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AN EXPERT SYSTEM SHELL WITH THE CONCEPTS CLASSIFICATION

AND LEARNING CAPABILITIES

Wisit Hirunkitti
Dr. Suphamit. Chittayasotorn Advisor

Dr. Pairach Thajchayapong Advisor

1988

Abstract

At present, expert. systems gain popularity in real-world
applications. Their abilities to give advices and explain reasons
behind the advices are recognized and widly accepted of the biggest‘
problems in expert systems development is the "Feigenbaum bottleneck"
which is the problem of how to transfer the knowledge from human
experts to the systems [11. So far, inductive learning is found to be
one of the most effective solutions to the problem.

| This project developes LEX -SHELL: a LISP-based prototype’
expert. system shell that can induce rules which are represented by -
decision trees from examples in training sets which are given by
experts. It can generate rules in subset of natural language form for
general expert system shells and in PROLOG clauses form to transfer to
NIAM-based 5GIS, another PROLOG-based expert system shell that is also
developed by this project. It is important to show that induced rules
from LEX-SHELL can be transferr to NIAM-based 5GIS.

All about LEX-SHELL, 1ID3 improvement.,, NIAM-based 5GIS

developement and knowledge transfer are described in this thesis.
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EX No. ATTRIBUTES CLASS
out Yook temperature humidity windy
1 sunny hot high false N
2 sunny hot high tr\{a N
3 overcast hot “high false 4
4 rein mild high false P
5 rain cool normal false P
6 rain cool norma 1 true N
7 overcast ccol normel true P
8 sunny mild high false N
9 sunny cool normal false P
10 rain mild norae 1 false P
11 sunny mild normal true p
12 overcast mild high true P
13 overcast hot normal false P
14 rain mild high true N
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4 2_layer |yellow | black |middle| black sharp| asian
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HUMAN | EYE_LAYER | SKIN | HAIR |HEIGHT|EYE_COLOR | NOSE | CLASS

2 1_layer | white | black | short black | sharp| asian

12 2_layer | black | black { short black flat jafrican
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MYLuAT (The Meta Principle)) it

- [ ) -t
" ABULTUBIRA NN ﬂqﬂngnuﬂﬂlﬂuﬁquﬂq1aul"ﬁ1ﬁ TIHO MU VDIFIUAVIAU L NAN

BN IRONAILA TRY LIMIABY L TUY aaRa "

@ 0 - .3 - ]
TRUBIRBAITILDDNUUUABUL TUT IR NN tuﬂwﬂauLﬁUﬁvaanuuﬂawwwzgnﬂﬁ

L - ) . 1 7
AUN T TINADUL TUYIRANNHILUVUAINY A

._38_



wmil 5
ANTnasaE T L thanan

(CIP : Conceptual Information Processor)

INMANEIFTEUUE T AR WA e Lind uiiminRenedn
T IEsuARome o ivesiurmnanaan saundi  fhusode - wisiFun
g0 1 Flef (CIP) midssedenauietA L 2 Tumoudail

1. Uty mlayalaum il (Insert)uis N3y (Delete) Uizwan
finpen1BeT teRavsen Fumwitwiufie Lilem uMwiudens fmnaugnae smumeu LTy
TR

2. gadloumoanfnfugledvituisw Seitewsy ithuiimeusinnit 1o
a0 InIfuRe U aaien Wi (g uteyateenaariainng
MM 7L iU TAuA TN I e (Deduct Lon)

MMM 2 tumeuienina 1eR Seudvuiaiowit #anveetom
(Data Filter) Waz@29%i12817 (Information Supplier) AWEIAU

Wi BiUBNEI AN AR TUBIRETRAN L TR 1Y uRRzYBNET
feduuIzneuveeReuL TUYTIRETIAN Feuszneusuaiangey 4 afein e 5.1

CONCEPTUAL SCHEMA

CONSTRAINT
SCIHEMA

DERTVATION
SCHEMA

INFERENCE

TYPE
SCHEMA

SCHRMA

"

JUA 6.1 LARNAIMUIZNBUYBABUL YUY IRATRAI

- dfaainvilin (Type Schema) ﬁqunnﬁquﬁauaQU1zwaﬁﬁawqazgntﬁuiusgu
Teya Tailuuaszivendaeliave oudniiven e 1iu Wndmn vuSm medn
WiAYES LA LUATATE19DY 1ouAd 1T Telindme Toiaity Semeitn  wazuTIRAUMUAN
(Roles) A EALAANTABLOUARKTE 1A 1A 10U (Fen daif Yol adion
viitey (Subtyne) MiBnaneiinyivy 1ou vindmnuethlindese silaeudmiindmn

