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Hé chuyén gia (HCG) la gi ?

3 Hé chuyén gia la linh vuc Ung dung cua &7 tué nhan tao
3 CO nhiéu cach dinh nghia HCG :

E. Feigenbaum : «Hé chuyén gia (Expert System) la mot
chuong trinh may tinh thong minh su’ dung tri thuc
(knowledge) va cac thu tuc suy luan (inference procedures)
dé giai nhiing bai toan tuong déi kho khdn doi héi nhiing
chuyén gia maoi giai duoc»

Hé chuyén gia la mot hé thdng tin hoc cd thé md phong
(emulates) nang luc quyét doan (decision) va hanh dong
(making abilily) cua mot chuyén gia (con nguaGi)

MOt hé chuyén gia su dung tri thirc ciia mot linh vuc cu thé
dé cung cép viéc giadi quyét van dé vdi “chat lugng chuyén
gia” trong linh vuc do.
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& Expert System:
A computer program that:

Attempts to code the knowledge of human experts
in the form of heuristics (i.E. A rule of thumb)

Emulates the decision-making ability of a human expert
in a restricted domain

Edward Feigenbaum: “An intelligent computer program that
uses knowledge and inference procedures to solve problems that
are difficult enough to require significant human expertise

for their solutions”

¢ A computer program which:

Encapsulates knowledge from some domain, normally obtained
from a human expert in that domain
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38

38

Khai niém chuyén gia trong cudc song

Trong cudc séng, cac chuyén gia co thé giai quyét van dé ¢ mot muc
dd cao vi ho cé rat nhiéu tri thirc vé linh vuc ho hoat dong

Nhifng tri thd'c nay bao gom ly thuyét dén ca cac kinh nghiém, ky xao,
phuong phap lam tat, chién lugc heuristic da tich Ity dudc cia cac
chuyén gia con ngudi qua qua trinh lam viéc cia ho trong mot linh vuc
chuyén mon

TU tri thi'c ndy, ngudi ta cd gang cai dat ching vao hé thdng dé hé
thong c6 thé mo phong theo cach thic cac chuyén gia lam viéc

Tuy nhién, khong gidng vdi con ngudi, cac chuang trinh hién tai khong
tu’ hoc lay kinh nghiém :

Tri thi'c phai dugc lay tu' con nguGi
Pugc ma hda trong mdt ngdn ngil’ hinh thirc dé khai thac

$¥ Pay la nhiém vu chinh ma cac nha thiét k€ HCG phai duong dau
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¥ HCG, con goi la hé thong dua tri tric, la mot chucng
trinh may tinh ch&ra mot so tri thir'c dac thu cia mot hoac
nhiéu chuyén gia con ngudi vé mot chl dé cu thé nao dé

$8 Cac chuang trinh thudc loai nay da dudc phat trién tur cac
thap ky 1960 va 1970, va trd thanh 'ng dung thucng mai
tu thap ky 1980

$8 Nhiéu HCG d3a dudc thiét k& va xay dung dé phuc vu cac
linh vuc k& toan, y hoc, diéu khién tién trinh (process
control), dich vu tu' van tai chinh (finalcial service), tai
nguyén con nguci (human resources), V.v...
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$8 Dang pho bi€n nhat cia HCG Ia :

MOt chudng trinh gom mot tap luat phan tich thong tin (thudng
dudgc cung cip bdi NSD hé thdng) vé mot I3p van dé cu thé

Nhirfng phan tich vé cac van dé da xac dinh

Tuy theo thiét ké chudng trinh ma dua IGi khuyén vé trinh tu cac
hanh ddng can thuc hién dé giai quyét van dé

3 HCG st dung céc tri thifc cla nhitng chuyén gia dé giai
quyét cac van dé (bai toan) khac nhau thudéc moi linh vuc
3 La mot hé thdng sir dung cac kha nédng 1ap luan dé dat téi
cac két luan
#¥ Cac thuat ngi co cung nghia :
Hé chuyén gia
Hé thong dua trén tri thic (knowledge-based system)
HCG dua trén tri thdc (knowledge-based expert system)

6/57



7

IT FACULTY

1.

2.

LSp van dé cua HCG_1

Dién giai (|nterpretat|on)
Pua ra két ludn hay mé ta dé hiéu tir nhitng tp hgp dir liéu thd

Du doan (prediction)
Pua ra nhiing hau qua cé thé xay ra khi cho trudc mot tinh hudng

Chan doan (diagnosis)

Xac dinh nguyén nhan cua nhifng su' co trong cac tinh hudng phuc tap
dua trén cac triéu ching co thé quan sat dugc

Thiét ke (design)

tim ra cau hinh cho cac thanh phan hé thong, dap ung dugc cac muc
tiéu trong khi van théa man mot tap hgp cac rang budc vé thiét ké
Lap ké hoach (plannlng)

Tim ra mot chudi cac hanh dong dé dat dugc mot tap hgp cac muc

tiéu, khi dudc cho trudc cac diéu kién khai dau va nhirng rang budc
trong thdi gian chay (run-time)
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6.

9.

LSp van dé cua HCG_2

Theo doi (monitoring)
So sanh nhirng hanh vi quan sat dugc cua hé thong vdi hanh vi
mong dai

. Bat 10i va sura chita (debuging and repair)

Chi dinh va cai dat phuang phap chira tri cho cac su' co, rui ro

. Hudng dan (instruction)

Phat hién va sua chita nhirng thi€u sot trong quan
niém cua hoc vién vé mot chu deé linh vuc nao do
Piéu khién (control)

Chi dao hanh vi trong mot moi trudng phurc tap
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7% To chu'c hoat dong cua HCG

3 MOt hé chuyén gia gom ba thanh phan chinh :
Co' so tri thue (knowledge base) nai chira tri thuc cua HCG
M2y suy dién hay méto suy dién (inference engine)
Hé thong giao tiép vaoi nguoi su’ dung (user interface)

$ Khai thac HCG : NguGi su dung (User) dat cau hoi

(truy van) HCG bang cach :

Cung cap su’ kién (facts) la nhirng gi da biét, da co that hay
nhirng tri thd'c co ich (luat-rules) cho hé chuyén gia, va nhan
dudc nhitng cau tra I0i

$ Hoat dong cua HCG :
M4y suy dién khai thac cg s& tri thirc dé tao ra cau tra I5i I3
nhifng 10i khuyén hay nhitng ggi y ding dan (expertise) cho
ngudi si’ dung qua hé thong giao ti€p
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Knowledge Engineering in a Nutshell

Human
Expert

Dialog

Knowledge
Engineer

Explicit
Knowledge

Knowledge base
(In ES)

Knowledge
Refinement
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#8 Relies on internally represented knowledge to perform tasks

&8 Utilizes reasoning methods to derive appropriate new knowledge
#8 Usually restricted to a specific problem domain

8 The term knowledge-based system is often used synonymously
# Two distinctions from Decision Support System (DSS):

1. has the potential to extend the manager’s problem-solving
ability beyond his or her normal capabilities

2. the ability to explain how the solution was reached

Problem Domain

Knowledge
Domain
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Nhi€u cach nhin nhan khac nhau vé HCG

Loai nguoi su’ dung

Van de dat ra

NguGi quan tri

T6i co thé dung nd dé lam gi ?

Ky thuat vién

Lam cach nao dé t6i van hanh nd tét

nhat ?

Nha nghién cuu

Lam sao dé toi cé thé ma rong nd ?

NguGi sU’ dung cudi

NO s€ giup toi cai gi day ?
NO cb rac r6i va ton kém khong ?
N6 cé dang tin cay khong ?
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Pac trung cua hé chuyén gia

$ CO bon dac trung ca ban cua mot hé chuyén gia :

Hiéu qua cao (high performance). Kha nang tra I6i vai muc
do tinh thong bang hodc cao han so vdi chuyén gia (nguai)
trong cung linh vuc.

Thoi gian tra loi thoa dang (adequate response time). Thdi
gian tra 10i hdp ly, bang hodc nhanh han so véi chuyén gia
(ngudi) dé di dén cung mdt quyét dinh. Hé chuyén gia la mot
hé thdng thai gian thuc (real time system).

Do tin cdy cao (good reliability). Khéng thé xay ra su’ cd hoac
giam sut do tin cay khi sir dung.

Dé hiéu (understandable). Hé chuyén gia giai thich cac budc
suy luan mot cach dé hiéu va nhat quan, khong gidng nhu
cach tra I0i bi an cua cac hop den (black box)
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$8 Nhifng uu diém clia hé chuyén gia :
Phé cép (increased availability). La san pham chuyén gia, dugc
phat trién khdng ngliing véi hiéu quéa st dung khdng thé phui nhan.
Giam gia thanh (reduced cost).
Giam rui ro (reduced dangers). Giup con ngudi tranh dugc trong
cac moi trudng rui ro, nguy hiém.
Tinh thuong truc (Permanance). Bat ké Iic nao cling cd thé khai
thac sur dung, trong khi con nguGi co thé mét moi, nghi ngai hay
vang mat.
Da linh vuc (multiple expertise). chuyén gia vé nhiéu linh vuc khac
nhau va dugc khai thac dong thai bat ké thdi gian s dung
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$8 Nhifng uu diém clia hé chuyén gia :
Do tin cdy (increased relialility)
Ludn dam bao do tin cay khi khai thac.
Kha nang giang giai (explanation). Cau tra Ig‘ii v@i muc do tinh
thong dugc giang giai ro rang chi tiét, dé hiéu.
Kha nang tra loi (fast reponse). Tra I0i theo thdi gian thuc, khach
quan.

Tinh én dinh, suy ludn cd Iy va ddy du moi ltic moi noi (steady, une
motional, and complete response at all times).

Tro gitp théng minh nhu’ mét nguoi hudng dan (intelligent -tutor).

CO thé truy cdp nhu’'la mét co sJ di liéu théng minh (intelligent
database)
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Lich st phat trién cia HCG 1

Nam

Cac su kién

1943

Dich vu buu dién ; m6 hinh Neuron cua (Mc Culloch and Pitts Model)

1954

Thuat toan Markov (Markov Algorithm) diéu khién thyc thi cac luat

1956

Hoi thao Dartmouth ; 1y luan logic ; tim kiém nghiém suy (heuristic search)
; thong nhat thuat ngir tri tué nhan tao (Al: Artificial Intelligence)

1957

Rosenblatt phat minh kha nang nhan thirc ; Newell, Shaw va Simon dé
xuat giai bai toan tong quat (GPS: General Problem Solver)

1958

Mc Carthy dé xuat ngodn ngir tri tué nhan tao LISA (LISA Al language)

1962

Nguyén 1y Rosenblatt’s vé chitc ning than kinh trong nhan thirc
(Rosenblatt’s Principles of Neurodynamicdynamics on Perceptions)

1965

Phuwong phap hop giai Robinson. Ung dung logic m¢ (fuzzy logic) trong suy
luan vé cac doi twuong mo (fuzzy object) cua Zadeh. Xay dung hé chuyén
gia dau tién veé nha khoa DENDRAL (Feigenbaum , Buchanan , et.al)

1968

Mang ngit nghia (semantic nets), mé hinh bo nhé két hop (associative
memory model) cua Quillian

CASL A K
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Lich st phat trién cia HCG 2

Nam |Cac sw kién
1969 |H¢ chuyén gia vé Toan hoc MACSYMA (Martin and Moses)

1970

Ung dung ng6n ngit PROLOG (Colmerauer, Roussell, et, al.)

