 0 . Current l i ab i l ities account " )  , nl ,  
' write ( \ t 3 0 0 . F ixed l iabi l it i es account" ) , nl ,  

wr ite ( \ t3 5 0 .  Expenses accounts" ) , n l ,  
write ( \ t4 0 0 . S a l e s  account " )  , n l ,  
wr ite ( \ t 7 0 o .  Purchases account" ) , r H , 

1 wr ite ( \ t9 9 9 . Quit " )  , n l ,  
write ( \ n \ tAccount No : " )  , read ln ( Dbacno ) , 
check ( Dbacno)  , 
Dbacno < >  " H " , nl ,  
Dbacno < >  " h " , 
Dbacno < >  " help" , 
Dbacno < >  " Help " , ! , 
quit ( Dbacno ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The second getdebit predicate provides some help * 
* to the user if  the help key i s  pressed . * 

* 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

. getdebit ( Dbacno) : -
write ( "  \ n  \ tWhat you need to do r. ow i s  to key in the 
number " ) , n l ,  
wr ite ( " \ n \ tcorresponding to the account you want to 
debit . " ) , n l ,  
getdebit ( Dbacno ) hn l .  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The getcredit pred icate gets the account number * 
* o f  the account to be credited . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / ! 

getcredit ( Cracno ) : -
wr ite ( " \ n \ tP lease key in the corresponding account to be 
cred ited : " ) , n l ,  
wr ite ( " \ t 1 0 0 . Cash account " )  , n l ,  
write ( " \ t 1 0 5 . Stock account " ) , n l ,  
wr ite ( 11 \ t 1 1 0 . Cap ita l account" ) , n l ,  
wr ite ( " \ t 1 5 0 . Current a s s et account s " ) , n l ,  
wr ite ( " \ t2 0 0 . F ixed asset accounts" ) , n l ,  
write ( " \ t 2 5 0 . Current l iabi l ities account " )  , n l ,  
wr ite ( " \ t 3 0 0 . Fixed l iabi l ities account " )  , nl ,  
wr ite { 11 \t 3 5 0 . Expenses accounts" ) , n l ,  
write ( " \ t 4 0 0 . Sales  account " ) , n l ,  
wr ite ( " \ t7 0 0 . Purchases account" ) , nl ,  
wr ite ( " \ n \ tAccount No : 1 1 ) , readln { Cracno) , nl ,  
check { Cracno ) , 
Cracno < >  " H " , n l ,  
Cracno < >  "h" , 
Cracno < >  "help " , 
Cracno < >  ' "Help " , ! . 
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/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* : * 
* : The second getcredit predicate provides some help \ * 
* to the user i f  the pelp key is pressed . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

getcredit ( Cracno ) : -
write ( " \ n \ tWhat you need to do now is to key in the 
number " )  1 n l 1 1 
wr ite ( " \ n \ tcorrespond ing to the account you want to 
crebit . " ) 1 n l ,  
getcredit ( Cracno) 1 n l .  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The check predicates are used to check i f  the 
* correct account number has been pressed . 
* 

* 
* 
* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *� * * * * * * * * * * * * * * * * /  

check ( " 1 0 0 " ) . 
check ( " 1 0 5 " ) . 
check ( " 1 1 0 " )  
check ( 1 5 0 " ) . 
check ( 2 0 0 ' ) .  
check ( 2 5 0  ) . 
check ( 3 0 0 ) . 
check ( 3 5 0 ) 
check ( 4 0 0  ) . 
check ( 7 0 0  ) . 
check ( " 9 9 9  ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The qu its predicate ars to check if the u ser re� l ly * 
* wants to qu it the accounting subsystem . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

·quit ( " 9  9 9 " )  : -
write ( " \ n \ tDo you rea l ly want to qu it? 
y j n ) : " ) � 
read ln ( Y )  1 Y = " Y " 1 fa i l . 

qu i t ( Dbacno ) : ­
Dbacno < >  " 9 9 9 " . 
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/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The readba l pred icate reads the records of the \ * 
* " b a l ance . dat " f i le  and store in the interna l * 
* database of l acct . pro f or later use . The * 
* " ba lance . dat" f i le cont a i ns balances of the * 
* the accounts i n  books . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

readba l : -
repf i le ( input l )  1 
read ln ( LN )  1 
frontstr ( 3 1 LN 1 Act 1 Balance)  1 
str i nt ( Act 1 Act l )  1 
str-real ( Ba l ance 1 Balance 1 ) 1 
as sertz ( subtota l ( Act l i B a l ance l ) ) I 

f a i l . 

readba l .  
I 

% subtota l i s  the name of 
% the i nternal database . 

/ * * * * * * * * * * * * � * * * * * * * * * * * * * * * * * * * * * * * t * * * * * * * * * * * * * * * � * * *  
* * 
* The readmba l predicate reads the records o f  the * 
* "mba l ance . dat " f i l e and store in the interna l * 
* database of 1acc�. pro f or later use . The * 
* " mba l ance . dat " f i le conta ins monthly balances o f  * 
* the accounts i n  the books . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

readmba l : -
repf i le ( input 2 ) 1 
readln ( LN)  1 
f rontstr ( 4 1 LN 1 Year 1 Rest)  1 
f rontstr ( 3 1 Rest 1 Month 1 Restl ) 1 
f rontstr ( 3 1 Rest1 1 Act 1 Ba lance ) 1 
str int ( Year 1 Year l )  1 
match (Month 1 Month l )  1 
str int (Act 1 Actl ) ,  
str-rea l ( Ba l ance 1 Ba lance l )  1 
a s sert z (mba l ance ( Year 1 1 Month l 1 Actl 1 Ba lance 1 ) ) 1  

f a i l . 

readmba l .  

% mba lance is the name of the 
% second interna l database . 
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/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The match predicates are used to traps form the ' ' * 
* month strings in the 11mba lance . dat 11 f i le into month * 
* i nteger s . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

match ( 11 j an 1 1 ' 1 )  . 
match { 11 feb " , 2 ) . 
match ( "mar " , 3 )  . 
match ( 1 1 apr " , 4 )  . 
match ( " may " , 5 )  . 
match ( " j  un " , 6 )  . 
match ( " j  u 1 "  , 7 ) . 
match ( " au g " , 8 )  . 
match ( " sep" ' 9 )  . 
match ( " oc t " , 1 0 ) . 
match ( 1 1 nov" , 1 1 )  . 
match ( " dec" , 1 2 ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The rep f i le pred i cate enab les  the /records in  a * 
* f i le  t o  be read one by one unt i l  the end of f i le  * 
* i s  reached . * 
* * 
� * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

repf i le ( ) .  

rep f i l e ( F )  : -
not ( eo f ( F ) ) , rep f i l e ( F ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 

. : * 
* The update mba lance pred icate updates the monthly * 
* ba lances in the " mbalance . dat11 f i le . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * �* * * * /  

update_mba lance ( Date , Dbacnol , Cracnol , Debit)  : -
frontstr ( 3 , Date , , Rest ) , · 

frontstr ( 2 , Rest , Month , Rest l )  
frontstr ( l , Restl , , Year ) , 
str i nt ( Month , Monthl ) ,  
str-int ( Year , Year l } , 
mbalance ( Yearl , Monthl , Dbacno l , Balance l } , 
Nba lancel = Balancel + Debit , 
assertz (mbalance ( Year l , Month l , Dbacno 1 , Nba lance 1 } } ,  
retra ct (mbalanc e ( Year l , Month l , Dbacno l , Ba lance l } } ,  
mba l ance ( Year l , Monthl , Cracno l , Balance2 } ,  
Nba l ance2 = Ba lance2 - Debit , 
assertz (mba lance ( Year1 , Month1 , Cracno 1 , Nba lance2 ) } ,  
retract (mba lance ( Year 1 , Mcnth1 , Cracno1 , Ba lance2 ) ) .  
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! * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * . 
* * 
* The s econd update mha lance pred icate adds a monthly * 
* ba l ance into the "mba lance . dat " f i l e  i f  the r ecord * 
* i s  a new one and i f  the account to be  debited i s  · * 
* not the same a s  the account to be cr�dited . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

i 
update mba lance ( Date , Dbacno l , Cracno l , Debit ) : -

Dbacno l <> Cracno l , ! ,  
· 

frontstr ( 3 , Date , , Rest ) , 
frontstr ( 2 , Rest , Month , Restl ) ,  
frontstr ( l , Rest l , , Year ) , 
str int ( Month , Month l ) , 
str-int ( Year , Year l ) , 
Credit = -Debit , 
assert z (mba lance ( Year l , Month l , Dbacnol , Debit ) ) ,  
assertz ( mba lance ( Year l , Monthl , Cracno l , Cred it ) ) .  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* I * 
* The third update mba lance pred icate adds a month ly * 
* ba lance into the-"mba lance . dat" f i l e  i f  the record * 

· * i s  a new one and i f  the account to be  debited i s  * 
* the same as the ' account to be cred ited . * 
* * 
� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

. update mba lance ( Date , Dbacno l , Cracno l , ) : -

Dbacnol = cracno l , ! ,  -
frontstr { 3 , Date , , Rest) , 
frontstr ( 2 , Rest , Month , Restl ) ,  
frontstr ( l , Rest l , , Year ) , 
str int ( Month , Month l ) ,  
str-int ( Year , Year l ) , 

' assertz (mba lance ( Year l , Monthl , Dbacno l , O ) ) . I 

i ' 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * *  
* ; * 
* ' The b a l ance pred icate wr ites the b a l ances into the * 
* : " ba l ance . dat " f i le .  . : * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * /  

balance : ­
subtota l { Act , Ba lance ) , 
wr ite ( Act , Ba l ance ) , n l ,  
f a i l . 

balance . 

17 5 



/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The month ly ba lance pred icate wr ites the monthly \ * · 

*' balances into the "mba lance . dat" f i l e . * 
* * 
� * * * * * * * * * * * * �* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

monthly ba l ance : ­
mba lance ( Year , Month , Act , Ba l ance ) , 
match ( Month l , Month ) , 
wr ite ( Year , Month l , Act , Balance ) , nl ,  
f a i l . 

month ly_ba lance . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* . 

* 
* Th is i s  the end o f  " lacct . pro" . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * � * * * /  
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/ *  LI STING · PROGRAM FOR 2 ACCT . PRO * / 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *� * * *  
* * 
* Th i s  subsystem is respon s ible for outputt ing 
* f i nancial statements .  
* 

* 
* 
* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * * * * * * * * * * * * / 

doma ins 
f i l e  = input 
act , amt = integer 
ln = str ing 

database 
subtotal ( act , amt ) 

pred icates 

goal 

repf i l e ( f i l e )  
start 
f in a l 1 ( amt , amt , amt , amt , amt , amt , amt , amt , amt ) 

· f in a l 2 { amt , amt , amt , amt , amt , amt , amt ) 
get_cl ose_stock ( string )  

openread ( input , " ba lqnce . dat" ) ,  
readdevice ( i nput ) , 

· start , 
c lose f i le ( input ) , 
makewindow ( 1 ,  7 ,  7 ,  " Financ i a l  Statements" , 0 ,  0 ,  2 5 ,  8 0 )  ,' n l , 
wr ite ( " \nP l ease press ' H '  for help . " )  , n l , n l ,  
subtota l { 1 0 0 , Acct 1 0 0 ) ,  subtota l { 1 0 5 , Acct 1 0 5 ) , 
subtota l { 1 1 0 , Acct 1 1 0 ) , subtotal { l 5 0 , Acct 1 5 0 ) ,  
subtota l { 2 0 0 , Acct2 0 0 ) , subtota l ( 2 5 0 , Acct 2 5 0 ) , 
subtota l { 3 0 0 , Acct 3 0 0 ) , subtotal ( 3 5 0 , Acct3 5 0 ) , 
subtota l { 4 0 0 , Acct4 0 0 ) , subtota l ( 7 0 0 , Acct7 0 0 ) , 
get c lose stock { Stock ) , 
str-int { Sfock , Temp2 ) ,  
Temp1 = Acct l 0 5  + Acct7 0 0 ,  
Temp3 = Temp 1 - Temp2 , 
Temp4 = Acct4 0 0  - Temp 3 , 
TempS = Temp4 - Acct 3 5 0 , 
f i nall {Acct1 0 5 , Acct4 0 0 , Acct7 0 0 , Templ , Temp2 , Temp3 , Temp4 , 

Acct3 5 0 , Temp5 ) ,  
. write ( " Pres s any key for the ' ba lance 

sheet . " )  , readln ( ) , n l , n l ,  
f inal2 { Acct l � O , Temp5 , Acct3 0 0 , Acct2 5 0 , Acct l 5 0 , Acct l O O , Acct2 0 0 } . 
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claus e s  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* . . \ * 
* The pred icate " start " reads the account balances * 
* in  the " ba l ance . dat. " f i l e  dnd stores a l l  the * 
* balances in the internal database " subtotal" * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

start : -
repf i le ( input ) , 
read ln ( LN ) , 
frontstr ( 3 , LN , Act , Ba lance ) , 
str int ( Act , Act l ) ,  
str-rea l ( Ba l ance , Balance l ) ,  
assert z ( subtota l ( Actl , Balance l ) ) ,  
fail . 

start . 

! * � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* ; * 
'* ; The rep f i le pred icate enables  the tecords in  a * 
* 1 f i l e  to be read one by one unt i l  the end of f i l e  * 
* 1 is reached . * 
* * 
* * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

repf i l e ( ) . 

repf i le { F )  : -
not ( eof ( F ) ) , rep f i l e ( F ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The repf i l e  pred icate gets the c l o s ing stock from * 
* user . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

get close stock { Stock ) : -
wr ite ( " \ n \ tTo produce the f inanc i a l  statements ,  you need 
to t e l l " ) , 
wr ite ( " \ n \ tme the amount o f  the c los ing stock . " )  , n l ,  
wr ite ( " \ n \ tWhat is the amount o f  the closing stock? $ " ) , 
read l n ( Stock ) , n l , n l ,  
Stock < >  " H " , n l , 
Stock < >  " h " , 
Stock <> "hel p " , 
Stock < >  "Help " , ! . 
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/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The second get close  stock predicate provides h e lp * 
* to the user i f-the help key i s  pressJd .  * 
' * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

get close stock ( Stock ) : -
wr ite ( 11 \ n \ tWhat you need to do now is to take your stock 
and" ) ,  
write ( " \ n \ tkey in the amount o f  c l o s i ng stock . " )  , n l ,  
get_c lose_stock ( Stock ) , nl .  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The f ina l l  pred icate outputs the trad ing and pro f it * 
* and loss account . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * / 

f �na l l ( Acct l 0 5 , Acct4 0 0 , Acct7 0 0 , Temp l , Temp2 , Temp3 , Temp4 , 
· Acct3 5 0 , Temp5 ) : -

date ( YR , MN , DD ) , 
wr ite ( " \ n \tThe f o l lowing 
account : " ) , n l , n l ,  
wr ite ( " \ t 
" )  , n l ,  

i s  

A l a n  

profit and loss 

Tse eo . Ltd . 

wr ite ( " \ t Pro f it and Los s  Account for the Y ear Ended 
1 1  , DD , 1 1 - 1 1 , MN , 1 1 - 1 1 , YR , " . 1 1 ) , n l , 
wr ite ( " \ t- - - --- --- ------- - -- ------- - -- ----- - - - - - - - - ---- - -
---- - - - - -- - - - - - - - " ) , n l , n l ,  
wr ite ( " \ tSales 
$ " , Acct4 0 0 )  , n l ,  
wr ite ( " \ tLes s  
$ " , Acct 1 0 5 ) , n l ,  
wr ite ( " \ t 
$ " , Acct7 0 0 )  , n l ,  
wr ite ( " \ t , - -- - -----
---- - " )  , n l ,  
wr ite ( " \ t 
$ " , Temp l )  , n l ,  
wr ite ( " \ t 
$ " , Temp 2 ) , n l ,  
wr ite ( " \ t 
----- " )  , n l ,  
wr ite ( " \ t 
$ " , Temp 3 ) , n l ,  
wr ite ( " \ t 
- - - - - - - - - J - - - 11 ) nl ' ' 
wr ite ( " \ tPro f it 
$ " , Temp4 ) , n l ,  
wr ite ( " \tLes s  
$ " , Acct3 5 0 ) , n l ,  
wr ite ( " \ t  
- - - - - - --- --- - " )  , nl ,  
wr ite ( " \ tNet 

Cost 

Opening 

Clos ing 

o f  

Operat i ng 
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Stock 

' Purchases 

Stock 

Goods Sold 

Margin 

Expenses 
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$ 11 , Temp 5 )  , n l , 
wr ite ( 1 1 \ t  
===========:===11 ) , n l , nl . 

. . 
o \  

./ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
' * The f ina ll pred icate outp�ts the bal ance sheet * 

* 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

f ina l 2 ( Acctl lO , Ternp5 , Acct3 0 0 , Acct2 5 0 , Acct l 5 0 , Acct l O O , Acct2 0 0 )  : -
; date ( YR , MN , DD ) , . 

write ( 11 \ t A l a n  Tse eo . 
" )  , n l ,  

Ltd . 

wr ite ( " \t B a l ance Sheet for the Y ear 
Ended 1 1 , DD , " - " ,  MN , " - " ,  YR , 1 1 • 1 1 ) , nl , 
wr ite ( " \t------ -------------------- - - --------- - - - - - - - - - - -
------ - ------ - - - - 11 ) , nl , · 

wr it e ( 1 1 \tCap ita l 
$ 11 , Acct 1 1 0 ) , n l ,  
write ( 11 \tAdd 
$ 11 , Temp S )  , n l ,  
Temp6 = Acct l l O  + Temp5 , 
wr ite ( " \t 
-- - - - 1 1 , 11 $ 11 , Ternp 6 )  , n l , n l , 
wr ite ( 11 \tF ixed 
$ " , Acct3 0 0 )  1 n l , n l ,  
wr i te ( 11 \tCurrent 
$ " , Acct2 5 0 )  , n l ,  
Ternp7 = AcctJ O O  + Acct2 5 0 , 
wr ite ( " \t 
- - - - - 11 , "  $ 11 , Ternp7 ) , n l , 
write ( " \ t 
- - - ------- - - 11 ) , n l ,  
Temps = Temp7 + Temp6 , 
write ( 1 1 \ t · 

$ 1 1 , Temp8 } , nl ,  
wr ite ( 1 1 \ t 
============ 1 1 ) , n l , n l , 
write ( 11 \tCurrent 
$ 1 1 , Acctl 5 0 )  , n l ,  
write ( 11 \tCash 
$ 1 1 , Ac;ct l O O ) , n l ,  
Temp9 = Acct 1 5 0  + Acct l O O , 
write ( 11 \t  
- - - -- 11 , 11 $ 11 , Ternp9 ) , n l , n l , 
wr ite ( " \tFixed 
$ " , Acct2 0 0 )  , n l ,  
write ( " \ t 
- - - ------ - - - 11 ) , n l , 
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Temp 1 0  = Temp9 + Acct2 0 0 , 
wr ite ( " \ t 
$ " , Temp 1 0 ) , n l ,  ' 

, wr ite ( 1 1 \ t · ============ " ) , n l ,  n l ,  
j write ( " \ tPress  any key to continue . " )  , readchar ( ) . 
I '/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* I * 
* ' Th i s  i s  the end of 11 2 acct . pro " . * 
* ' * 
* * * * * * * * * * * * * * * * * * * * * * * * k * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 
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/ *  LI STING PROGRAM FOR PRI CE . PRO * /  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* : Thi s  subsystem draws the pr ice movement d i agram . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

constants 
bg i_Path = " c : \ \prolog\ \bg i "  

doma ins 
f i le  = input 
act = i nteger 
y 1 price = real 
pr i ce l i st = price * 
month = str ing 
mon l i s t  month * 

database 
data ( integer 1 pr i c e )  

predicates 
readf i le ( f i l e )  
drawcurve ( y 1 pr ice ) , 
repf i le ( f i le )  
scale ( y 1 price ) 
max ( pr i ce)  
min ( price)  
�ember ( price 1 pr i celist)  

% Th i s  constant spec i f ies  the 
% path for the dr iver . 

match ( integer 1 monl ist ) 
l abely ( price 1 pr i ce 1 price 1 pr ice 1 pr i ce 1 price 1 pr ice 1 price 1 price 1 

goal 

pr ice 1 price 1 price ) ; 
get 1 2  

openread ( input 1 " price . dat" ) 1 
readdevice ( input ) 1 
readf i le ( input ) 1 
closef ile ( input ) 1 
get l 2 1 
sca le ( Scale i M i nPr ice ) I 
drawcurve { Scale 1 MinPr ice ) . 
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c l auses · 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * *  
* * 
* The read f i le predicate reads the market indicates * 
* from the " pr ice . dat " £ i le · and se lect the most * 
* recent twe lve observat ions to draw the curve . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

readf i le ( input ) : ­
repf i l e ( input ) 1 
readln ( LN )  1 
f rontstr ( 2 1 LN 1 Month 1 Rest ) 1 
f rontstr ( 4 1 Rest 1 Year 1 Price ) 1 
str int ( Month 1 Month 1 )  
str-int ( Year 1 Year 1 )  1 
date ( Yr 1 Mn l ) I 
( Yr-Year 1 ) *l2 + Mn -Month 1 < 1 3 1 
Count = 1 3 - ( ( Yr-Year1 ) * 1 2  + Mn -Month 1 ) 1 
str rea l ( Pr ice 1 Pr ice 1 ) 1 
assertz ( datu ( Count i Pr ice l ) ) I 
fa i l . 

read f i l e ( ) .  

/ * * * * * * * * * * * * * * * * * * � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* . * 
* The rep f i l e pred icate enables the records in a * 
* f i l e  to be read one by one unt i l  the end of  f i le * 
* is reached . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

repf i le ( ) . 

repf i le ( F )  : -
not ( eo f ( F ) ) 1 repf i l e ( F ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * *  
* ' * 
* The get 1 2  pred i cate checks i f  there a re twe lve * 
* observations . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

get 1 2 : ­
data { l 2 1  ) . 
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/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* ' * 

\ * The second get 1 2  pred icate outputs an error message * 
* i f  there are not enough observations . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

get 1 2 : -
write ( " \ n \ tThere i s  s omething wrong w ith your data . 
Check your " ) 1 n l 1  
wr ite ( " \ n \ tdata f irst before draw ing the curve . " ) 1 n l 1 fa i l . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * * * * * * * * * * * * *  
* � * 
* The pred icate scale i s  used to determine the seal� * 
* for drawing the curve . * 
* * 
� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

s c a l e ( Scale 1 M � nPr ice ) : ­
max ( MaxPr ice ) 1 

m i n  (MinPr ice ) 1 
Scale = ( MaxPrice - M inPr ice ) 1 3 0 0 .1 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The max predicate i s  used to f i nd out which 
* observat ion is th� largest one . 

* 
* 
* * 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * '< * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

max ( MaxPr ice ) : -. 
data ( 1 1 Price 1 ) 1 data ( 2 1 Price2 ) 1  
data () 1 Pr i��3 ) 1 data ( 4 1 Price4 ) 1 

data ( 5 1 Price5 ) 1 data ( 6 1 Price6 ) 1 
data ( 7 1 Price7 ) 1 data ( 8 1 Price8 ) 1 
data ( 9 , Pr ice9 ) , data ( l O , Pr icel O ) , 
data ( l l , Price l l )  , data ( 12 , Price 1 2 ) , 
member ( MaxPrice , ( Pr icel , Price2 , Pr ice3 , Pr ice4 , Pr ice5 , Price6 , 

Price7 , Price8 , Pr i ce9 , Price l 0 , Pr ice l l , Price l 2 ] ) ,  
MaxPr i c e  >= Price l , MaxPrice >= Price2 , MaxPr ice >= 
Price3 , MaxPr ice >= Price4 1 MaxPrice >= Price S , ' 
MaxPr i c e  >= Price 6 , MaxPr ice >= Pri ce7 1 MaxPr ice >= 
Price8 1 MaxPr ice >= Price9 1 
MaxPr ice >= Price l O , MaxPr ice >= Price l l , . MaxPr ice >= 
Price 1 2 , ! .  
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/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
·� The max predi cate i s  used to f ind out which � * 
· * observation i s  the sma l lest one . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

min ( M i nPrice ) : -
' data ( l , Pr i ce l )  , data ( 2 , P r ice2 ) , 
1 data ( 3 , Price 3 ) , data ( 4 , Pr ice4 ) , 

d ata ( 5 , Price5 ) , data { 6 , Price6 ) , 
data ( 7 , Price7 ) , data { 8 , Pr ice8 ) , 
data ( 9 , Price9 ) , data { l O , Price l O ) , 
data { l l , Pr i ce l l )  , data { l 2 , Price 1 2 ) , 
member ( MinPr i ce , [ Pr i ce l , Price2 , Pr ice3 , Price4 , Pr ice5 , 

Price6 , Pr ice7 , Pr ice8 , Pr ice9 , Price l O , Price l l , Price l 2 ) ) , 
MinPrice < = Price l , MinPr ice < = Price2 , MinPr ice < = 
Price3 , MinPr ice <= Pr i ce4 , MinPr ice < = Price5 , 
MinPrice <= Price6 , MinPr ice < = Pr ice? , MinPr ice <= 
PriceS , Mi nPr ice <= Pr ice9 , 
MinPrice <= Price l C , MinPr ice < = Price l l , MinPr ice <= 
Pr ice1 2 ,  ! .  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* ' * 
* The member pred icate i s  to determine i f  a given * 
* e l ement i s  the member of a l i s t . * 
* * 

· * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

member { Y l , [ Y l i _ J ) . 

member { Y l , [ _ I  Ta i l ] ) : ­
member { Y l , Ta i l ) . 

! * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The drawcurve pred icate draws the price curve . 
* 

* 
* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * / 

drawcurve { Sca�e , MinPr i ce ) : -
, data { l , Price l )  , data ( 2 , Price2 ) ,  

data { 3 , P r i ce3 ) , data ( 4 , Pr ice4 ) , 
data ( 5 , Price5 ) , data ( 6 , Price 6 ) , 
data ( 7 , Price7 ) , data { 8 , Price8 ) , 
data { 9 , Pr ice9 ) , data { l O , Price l O ) , 
9ata { l l , Price l l )  , data { l2 , Price 1 2 ) , 

% The Spr ices ' are the sca led price data . 

SPr ice l = 3 0 0 - ( Pr icel -MinPrice ) f Scale , SPr ice2 - 3 0 0  
{ Price 2 -MinPr ice ) f Sca le , 
SPrice3 = 3 0 0  - ( Pr ice3 -MinPrice ) j Sca l e , SPr ice4 - 3 0 0  
{ Price4 -MinPr ice ) j Scale , 
SPr ice5 = 3 0 0 - ( Pr ice5-MinPrice ) f Scal e , SPr ice6 = 3 0 0 
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( Price6 -MinPr ice ) / Scale , 
· i SPr ice7 = 3 0 0  - ( Price7 -MinPr ice } / Sca le , SPr i cea = 3 0 0  

( Price8-MinPr i ce ) / Scale , \ 
SPrice9 = 3 0 0 - ( Price9-MinPr ice ) / S c a le , SPr ice l O  = 3 0 0 -
( Pr i c e l O -MinPr ice ) j Scale , 
SPrice l l  = 3 0 0 - ( Price l l -MinPr ice } f Scale , SPr ice 1 2  = 3 0 0  
- ( Pr ice12 -MinPr ice } f Scale , ! ,  
date ( , MM , ) , 

match ( MM , (Ml , M2 , M3 , M4 , M5 1 M6 , M7 , M8 , M9 , Ml 0 , Ml l , Ml 2 J ) , 

detectgraph ( Gdr iver 1 Gmode ) , 
initgraph ( Gdr iver , Gmode 1 , 1 
l i ne ( 2 0 1 1 5 0 , 7 1 9 1 1 5 0 )  1 
l i ne ( 2 0 , 2 0 1 2 0 , 3 0 0 ) , 
l ine ( 7 0 , SPr ice1 1 1 2 0 1 SPrice2 ) 1 

% Tne match predicate 
% determines how the x-axis 

% should be label led . 
% I n itial i z e  the graph mode 

bgi Path ) , 
% Draw the X- axi s . 
% Draw the Y -axis . 
% The drawi ng of  the curve 
% starts here . 

l ine ( 1 2 0 1 SPr ice2 1 17 0 1 S Pr i ce3 ) 1 
l ine ( 1 7 0 1 SPr ice3 1 2 2 0 1 SPrice4 ) ,  
l ine ( 2 2 0 , SPrice4 1 2 7 0 1 SPr ice 5 )  1 
l ine ( 2 7 0 1 SPr ice 5 1 3 2 0 , SPrice 6 )  1 
l ine ( 3 2 0 1 SPr ice6 1 3 7 0 1 SPr ice7 ) , 
l ine ( 3 7 0 1 SPr ice7 1 4 2 0 1 SPrice8 ) 1 
l ine ( 4 2 0 1 �Pr ice8 1 4 7 0 1 S Pr ice9 ) , 
l ine ( 4 7 0 1 SPrice9 1 5 2 0 1 SPrice l O )  1 
l ine ( 5 2 0 1 SPrice l 0 1 5 7 0 1 SPr ice l l ) , 
l ine ( 5 7 0 , SPr ice l l , 6 2 0 , SPrice 1 2 ) 1 ! , · 
moveto ( 1 0 0 1 l ) 1 % output the t itie of  graph 
outtext ( " Th i s  graph shows the pr ice movements for the 
past year . " ) , 
moveto ( l O O , l O ) , 
outtext ( " The y-axis i s  the market indicator . " ) 1 : 
% The labe l l ing of the x-axis  starts here . 