~ ABUALAMNANMIT (Constraint Schema) 1TuAIUARABYR LAINTETR
fisinen  Mdfveliefilodiugted  Jeoraszifhuwuausin  (static) wlowvuianndia
(Dynamic) ABUA LAUMLUUAUARAI RN INTTIATIMNT  annzveegmloys  Aleeeity
L TIRRIM YN Thayaee At s ufuyaradinnnitrisatiowtg R s e vt |
Hifudroenevesginiudneuaimi (Uniquenss Constraint) wenaMidNARABYA LA
wuuRuARABMaTLYia Ao AouALAMAI AT (Necessity Constraint) maua LA



ﬁ’l’ma (Frequency Constraint) ADUN LAUN LU (Equality Constraint) qsud
LAUNFULTA (Subset Constraint) UAYABLALAUAENLIU (Exclusion Constraint)

dwTuneua LaTuuUImORA RSN T LU MR NEM U1 9R BN QYR M
veys  Waetvitu wiinindmersavameiloutd 9 Wmwie  uazamz o
10 WBnL @M uﬁ11qt?uuazﬁbqﬁﬁuﬁnLiuun1xiﬁﬂa1nn11aqwzLﬂuuﬂ 9 MWithuny
aang Liewd 11

AouA LA TuN1A T L ungiin AL iR agAes (Validation Rules)
LﬁaqawnﬁﬂaxﬁuuaudwniﬁuauyLaﬁh (Population) uaqawuﬁbgaﬁtﬂuUaUgLaﬂhﬁgn
Aaa L UauyiatiiignAesmnefein ey atiiinonsdosiuneu v iaafien az
LA AU LAUNBIAATINY  ESUANEEIN TOLARYILABL L TUT RSN A LAY UARRUNY
ABUALAY TR LRMNEDH19ENABUA LAWNY Y LVABUMYAY (Transition Constraints) 9
dniuspwaaciaeiin iy fe TaniizTee M9 Wi NIW

- 1p31atuafein  (Derivation Schema) 1thsintWngnIFWIEMINAGA
AT L BT AIHN T0ARTN A B E 19T LD I U TRYRBB NS TABN IR NG
LNBANNEN AIBENN LU AIHA T IMAZAN LRALEAALAMNAIR AN INTYIINAGRAERT
futioyail Lmnzan Wi LA 0L fusisnetsitiagutes uwafitim Teisums
BigLmea NEdn LBy TEwdnLbive snier Y w1 A g uteya 1
WA

Apdietin BRI LReIM TR ergvewint Fiulure wAarmuazeny
1Rdtveaint Jouusiee 0103 fuegladr gl L fReARNitM IR LA e
wailtaem e moaAimmnafeing 1 i1 3o Tmesaoanandas wiayng adiion
quaqﬁntﬁuuuéazﬂutﬁuﬂh iRoufutisnd L dens fuusssuuee wint Snuazeny
von L FeMUARL AU dduawqLaﬁuﬁht11a1u11nn1u1151ﬂuﬂihanw1ﬁwu3mw14ﬂ&ﬂﬁ1aﬂ§
LREMIAN 1A TAENIMAA YINTENB NI I B MYewin L Fu uAnTiRm TIRnIEH
Ao oy use e fudouvewing S s iiasananan soniaanm wivin
muua\amzwaﬁﬁaghugww "student x is in class y " vite LT it dueiines
urtwgnedaiiming 3ee S L e TesenaIiaY wazaie 1 wnitdawE e
Aot fuayusin Souusare udsaiiaz L futi irvewusasaurante uiltagtirtd e
vrRza N Iemeguaaint Snwsareuisnm vau hidsqtutufut inveainn dmfuns
uﬁﬂu%ﬂﬁﬂh3ﬁhqnﬂﬁuﬁh SIS IR TAN AN TB eI IY TR T3RN Y L uilin
WiRp iU e gresini e e 1 Tty

- Pulveiiutaiain  (Inference Schema)  ifhidiaifungmenyin
(Logical Rules) Team13015unvomnuinansilifogugmisyataueie ngnnyd
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e (Inference Rules) axifudiiimmmaruEnnIinun I W meuiugaTia
i leeRinewtudnis Liudfi i dendh #uwneiais (Information
Amplifier) uanqwndhanw13ﬁaﬁhﬁha1u11nﬁduiiaiﬁbqﬁu1ﬂﬂﬁ§ﬁﬁﬁwnw1uﬁﬁvazi1ﬁ
‘binearaBIuRBLLTNIRARIN  Anungm TitaduRfe il suminive e efdugn
urAINI0vTeya L Tui veWRAINAIBEINIY 1 e SRR TUTe TN
g mtoyn feuduszrenitafatounniieewiterkriety Tuadetou yizwabid
s hetviRifiss 2 soims Ao aleiuiiie dmuaz embatimysenaiamzneuaae
AL TueiuptinagnAe s IminTIENIe FahtuTtiunnauTsraite 1 WFMvaYR TGN
uniABU L 1A ¥ teiam 3ivu s Tueit duni suennan (Declarative
Sentences) TAuAIwWMIRTIAM IUMMmNIMRE UL ToR  Madin L Reem LAY
Ui leau sz Lm