1971

Hé chuyén gia HEARSAY I vé nhan dang tiéng néi (speech recognition).
Xay dung cac luat giai bai toan con nguoi (Human Problem Solving
popularizes rules (Newell and Simon)

1973

Hé chuyén gia MYCIN vé chan tri y hoc (Shortliffe, et,al.)

1975

Ly thuyét khung (frames), biéu dién tri thirc (knowledge representation)
(Minsky)

1976

Toan nhan tao (AM: Artificial Mathematician) (Lenat). Ly thuyét
Dempster—Shafer vé tinh hién nhién ctia 1ap luan khong chic chan
(Dempster—Shafer theory of Evidence for reason under uncertainty). Ung
dung hé chuyén gia PROSPECTOR trong khai thac hAam mo (Duda, Har)

1977

Str dung ngdn nglr chuyén gia OPS (OPS expert system shell) trong hé
chuyén gia XCON/R1 (Forgy)

LI7I7
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Lich st phat trién cia HCG 3

Nam

Cac sw kién

1978

Hé chuyén gia XCON/R1 (McDermott, DEC) dé bao tri hé thong may tinh
DEC (DEC computer systems)

1979

Thuét toan mang vé so khdp nhanh (rete algorithm for fast pattern
matching) cua Forgy ; thuwong mai hoa cac rng dung vé tri tu€ nhan tao

1980

Ky hi¢u hoc (symbolics), xay dung cac may LISP (LISP machines) tir LMI.

1982

Hé chuyén gia vé Toan hoc (SMP math expert system) ;

mang no-ron Hopfield (Hopfield Neural Net) ;

Du 4n xay dung may tinh thong minh thé hé 5 & Nhat ban

(Japanese Fifth Generation Project to develop intelligent computers)

1983

Bo cong cu phuc vu hé chuyén gia KEE
(KEE expert system tool) (intelli Corp)

1985

Bo cong cu phuc vu hé chuyén gia CLIPS
(CLIPS expert system tool (NASA)
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?é Cac linh vuc Ung dung cua hé chuyén gia

ULTY

$¥ Cho dén nay, hang tram hé chuyén gia da dugc xay dung
va da dudc bao cao thudng xuyén trong cac tap chi, sach,
bao va hoi thao khoa hoc

$ Ngoai ra con cac hé chuyén gia dudc su dung trong cac
cong ty, cac to chic quan su ma khong dugc cong bo vi ly
do bao mat
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Mot sO linh vuc U'hg dung

Linh vuec

Ung dung dién rong

Cau hinh (Configuration)

Tap hop thich dang nhitng thanh phan ctia mot hé
thong theo cach riéng

Chan doan (Diagnosis)

Lap luan dua trén nhitng chirng cr quan sat duogc

Truyén dat (Instruction)

Day hoc kiéu thong minh sao cho sinh vién co thé hoi
vi sao (why?), nhu thé nao (how?) va cai gi néu (what
1f?) giong nhu hoi mot nguo1 thay gido

Giai thich (Interpretation)

Giai thich nhitng dir liéu thu nhan dugc

Kiém tra (Monitoring)

So sanh dir li¢u thu lwvom duoc voi dit lieu chuyén
mon d€ danh gia hi€u qua

Lap ké hoach (Planning)

Lap ke hoach san xuat theo yéu cau

Du doan (Prognosis)

Du doan hau qua tir mot tinh hudng xay ra

Chira tr1 (Remedy)

Chi dinh cach thy Iy mot van dé

Piéu khién (Control)

Dicu khién mot qua trinh, do1 hoi dién giai, chan
doan, ki€m tra, 1ap k€ hoach, du doan va chira tr1
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Bing 1 Nganh hoa hoc (Chemistry)

CRYSALIS |Interpret a protein’n 3-D structure

DENDRAL |Interpret molecular structure

Remedy Triple Quadruple Mass Spectrometer (keep

TQMSTUNE |75 )

CLONER Design new biological molecules

MOLGEN  |Design gene - cloning experiments

SECS Design complex organic molecules

SPEX Plan molecular biology experiments
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MOt sO hé chuyén gia 2

Bing 2 Nganh dién tu (Electronics)

ACE Diagnosis telephone network faults
IN -ATE Diagnosis oscilloscope faults

NDS Diagnosis national communication net
EURISKO  |Design 3-D micro-electronics
PALLADIO |Design and test new VLSI cicuits
REDESIGN |Redesign digital circuits to new
CADHELP |Instruct for computer aided design
SOPHIE Instruct circuit fault diagnosis
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Bing 3 Nganh dia chat (Geology)

DIPMETER Interpret dipmeter logs

LITHO Interpret o1l well log data

MUD Diagnosis / remedy drilling problems

PROSPECTOR |Interpret geologic data for minerals

Bing 4 Cong nghé (Engineering)

REACTOR Diagnosis / remedy reactor accidents
DELTA Diagnosis / remedy GE locomotives
STEAMER Instruct operation - steam power-plant
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MOt sO hé chuyén gia 5

Bang 5 Nganh y hoc (Medicine)

PUFF Diagnosis lung disease

VM Monitors intensive - care patients
ABEL Diagnosis acid - base / electrolytes
AI/COAG Dianosis blood disease

Al/ RHEUM Diagnosis rheumatoid disease
CADUCEUS Diagnosis internal medicine disease
ANNA Monitor digitalis therapy

BLUE BOX Diagnosis / remedy depression

MY CIN Diagnosis / remedy bacterial infections
ONCOCIN Remedy / manage chemotherapy patient
ATTENDING |Instruct in anesthetic manegement
GUIDON Instruct in bacterial infections
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MOt sO hé chuyén gia 6

Bang 6 May tinh dién tir (Computer systems)

PTRANS Prognosis for managing DEC computers
BDS Diagnosis bad parts in switching net

XCON Configune DEC computer systems

XSEL Configure DEC computer sales order

XSITE Configure customer site for DEC computers
YES/MVS  [Monitor / control IBM MVS opeating system
TIMM Diagnosis DEC computer

25/57
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Example of ES

The end-user usually sees an expert system through an
interactive dialog:

Q. Do you know to which restaurant you want to go?
A. No

Q. Is there any kind of food you would particularly like?
A. Unknown

Q. Do you like spicy food?

A. No

Q. Do you usually drink wine with meals?

A. Yes

Q. When you drink wine, is it French wine?

A. Why

26/57
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Example of ES
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#8 Limited knowledge
“Shallow” knowledge
< no “deep” understanding of the concepts and their relationships
no “common-sense” knowledge
no knowledge from possibly relevant related domains
“closed world”
« the ES knows only what it has been explicitly “told”
« it doesn’t know what it doesn’t know

¢ Mechanical reasoning

may not have or select the most appropriate method for a
particular problem

some “easy” problems are computationally very expensive

38 Lack of trust

users may not want to leave critical decisions to machines
28/57
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ES Design + Development
¢ Which are the major steps in the Linear Model
of ES Development?

& What do you have to take into account
when you plan an ES project?

¢ What can you say about the delivery phase
of an ES project?

¢ What kind of errors can occur
(during the development) of an ES?
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ES Design + Development

&8 Major basic steps in ES development

< Identification:
Determine problem and project requirements

< Conceptualization: Extract knowledge and construct a
conceptual model for solving problems using the knowledge

% Formalization: Map the conceptual model to available
representation and control paradigms

% Implementation: Construct/extend the implementation of
the formalized model

% Testing: Evaluate the system
¢ Software Engineering models
3 Project phases
&8 Linear Model of ES Development

3£ Sources of error in ES
30/57
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Knowledge Design Product
Baseline Baseline Baseling
A \ A
Knowledge Delinition Knowledge Design Knowledge Verification
Planning | & Acouisiti Eﬂde I~ Syslem
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Cac phan tu cua HCG

3 Mot HCG gom 3 thanh phan co ban :

a Ca sa tri thuc (Knowledge Base)
a May duy dién (Inference Engine)
a Giao dién ngudi su dung (User Interface)

&8 Ngoal ra, tuy theo muc do ti€p can, ma ngudi ta

bo sung cac thanh phan khéc, chang han :
a Lich cong viéc (Agenda)

Q B0 nha lam viéc (Working Memory)

2 Kha nang giai thich (Explanation Facility)

a Kha nang thu nhan tri thi'c (Explanation Facility)
a

32/57
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Facts / Information

7 General Architecture of SE

End-User

Knowledge Base

&-_I

i Expertise

Inference Engine

Expert System

33/57



User Interface

Expert system model - main parts
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Inference
engine

Instructions & Solutions &
Knowledge

User information  explanations
l T —p —_—  —
User
Interface
N

Expert
system

1

1

Know-
ledge
base

Problem
Domain

Development
engine

An Expert

L]

System Model

Expert and knowledge

engineer
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Mot s0 mo hinh khac

Knowledge
Base

Knowledge
Base editor

—

Infergnce User
Engine
World Preceptors
Model P
Explanation
Subsystem
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' Co sO tr1 thuc

Nguo1 su dung

/ y€u cau

Hé thong .
thu nhan > G.lflo <D liéu van (,i'é
tr1 thirc dién can giai quyét
\) Tr1 thie mo1
B0 nhd
lam vi€c
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Chuyén
gia

Nguoi
su
dung

MO hinh C. Ernest

!

Tr1 thiec

Cau truc
may suy dién
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Co so
tr1 thic
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Loi gidi
*(Giai thich
*Theo doi
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Chuyén
gia

MO hinh E. V. Popov

Kha nang

giai thich

Giao dién
nguoi
su dung

Co so
tr1 thirc

BoO nho
lam viéc

tr1 thie
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$ Tri thuc trong HCG :
Phan anh su’ tinh thong dugc tich tu tu sach va, tap chi,
tu’ cac chuyén gia hay cac nha bac hoc
$¥ Cd sd tri thuc gom :
Cac phan t (hay don vi) tri thirc dugc td chirc nhu mdt CSDL

Tuy theo phuong phap phat trién HCG ma cac phan tir co dac
trung, tinh chat khac nhau

Chang han trong cac HCG dua theo luat (Rules-Based ES) :
+ MOi phan tur tri thic 1a mot luat

« Cd sa tri thu'c nhu vay con dudc goi la b0 nhG san xuat
(Production Memeory)
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$¥ Ngudi ta thudng phan loai tri thuc theo nhiéu cach

¥ Theo phan loai chud'c nang, co hai loai tri thutc :

Tri thuc phan doan (Assertion Knowledge) :
mo ta cac tinh hudng da dudc thiét l1ap hoac sé dudc thié€t 1ap

Tri thuc thuc hanh (Operating Knowledge)

thé hién nhiing hdu qua rat ra hay nhitng thao tac can phai hoan
thién khi mot tinh hudng da dudc thi€t lap hoac sé dudc thiét lap
trong linh vuc dang xét

$ Tri thuc thuc hanh :

Thudng dudc thé hién bdi cac biéu thirc Todn hoc+Logic
dé hiéu, deé trién khai

NSD cé thé thao tac vdi tri thi'c nhu khai thac mdt CSDL
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%E}i Phan loai tri thic theo biéu hién

$8 Theo phan loai theo biéu hién, cling cé hai loai : M
¥ Tri thuc hién, ro (explicit knowledge)
Dién dat bang ngdn ngilr hinh thiic, dé trao d6i gilra cac cd nhan
Co thé biéu dién bang cac cdng thirc khoa hoc, céc thd tuc tudng
minh, hodc nhiéu cach khac
Bao gom thong tin, d{ liéu, sach bao, van ban, tai liéu da dug
thdng bang nhiéu phuong tién
$8 Tri thi’c ngadm, an (tacit knowledge)
Cé dugc va an chira trong kinh nghiém cua tung ca nhan, mang tinh
chu quan, bao gdm nhirng hiéu biét riéng thau dao, truc giac, linh
cam, ky nang, ...