· 

moveto ( 7 0 , 1 5 0 ) 1 
outtext ( Ml ) , 
moveto ( 1 2 0 , 1 5 0 ) , 
outtext (M2 ) 1 

moveto ( 1 7 0 1 1 5 0 ) , 
out text (M3 ) 1 
moveto ( 2 2 0 1 1 5 0 ) , 
out text (M4 ) , 
moveto ( 2 7 0 , 1 5 0 ) , 
out text ( M 5 ) 1 

moveto ( 3 2 0 , 1 5 0 ) 1 
out text ( M 6 )  , 
moveto (·3 7 0 1 1 5 0 ) , 
outtext ( M7 ) 1 
moveto ( 4 2 0 , 1 5 0 ) , 
out text (MB ) , 
moveto ( 4 7 0 , 1 5 0 ) 1 

outtext { M9 ) , 
moveto { 5 2 0 , 15 0 )  1 
out text { M l O )  , 
moveto ( 5 7 0 , 1 5 0 ) , 
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outtext ( M1 1 )  1 
. moveto ( 6 2 0 1 1 5 0 )  1 

outtext ( M 1 2 ) 1 ! 1  . 
labely ( SPr ice 1 1 SPr ice2 1 SPrice3 1 SPrice4 1 SPrice 5 1 SPrice6 1 

SPrice7 1 SPr ice8 1 SPrice9 1 SPrice 1 0 1 S Price1 1 1 SPri ce 1 2 ) ,  
moveto ( 3 0 0 1 3 3 7 )  1 • % closegraph 
outtext ( " P lease press any key to cont inue . " )  1 readchar ( ) 1 
closegraph . 

-

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* ' * 
* The match pred i cates are used to determine the way * 
* the x-axis shou ld be labe l l ed . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

match ( l  [ " J' an" " feb" "mar" " apr " "may " " J' un" " J' u l "  " aug " I I I I I I I I I 
" sep 11 1 11 oct 11 1 1 1 nov11 1 11 dec " ] ) . 

match ( 2  1 [ " f eb" 1 "mar " 1 " apr" 1 "may" 1 " j un " 1 " j ul"  1 " aug " 1 " sep" , 
" oct " 1 " nov 11 1 11 dec 11 1 1 1 j an " ] ) . 

match ( 3 1  ( "mar 11 1 11 apr" 1 "may 11 1 11 j un 11 1 1 1 j u l 11 1 " aug11 1 1 1 sep 11 1 1 1 oct 11 1 
" nov" 1 " dec 11 1 11 j an " 1 " feb" ] ) . 

match ( 4 1  ( " apr 11 1 1 1 may 11 1 11 j un 11 1 1 1 j u l 11 1 11 aug 11 1 11 sep 11 1 1 1 oct 11 1 1 1 nov11 1 
"dec"  1 " j an "  1 " feb" 1 "mar " ] ) . I 

match ( 5 1  [ " may " 1 " j un 11 1 11 j u l " 1 " aug " 1 " sep 11 1 11 oct 11 1 11 nov" 1 " dec 11 1 
" j an " 1 " feb" 1 "mar" 1 " apr " ] ) . 

match ( 6 1  [ " j  un" 1 " j  u l '� 1 " aug " 1 " sep " 1 " oct �' 1 "nov" 1 " dec"  1 " j  an"  1 
" feb" 1 "mar " 1 " apr 11 1 11 may " ] ) . 

match ( 7  1 [ " j u l "  1 " aug " 1 " sep " 1 " oct " 1 "nov" 1 "dec" 1 " j an "  1' " feb" 1 
"mar " 1 " apr" 1 "may" 1 " j un " ] ) . 

match ( 8  [ " aug " " sep" " oct" " nov" "dec" " J' an" " feb" ' "mar " I I I I I I I I I 
" apr " 1 "may " 1 " j un" 1 " j u l " ] ) . 

match ( 9 1  ( " sep " 1 " oct" 1 " nov" 1 " dec" 1 " j an " 1 " feb" 1 "mar" ; " apr 11 1 
" may" 1 " j un " 1 " j ul"  1 " aug " ] ) . : 

match ( 1 0 1 [ " oct" 1 " nov " 1 l 'dec " 1 " j an "  1 " feb" 1 "mar " 1 " apr " 1 "may " 1 
" j un "  1 " j u l "  1 " aug " 1 " sep " ] ) . . . 

match ( 1 1 1 [ " nov" 1 " dec" 1 " j an "  1 " feb" 1 "mar " 1 "apr " 1 " may " 1 � ' j un"  1 
" j u l "  1 " aug " 1 " sep" 1 " oct" ] ) . · 

match ( 1 2 1 [ " dec " 1 11 j an 11 1 11 feb 11 1 11mar" 1 " apr 11 1 11may " 1 " j un " 1 " j u l " 1 
" aug" 1 " sep " 1 " oct 11 1 " nov " ] ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The labely predicate i s  used to l abe l the y-axis . : * 
* * 
. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

· labely ( SPrice 1 1 SPrice2 1 SPrice3 1 SPr i ce4 1 SPrice 5 1 SPrice 6 1 
SPr ice7 1 SPrice8 1 SPrice9 1 SPrice 1 0 1 SPrice 1 1 1 SPrice 1 2 ) : ­
data ( 1 1 Price l ) 1 data ( 2 1 Price2 ) 1 
data ( 3 1 Pr ice 3 ) 1 data ( 4 1 Price4 ) 1 
data ( 5 1 Pr i ce 5 )  1 data ( 6 1 Price6 ) 1 
data ( 7 1 Pr ice7 ) 1 data ( 8 1 Price8 ) 1 
data ( 9 1 Price9 ) 1 data { l 0 1 Price 1 0 ) 1 
data ( 1 1 1 Price 1 1 )  1 data ( 1 2 1 Price 1 2 ) 1 
moveto ( 5 1 SPr ice l ) 1  % labe l  the Y-axis 
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str int ( Pr ices l 1 Price l )  1 
outtext ( Pr i ces l )  1 
moveto ( 5 1 SPrice2 ) 1 
str int ( Pr ices2 1 Price2 ) 1 
outtext ( Pr ices 2 ) 1 
moveto ( 5 1 S Pr ice3 ) 1 
str int ( Pr i ces 3 1 Price3 ) 1 
outtext ( Pr ices3 ) ,  
moveto ( 5 1 S Pr ice4 ) 1 
str int ( Pr ices4 1 Price� ) 1 
outtext ( Pr i ces4 ) 1 
moveto ( 5 1 SPrice5 ) 1 
str int ( Pr ices 5 1 Price5 ) 1 
outtext ( Pr ices 5 )  1 
moveto ( 5 1 SPrice6 ) 1 
str int ( Pr i ces6 1 Price 6 ) 1 
outtext ( Pr ices 6 )  1 
moveto ( 5 1 SPr ice7 ) 1 
str int ( Pr ices7 1 Pr i ce7 ) 1 
outtext ( Pr i ces7 ) 1 
moveto ( 5 1 S Pr ice8 ) 1  
str int ( Pr ices8 1 Price8 ) 1 
outtext { Pr�ces8 ) 1 
moveto ( 5 1 SPrice9 ) 1 
str i nt ( Pr ices9 1 Pr ice9 ) 1 
outtext ( Pr ices9 ) 1 
moveto ( 5 1 SPrice l O ) 1 
str int ( Prices l o ; Pr i cel O )  1 
outtext ( Pr i ces l O )  1 
moveto { 5 , SPrice l l )  1 
str int { Pr ices l l 1 Pricel l )  1 
outtext ( Pr ices l l )  1 
moveto ( 5 1 SPrice l 2 ) 1 
str int ( Prices l 2 1 Prlcel2 ) 1 
outtext ( Pr ices l 2 ) .  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* . * 
* Th is i s  the end of "price . pro" . 
* 

* 
* 

· * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 
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/ * LI STING PROGRAM FOR CAS H . PRO * / 
f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * i * * * *  

' * * 
* Th i s  subsystem draws the cashf low movement d iagram . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

constants 
bg i_Path 

doma ins 

" c : \ \prolog\ \ bg i "  

f i le = input 
act = integer; 
·y ,  amt = rea l 
amt l ist = amt * 
month = str ing 
monl ist = month* 

database 
subtota l ( integer , amt ) 

predicates 
readf i le ( f i le ) 
drawcurve ( y , amt ) 

. repf i le ( f i le ) 
sca l e ( y , amt ) 
max ( amt ) 
min ( amt ) 
member ( amt , amtl ist ) 

% Thi s  constant spec i f i es the 
% path for ' the driver . 

match ( integer , monlist )  
labe ly ( amt , amt , amt , amt , amt , amt , amt , amt , amt , amt , amt , amt ) 

goa l 

· get 1 2  
· match l ( string , integer ) 

. openread ( input , "mba lance . dat " ) ,  
readdevice ( input ) , 
readf i le ( input ) , 
c losef i le ( input) , 
get 1 2 , 
sca le ( Sca l e , MinAmt ) , 
drawcurve ( Sca le , MinAmt ) . 

I 
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clauses 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * *  
* * 
* The readf i le pred icate reads the bank ba lance data * 
* from the "mbalance . dat " f i le and select the most * 
* recent twe lve observations to draw the curve . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

readf i le ( input ) : ­
repf i le ( input ) , 
readln ( LN )  , 
frontstr ( 4 , LN , Year , Rest ) , 
frontstr ( 3 , Rest , Month � Rest 1 ) , 
frontstr ( 3 , Rest1 , Act , Amt ) , 

str int ( Year , Y ear 1 } , 
match1 ( Month , Month l ) , 
str int ( Act , Act 1 ) ,  
str-rea l ( Amt , Amt1 ) ,  
Acti = 1 0 0 1 % 1 1 1 0 0 11 is the account number a s s igned to 

% bank ba lc:.nces . 
date ( Yr 1 Mn ,  ) 1 

( Yr-Year 1 ) *l2 + Mn -Month1 < 1 3 1 
Count = 1 3 - ( ( Yr-Year1 ) * 1 2  + Mn 
assert z ( subtota l ( Count , Amt 1 ) ) 1 

fa i l .  

read f i l e  ( ) . 

I 
-Month1}  , 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
. * * 

* The repf i l e  pred icate enables the records in  a * 
* f i le  to be read one by one unt i l  the end of f i le * 

· * is reached . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * /  

repf i l e ( ) .  

repf i le ( F ) : -
' not ( eof ( F ) ) , repf i le ( F ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * 
* * I 
* The match1 pred icates are used to  trans form the * 
* month str ings in the 11mba lance . dat 11 f i le i nto month * 
* integers . i · * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

match l ( " j an " , l ) . 
match 1 ( 11 feb 11 , 2 } . 
match1 ( "mar " , 3 )  . 
match 1 ( " apr" , 4 ) . 
match 1 ( 11may11 ,' 5 ) . 
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match 1 ( " j un" 1 6 ) . 
match 1 ( " j u l 11 1 7 ) . 
match l ( " aug " 1 8 ) . 
match l ( " sep1 1 1 9 ) . 
match 1 ( " oct 1 1 1 fl- O ) . 
match 1 ( "nov" 1 1 1 ) . 
match 1 ( "dec " 1 1 2 } . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The get 1 2  pred icate checks i f  there are twelve 
* observations . 
* 

* 
* 
* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

get 1 2 : ­
subtota l ( 1 2 1  ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* i * 
* The second get l 2  pred icate outputs an error messa�e * 
* i f  there are not enough observat ions . * 
* * 
· * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * * * * * * * * * * * * * * * / 

get l 2 : -
wr ite ( " \ n \ tThere i s  something wrong with you.r data . 
Check your 11 ) 1 n l 1 ' 
wr ite ( " \ n \ tcurve f irst before drawing the 
curve . " )  1 n l 1 fa i l . 