person X is married to person Y

° 2 13 ) [ € o 1 -" L]
”l':‘lus'muaga L] nm’mg‘tu LIDIMIIUANI UL TIFTHIIOIINADUA L AUNF DN IADIUUL U
WA

Cl  Each person can be married to at most one person
C2  Human marriage is irreflexive i.e.

no person may mary himself/herseft

a1 LUV L v TeRvB L TIAIN

add: person Alan is married to person Betty —————— > acepted
i%aﬁﬁa11m1ﬂ1x1uaﬁiuiwLﬁuU1:Lnnuaqu1:1vﬂﬁgnﬁbqua:ﬂﬁn1znun1ztﬁauﬁuﬁau
IR ﬁhﬁhﬂuﬁazLﬁNU1:TUﬁdtﬁﬁiu1u5ﬁuﬁbgauadeﬁbﬂ11u“accepted" e
M nad@imludaudeiueutLturaaen  Slefarbivendu fuRloinene il

add: cat Doris is married to cat Felix ——> rejected.wrong type
add: person Alan is married to person Sue ——) rejected. Cl violated
add: person Alan is married to parson Alan -—-> rejected. C2
violated
saghiBuIaT LT oA
add: person Betty is married to person Colin

LMY ﬁquﬂﬁﬁizUUthﬁUU7:IUﬁ "Person is married to person Betty" LT
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UA7 UALN'BIEUYETUA "Person Betty is married to person Alan" NaN  UAUYE
Tomitdaugaiu C1 fuenin UARA X uAsuiuuee Y MADEI W 1 AULYIBL uRBENa
19 TleffidaTuure el 3wantAnedoRnnaneil AIAENTLRNNG LU WAL HB L TusiH
sl
11 Human marriage is symmetric
i.e. given any people X and Y
if X is married to Y then Y is married to X
tﬁaisﬁﬁnnnw:%ﬁaiﬂagﬂu1zuu sxfininieRil AT inIna diade
(Inference engine) %qtﬂuﬁdﬁﬁaiungtﬁdwﬁ 1un1ﬁtﬁuﬁtﬂ?aqinxnaiﬁaﬁuazgnﬁq
WL T TRTRALIINgM IUMUAIRMUMINATIN (Logical Rules of Universal
Instantiation (UI)) uazhanw1ﬁuﬁuﬂ1wua3quaqt?ﬂuﬂu (Rules of Affirming
the Antecedent (AA)) Tumiunluusazada
e (UI) SRR L YN IO TUTUAIBH 1N B W TN I (Genere |
Proposition) 1A NN X AI8 Alan uae Y #2y Betty ung 11 thileg
FeLaete
if Alan is married to Betty then Betty is married to Alan
dniete (AA) st pudnmthwea e et Sauty vt a1 deutugniu
fuinthaieimautsnst P ussq ﬁagiu;ﬂ

if P then Q
01 P 39
L11a1u11nagu1ﬁ51 Q I
sabruisnthieApelffuin "Betty is married to Alan" 191BARNNI0
AUWLIIE MUITuA "Alan is married to Betty" iingluguvoys TauAy
ARuALMY  CL iauﬁMU1:10aﬁa§u1@fﬁw%ﬁ\ﬁawn11nﬂdU1xTUﬂ "Betty Is marrled
to Colin" LUW1A
uanwﬁnngnw13ﬁaﬁuﬂxaﬁuﬁ1nﬁduiiaﬁ1u§numzuaqﬁdnﬁaqﬁbgauﬁd TR P T)
MM YA ILIBTIE1 A INdMe T FleRtEIEMIewmruTemn dmdulu
feensimaiinhadimewnudeurdvimfunyowiujuiuy  (Backward Chaining
with Pattern Matching) %ﬂtﬂuﬁhuwznw7ﬁwqwu§u§1uuaﬁn1311U1aan (PROLOG)
twuimma it "Betty is married to Alan" FloRarmumingiiii e
ﬂuﬁauﬁbﬂgﬂuaqna F9INNGAIN * Y is married to X if X is married to Y
nnmyvewiv it mnetudmtesqu Y fssdianit Betty uaz X finddinnidu Alan