Khé trao doi hodc chia sé vai ngudi khac

Chi c6 thé hoc dudc tir ngudi khac nhd quan hé gan giii trong mot
khoang thdi gian nao do

N
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Knowledge-base may really include many things

Heuristics ‘

Hypothesis LA

Facts

gy

Processes ‘

Events ‘

——|Knowledgele——
Base

——

Definitions ‘

Relationships ‘

Attributes ‘

Objects ‘
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$¥ Ngudi ta thudng noi :

Tri thic la si'c manh

Tri thdc la cua cai
8 Cac td chirc clia LHQ rut ra két luén rang :

Kinh t& thé gidi phat trién manh mé do biét dua vao tri thirc
$8 Lam thé& nao dé sang tao va s dung ding dan cac tri thirc

$ Quan tri tri thuc (Knowledge Management) = ‘
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ES Elements: May duy dién

¥ M3y duy dién (inference engine) :

Cong cu (chuang trinh, hay b x(r ly) tao ra su suy luan bang
cach quyét dinh xem nhirng luat nao sé lam thoa man cac su

kién, cac doi tugng
Chon uu tién cac luat thoa man
Thu'c hién cac luat co tinh uu tién cao nhat
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ﬂi ES Elements : Giao dien nguci su’ dung

¥ Glao dién nguoi su’ dung (user interface) :
La noi ngudi s dung va hé chuyén gia trao doi vdi nhau
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§Q§Y ES Elements : Cac thanh phan khac

¥ Lich cong viéc (agenda) :

Danh sach cac ludt uu tién do mdy suy dién tao ra thoa man
cac su kién, cac doi tugng cé mat trong bo nhd lam viéc.

¥ BO nhd lam viéc (working memory) :

Ca s@ di liéu toan cuc chira cac su kién phuc vu cho cac luat
¥ Kha nang giai thich (explanation facility) :

Giai nghia cach lap luan cua hé thong cho ngudi su dung
¥ Kha nang thu nhan tri thuc (explanation facility) :

Cho phép NSD bd sung tri thirc vao hé thdng

Kha nang thu nhan tri thuc la yéu t6 mac nhién cua nhiéu hé
chuyén gia
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Phat hién tri thuc va khai pha dir liéu

3 Phat hién tri thic (PHTT) va khai pha dir lieu (KPDL)
$ BOi canh :

Su’ phéat trién nhanh chéng cla linh vuc CNTT va ing dung CNTT trong ddi
song, kinh t€, xa hoi, qudc phong... hién nay

Khoi lugng di liéu thu thap, x{ ly, khai thac va luu trit ngay cang tich luy
nhiéu lén

Tuy nhién, chi cé khoang tU 5% dén 10% lugng dir li€u cé y nghia st dung
theo thong ké

Rat nhiéu dit liéu chua dugc st dung hiéu qua nhung van phai ti€p tuc thu
thap rat ton kém (nai lo sg bo sét dir liéu quan trong co thé can dén sau nay)
Trong mOi trudng canh tranh, nhu cau cé nhiéu thong tin véi toc dd nhanh
dé trg giup ra quyét dinh va ngay cang c6 nhiéu cau héi, mang tinh chat dinh
tinh can phai tra IGi dua trén mot khoi lugng dir liéu khong 10 da co

Cac phuang phap quan tri va khai thac ca s& di liéu truyén thong ngay cang
khong dap Ung dudc thuc té

$¥ Su ra dai ky thuat “Phat hién tri thiic va khai pha dir liéu”
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2 Tinh hinh nghién cdtu PHTT va KPDL

¥ Thuat nglr :
Phat hién tri thic (Knowledge Discovery)
Khai pha dir liéu (Data Mining)

¥ Pa va dang dudc nghién clu, 'ng dung trong nhiéu linh
vuc khac nhau ¢ cac nudc trén thé gidi

3 Tai Viet Nam :
Ky thudt ndy van con tuong doi mdi mé
Pang dudc nghién ciu
Pang dan dua vao (fng dung thuc tién
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$¥ Khai pha dir lieu (Data Mining) :
qua trinh trich xuat cac thong tin cd gia tri ti€ém an bén
trong lugng I6n dir lieéu dugc luu trl trong cac CSDL,
kho di liéu...
¥ Hién nay, ngoai thuat ngir khai pha di liéu, nguGi ta con
dung mot so thuat ngr khac co y nghia tuong tu nhu' :
Khai pha tri thuc tu CSDL
(Knowlegde Mining From Databases)

Trich loc dit liéu (Knowlegde Extraction)

Phan tich dif liéu/mau (Data/Pattern Analysis)
Khao cd dir liéu (Data Archaeology)

Nao vét dir lieu (Data Dredging)
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1.

Qui trinh 5 budc PHTT va KPDL

Tim hiéu linh vuc (ng dung va hinh thanh bai toan
Pay la budc quyét dinh cho phép chon cac phuang phap khai pha dit liéu thich
hdp véi muc dich i’'ng dung va ban chat cta di liéu

. Thu thap va xt' ly tho (hay tién xI' ly dir liéu)

Budc nay thudng chiém dung nhi€u thai gian trong toan bo qui trinh

. Khai pha dit liéu, hay néi cach khac 13 trich ra cAc mau va/hodc cac mod

hinh an dudi cac dir liéu
Pay la giai doan thiét yeu trong do cac phuong phap thong minh sé dugc ap
dung dé trich xuét ra cdc mau dir liéu hay tri thirc hitu ich

. Panh gid mau (pattern evaluation) :

Hiéu tri thirc da tim dugc, ddc biét 1a lam séng to cac mo ta va du doén, danh
gia su’ hitu ich cia cac mau biéu dién tri thirc dua vao mét s6 phép do

. Trinh dién dir liéu (knowlegde presentation):

st dung cac ki thuat trinh dién va truc quan hoa dit liéu dé bi€u dién tri thirc
khai pha dugc cho nguGi s dung
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$¥ Lam sach diI liéu (data cleaning) :

loai bo nhiéu hodc cac dit liéu khdng thich hgp
¥ Tich hdp di liéu (data integration) :

tich hgp dir liéu tu cac nguon khac nhau nhu :

CSDL, Kho dir liéu, cac loai van ban khac nhau...
3 Chon dUf lieu (data selection) :

¢ budc nay, nhirng dif liéu lién quan truc ti€p dén nhiém vu sé
dudc thu thap tu cac nguon dir liéu ban dau

$8 Chuyén doi dif liéu (data transformation) :

trong budc nay, di liéu sé dugc chuyén doéi vé dang phu hgp
cho viéc khai pha bang cach thuc hién cac thao tac nhdm hoac
tap hap
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38 Cac budc trong quy trinh cd thé 13p di 13p lai mot sd 1an
38 K&t qua thu dugc co thé dugc 18y trung binh tur s& 1an thuc hién

[ Hinh thanh va ]
Binh nghta bai toan K

Thu thap va
Tién xit ly dif lidu

\ Khai pha dif ligu
Riit ra cac tn thitc K

\[Phﬁn tich va kiém dinh

két qua ]k\

Si dung cac tri thifc
phat hiegn dugc
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Cac phuong phap PHTT va KPDL

$2 Nham hai muc dich chinh :

Du’ doan (Prediction)
MO ta (Description)

¥ Thudng sU dung cac phucng phap sau :

Phan loai (Classification)

HOi qui (Regression)

Phan nhom (Clustering)

Téng hgp (Summarization)

MO hinh rang budc (Dependency modeling)

DO tim bién ddi va dd 1éch (Change and Deviation Dectection)
Bi€u dién md hinh (Model Representation)

Ki€ém dinh mé hinh (Model Evaluation)

Phuaong phap tim ki€ém (Search Method)
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%E}i Cac linh vuc lién quan dén PHTT va KPDL

3 PHTT va KPD lién quan dén nhiéu nganh, nhiéu linh vuc :
Thong ké
Tri tué nhan tao
Cd s@ dir liéu
Thuat toan hoc
Tinh toan song song va toc do cao
Thu thap tri thi'c cho cac hé chuyén gia
Quan sat di liu...
$ PHTT va KPD rat gan gui vdi cac linh vuc :

Thdng ké, st dung cac phudng phap thdng ké dé mé hinh dir liéu
va phat hién cac mau, luat...

Ngan hang dir liéu (Data Warehousing) va cac cong cu phan tich
truc tuyén (OLAP)
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$ Thong tin thuong mai :
Phan tich d{ liéu marketing, khach hang
Phan tich dau tu
Phé duyét cho vay von
Phat hién gian lan...
$ Thong tin ky thuat :
Piéu khién va 1ap lich trinh
Quan tri mang
Phan tich cac két qua thi nghiém...
$¥ Thong tin khoa hoc
$ Thong tin ca nhan...
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ﬂi Cac thach thuc cua PHTT va KPDL

$8 Cac CSDL thudng rat I6n, thudng xuyén bién doi
va phat trién khdng ngung
38 Dac diém :
Cac CSDL thudng co6 so chiéu Ién

Thay ddi dit liéu va tri thifc cd thé lam cho cdc mau da phat
hién khong con phu hgp

D{t liéu bi thi€u hodc nhiéu
Quan hé gilra cac truong di liéu phurc tap

¥ Van deé giao tiép vadi nguadi su dung
va két hgp vai cac tri thuc da co

$ Kha nang tich hgp vai cac hé thong khac...
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Hé chuyén gia (Expert System)

PGS.TS. Phan Huy Khanh
khanhph@vnn.vn

Chuong 2

Bi€u dién tri thic

nha logic vi tu bac mot
2.1


mailto:khanhph@vnn.vn

SN

I:;S Chuang 2

=~ Bjéu dién tri thirc nhd logic vi tir bAc mét

38 Bi€u dién tri thirc trong cac HCG 2.1
38 Logic ménh dé 2.2
38 LOgic vi tu bac mot 2.3

38 Biéu diéen tri thi'c nhd logic vi tir bAc mét
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=i Biéu dién tri thirc trong mét HCG