/ * * * * * * * * * * * * i * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* · The pred icate sca l e  is used to determine the sca l e  * 
* ' for drawing the curve . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

scale ( Sc a l e 1 MinAmt ) : ­
max ( MaxAmt ) 1 
min ( MinAmt ) 1 
Sca le = ( MaxAmt - MinAmt ) / 3 0 0 .  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The max pred icate is used to f ind out wh ich 
* observat ion is  the largest one . 
* 

* 
* 
* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

max ( MaxAmt ) : -
subtota l ( 1 1 Amt 1 }  1 SUbtota l ( 2 1 Amt2 } 1 
subtota l ( 3 1 Amt 3 }  1 s ubtota l ( 4 1 Amt4 ) 1 
subtota l ( 5 1 Amt5 ) 1 subtota l ( 6 1 Amt 6 }  1 
subtota l (J 1 Amt7 ) 1 Subtota l ( 8 1 Amt8 } 1 
subtota l ( 9 1 Amt9 } 1 subtota l ( l 0 1 Amt l O }  1 
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subtotal ( 1 1 1 Amt l l }  1 Subtotal ( l 2 1 Amt 1 2 }  1 
member ( MaxAmt 1 ( Amt l 1 Amt2 1 Amt3 1 Amt4 1 Amt5 1 Amt 6 1 Amt7 1 .Amt8 , 
Amt9 , Amt l O , Amtl l , Amt 1 2 ] ) , : ;  
MaxAmt >= Amt l , MaxAmt > =  Amt2 , MaxAmt > =  Amt3 , MaxAmt >= 
Amt4 , MaxAmt >= Amt5 , 
MaxAmt >= Amt 6 , MaxAmt > =  Amt7 , MaxAmt >= Amta , MaxAmt > =  
Amt9 , 
MaxAmt >= Amt l O , MaxAmt >= Amt l l , MaxAmt >= Amt 1 2 , ! .  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * k * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The max pred icate is used to f ind cut which * 
* observat ion is  the sma l lest one . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

m i n (MinAmt ) : -
subtotal ( l , Amt l }  1 Subtotal ( 2 1 Amt2 } , 
subtotal ( 3 , Amt3 ) , subtotal ( 4 , Amt4 ) , 
subtotal ( 5 ; Amt 5 )  , subtotal ( 6 , Amt6 ) , 
subtotal ( 7 , Amt7 ) , subtotal ( 8 , Amt8 ) , 
subtotal ( 9 , Amt9 ) , subtotal ( l O , Amt l O ) , 
subtota l ( l l , Amt l l )  , subtota l ( 1 2 , Amt 1 2 ) , 

'. 

member (MinAmt , ( Amt l , Amt2 , Amt 3 , Amt4 ) Amt5 , Amt6 , Amt7 , ,Amt8 , 
Amt9 1 Amt l 0 1 Amt l l 1 Amt 1 2 ) } , , 
MinAmt <= Amt l ,  MinAmt <= Amt2 , MinA�t <= Amt3 , Mi nAmt <= 
Amt4 , MinAmt <= Amt 5 1 
M inAmt <= Amt6 , MlnAmt <= Amt7 , MinAmt <= Amta , MinAmt <= 
Amt9 , 

1 MinAmt <= Amt l O ,  Mi nAmt <= Amt l l , MinAmt <= Amt 1 2 , ! .  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The member pred icate is to determine i f  a g iven * 
* e lement i s  the member of a l i st . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

member ( Y l , [ Y l i _ J ) . 

member ( Y l , ( _ ! Ta i l ] } : ­
member ( Y l , Ta i l ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The drawcurve predicate draws the cashflow curve . * 
* * 

· * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

drawcurve ( Sca le , MinAmt ) : -
subtota l ( l , Amt l )  , subtota l ( 2 , Amt2 ) , 
subtota l ( 3 , Amt3 ) , subtota l ( 4 , Amt4 ) , 
subtota l ( 5 , Amt5 ) , subtota l ( 6 , Amt6 ) , 
subtota l ( 7 , Amt7 ) , subtota l ( 8 , Amt8 ) , 
subtota l ( 9 , Amt9 ) , subtota l ( l O , Amt l O ) , 
subtota l ( l l , Amt l l )  , subtota l ( 1 2 , Amt l 2 } , 
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% The Spr ices ' are the sca led pr ice subtota l .  I .  l 
SAmt l = 3 0 0  - ( Amt l-MinAmt ) j Scale , SAmt2 3 0 0  - { Amt2 -
MinAmt ) / Sca le , . , SAmt 3 = 3 0 0 - ( Amt3 -MinAmt ) j Scale , SAmt4 = 3 0 0 - ( Amt4 -
MinAmt } j Scale , 
SAmt5 = 3 0 0 - ( Amt5 -MinAmt ) j Scale , SAmt6 3 0 0  - ( Amt6 -
MinAmt ) j Scale , 
SAmt7 = 3 0 0 - ( Amt7 -MinAmt ) / Sca l e , SAmt8 = 3 0 0  - · ( Amta ­
MinAmt } j Scale , 
SAmt9 = 3 0 0 - ( Amt9 -MinAmt } / Scale , SAmt lO  = 3 0 0  - ( Amt l O ­
MinAmt ) j Scale , 
SAmt l l  = 3 0 0  - ( Amt l l -MinAmt ) / Sc a le , SAmt 1 2  = · 3 0 0 
( Amt 1 2 -MinAmt ) j Sca le , ! ,  
date ( , MM ,  ) , 

match (MM , (Ml , M2 , M3 , M4 , M5 , M6 , M7 , M8 , M9 , Ml0 , Ml l , Ml 2 ] ) , 
% The match predicat� 

· detectgraph ( Gdr iver , Gmode ) , 
' initgraph ( Gdr iver , Gmode , , , 
1 l i ne ( 2 0 , 1 5 0 , 7 1 9 , 1 5 0 ) , 

l ine ( 2 0 , 2 0 , 2 0 , 3 0 0 ) , 
l ine ( 7 0 , SAmt l , 1 2 0 , SAmt2 ) ,  

l ine ( 1 2 0 , SAmt2 , 1 J O , SAmt3 ) ,  
l ine ( 1 7 0 , SAmt 3 , 2 2 0 , SAmt4 ) ,  
l ine ( 2 2 0 , SAmt4 , 2 7 0 , SAmt5 ) , 
l i ne ( 2 7 0 , SAmt 5 , 3 2 0 , SAmt 6 ) ,  
l ine ( 3 2 0 , SAmt 6 , 3 7 0 , SAmt7 ) , 
l ine ( 3 7 0 , SAmt7 , 4 2 0 , SAmt8 ) , 
l ine { 4 2 0 , SAmt8 , 4 7 0 , SAmt9 ) , 
l ine ( 4 7 0 , SAmt9 , 5 2 0 , SAmt l O ) , 
l ine ( 5 2 0 , SAmt l0 , 5 7 0 , SAmt l l ) , 
l ine ( 5 7 0 , SAmt 11 , 6 2 0 , SAmt1 2 ) , ! ,  

% determines how the x-axis  
% should be label led . 

% Initia l i z e  the graph mode 
bg i Path ) , 

� Draw the X -axi s .  
� Draw the Y -axis . 
% The drawing of the curve 
% starts here . 

moveto ( l O O , l ) , % output the t itle of graph 
outtext ( " Th i s  graph shows the cashf low movements for the 
past year . " ) , 
moveto { l O O , l O ) , 
outtext ( " The y-axis i s  the bank bal ances in  $mi l l ions . " ) , 
% The labe l l ing of the x-axis  starts here . 

moveto ( 7 0  1 1 5 0 ) , 
outtext ( M l )  1 

moveto ( 1 2 0 , 1 5 0 ) , 
outtext (M2 ) , 
moveto ( 17 0 , 1 5 0 ) , 
out text ( M 3 ) , 
moveto ( 2 2 0 , 1 5 0 ) , 
outtext ( M4 )  , 
moveto ( 2 7 0 , 1 5 0 ) , 
outtext ( M? ) , 
moveto ( 3 2 0 , 1 5 0 ) , 
out text ( M 6 ) , 
moveto ( 3 7 0 , 1 5 0 ) , 
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outtext ( M7 ) , 
moveto { 4 2 0 , 1 5 0 } , 
out text (M8 ) , 
moveto ( 4 7 0 , 1 5 0 ) , 
out text { M9 ) , 
moveto { 5 2 0 , 1 5 0 ) , 
out text { M l O )  , 
moveto ( 5 7 0 , 1 5 0 } , 
outtext { Ml l } , 
moveto { 6 2 0 , 1 5 0 } , 
outte xt (Ml2 } , ! ,  . 
labe ly { SAmtl , SAmt2 , SAmt3 , SAmt4 , SAmt 5 , SAmt6 , SAmt7 , SAmt8 , 
SAmt9 , SAmtlO , SAmt l l , SAmt l 2 ) , , . 

moveto ( 3 00 , 3 3 7 } , % closegraph · 
outtext ( " Please press any key to cont inue . " ) , readchar ( _ ) , 

: closegraph . 
' 

! * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* I * 
* · The match pred i cates are used to determine the way · * 
* ' the x-axis shou l d  be labe l led . 

· * 
* I * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * /  

I 
match ( l , [ " j an" , " feb" , " mar" , " apr " , "may " , " j un" , " j ul " , " aug" , 

" sep" , " oct " , " nov" , " dec " ) ) .  
match ( 2 ,  [ " feb" , " mar " , " apr " , " may " , " j un " , " j u l " , " aug " , " sep " , 

" oct " , "nov" , " dec" , " j an " ) ) . 
match ( J ,  ( "mar" , " apr " , "may " , " jun" , " j u l " , " aug" , " sep " , " oct " , 

" nov" , " dec " , " j an" , " feb " ) ) .  
match ( 4  ( " apr " "may " " J' un" " J' u l "  " aug"  " sep " " oct" " nov" , , , , , , , , , 

" dec " , " j an " , " feb" , " mar " ] ) . 
match ( 5 , 'c "Iriay " , " j un" , " j u l " , " aug " , " sep " , " oct" , " nov " , " dec " , 

" J' an"  " feb" "mar" •l apr " ] )  I ' I 1 • I 

match ( 6 ,  ( " j un" , " j u l " , " aug " , " sep" , " oct " , ' lnov" , " dec" , " j an " , 
" f eb" , "mar" , " apr" , "may " ] ) . 

· 

match ( 7 , ( " j u l " , " aug" , " sep " , " oct" , " nov" , " dec" , " j an" , " feb" , 
"mar" , " apr " , "may " , " j un " ) ) . 

match ( 8 , ( " aug " , " sep " , " oct " , " nov" , " dec" , " j an" , " feb" , "mar " , 
" apr " , "may " , " j un " , 1 1 j u l " ) ) . 

match { 9 , ( " sep " , " oct" , " nov" , "dec" , " j an " , " feb" , "mar " , " apr " , · 

"may" , " j un " , " j ul " , " aug " ) ) . 
match { l O , ( " oct" , " nov " , " dec " , " j an " , " feb" , "mar" , " apr " , " may" , 

" j un" , " j u l " , " aug " , " sep " ) ) . 
· 

match { l l ,  ( " nov •.• , " dec" , " j an " , " feb" , " mar" , " apr" , "may " , " j un" , 
" j u l " , " aug " , " sep " , " oct " ) ) . 

· 
· 

match ( l2 , [ "dec" , " j an" , " feb" , "mar " , " apr" , "may " , " j un " , " j u l " , 
" aug" , " sep " , " oct" , " nov " ) ) 

· 

I 
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/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The labely · pred i cate i s  used to label the y-axis . * 
* * 

· � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

. labe ly ( SAmtl , SAmt2 , SAmt3 , SAmt4 , SAmt5 , SAmt6 , SAmt7 , SAmt8 , 
SAmt9 , SAmt l O , SAmt l l , SAmt 1 2 ) : -
subtota l ( l , Amt l )  , subtota l ( 2 , Amt2 ) , 
subtota l ( 3 , Amt 3 ) , subtota l ( 4 , Amt4 ) , 
subtota l ( 5 , Amt5 ) , subtota l ( 6 , Amt 6 ) , 
subtotal ( 7 , Amt7 ) , subtota l ( 8 , Amt8 ) , 
subtotal ( 9 , Amt9 ) , subtota l ( l O , Amtl O ) , 
subtotal ( l l , Amtl l )  , subtota l ( 1 2 , Amt 1 2 ) , 
moveto ( 5 , SAmtl ) ,  % label the Y-a x i s  
s t r  int ( Amts l , Amt l ) , 
outtext ( Amts l ) , 
moveto ( 5 , SAmt2 ) ,  
str int (Amts 2 , Amt2 ) ,  
outtext (Amts 2 ) , 
moveto ( 5 , SAmt 3 ) ,  
str int (Amts 3 , Amt 3 ) , 
outtext (Amts 3 ) , 
moveto ( 5 , SAmt4 ) , 
str int (Amts4 , Amt4 ) ,  
outtext (Amts 4 ) , 
moveto ( 5,  SAmt5 )  , 
str int (Amt s 5 , Amt5 ) ,  
outtext (Amts5 ) , 
moveto ( 5 , SAmt 6 ) , 
str int (Amts 6 , Amt6 ) ,  
out text ( Amts 6 )  , 
moveto ( 5 , SAmt7 ) ,  
str int (Amts 7 , Amt7 ) ,  
outtext ( Amts7 ) , 
moveto ( 5 , SAmt8 ) , 
str int ( Amts 8 , Amt8 ) ,  
out text ( Amts 8 ) , 
moveto ( 5 , SAmt9 ) , 
str int ( Amts 9 , Amt9 ) ,  
outtext ( Amts 9 ) , 
moveto ( 5 , SAmt l O )  , str int (Amts l O , Amt l O ) , 
outtext ( A�ts l O ) , 

-

moveto ( 5 , SAmt l l ) , 
str int ( Amt s l l , Amt l l ) , 
outtext ( Amts l l )  , 
moveto ( 5 , SAmt l 2 ) , 
str int ( Amt s l 2 , Amt 1 2 ) ,  
outtext ( Amt s l 2 ) .  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* This is the end of " cash . pro " . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  
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I * LI STING PROGRAM FOR PMAIN . PRO * I 

I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *\* * * *  
* * ' 

* I Th i s  subsystem draws inferences and recommend a * 
* price to the user bas ed on the user ' s  input of h i s  * 
* eva luat ions o f  the var i ous fu z z y  factors in the * 

' * dec is ion mak i ng environment . * 
* * 

I • 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 
I 

doma ins 
r l i s t l  = f i g l * 
r l i s t 2  = f ig2 * 
r l i s t 3  = f i g 3 * 
n l , x , figl , f i g 2 , f ig3 , f ig 4  = rea l 
z = rea l  
type = str ing 
f i le = pr icedata ; input 
m l i s t  = rea l *  

pred icates 
rpr icel ( z )  

_ rpr i ce2 ( z )  
rpr i ce3 ( z )  
positl ( f ig2 , r l ist2 , rea l )  
getprl ist ( r l i' st2 , r l fst l , rl ist3 , type ) 
rmatli stl ( r l istJ , str ing , type ) 
rmatli st2 ( r l ist3 , str i ng , type ) 
rmatl ist3 ( r l ist3 , str ing , type ) 
rma tli st4 ( r l i st3 , str ing , type) 
rmat list5 ( r l i st3 , str ing , type ) 
rma tli st6 ( r l ist3 , str i ng , type ) 
rmatl ist7 ( r l i st3 , str ing , type ) 
·rmatl ist8 ( r l i st3 , str ing , type ) 
rmatl ist9 ( r l i st3 , str ing , type ) 
rmat l i st l O ( r ] ist3 , str i ng , type ) 
'rmat l i st l l ( r l ist3 , string , type ) 
rmat l i st 1 2 { r l i st3 , str i ng , typ e )  
rmat l i st l 3 { r l ist3 , str i ng , type ) 
rmat l i st 1 4 ( r l ist3 , str ing , type ) 
rmat l i st 1 5 ( r l i st3 , str ing , type ) 
min ( f ig2 , f igl , f ig3 ) 
hedgedmf ( r l istl , m l i st , x , type )  
f inal ( z , x , type ) 
cost ( rea l , rea l )  
g et other cost ( rea l )  
get-sales-ba lance ( integer , rea l )  