nngithmnustheielnfsa e "Alan Is married to Bettty" Ainuidowty
whinde  Feffuthudnls vinantudoedn dmnodieie ansedawimen Hekiiedy
§MUITNBY 4 F MWLM IMUANABM TUITUE TN  AREATUNTIIRTITNINMTIA
ABUANNUBRAY ¥y L NlB1AeE LUTtuRBUL TUYIaTan IaRY “KlaiRng" Lilev
nhuimanguaztoteiuiun dwiugted  dwdlefbuuvuiaie  gimng
ilasnniuae hafsszauam v uloyave st futunung senaniidaithidaan
VARCRRLITA TRt

dmiuiniteted (5GIS) sraygnAtimuntugmleyata 2 35Remyiiu
U TuAl T WNE MTBER B NIIRUUTE TuARANYINE MUBYA TeR1Ravindiee 1 T
e 1Juma nwLrAtiuuudneg (Simple Transaction) wiam iiacwaie U
twawlonie 138 nImLTRtuuuRBN L MUA (Compound Transaction) T9ATATIN
"begin" uay "end” tNuBNIALTMuaTIRNEAvEMIMITATy Funidfaife  Tafech
eI (Collective effect) UBNMTMLYATY WmilaLianeniiavs mtiane
Sob Flefinnats imr i vathiuuuABN LS Woe AR WA SonuRRTE N L Ty L vadu
UUUET uae Buea iy

Fpinetty ndu Y o1eR MIuABnATai e Ran M L vatuse
‘Wiltau L SRz udeyadivitvey

User CIP
add: Alan 1s married to Betty accepted
begin

add: Colin is married to Betty
delete: Alan is married to Betty
end accepted
dAttan et 2 nywivati nawetisanihuouisuasnueety
i fuuman s TleRuaniied ML oAITNUIE I INTE IRBN LNNAN TILL TATY
(add: Colin s married to Betty) iudnutafupsusimy C1 S InfIBtneneun uA
FIRIENBENNTIN T MLTATLARy BiTRLSeuReU L TUTIRATRAIN 1H#BARL TN
SuRea LNANTILLTATLTB TR IARENTY TOTRIINT)  TlaRReianngHANTEIUTM
TB MmN LTATRRBUIRTIIM TR gty FtefizueuiunTuivatu
9 fiRe LilBHANILHUT NN HEAAADITUABY L TUTIRATIR
LT o NEaN SUABN LAY IM L BATULA RN MU URE EUYe I T

o % - 1o Lo @ o o e v [ & . 2 .
L'Uﬂ‘uu‘lumuvaga LD THARVAUBSINUADU L TUYIRFNHHN FINAWBVYIIUNTIAIRUNIINIENN
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nymsatudeuddunniifagan drunde
delete: Alan is married to Betty
add: Colin is married to Betty
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o
um 6

uuuﬁwaBQﬁbgaiuuau (The NIAM Conceptual Schema Model)

HUUABITBYA e lﬁuuuuéwaaqﬁbgaﬁﬁﬁﬁﬁTau AT 3 LN
‘WMimd  (Professor G.M. Nijssen) uywaield A.f. 1977 A11 "NIAM"
HONIRIN Nijssen Information Analysis Methodology

iuuau1ﬁuuuuﬁwaaqﬁbgauuunﬁQﬁw1qU1zaw8n1wtﬁuadwquwn TRuiiwIE M
RINUUIRIWAMINNEIDTIEIAUIUTAINEIINEN  (Deep Structure Natural
Language Concepts) %qﬁgﬂﬂ1xiua13u Qo DIW, NI i TR
a s TImALUIsgn It IO LiiBy e 48R (UoD : Universe of
Discourse) AUABULTUTIAENNNT (Conceptual Sehcma)

ﬂuuauﬁdauu1xnau§h51uﬁhﬁaiuﬂ

1. wialeudR (Entity Type)

5. wimlalta (Label Type)

3. tliAeI9ds (Reference Type)

4. WAAINITY (Fact Type)

5. ﬂauﬂtﬂuﬁ (Constraint)

AuUTEneUE I 5 LIRS IARIRIBENSUTUR 6.1 LuAR L Tumituwug U
figpueeTzuUIMiBye LT Vs ineds erIindmn Jvdm medn e de
riihuioudn dmfuriaouimie ttho Sniitsndnitheinedreieudd  (Entity
Instance) 19w M dnTAeNIAeY ot thmninvesriinlewdn  anedn
wig 0w v hain@nundedn i Tusenintuiie leudmindmn e