38 Tri thdfc clia mot HCG co thé dudgc biéu dién theo nhiéu
phuong phap khac nhau

8 Tuy theo tirng HCG, ngudi ta cd thé sir dung mot hodc
dong thai ca nhiéu phuaong phap
3 Phan chia theo ngon ngll' s’ dung, ngudi ta co 3 cach :
S dung ngon nglr tu’ nhién va ngdn ngir toan hoc
S dung ngdn ngir hinh thirc
Su dung ngdn ngl may tinh

3/45



b

7

=i Nguyén ly lam viéc

IT FACULTY

Q

¥ Nguyén ly lam viéc nhu' sau :
Tri thuc dugc thu nhan trong ngon ngir tu' nhien L =

Tri thd'c dugc dich ra trong ngon ngir P >
Tim giai phap suy dién trong P >

Loi giai dudc dich ra trong ngdn ngir L
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Q

2 MOt s6 phuang phap dung ngdn ngit hinh thuec :

@

Bi€u dién tri thifc nhd cac luat san xuat
Biéu dién tri thirc nhd 16gic

Biéu dién tri thifc nhd mang ngir nghia
Ngoai ra, nguai ta con st dung :

+NhG b0 ba : doi tudgng, thuoc tinh va gia tri
(O-A-V: Object-Attribute-Value)

+»NhG khung (frame)
+Ngon ngl’ nhan tao, su kién khong chac chan, v.v...
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Biéu dién tri thirc bdi cac luat san xuét

¢ Hau hét,cac HCG hién nay déu la cac hé thong dua trén luat
¥ Lydonhusau:

Ban chéat don thé (modular nature)
CA thé ddng goi tri thirc
C6 thé m& rong HCG mdt cach dé dang
Khé ndng dién gidi dé dang (explanation facilities)
Van dung ludt cd thé déc ta chinh xac cac yéu t6 tri thic
Dé dang dién gidi van dé nhd cac tién dé
RUt ra dudc két qua mong mudn
Tuong tu gua trinh nhan thuc cua con nguor.

Dua trén cac cong trinh cua Newell va Simon, cac luat dudc xay dung
tu’ cach con ngudi giai quyét van dé

Cach biéu dién luat nhd IF THEN dan gidn cho phép giai thich dé dang
cau truc tri thirc can trich loc
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$8 Ludt la mot kiéu san xuat dang :
LHS — RHS

Phan trai LHS (Left Hand Side)

cd noi dung dudc goi theo nhiéu tén khac nhau, nhu':
+ tién dé (antecedent)
+ diéu kién (conditional part)
+ mau so khdp (pattern part)

Phan sau luat RHS (Right Hand Side) la két luan
hay hdu gua (consequent)
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¥ Trong mot hé thong dua trén luat, cong cu suy luan sé xac
dinh nhitng luat nao la tién dé thoa man cac su’ viéc

$¥ Cac luat san xuat thuéng dugc viet dudi dang IF THEN
3 CO hai dang luat :

IF < diéu kién > THEN < hanh dong >

3 MOt s6 HCG cd thém phan hanh dong (action)
bén phan phai cua luat :

IF < diéu kién > THEN < két luan > DO < hanh dong >
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8 Tuy theo HCG cu thé ma moi luat cd thé dugc dat tén
3 Co dang Rule: Tén
¥ Vidu:
Rule: Pen do
IF
Pen do sang
THEN
Dung
Rule: Pen-xanh

IF )
Pen xanh sang

THIE)I\_I

I

8 Trong vi du trén, Ben do sang va Ben xgnh sang
la nhirng diéu k|en hay nhirng khuon mau
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& A simple rule :
IF <antecedent>
THEN <consequent>

& A rule can have multiple antecedents joined by the keywords AND
(conjunction), OR (disjunction) or a combination of both

IF <antecedent 1> AND <antecedent 1> OR
<antecedent 2> <antecedent 2> OR
<antecedent n> <antecedent n>

THEN <consequent> THEN <consequent>
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&6 Strategy
IF the car is dead
THEN the action is ‘check the fuel tank’;
stepl is complete

IF stepl is complete AND
the ‘fuel tank’ is full

THEN the action is ‘check the battery’;
step2 is complete

& Heuristic
IF the spill is liquid AND
the ‘spill pH' < 6 AND
the ‘spill smell is vinegar
THEN the ‘spill material’ is ‘acetic acid’
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ﬂi Mot so vi du khac

Rule: Diéu tri s6t Hé théng chan doan xe may (OPS5)
IF IF
Bénh nhan sot May xe khdng nd khi khai déng
THEN THEN
Cho ubng thudc Aspirin Du doan: Xe bi panne si'c nén. Pittong, bac

xéc-mang va long xy lanh sai tiéu chuan, dé
tao thanh nhitng khe hd nho lam cho pittong
khong con kin nén hoa khi khong dudc nén Ién
day du.
XU ly : nén diéu chinh hoac thay mdi pittong,
bac xéc-mang va long xy lanh cho dung tiéu
chuén

IF
May xe nd khdng 6n dinh, OR
may xe no roi lai tat, AND bugi kho

THEN
Du’ doan : Xe da bi nghet xang.
XU ly : nén xuc rira binh xang va b6 khoa xang
cua xe



I Vi du HCG MYCIN

3 MYCIN I3 hé thdng chan doan bénh viém mang ndo va hién
tugng co vi khuan bat thuéng trong mau (nhiém trung)
3 Vi du mot luat cua MYCIN :
IF
Tai vi tri vét thuong c6 mau, AND

Chua biét chac chan co quan bj tdn thuong, AND
Chat nhuom mau am tinh, AND

Vi khuan c6 dang hinh que, AND
Bénh nhan bi sot cao
THEN )
Ca quan co triéu chi’ng (0.4) nhiém trung
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¥ Trong logic vi tu' :
Cac vi tir thudng cd chlra hang, bién hay ham

Ngudi ta goi cac vi tir khéng chira bién (co thé chira hang) la
cac ménh dé (preposition)

MOi vi tir cé thé [a mot su kién (fact) hay mot luét
Luat la vi tu gom hai vé trai va phai dugc noi nhau bai mot
dau mii tén (—)
3 NguGi ta s’ dung cac ky hiéu va cac phép toan l0gic
tdc dong 1én cac ky hiéu dé thé hién tri thiic
va suy luan logic
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Dung l6gic ménh dé bi€u dién tri thic

¥ Vidu:

MAN(X), FATHER(X, Y) la cac su kién
MAN(X) — MORTAL(X) la mot luat
# Giai thich :
MAN(X) : «X la mot nguoi»
MORTAL(X) : «X chét»
Phdt biéu Vi tir
Tom la mot nguoi MAN(tom)

Tom la cha cua Mary

FATHER(tom, mary)

Tat ca moi nguoi déu chét | MAN(X) - MORTAL(X)
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Vi du dung logic vi tu

$ TU cac tri thic sau :

Marc co téc vang hoe
Jean cd téc mau nau
Pierre la cha cla Jean
Marc la cha cua Pierre
Jean la cha cua René

Marc la con cua Georges.

GiasurX,YvaZ

la nhirng nguGi nao do
NEu Y la con cua X,
thi XlachacuaY

NEu X la cha cua Z
vaZlachacua,
thi X laong cua Y

Ta cd thé biéu dién thanh cac su
kién va cac luat nhu sau :

BLOND (marc)
BROWN (jean)
FATHER (pierre, jean)
FATHER (marc, pierre)
FATHER (jean, rené)
SON (marc, georges)
FATHER (X, Y) «

SON (Y, X)
GRANDFATHER (X, Y) «

FATHER (X, 2),
FATHER (Z, Y)
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Biéu dién tri thifc nhd mang nglr nghia

Mang ngir nghia la mét do thi :
Cac nat (node) dung dé thé hién :
% Cac doi tugng
% Thudc tinh cta doi tugng
% Gia tri cua thuoc tinh

Cac cung (arc) ndi cac nat dé thé hién mdi quan hé gitia cac
doi tugng

Cac nut va cac cung déu dudc gan nhan
Nghia si’ dung cua mot tri thic :
MOt dudng di trong do thi gom cac nut noi cac cung
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& Semantic net is a knowledge presentation method based

on a network structure

&8 It consists of
points called nodes connected by
links called arcs

& Nodes - object, concepts, events
&8 Arcs - relationships between nodes

8 Common arcs used for representing hierarchies include
/sa and has-part

& Knowledge represented as a network or graph
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>':7i Example:

8 The queen mary is an ocean liner
Every ocean liner is a ship

@ Se la mot loai chim cd canh va biét bay

la
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7 Tinh thua ké cia mang ngir' nghia

3 MOt trong nhirng tinh chat quan trong cua mang ngir nghia
la tinh thua ké

$ Bang cach thém vao do thi cac nit mdi va cac cung mdi,
ngudi ta co thé mdé rong mot mang ngir nghia

$8 Cac nut mdi dugc thém thé hién cac dbi tuong tuong tu
(v3i cac nut da co trong do thi), hoac tong quat han

3% Khi sif dung mang ngit nghia dé biéu dién tri thirc,
ngudi ta phai xay dung cac phép toan tucng (fng

20/45



.
N
o]
=

MG rong mot mang ngir nghia

21/45



.
N
o]
c

MG rong mot mang ngir nghia

SHIP
ISa / \ has-part
Ocean Liner Oil Tanker Engine Hull
/ \ isa
Swimming Pool | | Queen Mary Liver Pool Boiler
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7 MO rong mot mang ngu’ nghia
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haspart

o
o

subclass
livesin size
Casieay——CErptan)—=~tnee 3
Instance
Nellie »

likes
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& Arity of Relations
Unary relations
Ex: Person(Jim): IS-A link
Binary relations
Ex: Age(Jim, 27 years): Age link
N-ary relations
Ex: Disease(Jim, Mumps, 5 days): By creating a reified

disease-relation object with several cases :
(patient, diagnosis, duration)
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¥ Cho cac tu duGi day, vé mang ngir nghia tucng ung :
Cac doi tugng :

Animal, Bird, Breath, Skin, Move, Fish, Fly, Wings,
Feathers, Ostrich, Tall, Yellow, Canary, Sing

Cac quan hé :
Can, Cannot, Has, Is, Is-a
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Semantic Network Representation

¢dll_ > Breath

Animal

has
I Skin
S 4 can
Fly
), . s 2 Move
Bird > Wings
Fish
Is a has™\ Feathers
Isa
Canary Ostrich

CM \is cannot /N

Sing Yellow Fly Tall
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3 BO ba O-A-V (Object-Attribute-Value) :
doi tugng, thudc tinh va gia tri
cach mo ta cac mang ngir nghia
can be used to characterize the knowledge in a semantic net
quickly leads to huge tables

Has-a Is-a
Attribute
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Vi du : OAV Table

Object |Attribute |Value
\?\?Aglg: Dorsal Fin | No
\E/B\/eri:?: Tail Fin | No
\E;\l/lﬁile Tail Fin | Yes
\?\I/ﬁzle Dorsal Fin | Yes
\?\llﬁzle Slze ?_/ae:ge

Object | Attribute | Value
Astérix profession | warrior
Obelix size E}Xrg:
Idéfix Size petite
Panoramix | wisdom infinite
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# Khi pham vi bai toan dudc mad rong ra :
SO nut va sO cung trong mang tang lén
Mang ng{’ nghia trG nén phuc tap han
&% Semantic nets —» Frame :
Trong trudng phlc tap nhu' vay, ngudi ta st dung khung frame

¥ Gidi thiéu khung (frame) :
Nhom cac thuoc tinh, gia tri cua cac doi tugng

¥ Hé thong khung :
Nhom cac khung c6 quan hé vai nhau.