· get-exp bal ance ( integer , rea l )  
repfile(f i le )  
mf ( m l i st , string , type )  
sort ( r l i st 2 , r l ist2 ) 
split ( rea l , r l i st2 , r l ist2 , r l ist2 } 
append ( r l i st2 , r l i st2 , r l i st2 } 

. opt ion l ( str ing ) 
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option2 ( str ing ) 
opt ion 3 ( string ) 
check ( string )  

' '  

goa l 1 

makewindow ( 1 , 7 , 7 , " Market ing Knowledge-based 
System" , 0 , 0 , 2 5 , 8 0 )  , nl ,  
wr ite ( " P lease pre s s  ' H '  for help . " )  , n l ,  
write ( " \ n\ti  am go ing to ask you to input your eva luation 
o f " ) , 
wr ite ( " \ n \ tthe current market s ituat ion . " ) , nl ,  
wr ite ( " \ n \ tBut before you input your j udgement , I am going 
to" ) , 
wr ite ( " \ n\tshow you a graph ical display of the movements " ) , 
wr ite ( " \ n \tof the prices based on the market indicators of 
the l a st " ) , 
wr ite ( " \ n\ttwe lve months . " ) , n l ,  
wr ite ( " \n\ tit i s  hoped that th e d iagram wi l l  be able to " ) , 
wr ite ( " \n \the lp you to ident ify whether the woo l market 
i s " )  , 

· Write ( " \ n \ tgoing up or coming down . " )  , n l ,  
wr ite ( " \n \tPlease press any key to cont inue . " ) � 

· readchar ( ) , . 
system ( "price . exe " ) , % The "pric€l. exe" subsystem i s  invoked 

'rpr i c e l ( Z l ) , 
gotowindow ( l ) , 
c l earw indow , 

% here to draw the pr i ce moveme 

I ,  

wr ite ( " \ n\tNow I am going to show you the cash f l ow situation 
of " ) , 
wr ite ( " \ n\tyour company in  the prev ious twe lve months . " ) , n l ,  

' wr ite ( 11 \n \tPlease press any key to cont inue . " ) , 
readchar ( ) , 1 

, System ( ll CaSh : ex e ll ) 1 

rprice2 ( Z 2 ) , 
rpr ice3 ( Z 3 ) , 

% The " cash . exe" subsystem i s  invoked 
here to draw the cash f l ow movement curve . 

write ( " What i s  the tota l amount o f  woo l in k i logram 'you are 
about to se l l " ) , n l ,  
wr ite ( " to your customer? " )  , n l ,  
readrea l ( Amt ) , n l ,  
cost ( Cost , Amt ) , 
Z = Cost* l . 0 2 1 * ( 1  + ( 0 . 6 6 5 * Z l  + 0 . 2 5 3 * Z 2  + 0 . 0 8 2 * Z 3 ) / 1 0 0 ) , 
write ( "The recommended price for the woo l you are going to 

. s e l l  to " ) , 
write ( "your customer i s  $ " , Z , " . " ) , n l ,  
write ( " Please press any key to continue . " ) , readchar ( _ ) . 
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clausles 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * �� * * *  
* * 
* The cash predicate determines the tota l cost o f  * 

· * o f  the wool to be s o ld to the customer . * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

cost { Cost 1 Amt ) : -
openread ( pricedata 1 " pr ice . dat " ) 1  

readdev ice ( pricedata ) 1  
f i lepos ( pricedata 1 - 1 4 1 2 ) 1 
read ln ( LN )  1 

' closef i l e ( pricedata ) 1 
frontstr ( 6 1 LN 1  1 MI )  1 
str_rea l ( MI 1 Price )  1 

% 
% 
% 

get other cost ( Othercost ) 1 

% The most current market pr i ce 
% is read from the pr i ce data 
% f i le . 

Pr ice conta ins the most current 
market price of the wool to be 
s old to the customer . · I 

Cost = Amt*Price * { 1+abs { Othercost ) ) .  

' · 

% abs ( Othercost ) expres ses the 
% other cost items in abso lute 
% values . '  Othercost is obta ined 
% from the fol lowing pr'ed icate . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* ' '  * 
* The get other cost pred icate gets the other sundry · * 
* cost i terns. for the woo l  to be sold . The total  of . * 
* the s e  sundry cost items i s  expressed as a percentage * 
* o f  the tota l sales  f igure . * 
' * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

get other cost ( Othercost ) : -
get sales bal ance { 4 0 0 1 Sba l ance ) 1 
get-exp balance ( 3 5 0 1 Eba lance)  1 
othercost = Eba lance f Sbalance . 
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' / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

·* I * 
. * The get sales balance predicate gets the tot a l  sales  * 
' * f igure from the sales a ccount i n  the " ba l ance . dat"  * 

* f i l e . * 
* ' I * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

i 

, get s a les balance ( 4 0 0 , Sba l ance )  : -
- - % " 4 0 0 11 is  the account number for 

% the sales  account in 11 balance . dat 11 • 
1 openread ( input , " ba lance . dat " ) ,  

readdevice ( input ) , 
repfi le ( input ) , 
readln ( LN )  , 
frontstr ( 3 , LN , Act , Ba l ance ) , 
str int ( Act , 4 0 0 ) , 
str-rea l ( Ba lance , Sba lance ) , 
close f i l e ( input ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* . * 
* The second get sales  balance outputs an error 
* message i f  the-tota l-sales f igure li s z ero . 
* 

* 
* 
* 

' * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  
' 

get sales ba lance ( 4 0 0 , Sba lance)  : -
Sba lance = o ,  
write ( " The sales account has a balance o f  z ero ! l " ) , n l , nl ,  
write ( " P l ease check the ba lance o f  the account . " ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 

. ' 
* 

* 
* 
* 
* 
* 
* 

The get exp ba lance pred icate gets the tota l 
expenses f igure from the sales  account in  the 
11 balance . dat" f i l e . For s imp l icity , it is assumed 
that the account ing system has  only one expense 
account w�th the account number " 3 5 0 11 • 

* 
* 
* 
* 
* 
* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *� * * * /  

get exp ba lance ( 3 5 0 , Ebalance)  : ­
openread ( input , " ba lance . dat " )  I 
readdevice ( i nput ) , 
repf i le ( input ) , 
readln ( LN ) , 
frontstr ( 3 , LN , Act , Ba lance ) , 
str int ( Act , 3 5 0 ) , 
str-rea l ( Ba l ance , Ebalance ) , 
closef i le ( input ) . 
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! * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* i * 
* i The second get exp balance outputs an error * 

' * , message i f  the-total expenses f i gure is zero . * 
* ' * I 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

' ' 

get exp balance ( 3 5 0 , Eba lance ) : ­
Eba lance = o ,  
write ( "The expense . account has a ba lance of 
z ero ! ! " ) , nl , n l ,  ' 
wr ite ( " P lease check the balance of the account . " ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The rep f i le predicate enables the records i n  a * 
* f i le to be read one by one unt i l  the end o f  f i le * 
* i s  reached . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

rep f i le ( ) . 

rep f i le ( F ) : - ' 
not ( eof ( F ) ) , rep f i le ( F ) . 

! * * * * * * * * * * * * * * * * * * � * * * * * * * * * * * * * * * * � * * * * * * * * * * * * * * * * * * * *  
* . * 
* The mf predi cates contain the fu z zy membership * 
* funct ions of  the pr imary fu z z y  variables used in  * 
* the system . * 

· * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * /  

i 
' mf ( [ 0 . 2 5 , 0 . 6 7 , 0 . 8 5 , 0 . 8 , 0 . 7 , 0 . 6 7 , 0 . 6 6 ] , favorable , cashf low) . 
mf ( [ 0 . 2 7 , 0 . 5 , 0 . 8 7 , 0 . 8 5 , 0 . 8 1 , 0 . 8 , 0 . 7 7 ] , unfavorable , cashf low ) . 
mf ( [ 0 . 3 8 , 0 . 5 7 , 0 . 7 4 , 0 . 6 5 , 0 . 6 5 , 0 . 6 7 , 0 . 6 7 ) , f avorable , market ) . 
mf ( [ 0 . 4 8 , 0 . 7 6 , 0 . 8 1 , 0 . 7 5 , 0 . 6 4 , 0 . 6 5 , 0 . 6 5 ] , unf avorable , market ) . 
mf ( [ 0 . 7 5 , 0 . 5 7 , 0 . 4 2 , 0 . 2 4 , 0 . 3 6 , 0 . 3 9 , 0 . 3 7 , 0 . 3 7 , 0 . 3 8 , 0 � 3 6 , 0 . 3 3 ,  

0 . 3 2 , 0 . 3 1 , 0 . 3 1 , 0 . 3 ] , favorable , compet ition) . : 
mf ( [ 0 . 4 3 , 0 . 5 1 , 0 . 6 , 0 . 6 1 , 0 . 6 , 0 . 6 7 , 0 . 6 8 , 0 . 7 , 0 . 7 1 , 0 . 7 3 � 0 . 7 5 , 0 . 7 7 ,  

0 . 7 9 , 0 . 8 , 0 . 8 ] , unfavorable , competition ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * * * * * * * * * * * * * * * * �* * * * *  
* * 
* The d i f f erent rmat l i st predi cates are the d i f ferent * 
* columns of the s ix relationa l matrides . There are * 
* f i fteen co lumns for each matrix . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

rmat l ist l ( [ 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 ] , 
favorabl� , cashf low) . 

rmatl ist l ( [ 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 ] , 
favorable , market ) .  

rmat l ist l ( [ 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 ,  
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0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 ] , favorab le , competition ) . 
rma t l i st l ( [ 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 ] , 

unfavorab l e , cashf l ow ) . 1 
rmat l ist l ( [ 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 ] , 

unfavorabl e , market ) .  
rma t l ist l ( [ 0 . 9 5 , 0 . 9 5 , 0 . 9 � , 0 . Y 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 ,  

0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 , 0 . 9 5 ] , unfavorable , compet ition ) .  

rmat l i st2 ( [ 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 ] , 
favorab le , cash f l ow ) . 

rmatl ist2 ( [ 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 ] , 
favorabl e , market ) .  

· 

rma t l i st2 ( [ 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 ,  
0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 , 0 . 8 9 ] , favorable , compet ition) . · 

rma t l i st2 ( [ 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 ] , 
unfavorable , cash f l ow) . 

rmat l ist2 ( [ 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 ] , 
unfavorable , market ) . 

rmat l i st2 ( [ 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 ,  
0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 , 0 . 9 1 ) , unfavorable , compet ition ) . 

rmat l i st3 ( [ 0 . 7 5 , 0 . 4 5 , 0 . 4 5 , 0 . 4 5 , 0 . 4 5 , 0 . 4 5 , 0 . 4 5 ] , 
favorable , cash f l ow ) . 

rmat l ist3 ( [ 0 . 6 2 , 0 . 4 5 , 0 . 4 5 , 0 . 4 5 , 0 . 4 5 , 0 ( 4 5 , 0 . 4 5 ) , 
' favorab l e , market ) .  
rma tl ist3 ( [ 0 . 4 5 , 0 . 4 5 , 0 . 5 8 , 0 . 7 6 , 0 . 6 4 , 0 . 6 1 , 0 . 6 3 , 0 . 6 3 , 0 . 6 2 ,  

I • ' 

, 0 . 6 4 , 0 . 6 7 ; o . 6 8 , �. 6 9 , 0 . 6 9 , 0 . 7 ] , f av9rable , compet1t1on ) . 
rmatl i st3 ( [ 0 . 7 3 , 0 . 5 4 ; 0 . 5 4 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 ) , 

unfavorable , cash f l ow) . 
rmat l i st3 ( [ 0 . 5 4 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 ) , 

unfavorable , market ) .  1 
rmat l i st3 ( [ 0 . 5 7 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 ,  

0 . 5 4 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 , 0 . 5 4 ) , unfavorab l e , competit�on ) . 

rmat l i st4 ( [ 0 . 7 5 , 0 . 3 8 , 0 . 3 8 , 0 . 3 8 , 0 . 3 8 , 0 . 3 8 , 0 . 3 8 ] ; 
favorable , cash f l ow) . · . 

rmat l i st4 ( [ 0 . 6 2 , 0 . 4 3 , 0 . 3 8 , 0 . 3 8 , 0 . 3 8 , 0 . 3 8 , 0 . 3 8 ) , 
. favora ble , market ) .  
rmatl ist4 ( [ 0 . 3 8 , 0 . 4 3 , 0 . 5 8 , 0 . 7 6 , 0 . 6 4 , 0 . 6 1 , 0 . 6 3 , 0 . 6 3 , 0 � 6 2 , 0 . 6 4 ,  

0 . 6 7 · , o ·. 6 B , 0 . 6 9 , 0 . 6 9 , 0 . 7 ] , favorab le , compet it ion ) .  
rmat l ist4 ( [ 0 . 7 3 , 0 . 5 , 0 . 3 1 , 0 . 3 1 , 0 . 3 1 , 0 . 3 1 , 0 . 3 1 ] , 

unfavorable , cashf low) . 
rmatlist4 { ( 0 . 5 2 , 0 . 3 1 , 0 . 3 1 , 0 . 3 1 , 0 . 3 6 , 0 . 3 5 , 0 . 3 5 ) , 

unfavorabl e , market ) . 
rmat l is t4 ( [ 0 . 5 7 , 0 . 4 9 , 0 . 4 , 0 . 3 9 , 0 . 4 , 0 . 3 3 , 0 . 3 2 , 0 . 3 1 , 0 . 3 1 , 0 . 3 1 ,  

0 . 3 1 , 0 . 3 1 � 0 . 3 1 , 0 . 3 1 , 0 . 3 1 ) , unfavorable , competi t ion ) .  

· rmat l i st5 ( [ 0 . 7 5 , 0 . 3 3 , 0 . J , O . J , O . J , 0 . 3 3 , 0 . 3 4 ] , 
, favorable , cashf low) . 