LN LoURR BN 10T e e aetd  usszendudaiieie  1auda
(Label) umyzutieiniu Feiatvaiduingne (Instances) uwiiniaita(Label
Type) Snimile  dwhuiaidadafudeittyfeionin 1tu  vilaieudinAmnenasegn

sy ipriteiiaiaiia o wie Wauszawa einvReEIwi

. o Aol ¢ g - A*& - k -~ + o, a
A IMTUAMINFURIT YL UUA LOURARNUBLA LA LUA L Tun) Uuﬁéﬁﬂﬂﬂ



(Reference Type) ﬁnuaﬁqﬂuguﬁ 6.1 'STUDENT' uay 'DEGREE' i{uvilaioudd du
- 3
'STUDENT-NUMBER' &y 'DEGREE-CODE' 1futiintatua ' IDENTIFICATION' uay
) & - v - - L3 - a - -
'NAME' i1 thioliae 9D 399187904 T0va A LBUAR  'STUDENT' uat 'DEGREE'

ANAIRY

1,n

upphus&or ls hnundud- - DEGUEE
STUDENT by
ENROLMENT

1,1
with with
HAMLE
1 IDENTIFICATION
I IL ut
1.1 "I”

. )| < ; A b
¢ STUDENT | # DEGREE |
\ -NUMBER \_ -GODE

> - -

a ] . - - - X o &
ABVYINNY ) UﬂQﬁuﬁéﬁQﬂQ URCTURA LA L UANRANU
X -
LRLUR 8D 102297816, 437863252 (STUDENT-NUMBER )
U8y BSc, BE, MBBS, (DEGREE-CODE)
§14B9 STUDENT iy STUDENT-NUMBER 102297816
uay DEGREE M/ DEGREE-CODE BE
o . o ¢ ‘. - ade - ade y - » -
5Qﬂnﬁﬂuﬁﬂﬁﬁuﬁhwu615%11QuuﬂLauﬁﬂnUﬁuﬁLauﬁﬂﬂﬂ1unulﬁﬂn11 " UUA
- -‘ - -‘ (-2 -l Y A‘:‘b
ATIRIN " (Fact Type) 13awlwianithlyen1imiianAe N MREUYLTEA L BUARDUAR
@ 5 - - ad¥ ¥ o} [ @ P - . [ 3 -
BURUNTUADU L TUTIRANNNN BUR L BURRUUITADI L NUIUVBINUTURAARITINIIND U INUDUVUNBY
4 2 - o o a (2] - aa
AN L NUIVDIVBITUA L DUARUTUAANITIUNML AR BUNUIY (Role) wI¥D N8N (Verb)

-+ - - - a ale & o L - -5 - :
BUNMUTUARI NI TUARIINITINNUNUIN LU L RBIVD I LNBNBUNUNUAY 13BN AN

~
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o] . :
ietequvy fwwnd  (Unary)  na@ildgesumum  Seni ennaieadequuutivnd
- oq #f oy v A a a - . -
(Binary) . ﬂTﬂﬂ1ﬂﬂNUﬂUWﬂﬁﬂﬂUUﬂU1ﬂlﬂ1lﬂﬂlﬁhﬂﬂuﬁuﬂﬁ11NﬂTﬂlTUﬂ?W AIWLNYD
A2 & o4 a - - @ ™ a ad o
VoMUY LBUUNY (N-ary) ﬂﬂ 9 UMUNNTANTURAAIINITIAL L NHAUBINUTURA LDUAR L KEN
- - . & - L a ) - ' ' -
TUR LAY LNIUY }Uﬂ 6.1 UAANIHLIUIIBURAI NI ENROLMENT lﬂuﬁuﬁﬁiﬁu
- - a . - \g - o -I hd - ] - q"
ALV d1“1uuﬂﬂxﬁuﬂﬂﬁiﬂiﬂﬁxtﬂuﬁ11NlﬂU?UBQ“UU‘UﬂWT?&HQWQUuﬁlﬂuﬂﬁ
« a k
NUTUR LA LU
. & ad - X - * @ -~ - - - - % -
FIUIUATIN L OUARKID L A LUR L NBIVBINUUNUINFUNTUTUARITHI IR IBTUAD 19D
. [33 (4 ol e « & o
AN INAIBUA AR TLADUT L AUNAIINONU IINJUHUNUINDUUY ﬁ?WNnWU1WDﬂUBQUﬂUWWﬂﬂﬂ
ANOUNIAR I LATIIMIMDIIMTIA  (Natural Number) n 18 9 (68 n > = 0)
o a - e & 4o d L 'Y ' - ad a - &
ARV LATVAITIN qzuaaen&awunuﬁ1qwuaunqﬁnunazw1801qva«uuﬂLaunﬂ nivUALa LUl
o g a & . o~ o o © & oo [ ad =
L NYIVOINUVUNUINUU ﬂﬂﬂ1Uﬁ1lﬂﬂﬂ?ﬂﬂﬂiﬂtﬂﬂnﬂﬂﬂﬁuQuﬂTQﬂﬂQDUﬂQﬂﬂﬂﬂﬁﬁlﬂuﬂﬂﬂ18
- & e @ & ) ' - o . ol e -4 (3 '
TUA L9 LUR LOBIUDINUUNUIMLAONYIRA  LYULAUINU ANAIHONNNMVEAIZABINNINNY O
. 4 “ -~ 4 LY QU J &
te uaminipeiigrenaarid 0 wie 1 e agui 6.1 AdaY 2 W NPy ",
4 ot ] a -
1 2173 tﬁuﬁdwuan11nnuaqunu1nuaqumazuunﬂawuaﬁq
a ' - ¥ o,
ANAYY (Fact) URALAIINIIN uﬂﬁQWGLﬁu winiaR (Predicate) U
LBUAR TN JULUUANU
{fact> : <predicate) (<entity-type 1, label-type 1, label 1>
[[,<entity-type 2, label-type 2, label 2>]...])
Q & - . -y ] -y
ANUUATINATIAIN 9 TURDBULTUTIAANNND 1u3Um 6.1 LUUﬂﬂWNEUuUUﬂBQ
aruaivtaiu
' The student with student-nember 102297816 applies—for
the degree with degree-code BSc '
- - 1 2 P 1 %
Hid awawztuuunaunauialﬂu
' The degree with degree—code BSc is-intended-by the
student with student-number 102297816 '
HIR LARWATNR I MBI ‘applies=for' uat 'is~inteded-by'