Quan hé cd thé 1a gia tri ciia mét thudc tinh trong frame nay la
gia tri cua mot frame khac

% Ngudi ta x4 dung cac thu tuc suy dién st dung khung
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& Frames were the next development, allowing more convenient
“packaging” of facts about an object

¥ Frames look much like modern classes, without the methods:

mammal:
subclass: animal

elephant:
subclass: mammal
size: large
haspart: trunk

Nellie:
instance: elephant
likes: apples

& We use the terms “slots” and “slot values” (filler)
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# Frames often allowed you to say
which things were just typical of a class,
and which were definitional, so couldn’t be overridden

& Using an asterix to denote typical values:

Elephant:
subclass: mammal
haspart: trunk
* colour: grey
* s1ze: large

& Frames also allowed multiple inheritance
(Nellie is an Elephant and is a circus animal)

# Introduces problems in inheritance
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Thudc tinh Gia tri !
Filler

lot Name 7.
name Astérix
height small
weight low
profession warrior
armor helmet
intelligence very high
marital status presumed single
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¥ Frame Architecture

A record-like data structure for representing stereotypical
knowledge about some concept or object (or a class of
objects)

A frame name represents a stereotypical
situation/object/process

Attributes or properties of the object also called slot

Values for attributes called fillers,
facets provide additional control over fillers
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Frame Architecture

Frame Name: Object 1

Class: Object 2

Properties: Property 1 Value 1
Property 2 Value 2
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¢ Class Frame
Represents general characteristics of common objects
Define properties that are common to all objects within class
Static & dynamic property

& Static:
Describes an object feature whose value does not change

& Dynamic:
Feature whose value is likely to change during operation
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M6 hinh kiéu cta khung

Frame Name:
Class:

Properties:

Bird
Animal

Color Unknown
Eats Worms
No._Wings 2
Flies True
Hungry Unknown
Activity Unknown
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Subclass Frame

#8 Represents subsets of higher level classes or categories
& Creates complex frame structures
& Class relationships

Class

Bird

e e

Subclass Robins Canaries Sparrows
Instance | Birdl Bird2 Tweety Bird3 Bird4
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$ Able to change values of properties & add new properties

Frame Name:

Class:

Properties:

Instance Frame

¥ Represents specific instance of a class frame
& Inherits properties & values from the class

Tweety

Bird
Color Yellow
Eats Worms
No._Wings 1
Flies False
Hungry Unknown
Activity Unknown
Lives Cage
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Frame Inheritance

¥ Instance frame inherits information from its subclass frame and also its class
¥ Inheritance of behavior, facet
$8 Ease coding & modification of information

Bird
Class Animal
Color Unknown
Eats Worms
No. Wings 2
Flies True
Penguin Hungry | Unknown 1
Class Bird —F Activity | Unknown Canary
Color Black-white Class | Bird
Eats Fizh Color Unknown
No. Wings 2 Eats Worms
Flies False ‘_\Ic:}._‘itﬁflngs 2
Hungry Unknown Flies True
Activih’ Unknown Hungry | Unknown
B H South pole Activity | Unknown
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Frames and procedures

& Frames often allowed slots to contain procedures

3£ So.. Size slot could contain code to run to calculate the
size of an animal from other data

& Sometimes divided into “if-needed” procedures, run when
value needed, and “if-added” procedures, run when a
value is added (to update rest of data, or inform user)

& So.. Similar, but not quite like modern object-oriented
languages
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36
36

38

Overview of Frame Structure

Two basic elements: s/ots and facets (fillers, values, etc.);
Typically have parent and offspring slots

Used to establish a property inheritance hierarchy
(e.G., Specialization-of)

Descriptive slots
Contain declarative information or data (static knowledge)
Procedural attachments

Contain functions which can direct the reasoning process (dynamic
knowledge)
(e.G., "Activate a certain rule if a value exceeds a given level")

Data-driven, event-driven ( bottom-up reasoning)
Expectation-drive or top-down reasoning

Pointers to related frames/scripts - can be used to transfer control to a
more appropriate frame

41/45
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Usage of Frames

¢ Filling slots in frames

Can inherit the value directly
Can get a default value
These two are relatively inexpensive

Can derive information through the attached procedures (or
methods) that also take advantage of current context (slot-

specific heuristics)

Filling in slots also confirms that frame or script is appropriate

for this particular situation

[Rogers 1999]
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¢ Negation cannot be represented
Jim does not have pneumonia
¢ Disjunction cannot be represented naturally
Jim has Mumps or Rubella
& Qualification is not a part of the language
All of Jim’s diseases are infectious
$ => Thus, procedural attachments are often added
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A Quick Ontological View

Anything

T

AbstractObjects

ﬂ/ | —
Representational
Sets || Numbers , pbjects

Events

s

Places }Pm&esses

als

¥

Physical
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Hé chuyén gia (Expert System)

PGS.TS. Phan Huy Khanh
khanhph@vnn.vn

Chuong 2

Biéu dién tri thirc

nha logic vi tu bac mot
2.2
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AN

:;ﬁ Chuong 2

== Bjéu dién tri thi'c nhd logic vi t&r bac mdt

$Phan 2.2 :

& Khai niém logic

# Logic ménh dé
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& In 1879, Kempe produced a famous proof of the 4 color
theorem:

Using only 4 colors

Any map of countries can be colored in such a way that
no 2 bordering countries have the same color

& In 1890, Heawood showed:

The proof not to be a proof at all!
& When is a proof a proof, and when is it not a proof?
¢ Logic to the rescue!
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#8 Logic is the science of reasoning, proof, thinking,
or inference

#8 Logic allows us to analyze a piece of reasoning
and determine whether it is correct or not

8 To use the technical terms, we determine whether
the reasoning is valid or invalid

¢ When people talk of logical arguments, though,
they generally mean the type being described here

4/68



IF Logic

IT FACULTY

& Logic is the study of reasoning

& In particular:

Logic studies the conditions under which we can say that a
piece of reasoning is valid

I.e. that something (the conclusion) can be said to follow
from something else (the premises, givens, assumptions)

& Ontology (ont = ‘to be’; logica = ‘word’):
kinds of things one can talk about in the language
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& What is an Argument?

"An argument is a connected series of statements intended to
establish a proposition™

¢ An argument refers to the formal way facts and rules of
inferences are used to reach valid conclusions

¢ The process of reaching valid conclusions is referred to as
logical reasoning
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& A logic is a formal system of representing knowledge

#8 Logics are formal languages for representing information
such that conclusions can be drawn

¢ Syntax defines the sentences (statements) in the language

#8 Semantics define the "meaning" of sentences
i.e., define truth of a sentence in a world

&8 Proof theory
How conclusions are drawn from a set of statements

7/68
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& If the conclusion Aas to be true assuming the truth of the
premises, we call the reasoning deductive

& If the conclusion is merely more likely to be true than false
given the truth of the premises, we call the reasoning
inductive

¢ Logic studies both deduction and induction, but does tend
to focus on deduction, especially formal logic
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77| Normative and Descriptive Theories of Reasoning

$8 Psychology of reasoning is a scientific study of how humans reason:
What do humans infer from what?

What is the mechanism behind human reasoning?

#8 As such, psychologists come up with descriptive theories of reasoning:
hypotheses as to how humans reason based on empirical studies.

$ Logicians, however, try to come up with normative theories of
reasoning:

What actually follows from what?

#8 Question: But if not empirical, what is the basis for such theories?
(Human!) reason alone?
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¢ Logic tells us about implication, not truth

& Example:

“All flurps are toogle, but not all flems are toogle, so not all flems
are flurps” is perfectly logical, but tells us nothing about what-is-
the-case.

& One exception:
Implication itself can be seen as a kind of (necessary) truth

So, logic can tells us that certain statements of the form “If
<premises> then <conclusion>" are necessarily true (i.e. true in all
possible worlds), and hence true in our world as well

10/68
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I Logic and Science

&8 Of course, if I do know that my premises are true, then if
the reasoning is (deductively) valid I know the conclusion to
be true as well

¢ But that's just science: science combines observation (facts)
with logic (reasoning), to get to truth (laws of physics,
chemistry, etc)

&8 Of course, scientific reasoning is inherently /nductive: a
finite set of data is always compatible with multiple theories

& Hence: scientific theories can change over time.
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Logic and Mathematics

&8 Most of what I just said for logic is true

for mathematics as well!

Scientists use mathematics to help figure out (calculate,
compute, etc) what-is-the-case but mathematics alone does
not tell us what-is-the-case

Like logic, mathematical theorems are proven from a set of
definitions or axioms: if those axioms or definitions don't
aBpIy to our world, then the theorem doesn’t say anything
about our world either.

The only thing we can claim to be certain of is a statement of
tll1e_ form “If <bunch of definitions/axioms> then <some
claim>".

So, theorems like “There is no greatest prime number” are
really expressions of “If we define ‘number’ to be ..., and
‘prime’ as ... and ‘greater than’ as ..., then there is no
greatest prime number.”
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Further Similarities Between
Logic and Mathematics

¢ Both logic and mathematics have been around for

thousands of years

¢ Both logic and mathematics study abstractions that can be

applied to any subject matter

¢ Formal logic is probably best seen as a branch of

mathematics

¢ Mathematics can be applied to formal logic

(mathematical logic)

¢ Formal logic can be applied to mathematics

(theorem proving)
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&8 We can determine that “All flurps are toogle, but not all
flems are toogle, so not all flems are flurps” is a valid
inference because of the abstract form of the reasoning:
“All P’'s are Q’s, but not all R’s are Q’s, so not all R’s are P's”

¢ Formal logic is just that: studying the validity of reasoning
by looking at its abstract form:

Just as in mathematics:

« 1) expressions of abstract symbols are assigned the objects of
study, and

« 2) by manipulating these expressions of abstract symbols, we
can figure something out about these objects
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&8 Formal logic goes back at least to Aristotle, probably earlier

3 In Medieval Times work was being done on categorical
syllogisms like the one on previous page (that one would be
c assified as AOO-2)

$ ‘Modern’ formal logic was developed in mid 19t century by
people like Georges Boole and Augustus DeMorgan

&8 They developed the system of propositional or truth-
functional logic

& The much more powerful system of first-order logic (or
predicate logic or quantificational logic) was completed by
the turn of the 20t" century

&8 Many other systems of logic have been developed since;
just as with mathematics, different systems have different
applications
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Truth-Functional Logic

¢ Applies to reasoning dealing with compound sentences built

from truth-functional operators like ‘and’, ‘or’, ‘not’,
and 'if ... then’.