, rmat l ist 5 ( ( 0 . 6 2 , 0 . 4 3 , 0 . 3 , 0 . 3 5 , 0 . 3 5 , 0 . 3 3 , 0 . 3 3 ) , 
favorable , market ) . 

rmat l i st5 ( [ 0 . 3 1 0 . 4 3 , 0 . 5 8 , 0 . 7 6 , 0 . 6 4 , 0 . 6 1 , 0 . 6 3 , 0 . 6 3 , 0 . 6 2 , 0 . 6 4 ,  
: 0 . 6 7 , 0 . 6 8 , 0 . 6 9 , 0 . 6 9 , 0 . 7 ] , favorable , competition) . 

rmatl i st5 ( ( 0 . 7 3 , 0 . 5 , 0 . 2 7 , 0 . 2 7 , 0 . 2 7 , 0 . 2 7 , 0 . 2 7 ) , 
. unfavorable , cashflow ) . 

, rmat l i st5 ( ( 0 . 5 2 , 0 . 2 7 , 0 . 2 7 , 0 . 2 7 , 0 . 3 6 , 0 . 3 5 , 0 . 3 5 ) , 
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unfavorabl e , market ) . 
rmat l ist5 ( [ 0 . 5 7 , 0 . 4 9 , 0 . 4 , 0 . 3 9 , 0 . 4 , 0 . 3 3 , 0 . 3 2 , 0 . 3 , 0 . 2 9 , 0 . 2 7 ,  

0 . 2 7 , 0 . 2 7 , 0 . 2 7 , 0 . 2 7 , 0 . 2 7 ) , unfavorable , competition ) .  

rmatl ist6 ( [ 0 . 7 5 , 0 . 3 3 , 0 . 2 9 , 0 . 2 9 , 0 . 3 , 0 . 3 3 , 0 . 3 4 ) , 
f avorable , cashflow ) . 

�mat l i st6 ( [ 0 . 6 2 , 0 . 4 3 , 0 . 2 9 , 0 . 3 5 , 0 . 3 5 , 0 . 3 3 , 0 . 3 3 ) , 
favorable , market ) . , 

�mat l i st6 ( [ 0 . 2 9 , 0 . 4 3 , 0 . 5 8 , 0 . 7 6 , o . 6 4 , 0 . 6 1 , a . 6 3 , 0 . 6 3 , 0 . 6 2 , 0 . 6 4 ,  
0 . 67 , 0 . 6 8 , 0 . 6 9 , 0 . 6 9 , 0 . 7 ] , f avorable , compet ition ) .  

rmatl i st6 ( [ 0 . 7 3 , 0 . 5 , 0 . 2 8 , 0 . 2 8 , 0 . 2 8 , 0 . 2 8 , 0 . 2 8 ] , 
unfavorable , cashflow ) . 

rmatl i st6 ( [ 0 . 5 2 , 0 . 2 8 , 0 . 2 8 , 0 . 2 8 , 0 . 3 6 , 0 . 3 5 , 0 . 3 5 ] , · unfavorable , market ) : 
rmat l i st6 ( [ 0 . 5 7 , 0 . 4 9 , 0 . 4 , 0 . 3 9 , 0 . 4 , 0 . 3 3 , 0 . 3 2 , 0 . 3 , 0 . 2 9 , 0 . 2 8 ,  

0 . 2 8 , 0 . 2 8 , 0 . 2 8 , 0 . 2 8 , 0 . 2 8 ) , un f avorable , competit i on ) . 

rmatl ist7 ( ( 0 . 7 5 , 0 . 3 3 , 0 . 2 5 , 0 . 2 5 , 0 . 3 , 0 . 3 3 � 0 . 3 4 ) , 
, f avorable , cash f l ow ) . , 
rmatl ist7 ( [ 0 . 6 2 , 0 . 4 3 , 0 . 2 6 , 0 . 3 5 , 0 . 3 5 , 0 . 3 3 , 0 . 3 3 ) ,  

f avorable , market ) . . 
rmat l i st7 ( [ 0 . 2 5 , 0 . 4 3 , 0 . 5 8 , 0 . 7 6 , 0 . 6 4 , 0 . 6 1 , 0 . 6 3 , 0 . 6 3 , 0 . 6 2 , 0 . 6 4 ,  
· 0 . 6 7 , 0 . 6 8 , 0 . 6 9 , 0 . 6 9 , 0 . 7 ] , favorable , compet ition ) . · 
rmatl ist7 ( [ 0 . 7 3 , 0 . 5 , 0 . 2 8 , 0 . 2 8 , 0 . 2 8 , 0 .I2 8 , 0 . 2 8 ] , 

unfavorab l e , cash f l ow ) . 
rmat l ist7 ( [ 0 . 5 2 , 0 . 2 8 , 0 . 2 8 , 0 . 2 8 , 0  3 6 , 0 . 3 5 , 0 . 3 5 ) , 

unfavorab l e , mar�et ) .  
rmat li st7 ( [ 0 . 5 7 , 0 . 4 9 , 0 . 4 , 0 . 3 9 , 0 . 4 , 0 . 3 J , 0 . 3 2 , 0 . 3 , 0 . 2 9 , 0 . 2 8 , 0 . 2 8 ,  

0 . 2 8 , 0 . 2 8 , 0 . 2 8 , 0 . 2 8 ) , unfavorable , competition ) .  

rmat list8 ( [ 0 . 7 5 , 0 . 3 3 , 0 . 2 2 , 0 . 2 2 , 0 . 3 , 0 . 3 3 , 0 . 3 4 ) ,  
favorable , cashflow ) . 

rmatl ist8 ( ( 0 . 6 2 , 0 . 4 3 , 0 . 2 6 , 0 . 3 5 , 0 . 3 5 , 0 . 3 3 , 0 . 3 3 ) , 
favorable , market) . 

rmatl ist8 { ( 0 . 2 5 , 0 . 4 3 , 0 . 5 8 , 0 . 7 6 , 0 . 6 4 , 0 . 6 1 , 0 . 6 3 , o . 6 3 , 0 . 6 2 , 0 . 6 4 ,  
0 . 6 7 , 0 . 6 8 , 0 . 6 9 , 0 . 6 9 , 0 . 7 ) , favorable , competition ) . 

: rmatl ist8 ( [ 0 . 7 3 , 0 . 5 , 0 . 2 5 , 0 . 2 5 , 0 . 2 5 , 0 . 2 5 , 0 . 2 5 ] , 
unfavorable , cash f l ow) . 

rmatlist8 ( [ 0 . 5 2 , 0 . 2 5 , 0 . 2 5 , 0 . 2 5 , 0 . 3 6 , 0 . 3 5 , 0 . 3 5 ] , 
unfavorable , market ) .  

rmatlist8 ( [ 0 . ·57 , 0 . 4 9 , 0 . 4 , 0 . 3 9 , 0 . 4 , 0 . 3 3 , 0 . 3 2 , 0 . 3 , 0 . 2 9 , 0 . 2 7 , 0 . 2 5 ,  
0 . 2 5 , 0 . 2 5 , 0 . 2 5 , 0 . 2 5 ] , unfavorabl e , competit ion ) . !  

. rmat l i st9 ( [ 0 . 7 5 , 0 . 3 3 , 0 . 2 1 , 0 . 2 1 , 0 . 3 , 0 . 3 3 , 0 . 3 4 ] , 
favorab l e , cashflow ) . 

rmat l ist9 ( [ 0 . 6 2 , 0 . 4 3 , 0 . 2 6 , 0 . 3 5 , 0 . 3 5 , 0 . 3 3 , 0 . 3 3 ) , 
favorable , market ) .  

rmatl ist9 ( [ 0 . 2 5 , 0 . 4 3 , 0 . 5 8 , 0 . 7 6 , 0 . 6 4 , 0 . 6 1 , 0 . 6 3 , 0 . 6 3 , 0 : 6 2 , 0 . 6 4 ,  
' 0 . 6 7 , 0 . 6 8 , 0 . 6 9 , 0 . 6 9 , 0 . 7 ) , favorable ,.competi t io n )  � 

rmat l i st9 { ( 0 . 7 3 , 0 . 5 , 0 . 2 4 , 0 . 2 4 , 0 . 2 4 , 0 . 2 4 , 0 . 2 4 ] , 
' unfavorable , cashf low) . 

rmat l ist9 ( [ 0 . 5 2 , 0 . 2 4 , 0 . 2 4 , 0 . 2 5 , 0 . 3 6 , 0 . 3 5 , 0 . 3 5 ) , 
unfavorable , market ) .  

rmat l ist9 ( [ 0 . 57 , 0 . 4 9 , 0 . 4 , 0 . 3 9 , 0 . 4 , 0 . 3 3 , 0 . 3 2 , 0 . 3 , 0 . 2 9 , 0 . 2 7 , 0 . 2 5 ,  
· 0 . 2 4 , 0 . 2 4 , 0 . 2 4 , 0 . 2 4 ) , unfavorable , competition ) .  
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rmat l i s t 1 0 ( [ 0 . 7 5 , 0 . 3 3 , 0 . 2 , 0 . 2 , 0 . 3 , 0 . 3 3 , 0 . 3 4 ) , 
favorable , cashf l ow) . · 

�mat l i s t 1 0 ( [ 0 . 6 2 , 0 . 4 3 , 0 . 2 6 , 0 . 3 5 , 0 . 3 5 , 0 . 3 3 , 0 . 3 3 ) , ' 
favorab le , market ) .  

rmat l i s t l O ( [ O . f 5 , 0 . 4 3 , 0 . 5 8 , 0 . 7 6 , 0 . 6 4 , 0 . 6 1 , 0 . 6 3 , 0 . 6 3 , 0 . 6 2 ,  
0 . 6 4 , 0 . 6 7 , 0 . 6 8 , 0 . 6 9 , 0 . 6 9 , 0 . 7 ) , favorable , competition ) . 

rmat l i s t 1 0 ( [ 0 . 7 3 , 0 . 5 , 0 . 2 4 , 0 . 2 4 , 0 . 2 4 , 0 . 2 4 , 0 . 2 4 ) ,  
unfavorable , cashf low) . 

rmat l i s t 1 0 ( [ 0 . 5 2 , 0 . 2 4 , 0 . 2 4 , 0 . 2 5 , 0 . 3 6 , 0 . 3 5 , 0 . 3 5 ) , 
unf avorable , market ) . 

rmat l i s t 1 0 ( [ 0 . 5 7 , 0 . 4 9 , 0 . 4 , 0 . 3 9 , 0 . 4 , 0 . 3 3 , 0 . 3 2 , 0 . 3 , 0 . 2 9 ; 0 . 2 7 ,  
0 . 2 5 , 0 . 2 4 , 0 . 2 4 , 0 . 2 4 , 0 . 2 4 ) , unfavorable , compet i t ion ) . 

rmat l i s t l l ( ( 0 . 7 5 , 0 . 3 3 , 0 . 2 , 0 . 2 , 0 . 3 , 0 . 3 3 , 0 . 3 4 ) , 
favorable , cashf low) . 

rmat l i st l l ( [ 0 . � 2 , 0 . 4 3 , 0 . 2 6 , 0 . 3 5 , 0 . 3 5 , 0 . 3 3 , 0 . 3 3 ) , 
' favorable , market ) . 

rmat l i s t l l ( [ 0 . 2 5 , 0 . 4 3 , 0 . 5 8 , 0 . 7 6 , 0 . 6 4 , 0 . 6 1 , 0 . 6 3 , 0 . 6 3 , 0 . 6 2 ,  
0 . 6 4 , 0 . 6 7 , 0 . 6 8 , 0 . 6 9 , 0 � 6 9 , 0 . 7 ) , favorable , competition ) . 

rmat l i st l l ( [ 0 . 7 3 , 0 . 5 , 0 . 2 3 , 0 . 2 3 , 0 . 2 3 , 0 . 2 3 , 0 . 2 3 ) , 
unfavorable , ca shf low) . 

rmat l i st l l ( ( 0 . 5 2 , 0 . 2 4 , 0 . 2 3 , 0 . 2 5 , 0 . 3 6 , 0 . 3 5 , 0 . 3 5 ) , 
unfavorable , market ) .  

rmat l is t l l ( [ 0 . 5 7 , 0 . 4 9 , 0 . 4 , 0 . 3 9 , 0 . 4 , 0 . � 3 , 0 . 3 2 , 0 . 3 , 0 . 2 9 , 0 . 2 7 ,  
0 . 2 5 , 0 . 2 3 , 0 . 2 3 , 0 . 2 3 , 0 . 2 3 ) , unfavorable , compet it�on ) .  

rmatl i s t 1 2 ( ( 0 . 7 5 , 0 . �3 , 0 . 2 , 0 . 2 , 0 . 3 , 0 . 3 � , 0 . 3 4 ) , 
f avorable , cashf low) . 

rmat l i st 12 ( [ 0 . 6 2 , 0 . 4 3 , 0 . 2 6 , 0 . 3 5 , 0 . 3 5 , 0 . 3 3 , 0 . 3 3 ) , 
f avorable , market ) . 

�mat l is t 1 2 ( [ 0 . 2 5 , 0 . 4 3 , 0 . 5 8 , 0 . 7 6 , 0 . 6 4 , 0 . 6 1 , 0 . 6 3 , 0 . 6 3 , 0 . 6 2 ,  
· 0 . 6 4 , 0 . 6 7 , 0 . 6 8 , 0 . 6 9 , 0 . 6 9 , 0 . 7 ) , f avorable , competition ) . 
rmat l i st1 2 ( [ 0 . 7 3 , 0 . 5 , 0 . 2 3 , 0 . 2 3 , 0 . 2 3 , 0 . 2 3 , 0 . 2 3 ) , 
, unf avorable , cashf low) . 

rmat l i st1 2 ( [ 0 , 5 2 , 0 . 2 4 , 0 . 2 3 , 0 . 2 5 , 0 . 3 6 , 0 . 3 5 , 0 . 3 5 ) , 
· 

unfavorable , market ) . 
. rmat l ist1 2 ( [ 0 . 5 7 , 0 . 4 9 , 0 . 4 , 0 . 3 9 , 0 . 4 , 0 . 3 3 , 0 . 3 2 , 0 . 3 , 0 . 2 9 , 0 . 2 7 ,  

0 . 2 5 , 0 . 2 3 , 0 . 2 3 , 0 . 2 3 , 0 . 2 3 ) , unf avorable , compet it ion ) .  