- - - -
FarfuterewunumTetiARI AN | ENROLMENT'
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NTRAMMULEN F M TOUARSANLANAIITEN TN LaudfinuLa L faida g ata
L] - -, Q J L L7 -
LUANHAY Loy ﬂ1u11nunuﬁdwuqtq%uanvmxnﬂn5tﬁuqnunﬁvwatiunﬂﬁ (Natural

Language) ‘A iauafuniAtan sndnmuaesananinngatanannaHeseut uraaiv

& N
VBRI TTHEIRAR

. [y - o o L -
ANTUTUA LDUARALUULUAA (Nested Entity Types) @3IHIIINNNTHDIVUA
- - A* - - 4 a - A" 4 ' '
ﬂ?ﬂuﬂiqtﬂuﬁuﬂlﬂuﬂﬂﬂﬂﬁﬁuﬂﬂiﬂuﬂ1qau ﬂ?ﬂ}Uﬂ 6.2 vunlouRRLUULUAR 'SUPPLY
- - -4 - «"m -5 @ 1 - «J’
AR/ INNTTNBITURAAITHITIUVU L NDUIY lﬂuﬁuﬂ L DUAAR INUN AV INTDIYUA L DUARYTE
-"ﬂ'ﬂ Q 1] - - * . Q. ’ -‘ - ” A"
LAMUNAD ADUINUDNTUARIINATNU LYW AIDEIIKUNTENYUR LEBUAR 'SUPPLY' Lﬂ}l 3
"The supply from John for projoct J! conslists of part P2 '
ap 3 - * ) [ - 0 ® LI
fawiheriaiving W ouandevsentumme e 1AuAgAYuLen
- L . " -y
(Retrieve) ﬂ'nnmquauma'm‘w“lﬁ" fd
'The part P2 is supplied by the supplier John °’

uaz

"The part P2 is sent to the project g T

recelving: -
fiom

. e Jdly S 7 supplloq
' lu

,/_ \
- & v e 2 PART ) ‘2
e
—~ —’/
, T\”, O
| § . CE ‘ 3
S '8 |
[ - Pl Ay
0w 'R, " " g .C
c %8 A g ' B
0 Y o 1] ]
i oy b
bR g i PR
¢, 0 8.8 oo !
2. on LA
5. 1w “i‘ '
w @ ! (-]
. . "
, .
[ - - t
|
-l
————