&8 An operator is truth-functional in that the truth-value of a

sentence like “P and Q" is a function of the truth-values of
the sentences P and Q
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1. Categorical logic 15. Linear logic

2. Combinatory logic 16. Many-valued logic
3. Conditional logic 17. Modal logic

4. Constructive logic 18. Non-monotonic logic
5. Cumulative logic 19. Paraconsistent logic
6. Deontic logic 20. Partial logic

7. Dynamic logic 21. Prohairetic logic

8. Epistemic logic 22. Quantum logic

9. Erotetic logic 23. Relevant logic

10. Free logic 24. Stoic logic

11. Fuzzy logic 25. Substance logic

12. Infinitary logic 26. Substructural logic
13. Intensional logic 27. Temporal (tense) logic
14. Intuitionistic logic 32 In short: a lot!
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Propositional Logic

&8 A relatively simple framework for reasoning
¢ Can be extended for more expressiveness at the cost of

computational overhead

& Important aspects

Syntax

Semantics

Validity and inference
Models

Inference rules
Complexity

& Principles of propositional logic

Sentences, syntax, semantics, inference

&8 But major limitations of propositional logic
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Ménh dé légich Giai thich
Tuy theo gia tri cua x va y ma co
y>x+1 gia tr1 dung hoac sai. Chang han

x=1 va y=3 thi co gia tr1 dung

HOm nay tro1 mua !

Dung néu tai1 tho1 diem no1 ra
tro1 mua that, sai néu khong phai

2+3=5

Luon ludn co gia tri dung

[Luandon la thu do cua nudc Pic

Luon ludn co gia tr1 sai

Hom nay 1a ngay may ?

Cau hoi khong phai ménh dé

Mo1 anh vao day !

Cau ménh Iénh cling khong phai
la mot ménh deé, v.v...
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Examples

$2+2=4
Is a proposition which true
& The moon is made of cheese
Is a proposition which is false
& It will rain tomorrow
Is a proposition
8 This statement is false
Is not a proposition
&8 Vote for Mickey Mouse
Is not a proposition
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$ Symbols
Logical constants: true, false /*T,F | 1,0 | Yes, No ... */
Propositional symbols: P, Q R, ..
Logical connectives
% Conjunction: A
 Disjunction: V
“ Negation: —
< Implication: —, (or =)
< Equivalence: <, (or &)

Parentheses for grouping: (,)
¥ Cong thuc chinh (CTC)

Well-Formed formulas (wffs or sentences): w;, w,
Constructed from simple sentences: P, Q, R, ...
Conjunction, disjunction, implication, equivalence, negation

* (PAQ) > P
* (-PvQ)vR->S
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<AtomicSentence> | <ComplexSentence>
True | False |P| Q| R | ...

(<Sentence>) |
<Sentence> <Connective> <Sentence> |

<Sentence>

<AtomicSentence>

<ComplexSentence> ::

— <Sentence>

<Connective> AN|lV]|—>|

Ambiguities are resolved through precedence — A v — <« or parentheses

eg.-PvQAaR—=Sisequivalentto (-P) v(QAR)) > S
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<AtomicSentence> | <ComplexSentence>
True | False |P| Q| R | ...

(<Sentence>) |
<Sentence> <Connective> <Sentence> |

<Sentence>

<AtomicSentence>

<ComplexSentence> ::

— <Sentence>

<Connective> AN|lV]|—>|

Ambiguities are resolved through precedence — A v — <« or parentheses

eg.-PvQAaR—=Sisequivalentto (-P) v(QAR)) > S
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&8 Interpretation of the propositional symbols and constants

Symbols can stand for any arbitrary fact

¢ Sentences consisting of only a propositional symbols are
satisfiable, but not valid

¢ The value of the symbol can be true or false
¢ Must be explicitly stated in the model

The constants True and False have a fixed interpretation

¢ True indicates that the world is as stated
¢ False indicates that the world is not as stated

3 Specification of the logical connectives
Frequently explicitly via truth tables
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# User defines the semantics of each propositional symbol:
P means “It is hot”
Q means "It is humid”
R means "It is raining”

#8 A sentence (well formed formula) is defined as follows:
A symbol is a sentence
If S is a sentence, then —S is a sentence
If S is a sentence, then (S) is a sentence

If S and T are sentences,
then(SvT),(SAT),(S—T) and (S «— T) are sentences

A sentence results from a finite number of applications of the above rules
# Eq.

Q — P means: “If it is humid, then it is hot”

(P AQ) > Rmeans: "“Ifitis hot and humid, then it is raining”
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$8 Chuyén cac cau Sau sang logic ménh de :
1. Qua tam thi rao, sao tam thi mua

Ong &n cha, ba &n riem

Tai anh, tai a, tai ca doi bén

(Cha ai) di md rdi ciing nh 3 Tinh

BGi chung bac me em ngheo

Cho nén em phai bam beo thai rau

6. Trang khoe trang to hon den
CG sao trang phai chiu luon da

7. Cac chu hoc tro con
Pang lUc tudi con non
Cac chu phai cham hoc
Co hoc mdi nén khon

i > N

Man reng tui c6 thé ?
Da, day :
Al. Lap cac cau don (NNTN)
may't'heo tinh hudng/sw kién
2. Pit tén cac bién MPeé
3. Tim cac phép ndi lagic
twong ung
4. Kiém tra tinh hop thirc
5. Nhan két qua
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5 English Translations of Negation

#$ Assume:

P represents the fact Penguins eat fish
Q represents the fact I have three children

& Then Negation:

-Q: Penguins do not like fish
-Q: I do not have three children

8 Other Notation: ~P, ~Q

O
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#$ Assume:

P represents the fact This subject is boring
Q represents the fact I am tired

¢ Then Conjunction P A Q:
This subject is boring and I am tired
This subject is boring although I am tired
This subject is boring but I am tired
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= English Translations of Disjunction
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#$ Assume:

P represents the fact This subject is boring
Q represents the fact I am tired

& Disjunction P v Q
P: Sue is a football player.
Q: Bob is lazy
P v Q: Sue is a football player or Bob is lazy
Note: Disjunction is inclusive

€D
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#$ Assume:

¢ Then Conditional P — Q

English Translations of Conditional

Giai thich
vi reng rua ?

P represents the fact It is Tuesday
Q represents the fact We are in Belgiuly

If it is Tuesday then we are in Belgium
It's being Tuesday implies we are in BelgiL&

It's Tuesday only if we are in Belgium

It's being Tuesday is sufficient for us toeg in Belgium

O

P—)QE—IP \/Q
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& If-then statements appear in various forms in practice

If Then Variations

& More Translations P — Q:

If P then Q

P implies Q

Ponly if Q

P is sufficient for Q
Q is necessary for P
Q provided that P
QifP

IfP, Q

Q whenever P

It is necessary for P that Q

31/68



7

IT FACULTY

English Translations of Definition —P — Q

& Translations
If not P then Q
Unless P, Q
Q, unless P

& Examples

Unless Max is at home, Claire won't get the message

—HOME(max) — —GETSMESSAGE(claire)

b is cube, unless it is large
—LARGE(b) — CUBE(b)

32/68
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& Translations
P if and only if Q
P just in case Q
P is a necessary and sufficient condition for Q

Giai thich
vi reng rua ?

& Equivalencies O
P and Q are sufficient and necessary for each other
P Q O
(P->Q)A(Q—P) <

PAQ v (=P A-Q) (.»
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¥ Assume:

Today Mary has a Law exam or a Computer Science exam or both
She doesn’t have a Law exam
Therefore she must have a Computer Science exam

& Then
L: Mary has a Law exam today
C: Mary has a Computer Science exam today
Premises: L v C, =L
Conclusion: C
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& Assume
P represents the fact “ Penguins eat fish”
Q represents the fact "Penguins like fish”

3 then

P A Q Penguins eat fish and penguins like fish
P v Q Penguins eat fish or penguins like fish
Q — P Penguins eat fish therefore penguins like fish

P < Q Penguins eat fish therefore penguins like fish
and penguins like fish therefore penguins eat fish

¢ Fitness Example

S: If I exercise then I will get fit, and I do exercise, so I will
get fit.

E: I do exercise.
F: I will get fit.
Ss(E->F)AE->F
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21 Some terms

¢ The meaning or semantics of a sentence determines its
interpretation

& Given the truth values of all symbols in a sentence,

it can be “evaluated” to determine its truth value
(True or False)

&8 A valid sentence or tautology

A sentence that is True under all interpretations
(equivalent with True)

Also called: “logically true”
Example: Pv—P, "“It's raining or it's not raining”
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3£ An inconsistent sentence or contradiction

A sentence that is False under all interpretations
(equivalent with False)

Also called: “logically false”
Example: PA—P , “It's raining and it's not raining”

& As with equivalence: look at the truth tables

& P entails Q, written P |= Q, means that whenever P is
True, so is Q

& In other words, all models of P are also models of Q
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Truth Tables

3 Truth Tables for Connectives

P Q P [PAQ|[PVQ [Po>Q | PoQ
False | False True False False True True
False True True False True True False
True False | False False True False False
True True False True True True True

One row for each possible combination of truth values for the
symbols in the sentence

The final value must be true for every sentence
A variation of the model checking approach
Not very practical for large sentences
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& A literal is either a propositional variable, or the negation
of a propositional variable

propositional variables

@on of Iiteralg

(PA-RAQ)— (2PvVv

z

literals

[conjunction of literals
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&8 A formula is in Disjunctive Normal Form (DNF) if it is a
disjunction
D,vD,v..vD,

where each D, is a conjunction of literals

¢ A formula is in Conjunctive Normal Form (CNF) if it is a
conjunction

CiACG A .AC
where each C is a disjunction of literals
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¢ Disjunctive Normal Forms
(APA-R)V(APAQ)Vv(QA-=-R)vQ

(APA-RA-Q) V(APA=RAQ) V(APARAQ)
VIPA-RAQ)V(PARAQ)

38 Conjunctive Normal Forms
(APv-RVvQA(=PVRVQA((PV-RVQ)

(=P v Q) A (=R VvQ)
PAQ
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Two propositions are (logically) equivalent if and only if for each case

their truth values are the same ("=
also called identities

Examples:
P=(PvP) "1+1=2" < "1+1=20or 1+1=2"
——P =P “He did not not do it” <> “He did it"

_I(P/\Q) =—P v —|Q
“If P then not P” = “not P”

Proving that two propositions are equivalent
can be done by comparing their two truth tables
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Example of Equivalence

& How to prove "Q A (w=R—P) < (RAQ)Vv(PAQ)™?
¥ Earlier we saw...

—R |-R—=P| QA"&R—=P) [RAQLP AQ | (RAQ

while for the other proposition...