·rmat l i s t 1 3 ( [ 0 . 7 5 , 0 . 3 3 , 0 . 2 , 0 . 2 , 0 . 3 , 0 . 3 3 , 0 . 3 4 ) , 
favorable , cashf low ) . 

rmatl i st1 3 ( [ 0 . 6 2 , 0 . 4 3 , 0 . 2 6 , 0 . 3 5 , 0 . 3 5 , 0 . 3 3 , 0 . 3 3 ] , 
favorable , market ) . 

rm�tl ist13 ( [ 0 . 2 5 , 0 . 4 3 , 0 . 5 8 , 0 . 7 6 , 0 . 6 4 , 0 . 6 1 , 0 . 6 3 , 0 . 6 3 , 0 . 6 2 ,  
1 0 . 6 4 , 0 . 6 7 , 0 . 6 8 , 0 . 6 9 , 0 . 6 9 , 0 . 7 ) , favorable , compet it ion ) .  

· rmat l i st 1 3 ( [ 0 . 7 3 , 0 . 5 , 0 . 2 2 , 0 . 2 2 , 0 . 2 2 , 0 . 2 2 , 0 . 2 3 ] , 
; un favorable , cashf low ) . 

rmat l i st 1 3 ( [ 0 . 5 2 , 0 . 2 4 , 0 . 2 2 , 0 . 2 5 , 0 . 3 6 , 0 . 3 5 , 0 . 3 5 ) , 
' unfavorable , market ) .  

r�atl i st 1 3 ( ( 0 . 57 , 0 . 4 9 , 0 . 4 , 0 . 3 9 , 0 . 4 , 0 . 3 3 , 0 . 3 2 , 0 . 3 , 0 . 2 9 , 0 . 2 7 ,  
0 . 2 5 , 0 . 2 3 , 0 . 2 2 , 0 . 2 2 , 0 . 2 2 ) , unf avorable , competition ) . 

rmat l i st 14 ( [ 0 . 7 5 , 0 . 3 3 , 0 . 2 , 0 . 2 , 0 . 3 , 0 . 3 3 , 0 . 3 4 ] , 
f avorable , cashflow ) . 

rmatl ist1 4 ( [ 0 . 6 2 , 0 . 4 3 , 0 . 2 6 , 0 . 3 5 , 0 . 3 5 , 0 . 3 3 , 0 . 3 3 ) , 
f avorable , market ) .  
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rmatl ist1 4 ( ( 0 . 2 5 , 0 . 4 3 , 0 . 5 8 , 0 . 7 6 , 0 . 6 4 , 0 . 6 1 , 0 . 6 3 , 0 . 6 3 , 0 . 6 2 ,  
0 . 6 4 , 0 . 6 7 , 0 . 6 8 , 0 . 6 9 , Q . 6 9 , 0 . 7 ] , favorable , compet ition ) .  

rmatl ist14 ( [ 0 . 7 3 , 0 . 5 , 0 . 2 l , 0 . 2 1 , 0 . 2 1 , 0 . 2 1 , 0 . 2 3 ] , . \  
unfavorable , cashf low) . 

rmat l istl4 ( ( 0 . 5 2 , 0 . 2 4 , 0 . 2 1 , 0 . 2 5 , 0 . 3 6 , 0 . 3 5 , 0 . 3 5 ) , 
unfavorable , market ) .  

rma t l i s t l 4 ( [ 0 . 5 7 , 0 . 4 9 , 0 . 4 , 0 . 3 9 , 0 . 4 , 0 . 3 3 , 0 . 3 2 , 0 . 3 , 0 . 2 9 , 0 . 2 7 ,  
0 . 2 5 , 0 . 2 3 f. 0 . 2 1 , 0 . 2 1 , 0 . 2 1 ) , unfavorable , compet i t i on ) . 

I 

rmatl is t 1 5 ( ( 0 . 7 5 , 0 . 3 3 , 0 . 2 , 0 . 2 , 0 . 3 , 0 . 3 3 , 6 . 3 4 ] , 
favorabl e , cash f l ow ) . 

rmat l is t l 5 ( ( 0 . 6 2 , 0 . 4 3 , 0 . 2 6 , 0 . 3 5 , o . 3 5 , o . 3 3 , 0 . 3 3 ) , 
favorabl e , market ) .  

rmat l i st 1 5 ( [ 0 . 2 5 , 0 . 4 3 , 0 . 5 8 , 0 . 7 6 , 0 . 6 4 , 0 . 6 1 , 0 . 6 3 , 0 . 6 3 , 0 . 6 2 ,  
0 . 6 4 , 0 . 6 7 , 0 . 6 8 , 0 . 6 9 , 0 . 6 9 , 0 . 7 ] , favorable , compet ition ) . 

rmat l i st 1 5 ( ( 0 . 7 3 , 0 . 5 , 0 . 2 , 0 . 2 , 0 . 2 , 0 . 2 , 0 . 2 3 ] , 
unfavorable , cashf low) . 

rmat l i st 1 5 ( ( 0 . 5 2 , 0 . 2 4 , 0 . 2 , 0 . 2 5 , 0 . 3 6 , 0 . 3 5 , 0 . 3 5 ] , 
unfavorable , market ) .  

rmatl i s t 1 5 ( [ 0 . 5 7 , 0 . 4 9 , 0 . 4 , 0 . 3 9 , 0 . 4 , 0 . 3 3 , 0 . 3 2 , 0 . 3 , 0 . 2 9 , 0 . 2 7 ,  
· 0 . 2 5 , 0 . 2 3 , 0 . 2 1 , 0 . 2 , 0 . 2 ] , unfavorable , compet ition ) .  

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
. * I * 

* rpricel  obta ins the percentage price change due to * 
* the market s ituat ion . * 
� * 

' 

� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * * * * * * * * * * * * * * /  

· ·rpr ice l ( Z l )  : ­
makewindow ( 2 , 7 , 7 , " P lease 
s ituation" , 2 , 5 , 2 0 , 7 0 )  , n l ,  
optionl ( P ) , 
str rea l ( P , P l ) , 
f inal ( Z l , P l , market ) , ! .  

tell  me your market 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* I * 
* ; opt i on l obta ins the user ' s  j udgment of the market * 
* s ituat ion . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

opt ion l ( P )  : -
wr ite ( "Please select one of the f o l lowing options that 
best describes " )  , n l ,  
write ( "your percept ion of the current market 
s ituation : " )  , n l , n l ,  
write ( " \ tl . Very very favourabl e " ) , n l ,  
wr ite ( " \ t2 . Very favoruable" ) , n l ,  
wr ite ( " \ t3 . Favourabl e " ) , n l ,  
wr ite ( " \ t4 . S l ight ly favourabl e " ) , nl ,  
wr ite ( " \ t5 . Ne ither favorable nor unfavorabl e " ) , nl ,  
write ( " \t6 . S l ight ly unfavourabl e " ) , nl ,  
write ( " \ t7 . Unfavourabl e " ) , n l ,  
wr ite ( " \t8 . Very unfavourable " ) , n l ,  
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wr ite ( " \ t9 . Very very unfavourable" ) , n l , nl ,  
wr ite ( " P l ease i ndicate your choice by key ing in the 
approp r i ate number :  " ) , 
readl n ( P ) , 1  

check { P ) , 
p < >  " H " ' 
p < >  " h " . 

� 0 

% P cont a i ns the opti�n chosen by 
the user . i 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The second opt i o n l  predicate provides some help to * 
* the user if  the help key i s  pressed . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

opt ionl { P )  : -
nl , wr ite ( " P lease input a number from 1 to 9 to indi cate 
your " ) , 
wr ite ( " choice . " ) , n l , n l ,  
opt i on l { P ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* 

. I * 
* rpr ice2 obta ins the percentage price change due to * 
* the cashf low s ituation . * 

' * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

rpr ice2 { Z 2 )  : ­
makewindow { 3 , 7 , 7 , "Please 
s ituation" , 2 , 5 , 2 0 , 7 0 )  , n l ,  
opt i on2 { P ) , 

te l l  me your cashf low 

str real ( P , P2 ) , 
f inal { Z 2 , P 2 , cashf low)  , !  . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* ' * 
* opt ion2 obta i n s  the user ' s  j udgment of the c a shf l ow * 
* s ituation . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * /  
option 2 ( P )  : -

write ( " P lease select one of the f o l lowing opt ions that 
best describes your current cash f low s ituat ion : '' ) . , n l , n l ,  
write ( " \ tl . Very very favourabl e " ) , n l ,  
write ( " \ t2 . Very favoruable" ) , nl ,  
write ( " \ t3 . Favourabl e " ) , nl ,  
wr ite ( " \ t4 . S l ight ly f avourable " ) , n l ,  
wr ite ( " \ t5 . Ne ither favorable nor un favorabl e " ) , n l ,  
wr ite ( " \ t6 . S l ight ly unfavourable " ) , n l ,  
write ( " \ t7 .  Unfavourable " ) , n l ,  
write ( " \ t8 . Very unfavourabl e " ) , n l ,  
write ( " \ t9 . Very very unfavoura b l e " ) , nl , n l ,  
write ( " P lease indicate your cho ice by keying in  the 
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" )  . I appropr iate number : 
readln ( P )  I % P conta ins the opt ion chosen by 

% the user . 
check ( P }  1 
p < >  " H "  I 
p < >  " h " . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * � * * � * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
.* The second opt ion2 pred icate prov ides some help to * 
* the user i f  the help key is pressed . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

opt i on2 ( P )  : -
n l 1 wr ite ( " P lease input a number from 1 to 9 to indicate 
your " )  1 
wr ite ( " choice . " ) 1 n l 1 n l 1  
opt ion2 ( P ) . 

· / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* rpr ice3 obta ins the percentage price change due to * 
* the competit ive s ituation . I ' * 

* 
* � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

rpr ice3 ( Z 3 )  : -
c learwindow 1 
makewindow ( 4 1 7 1 7 1 11 P lease te l l  
s ituation" 1 2 1 5 1 2 0 1 7 0 )  1 n l 1  
opt ion3 ( P )  1 

me your competitive 

str real ( P 1 P3 )  1 
f inal ( Z 3 1 P 3 1 compet ition ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* ' * 
* opt ion3 obtains the user ' s  j udgment of the 
* compet it ive s ituat ion . 
* 

* 
* 
* 

* * * * * * * * * * * * � * * * * * * * * * * * * * * * * * * * * * * * � * * * * * * * * * * * * * * * * * * * / 

opt ion3 ( P )  : -
write ( " P lease select one of the fol lowing 
best descr ibes your current 
s ituat ion : " ) 1 n l 1 n l 1  
wr ite ( "  \ t l . Very very weak" ) 1 nl 1 
write ( " \ t 2 . Very weak" ) 1 n l 1  
write ( " \ t3 . Weak" ) 1 n l 1  
write ( " \ t4 . S l ight ly weak" ) 1 n l ,  
wr ite ( " \ t5 . Neither weak nor strong " )  , n l ,  
wr ite ( " \ t6 . S l ight ly strong " )  , nl ,  
write ( " \ t7 . Strong " ) , n l ,  
wr ite ( " \ t8 .  Very strong " )  1 n l ,  
write ( " \ t9 . Very very strong " )  1 n l , ril ,  
write ( " P l ease indi cate your cho ice by 
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11 ) , appropr iate number : 
readln ( P ) , % P conta ins the opt ion chosen by 

% the user . 
check ( P ) , 
p <> " H " , 
p <> l ' h " . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The second opt ion3 predicate provides some he lp to· * 
* the user i f  the help key is pressed . * 

* 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

·opt ionJ ( P )  : -
n l , wr ite ( " P lease input a number from 1 to 9 to 
your " ) , 
wr ite ( " choice . " ) , n l , n l ,  
opt ionJ ( P ) . 

indicate 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* ' * 

· * 1 The check pred icates check i f  the forrect opt ion * 
* ; has been entered . , * 
* ' * 
* * � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

check ( 1 1 1 1 1 ) 
check ( 1 1 2 1 1 ) 
check ( " J " )  
check ( 1 1 4 11 ) 
check ( " 5 " )  
check ( 1 1 6 1 1 ) • 
check ( 1 1 7 " ) . 
check ( 11 8 11 ) • 
check ( 11 9 " )  . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* I f  the user chooses opt ion 5 ,  that i s  the " ne ither * 
* . . . nor " option , the price change due to the fuzzy * 
* factor is z ero . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

't in a l ( Z Z , 5 , ) : -z z  = 0 .  
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/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The f inal predicate gets the percentage change * 
* due to each fuz zy factor . PP is the opt ion chosen * 
* by the user . Type is the fuz zy f actor in quest ion . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

f inal ( Z Z 1 PP 1 Type ) : -. 
PP < 5 1  ! 1  % I f  PP > 5 1  the percentage price change 

% w i l l  be pos it ive . 
mf ( G l i st 1 f avorable 1 Type ) 1 
hedgedmf ( M l i st 1 G list 1 PP 1 Type ) 1 !  1 
rmat l i stl ( Rl ist1 1 favorable 1 Type ) 1 
getprl i s t ( Pr l i stl 1 Ml i st 1 Rlist l 1 Type ) 1 l 1 sort ( Pr l i st l , [ S l i _ J ) , ! ,  

, rrnatlist2 ( Rl i st2 1 favorable 1 Type ) 1 
1 getpr l i st ( Pr l ist2 , M l i s t 1 Rlist2 , Type)  1 ! , sort ( Prl ist2 , [ S 2 I _ J ) 1 ! 1  
' rrnat l i st3 ( Rl i st3 1 favorable 1 Type ) 1  

getpr l ist ( Pr l i st3 1 Ml i st 1 Rlist3 1 Type )  1 l 1 sort ( Pr l ist3 1 ( S 3 I _ J )  1 ! 1  
i rma t l i st4 ( Rl i st4 1 favorable 1 Type ) 1 
• getpr l ist ( Pr l ist4 1 Ml i st 1 Rlist4 1 Type ) 1 ! 1 sort ( Pr l i st4 1 ( S 4 I _ J ) 1 ! 1  

rmatlist5 ( Rl i st5 1 favorable 1 Type )  1 
getpr l i st ( Pr l ist5 1 Ml ist 1 R l i st5 1 Type ) 1 ! 1 sort ( Pr l ist5 1 [ S 5 I _ J )  1 ! 1  
rmat l i st6 ( Rl i st6 1 favorable 1 Type )  1 I 
getpr l i st ( Pr l ist6 1 M l i st 1 Rlist6 1 Type ) 1 ! 1 sort ( Pr l i st 6 1 [ S 6 I _ J ) 1 ! 1  
rmat l i st7 ( Rl i st7 1 favorable 1 Type ) 1 
getpr l i st ( Pr l ist� 1 Ml ist 1 Rlist7 1 Type ) 1 l 1 sort ( Pr l i st7 1 [ S7 I _ J ) 1 ! 1  
rmat l i st8 ( Rl ist8 1 favorable 1 Typ e )  1 ' 
getprl ist ( Pr l ist8 1 M l i st 1 Rlist8 1 Type ) 1 ! 1 s ort ( Pr l ist8 1 [ SB I _ J ) 1 ! 1  
rmat l i st9 ( R l ist9 1 favorable 1 Type ) 1 