hul m[ s |

luculvhu, rosger
N

SUIPLIER ;];unvuu
(1)) in
suriLy - S

Ve N
‘. - e -
Invi::::ud l from / 3 = \

INOORY

, for [nxcuivhuu
' -1
SuppLY*
SurrLye

Qry
{NUMBER)
.. g

U 6.2



ﬁnumxtﬁuadqudquaqiuuau A SN IDLFANNY L MEMTRTIAUAINT WiBABUS LauY
a ala 1 a ) L3 o e g
AN TINHDHIUABU L TUB AT NN ﬁQﬂauﬂlﬁuﬂuﬂtlﬂuﬂdﬂﬁﬂuﬁﬁiﬁugﬂﬁaﬁ
. * a L ol o X
(Consistency) UBNFMUBYR FWINDTUIABUN LAUNAINY AL UL ARU
L a . - - . - - -
- nﬁﬁia01quaquuaﬂiwuﬂ1qgnnﬁnuﬁ1ﬂuﬁhtﬁﬁwuaUWQﬂvaqunUquuuuﬂ
a & 4 N 3: a L4 . [ o
ANIIIUU TﬁuwnquuaqunUquutﬁuintﬂuaiﬂtaau (Identifier) &IWIUTUAAIN
- & - adal o o ' - & - &
ﬂ1quuwuﬂunqqﬁtaunﬂﬁtn81ﬁbqnunquunuwnﬁhﬁﬁﬂuﬂﬁh tnﬁuuiﬁhgﬁtﬂUQtwﬁuu AU
¢ & o . - 4 -

LAUNUIZ LOMULL 8NN gumuaﬂauamun (Uniqueness Constraint) %39 ‘B iAUAIA
d ¢ [% [% oloa & [%
LppyRRUALAUN (Identifier Constraint) WARAYIATAYLAUAINMNANAINNGDNYINUUN

. ol o 2 t - & o - -~ e ° * - A
quunuwnnnnﬁvu15h1qxn01uu dMTUTUARIINATIAAT N N UNUIMLAY ITABNNEUN L UA
¢ e o o o * a ' g a a Ca
ADAY LAUNBEINUBY 1 BUNLOUIVBNNUUNUINBEINUBY N-1 UNUW AIUUALUAABUN LAUNY
BN FATUN I UARI M T AUS TN vaqswuﬁbgauuuilaﬂhuaa (Relational
- - a - -:’
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Tau<doma in>Aufday 1 i vavpendufiaf L iU tdveeuta <type> @)
WIUABLLTUTIRETEIE W TOU TSN AEHA LEUARIA
type_domain(entity, [adherent,nr_session,religion,speaker,text,
main_teacher]).

el LML dEmusenAta sl aatutun Tt matiia wwudin

wadim  (Enumerate Type) UNWIWNEANR (PASCAL)
2 . HIUULYUABU LTUTIAATIAN UTTnaUAIY
2.1 #IMUTENATALMIBYEA 13 L Uaaiiquuuusiail

fact_domain(<domain name>,<domain type>,<{domain>).

<domain name> iThuEndiventoveaintam

{domain type> tﬂud1uﬁuanﬂ1ztnnvaq1ﬂtuu %Qﬁ 3 USLLm D

1. YziampzAaN (atom) i <domain> 1thdiniueTimite

2. UTLIMIATINOULAN (Integer) i@ <domain> tiuglvvauiuaves
FUAVEIIU LAY SRR <oinimum integer> AN <maximum integerd %m‘i;m
wuut i [<minimum intrger),<maximum integer>]

3. UTLLMIATIMAUNIN (real) sulidam <domaind> (UuiINUOU L UATBIAD
LTINS FIRAGUA  <minimum reald WY <maximum real> %qﬂ3UuUULﬁu
[minimun real,<maximum real>]

4. vrzimang Ao uTe Lmes LI IMATIIUOA UB 9 TR LA MR NRU LI N 30
Amuaae ébanuuunautnuuvaa1u11néﬁ1ﬂu§aﬂ1xtnnazi1ﬁiﬁ Fanp i thudavevey
ABNR 7 WTUIEen -

A0ENN LU ﬁﬁﬂuﬁiwéﬁuduﬂ§huaqnw1yﬂuaqaunﬁaauﬂﬁﬂuﬁaﬁaﬁwauwLﬁﬂd
T R 1 ateluauie 10 ate sak 1ﬁLuuuaqéﬁuduﬁ§§ﬂunw1yﬂ§qﬂﬁﬁ€
#8917 's_o_session_num' AN IOUTE ARSI

fact_domain(s_o_session_num, integer,[0,10]).
fniu fact_domain(mteacher—name,atom,[christ,mohmuned,krishna,gautama,\

confucius}).
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/ll.l‘ll.lll‘lllDlO..llllllll.‘“.ll‘l'ltltl‘t.llllllllt'.l‘l‘/
/* Represent CS of a conference on the five major religions */
/l.l‘ll‘llll'.lt‘lt‘ll.lll.‘l‘t'll"tt“.l‘l'lt'.".l.‘.l'l‘t./
/l.t.lt‘l'tlt.'t'll.tl.tlt.lllt/