<

(P~ Q)

— 4 4 —H M T T T|T

A 4 T - T T

e e M B B R R B

I T e B 1 T T s

—|—|‘r|‘r|—|‘r|m

— A4 -4 -4 4 7
— -4 M M T T M T
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#£ Don’t confuse

the equivalence = with the biconditional <>

(only the biconditional has a truth table)
& For example:
P=P s a proposition/tautology,
a statement within logic,

Biconditional vs. Equivalence

P=P Is mathematically correct, ... about logic

P = —P is a contradiction (False),
P = —P Is Incorrect
Hence P<>P = —(P<«>—P), and so on

P Q|P+Q
T T T
T F F
F T F
F F T
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“The Laws of Logic” 1

1) Double negation law: ——P =P

2) De Morgan’s laws: —-(PAQ) = -Pv—-Q and
_I(P\/Q) = _IP/\_IQ

3) Commutative laws: PAQ = QAP and
PvQ = QvP

4) Associative laws: PA(QAR) = (PAQ)AR and
Pv(QvR) = (PvQ)VR

5) Distributive laws: PA(QVR) = (PAQ)v(PAR) and

i Pv(QAR) = (PvQ)A(PVR)

gy~ Augustus De Morgan
B (June 27, 1806 — March 18, 1871)
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6) Idempotent laws: PAP = P and
PWP=P
7) Identity laws: PvFalse = P and
PATrue =P
8) Inverse laws: Pv—P = True and
PA—P = False
9) Domination laws: PvTrue = True and
PAFalse = False
10)Absorption laws: Pv(PAQ) = P and
PA(PVQ) =P
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Here is how to prove our "Q A (=R—P) = (RAQ)v(PAQ)”

@(ﬁR—E /z\ QA(——RWP)  [P—Q = —PvQ rule]

QA(RVP) ‘double negation]
(QAR)V(QAP)  [distributive law]

O (RAQ)V(QAP)  [commutative law]

= J((RAQ)V(PAQ)) [commutative law]
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& In real life when proving mathematical statements often
we do not establish an equivalence but a consequence

Theorems are true/correct mathematical statements
Axioms are “self-evident” theorems

Using the rules of inference we can make a (valid) argument to
derive other theorems from the axioms

An argument is valid if and only if the validity of the hypotheses
implies the validity of the conclusion

¢ Typically, an argument uses hypotheses or premises to
reach a conclusion

& Example:

“Assuming the hypotheses H,, H,, H;
it follows that conclusion C holds”

& How to do this is described by the rules of inference
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& Every formula is logically
equivalent to formula in disjunctive normal form

& Example:
P->Q)AR->Q)

is logically equivalent to:
(—|P/\—|R/\—|Q)V(—|P/\—|R/\Q)\/
(APARAQ) V((PA-RAQ) V(PARAQ)
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E’ﬁ Shape of an Argument
H premises or
hypotheses

“therefore” /

symbol H3

\ C < conclusion

The therefore symbol “..” is a bit old fashioned
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Some Small Arguments

D PvQ
P — Q —PvQ
P> R e

S OAR

Valid
Arguments

Invalid
Arguments

“Inverse
fallacy”

P—>Q
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=i About Arguments

We can check arguments with the help of truth tables

An argument is valid if for all cases where the hypotheses
are True, the Conclusion is True as well

Arguments are to conditionals ("—"), what
Equivalences ("«") are to biconditionals (“«<"

Arguments are correct or incorrect / valid or invalid;
a conditional is True or False
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About Arguments

&6 For propositions P, Q,
If P—Q is a tautology,
then P logically implies Q
This is denoted by "P — Q“

& Arguments are correct or incorrect / valid or invalid;
a conditional is True or False

3 Arguments are to conditionals ("—"),
what Equivalences (“«") are to biconditionals ("<~")
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Checking Arguments

& An argument (H;A ... AH,) — Cis valid if
for all cases where the hypotheses H; are True
the Conclusion C is True as well

& We can check arguments with the help of truth tables

But just as with equivalences there are other ways of
proving the validity of an argument
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Rules of Inference 1

P—
Rule of Detachment P=Q |
P (Modus Ponens) Q— R Syllogism
- Q P> R
P—
< Modus F
—Q  Tollens Q  Conjunctio n
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PvQ .. .
Rule of Disjunctive PAQ . .
P Syllogism ) C_?onjg_nctlye
. - P Simplification
5 Q
P — False \P Disjunctive

P / ictiapd | - \?\/ Q Amplification
1. Tim khong gian cac su Kign

nhan vat that

2. Tim cac phat biéu twong
rng v6i cac bién trong luat
3. Gan nghia cho tirng thanh
phan ciia luat
. Nhan két qua
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Rules of Inference III

P— R
Q—R

L QVS

PAQ »
Conditional
P—(Q—>R) Proof
A
P—>Q
R—>S
PVv R

L (PvQ)—R

Proof by
Cases

P—>Q
R—> S
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gtfi Proving Validity of Arguments

Using basic inference steps and@quivalence rulesone can
prove the validity of arguments

9 .
Example: P IR : valid?| Yes, according
9= b to truth tables
But also, D—Q And because
——p Syllogism P—HP@ —Pv—=P < =P
, : b =9 we have the validity
PP proven a second time
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Longer Arguments...

Example: ((=Pv—Q)—(RAS)) A (R>T) A (=T) > P

1)
2)
3)
4)
3)
6)
7)
8)
9)

R—>T

—T

—R

—Rv—=S

—(RAS)
(—=Pv—=Q)—(RAS)
—(—Pv-Q)

PAQ

10) P

Premise]

[Premise]

[Steps 1, 2 and Modus Tollens]

[Step 3 and Disjunctive Amplification]
[Step 4 and DeMorgan'’s Law]
[Premise]

[Steps 5, 6 and Modus Tollens]

[Step 7 and DeMorgan'’s Law]

[Step 8 and Double Negation]

[Step 9 and Conjunctive Simplification]
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&8 Propositions that only use A, v, —, (, ) are the objects in
Boolean algebra (without the implication "—")

Note: the Laws of Logic do not use “—"
¢ This is what you typically have in IF ... THEN construction

& The implication becomes useful when you want to connect
Boolean algebra with the rules of inference

&8 “False — P <« True” follows from proof by contradiction
It holds that (PA—P) — P hence (PA—P) — P < True
Take the two cases P «» True and P « False
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&8 For the propositions P and Q and the conditional P — Q,
we have the three other conditionals:

converse: Q—->P

contrapositive: -Q —» —P

... the contrapositive, hence: (P—Q) < (—-Q—>—P).

We also have for the other two: (Q—P) < (—-P—>—-Q)
but not: (P—>Q) <« (Q—P) or (P—>Q) < (-P—>-Q)
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Example of Inferencing

¢ Consider the following argument:

1. Today is Tuesday or Wednesday
2. But it can't be Wednesday, since the doctor's office is open

today, and that office is always closed on Wednesdays

3. Therefore today must be Tuesday

# This sequence of reasoning (inferencing) can be

P— Q
P

~Q

represented as a series of application of modus ponens to
the corresponding propositions as follows
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$¢ The modus ponens is an inference rule which deduces
Q from P->Q and P

T Today is Tuesday
w Today is Wednesday

D The doctor's office is open today
C The doctor's office is always closed on Wednesdays
#8 The above reasoning can be represented by propositions as follows
1. TVW
2 D
c P>Q
~W P
"""""" CQ
3 T
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§Q§Y Example of Inferencing (Cont)

& To see if this conclusion T is correct, let us first find the
relationship among C, D, and W

C can be expressed using D and W

That is, restate C first as the doctor's office is always closed
if it is Wednesday

Then C= (W — -D)
Thus substituting (W — —D) for C, we can proceed as follows

which is correct by modus tollens
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¥ From this —W combined with TV W of 1. above,

which is correct by disjunctive syllogism
Thus we can conclude that the given argument is correct

To save space we also write this process as follows eliminating one of the —-W's:
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& Propositional Logic :

IS good for facts, not individuals
But hard to identify individuals (terms)

E.g., Mary, John, 17, Canada
& We could try a variable JohnIsTall, but suppose we

then want to encode a rule that tall people are good
at basketball

E.g., TallPeople — GoodAtBasketball
Given a knowledge base that consists of

JohnIsTall

TallPeople — GoodAtBasketball
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Limitations of Propositional Logic 2

& Can't directly talk about properties of individuals

or relations between individuals
E.g., how to represent the fact that John is tall?

& We have no way to conclude that John is good at

basketball!

& Generalizations, patterns, regularities can't easily be

represented
E.g., all triangles have 3 sides
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Hé chuyén gia (Expert System)

PGS.TS. Phan Huy Khanh
khanhph@vnn.vn

Chuong 2

Biéu dién tri thirc

nha logic vi tu bac mot
2.3


mailto:khanhph@vnn.vn

SN

E}é Chuang 2

= Bjéu dién tri thifc nhd logic vi tir bAc mot

3 Phan 2.3 :
@ LOgic vi tu’ bac mot

£ Bi€u dién tri thi'c nhd logic vi tor bAc mot
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Limitations of Propositional Logic 2

& Can't directly talk about properties of individuals

or relations between individuals
E.g., how to represent the fact that John is tall?

& We have no way to conclude that John is good at

basketball!

& Generalizations, patterns, regularities can't easily be

represented
E.g., all triangles have 3 sides
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Predicate Logic Overview

&8 Predicate Logic
Principles
Objects
Relations
properties
3 Syntax
& Semantics
& Extensions and Variations
& Proof in Predicate Logic

& Important Concepts and Terms
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Delimiters

, ()

Connective
AV > &

Function
fgh

Variale
A..Z

Constants
a..z

Quantifier
v 3

Predicate P,
PQR

Wi
3IX VY (P(X, Y) = R(Y))
5/69
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38 Bang ky hiéu dé xay dung cac biéu thirc ding gom :
Cac dau phan cach (separator signs) :
ddu phay (, ), ddu mé ngodc ( () va dau dong ngoac () )
Cac hang (constant) :
c6 dang chudi str dung cac chif céi in thudng a..z
Vi'du : a, block
Cac bién (variable) :
c6 dang chudi st dung cac chif céi in hoa A..Z
Vi du : X, NAME.
Cac v/ tu'(predicate) :
dugdc viét tuong tu’ cac bién, s dung cac chif cai in hoa A..Z
Vi du : ISRAINING, ON(table), P(X, blue), BETWEEN(X, Y, Z)
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Bang ky hiéu (Alphabet)

¥ Cac phep noi logic (logical connector) :

— A, V, > VA ©

tudng Ung vai cac phép phu dinh, va, hodc, kéo theo va kéo

theo lan nhau (tuong ducng)

$¥ Cac dau lugng tu

3 lugng tu ton tai (existential quantifier)
V lugng t toan thé (universal quantifier)
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#8 Constants are used to name existing objects:
@ The interpretation identifies the object in the real world
@ No constant can name more than one object
@ An object can have more than one name or no name at all

ol Honest Abe

Leonard Euler

Tiberius
Sempronius
Gracchus

Gaius
Sempronius

38 Variables:
V=4{XY,2Z .}
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<Sentence> — <AtomicSentence>

(<Sentence> <Connective> <Sentence>)
<Quantifier> <Variable>, ... <Sentence>

— <Sentence>

<AtomicSentence> — <Predicate>(<Term>, ...) | <Term>= <Term>

<Term> — <Function>(<Term>, ...)
| <Constant> | <Variable>
<Connective> - Alv]—=>|e
<Quantifier> — V| 3
<Constant> — a, b, ¢, max, carl, jim, jack
<Variable> — A, B, C, X;, X,, COUNTER, POSITION
<Function> — father-of, square-position, sqrt, cosine
<Predicate> — P, Q, LARGER, BETWEEN, YOUNGER-THAN