· 

getpr l ist ( Prl ist9 1 Ml i s t 1 Rl ist9 1 Type ) 1 ! 1 sort ( Pr l ist9 1 [ S9 I _J ) 1 ! 1  
rmat l i st l O ( Rlist 1 0 1 f avorable 1 Type)  1 
getpr l ist { Pr l ist 1 0 1 M l i st 1 R l i s t l 0 1 Type )  1 ! 1  
sort ( Pr l i st 1 0 1 [ S lO I _ J )  1 ! 1  
rrnat l ist l l { Rlistl l 1 favorable 1 Type ) 1 
getpr l ist ( Prl ist1 1 1 Ml i st 1 R l i s t l l 1 Type )  1 ! 1  
sort ( Pr l i st 1 1 1 ( S l l i _ J )  I ! 1 
rmat l i st l � { Rli st l 2 1 favorable 1 Type ) 1 
getpr l ist { Prl ist l 2 1 M l i st 1 R l i s t l 2 1 Type )  1 ! 1  
sort ( Pr l ist12 1 ( S 1 2 I _ J )  1 !  1 . 
rmat l i st 1 3 (R listl 3 1 favorable 1 Type ) 1 
getpr l i st ( Prl istl 3 1 Ml ist 1 Rl i s t l 3 1 Type ) 1 ! 1  
sort ( Pr l ist13  1 [ S 1 3 I _ J )  1 !  1 
rmatl i st 1 4 { Rl i st l 4 1 f avorabl e 1 Type ) 1 
getpr l i st ( Pr l i st l 4 1 M l ist 1 Rl istl4 1 Type )  1 ! 1  
sort ( Pr l istl4 1 [ S 1 4 I _ J )  1 ! 1  
rmat l i s t 1 5 (Rlist l 5 1 favorable 1 Type)  1 
getpr l i st � Pr l istl 5 1 Ml ist 1 Rl i s t l 5 1 Type )  1 ! 1  
sort ( Pr l ist 1 5 1 [ S 1 5 I _ J )  1 ! 1  
sort ( ( S l 1 S 2 1 S 3 1 S 4 1 S 5 1 S 6 1 S7 1 S 8 1 S 9 1 S l 0 1 S l l 1 S l 2 1 S l 3 1 S l 4 1 S l 5 ] 1 

I I , [ Y 1 _ ] ) 1 • 1 . 
pos itl { Y l 1 ( S l 1 S 2 1 S 3 1 S4 1 S 5 1 S 6 1 S7 1 S8 1 S 9 1 S l 0 1 S 1 1 1 S 1 2 1 S l 3 1 S l 4 1 
S 1 5 ) 1 Z Z ) . 

2 0 8  



f in a l ( Z Z , PP , Type ) : -
pp > 5 ,  P = 1 0  - PP , % The price change is negative i f  

% pp > 5 .  
mf ( Gl ist , unfavorable , Type) , 
hedgedmf ( M l i st , Gl ist , P , Type ) , ! ,  
rma t l ist l ( R l istl , un favorable , Type ) , 
getpr l i st ( Pr l istl , M l i st , Rl istl , Type ) , ! , sort (Prlist l , [ S l i _ J ) , ! ,  
rmat li st2 ( Rl i st2 , unf avorable , Type ) , 
getpr l i st ( Pr l ist2 , Ml ist , Rlist2 , Type) , ! , sort ( Pr l ist2 , [ S 2 I _ J ) , ! ,  
rmatlist3 ( Rl ist3 , unf avorable , Type ) , 
getprl ist ( Pr l ist3 , Ml ist , Rlist3 , Type ) , ! , s ort ( Pr l i st 3 , [ S 3 I _ J ) , ! ,  
rmatl ist4 ( Rl i st4 , unfavorable , Type ) , 
getpr l i st ( Pr l ist4 , M l i st , Rlist4 , Type ) , ! , sort ( Pr l ist 4 , [ S 4 I _ J )  , ! ,  

: rmatl ist5 ( Rl ist 5 , unfavorable , Typ e ) , 
: getprl ist ( Pr l ist5 , Ml i st , Rlist5 , Type ) , ! , sort ( Pr l i s t 5 , [ S5 l _J ) , ! ,  
1 rmat l i st 6 ( Rl ist6 , unfavorable , Type ) , 
1 getprl ist ( Prl ist6 , M l i st , Rlist6 , Type ) , ! , sort ( Pr l �st6 , [ S 6 I _ J )  , ! ,  
. rmatl ist7 ( Rl i st7 , unfavorable , Type ) , : 
; getprl ist ( Pr l ist7 , M l i s t ,  Rlist7 , Type ) , ! ,  sort ( Pr l ist7 , [ S7 1 ] ) , ! , 

rmat l i st8 ( Rl i st8 , unfavorable , Type ) , : 
-

getpr l ist ( Prl ist8 , Ml i st , Rlist8 , Type ) , !  , sort ( Pr l istB , [ SB I _ J ) , ! ,  
rmat l i st9 ( Rl i st9 , unfavorable , Type ) , 1 

getpr l i st ( Prl ist9 , M l i st , Rlist9 , Type ) , !  , sort ( Pr l � st9 , [ S 9 l _ J )  , ! ,  
rmat l i st l O ( Rli stl O , unfavorab le , Tyde ) , 
getpr l i st ( Prl istl O , Ml ist , Rl i st l O , Type ) , !  , ' 

sort ( Pr l i st l O , [ S l O I _ J ) , ! ,  
rrnat l i st l l ( Rl i st� l , unfavo�able , Type ) , 
getpr l ist ( Pr l i st l l , M l ist , Rl i s t l l , Type ) , ! ,  
sort ( Pr l ist l l ,  [ S l l i _ J ) , ! ,  
rrnat l i st 1 2 ( Rl i st 1 2 , unfavorable , Type ) , 
getpr l i st ( Prl ist 1 2 , Mlist , Rl i s t 1 2 , Type ) , ! ,  
sort ( Pr l ist12 , [ S 1 2 I _ J )  , ! ,  · 

rmat l i st 1 3 ( Rl i st 1 3 , unf avorable , Type ) , 
getpr l i s t ( Pr l ist 1 3 , Ml ist , Rl i s t 1 3 , Type ) , ! ,  
sort ( Pr l ist l3 , [ S 1 3 I _ ) ) , ! ,  
rmat l i st 1 4 ( Rl i st 1 4 , unfavorable , Type ) ,  
getprl ist (�r l i st 1 4 , Mli st , Rl i st 1 4 , Type ) , ! ,  
sort ( Pr l i st 1 4 , [ S 1 4 I _ J ) , ! ,  
rmat l i s t 1 5 ( Rl i st 1 5 , unfavorable , Type ) , 
getprl i s t ( Pr l i s t 1 5 , Ml i st , Rl i st 1 5 , Type ) , ! ,  
sort ( Pr l ist 1 5 , [ S 1 5 l _ J ) , ! ,  
sort ( [ S l , S 2 , S 3 , S 4 , S 5 , S 6 , S7 , S 8 , S9 , S l 0 , S l l , S l 2 , S l 3 , S l 4 , S l 5 ) , 
[ Y l l _ ] ) , ! ,  
pos itl ( Y l , [ S l , S 2 , S 3 , S 4 , S 5 , S 6 , S7 , S 8 , S 9 , S l 0 , S l l , S l 2 , S l 3 , S l4 , 
S 1 5 ) , N l ) , 
Z Z  = - N l . 
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/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The hedgedmf pred i cates are u s ed to get the hedged . * 
* membership funct ions depend ing on the option * 
* chosen by the user . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

hedgedmf ( [ ] , [ ] , _ , _) . 

hedgedmf ( [ C f l l O I ATa i l ] , [ C f l O I BTa i l ] , l , Type ) : -
C f l l O  = C f l O *Cf l O * C f l O * C f l O , 

. 

hedgedm f ( ATai l , BTa i l , l , Type ) . 

� edgedmf ( [ C f l l O I ATa i l ] ,  [ C f l O I BTa i l ) , 2 , Type ) : ­
C f l l O  = C f l O *Cf l O , 
hedgedmf ( ATa i l , BTa i l , 2 , Type ) . 

hedgedmf ( [ C f l l O I ATa i l ] , [ C f l O I BTai l ] , 3 , Type ) : ­
. '  C f l l O  = Cf l O , 

hedgedmf ( ATa i l , BTa i l , 3 , Type ) . 

he�gedmf ( [ Cf l l O ! ATa i l ) , [ Cf l O I BTa i l ) , 4 ( Type ) : ­
; C f l l O  = sqrt ( sqrt ( Cf l O *C f l O * C f l O ) ) , 
' hedgedmf ( ATai l , BTa i l , 4 , Type ) . 
I 

· ! �* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* : ' · I * 
* The g �tprl ist predicate i s  used to perform the * 
* min operations i n  the max-min compos iti ona l ru l e  * 
* of  i n f erence . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

getpr l i st ( [ ) ,  [ ) ,  [ ) ,  ) . 

getpr l i st ( [ AHead i ATa i l ) , [ BHead i BTAi l ] , [ CHead i CTa i l ] , Type ) : ­
min ( AHead , BHead , CHend ) , 
getpr l ist ( ATa i l , BTa i l , CTa i l , Type ) . 

I 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* The sort , sp l it anq append pred icates are u s e d  to * 
* sort a given l ist . * 

' * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

sort ( [ ) , [ ) ) . 

sort ( [ H I T J , S ) . i f  
sp l it ( H , T , Ul , U2 ) , 
sort ( Ul , Vl ) , sort (U2 , V2 ) , 
append ( V l , [ H I V2 ) , S ) , ! .  

Spl it ( M , [ H I T J , [ H I Ul ] , U2 ) i f  
H > =  M ,  spl it ( M , T , Ul , U2 ) . 

' s p l it ( M ,  [ H I T J , U l , [ H I U2 ) ) i f  
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sp l it ( M 1 T 1 U1 1 U2 ) . 
�p l it (_ ,  [ )  1 [ ) ;  [ ) ) • 

append ( [ ]  , L 1 L ) . 
append ( [ H I T J 1 L2 , [ H I L3 ] ) : · ·append ( T 1 L2 1 L3 ) . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * * * * * * * * * * 
* : * , i ' 
* The pos i t  predicates are used t o  determine the , * 
* p ercentage1 price change for each fu z zy f actor inp�t * 
* g iven by the user . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * /  

p o s i t 1 ( Y 1 1 [ R1 1 _ ] 1 1 )  : ­
Y 1  = Rl . 

pos it 1 ( Y 1 , [ _ 1 R2 I _ J 1 2 ) : ­
Y 1  = R2 . 

p o s i t l ( Y 1 1 [ _ 1 _ 1 R3 I _ J 1 3 )  : ­
Y 1  = R3 . 

pos it1 ( Y 1 1 [ _ 1 _ 1 _ , R4 I _ J 1 5 ) : ­
Y l  = R4 . 

pos it 1 ( Y 1 1 [ _ 1 _ 1 _ 1 _ 1 R5 I _ J 1 5 ) : -
Y 1  = R5 . 1 /1 

. p o s it 1 ( Y 1 , [ _ , _ 1 _ 1 _ 1 _ , R6 I _ J , 6 ) : -
' Y 1  = R6 . 

p o s i t 1 ( Y 1 , [ _ 1 _ , _ , _ , � , _ , R7 I _ J 1 7 ) : ­
Y 1 = R7 . 

' posit1 ( Y 1 1 [ _ �_ 1 _ 1 _ 1 _ 1 _ 1 _ 1 RB I _ J 1 8 ) : ­. Y 1 = RB . 
. . pos itl ( Y 1 1 [ _ ,

.
_ 1 _ , _ 1 _ 1 _ 1 _ 1 _ , R9 I _ J  1 9 ) : ­

Y 1  = R9 . 
· · pos it1 ( Y 1 1 [ _ , _ 1 _ 1 _ 1 _ 1 _ , _ 1 _ 1 _ 1 R1 0 I _ J , 1 0 ) 

·
: ­

Y 1  = R 1 0 . 
pos it 1 ( Y 1 1 [ _ 1 _ 1 _ 1 _ , _ 1 _ , _ 1 _ 1 _ 1 _ 1 R1 1 I _ J 1 1 1 )  : ­

Y 1  = R 1 1 . 
pos it 1 ( Y 1 1 [ _ , _ 1 _ 1 _ 1 _ 1 _ , _ , _ , _ 1 _ 1 _ 1 R1 2 I _ J 1 1 2 ) : ­

i Y 1  = R1 2 .  
pps it 1 ( Y 1 , [ _ , _ , _ , _ 1 _ , _ , _ , _ , _ , _ , _ , _ , R 1 3 I _ J , 13 ) : -
. Y 1 = R1 3 . · 

p�s it 1 ( Y 1 , [ _ , _ , _ 1 _ , _ , _ , _ , _ , _ , _ , _ , _ 1 _ , R 1 4 I _ J , 1 4 ) : -
Y 1  = R1 4 . , 

p�s it 1 ( Y 1 , [ _ , _ , _ , _ , _ , _ , _ , _ , _ , _ , _ 1 _ 1 _ 1 _ 1 R1 5 ] 1 1 5 ) : -
; Y 1 = R1 5 . . 
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/ * * * * * * * * * * * * * k * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * *  
* * 
* The min  predicate is used to determi�e the min imum, 

* 
* of three given numbers . * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

min ( Cf , Rm , Pr )  ' if  
. Pr >=Rm , Cf = Rm . 

m in ( Cf , , Pr )  if  
Pr =Cf . 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * 
* 
* 

Th i s  i s  the end of " pma in . pro" . * 
* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /  
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