/* part 1 declare type domain */

/‘l‘l"ll‘..““l‘.l.lllll"."/

/* s_o = set_of , ¢ =code , r = range , nr = number */

type_domain(domain, [s_o_text_name,s_o_session_num,s_o_religion_c,
nillion_r,mteacher_name,person_name,s_o_text_c,
s_o_religion name]).

type_domain(label, [text_name,session num,religion_c,million,
person_name,text_c ,mteacher_name,religion_name]).

type_domain(entity, [adherent,nr_session,religion,speaker,text,
main_teacher]).

type_domain(role,[rl,r2,r3,r4,r5,r6,r7,r8,r9,r10,r11,r12,r13,ri4,r15}).

type_domain(facttype, {f1,f2,f3,£4,5]).

type_domain(reftype,[rfl,rf2]).

type_donain(mand, [t1,t2,t3,t4,t5,t6,t7,t8,t9,t10]).

type_domain(key, [k1,k2,k3,k4 ,k6,k6,k7 k8 ,k9,k10]).

P PP RNy

/* part 2 conceptual schema representation ' ¢/

/* part 2.1 declare the domains of the entitys that involve facte */

~

fact_domain(s_o_text_name,atom, [new_testament,old_testament,koran,
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bhagavad_gita,upanishads,sutras,analects]).
fact_domain(s_o_session_num, integer,[1,10]).
fact_domain(s_o_religion_name,atom, |[buddhism,christianity,

confucianism,hinduism, islam}]).
fact_domain(s_o_religion_c,atom, [bud,chr,con,hin,isl]).
fact_domain(million_r, integer, [300,2000]).
fact_domain(person_name.atom,[chandra.davis,green,5ones.smith]).
fact_domain(mteacher_name,atom, [christ,mohammed,krishna,gautama,

confucius]).

fact_domain(s_o_text_c,atom, [a,bg,k,nt,ot,s,u]).

/* part 2.2 Meta—Conceptual Schema population */
label_domain(text_name,s_o_text_name).
label_domain(session_num,s_o_session_num) .
label_domain(religion_c,s_o_religion_c).
label_domain(million,million_r).
label_domain(person_name,person_name) .
label_domain(text_c,s_o_text_c).
label_domain(mteacher_name,mteacher_name).

label_domain(religion_name,s o_religion_name) .

entity_label(adherent,million).

entity label(nr_session,session_num).
entity_label(religion,religion_c).
entity_label(speaker,person_name) .
entity label(main_teacher ,mteacher_name).

entity label(text,text_¢).
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role_entity(rl,adherent).
role_entity(r2,religion).
role_entity(r4,religion).
role_entity(r6,religion).
role_entity(rl0,religion).
role_entity(rl2,religion).
role_entity(r5,nr_session).
role_entity(r7,speaker).
role_entity(r9,speaker).
role_entity(r3,main_teacher).
role_entity(rll, text).
role_entity(rlq, text),

role_entity(r8,text).

role_label(r13,religion_name).

role_label(ri15, text_name) .

facttype_role(fl,r1).
racttype_role(fl.rz).
facttype_role(f2,r3).
facttype_role(f2,r4).
facttype_role(f3,r5).

facttype_role(f3,r6).

facttype_role(f3,r7).
facttype_role(f4,r10).

facttype_role(f4,rl11).



facttype_role(f5,r8).

facttype_role(f5,r9).

reftype_erole_lrole(rfl,ri2,r13).

reftype_erole_lrole(rf2,r14,ri15).

tconstr_role(tl,r2).
tconstr_role(t2,r4).
tconstr_role(t3,rl10).
tconstr_role(t4,r12).
tconstr_role(t5,r3).
tconstr_role(t6,r7).
tconstr_role(t7,rl1l).
tconstr_role(t8,r14).
tconstr_role(t9,r13).

tconstr_role(t10,r15).

key_role(kl,r2).
key_role(k2,r3).
key_role(k3,r4).
key_role(k4,r6).
key_role(k4,r7),
key_role(k5,r8).
key_role(k5,r9).
key_role(k6,rll).
key_role(k7,rl12).

key_role(ks8,r13).



key_role(k9,r14).
key_role(kl0,r15).

/llltlttl(ltl!lllllllllltl‘lt“l‘lltlt‘.l'.itt/

/* part 3 assign query answer for facttype °*/

/‘lll‘..l"."l.l‘..l"‘....l“l...'lll..l“"l/

fact_nl(rfl,{'is the code of the religion names ','']).
fact_nl(rf2,['is the code of the text names ','']).
fact_nl(f1,[' millions have religion code ',''}).
fact_nl(f2,['is the main teacher of religion ','']).
fact_nl(f3,[' times that',' religion is represented by ',''}).
fact_nl(f4,[' religion has text ',''}).

fact_nl(f5,[' book is read by ',''}]).
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