Ambiguities are resolved through precedence or parentheses
9/69
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term = variable
| function_symbol_of_arity_n(t,, ..., t.) n>0
| function_symbol_of_arity_0 constant
atom ::= predicate_symbol_of_arity_n(t,, ..., t.) n>0
| predicate_symbol_of_arity_0 constant
literal ::= atom positive literal
| — atom negative literal
wff ;= atom well formed formula (sentence)
(— wiff) negation
(wff A wff) conjunction
(wff v wff) disjunction
(wff — wiff) implication
(wff <> wiff) equivalence
(V variable wff) universal formula
(3 variable wff) existential formula
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$ Cac ham :
cO cach viét tuang tu’ cac hang
suU’ dung cac chil' in thudng a..z

MOi ham c¢d bac (hay sd lugng cac ddi) cd dinh, 1a mot s
nguyén ducng

¥ Vidu:

f(X), weight(elephan), successor(M, N)
la cac ham co bac lan lugtla 1, 1, va 2

3 Ngudi ta quy udc rang :
Cac hang la nhitng ham bac khong (nil)
Vi du : a, elephan, block la cac hang
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&8 Function symbols
function_name(arg,, arg,, ..., arg,)
Identifies the object referred to by a tuple of objects

May be defined implicitly through other functions, or explicitly
through tables

¢ Function names begin with a lowercase letter or are
expressed with a symbol

F={f,g,h .}=F,buF, UF, U ..
# Function arities:
F,: function symbols of arity 0 (constants): a, b, max, jim

F,: function symbols of arity 1 (one argument)
F,: function symbols of arity 2 (two arguments)
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&8 A function is used to express complex names

¢ age(max) Max’s age
@ password(claire) Claire’s password
&8 A function may be nested
@ Max's age’s double double(age(max))
¢ father(mother(max)) Max’s mother’s father
@ starship(son(dr_crusher)) Dr_Crusher’s son’s starship
&8 A function is never a predicate
@ Can't nest predicates TALL(TALL(max))
&8 Function symbols of arity >1
@ youngestChild(max, ann) Max and Ann’s youngest child
e *(5, +(2,4)) 30

& A predicate forms a sentence,
while a function names an individual
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Hang, hay hang tu (term)

¥ Hang dugc tao thanh tu hai luat sau :

Cac hang va cac bién la cac hang
Néu f la mot ham co bacn > 1

va néu t,,..., t. déu la cac hang,

thi ham f (t,..., t,) cling la mét hang

$¥ Vi du cac ham sau day déu la cac hang :

successor(X, Y), weight(b), successor(b, wight(2))

¥ Nhung cac ham sau day khong phai la hang :

P(X, blue) vi P 12 vi tUr

weight (P(b))
vi P(b) khong phai la hang (vi tur khong lam do6i cho ham)
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&8 Predicate symbols :
¢ PREDICATE(arg,, arg,, ..., arg,)
¢ A (determinate) property possessed by an object: Shape, Size

¢ A (determinate) relationship among objects:
Shape relationship, size relationship, positional relationship...

@ The number of arguments is called the predicate’s arity
¢ The order of the arguments is important

#8 Predicates have names beginning with an uppercase letter
or are represented by an operator symbol
P=P,uP,UP,u ..
& Predicate arities:

P,: predicate symbols of arity 0 (constants: proposition) : P, Q, R, ...
P,: predicate symbols of arity 1 (one argument)

P,: predicate symbols of arity 2 (two arguments) ...
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Nguyén tur (atom)

¥ Nguyén tor dugc tao thanh tu hai luat sau :

Cac ménh dé (vi tu’ bac 0) la cac nguyén tur
Néu P la mot vi tu bac n (n > 1)

va néu t,,..., t, déu la cac hang,

thi P(ty,..., t,) cling la mot nguyén tur

$¥ Vi du cac vi tu sau day la cac nguyén tur :

P(X, blue), EMPTY, BETWEEN(table, X, sil(window))

¥ Con:

successor (X, Y, sill (window)
khong phai nguyén t, ma la cac ham
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Atomic Sentences

#$ A atomic sentence:

@ Expresses a claim that is either true or false

@ Formed by a single predicate followed by one or more arguments
&8 Example:

& Max is tall
TALL(max)
@ A is larger than B
LARGER(A, B)
@ B is not larger than A
—LARGER(B, A)
& C is smaller than D, or D is not smaller than C
SMALLER(C, D), —-SMALLER(D, C)
@ A is between B and E:
BETWEEN(A, B, E)
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Cac cong thuc chinh

$ Cac cong thuc chinh (CTC) dudc tao thanh tu ba luat sau :

Cac nguyén tur la cac CTC

Néu G va H la cac CTC,
thi (=G), (GAH),(GVvH),(G—->H)va(GeH)
cling la cac CTC dugc tao thanh tu G va H

NEu G la mot CTC va X la mot bién,
thi (3X)G va (¥X)G cling la cac CTC

¥ (3X)G dugc doc la :

TOn tai bién X sao cho G dugdc thoa man

¥ (VX)G dudc doc la :

V&i moi bién X thi G déu dugc thoa man
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38 Ai du 18 tudi mai dugc phép lai xe
$8 Gai du 18 tudi, trai 20 tudi méi dugc phép lap gia dinh
32 Kiém tra hd s6—

Nhap hoc tai@u’&mg PH, Cb

San pham Q
Quy trinh cong nghé...

Man reng tui lay vi du ?

1. Xac dinh khong gian cac sy kién,
nhan vat that lién quan

2. Tim cac hang, bién, ham va/hoic vi tir

twong wrng voi cac phat biéu

Gan nghia cho ting thanh phan dé

kiém tra tinh ding din

Nhén két qua

19/69



7

IT FACULTY

Well-formed Formula (wff)

& Any atomic sentence is a wff

3 If A are B are wffs then so are
—A
AAB
Av B
A—->B
Ao B

& B is a cube or B is large (a large cube):
CUBE(B) v LARGE(B)

& E and C are in the same row and E is in back of B:
SAMEROW(E, C) A BACKOF(E, B)
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¢ Equality indicates that two terms refer to the same object
=(A, B)
¢ A and B are identical
@ Usually, written in infix form A = B
The equality symbol “=" is an (in-fix) shorthand
FATHER(jane) = jim, or =(FATHER(jane), jim)
E.g. Jim is Jane’s and John’s father
¢ Equality by reference and equality by value

Sometimes the distinction between referring to the same object

and referring to two objects that are identical (indistinguishable)
can be important

$E-E E is not identical to iteself
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Vi du

#¥ Cac cong thuc sau day la chinh :

(3X) (vY) ((P(X, Y) v Q(X, Y) = R(X))
((=(P(a) — P(b))) —» —P(b))

$ Con cac cong thuc sau day khong chinh :

(—(f(a)) : phu dinh cia mot ham,
f (P(@)) :ham co ddi la mot vi tur

¥ Chuy:

CTC dugc goi la mot truc kién (literal) hay tri ding néu no la
mot nguyén tu hay c6 dang (—G), va@i G la mot nguyén tur
Trong mot CTC, truGc hoac sau cac ky tu' ndi, ky tu’ phan
cach, cac hang, cac bién, cadc ham, cac vi tl, ngudi ta cd thé
dat tuy y cac dau cach (space hay blank)
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38 Cho mot phat biéu (su kién) trong NNTN :
(Cha ai) di mo cting nhé vé Ha Tinh
3 Xac dinh cac mién doi tugng :
Ngudi : cu Ty, cu Teo, cai NG... X e D1
Qué : Ha Tinh, Ha Tay, Ha Giang... Y e D2
8 Xac dinh cac quan hé dé xay dung cac ménh dé
Cu Ty qué Ha Tinh : QUE(cuty, hatinh), QUE(X, Y)
Cu Ty xa qué Ha Tinh : XAQUE(cuty, hatinh), XAQUE(X, Y)

Cu Ty nhé@ que Ha Tinh :
NHOQUE(cuty, hatinh), NHOQUE(X, Y)

$ Xay dung CTC
VX, 3Y (QUE(X, Y) A XAQUE(X, Y) — NHOQUE(X, Y))
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Predicate Logics: some terminology

3 There is a predicate logic for each basis B=(F, P)
of function and predicate symbols

¥ Terms formed on basis B are called B-terms:
the set of all B-terms is denoted T,

¥ Formulas formed on basis B are called B-formulas:
the set of all B-formulas is denoted WFFg

& Formulas with all variables bound to a quantifier
are called closed formulas

& Formulas with no quantifier
are called quantifier free formulas

& Formulas with no quantifier and no variable
are called ground formulas
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MOt sO nhan xet 1

$ TU nay ta quy udc rang, trong mot CTC :

MOt bién dugc lugng tir hoa sé xuat hién ngay sau 3 hay Vv
Pham vi lugng tir hda cia bién ké tir vi tri xudt hién trd di

Cé thé cd cac bién tu do (free variable),
la cac bién khong dudc lugng tu’ hoa

Vi du : P(X) va (3Y) Q(X, Y) co chira bién tu do X

#¥ Logic vi tU dugc goi la «bac mot» (first—order) :

Trong CTC khong dinh nghia lugng tir cho vi tU hay cho ham

Vi du : (VP)P(a) va (vf) (¥f) (¥X) P(f (X), b)
khong phai la nhirng vi tUr bac mot,
ma co bac cao han (higher-order)
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3 Tri thifc dién ta theo ng6n ngif ty' nhién hay toan hoc
khong phai luon luén dé dang chuyén do6i thanh cac CTC
trong l0gic vi tU bac mot

$8 Chang han, dé dién ta rang :
«Né€u hai vat y chang nhau thi chung co cung tinh chat»,
nguai ta co thé viét :

(VP) (¥X) (VY) (EQUAL(X, Y) - (P(X) & P(Y)))

38 Nhung biéu thirc trén khdng phai la logic vi tU bac mot
vi cO lugng tur v ap dung cho mot ky tu' vi tu' la P

$ Trong l6gic vi tUr bac mot, su kién trén dugc viét :
(vX) (YY) (SAME_P(X, Y) — (P(X) < P(Y))), hoac
(vX) (VY) (SAME_P(X, Y) — (HAVE(X, p) <> HAVE (Y, p)))
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&8 Objects: people

& Properties: gender, ...
Expressed as unary predicates:
MALE(X), FEMALE(Y) hoac SEX(X, male), SEX(Y, female)
3 Relations: parenthood, brotherhood, marriage
Expressed through binary predicates
PARENT(X, Y), BROTHER(X, Y), ...
¥ Functions: motherhood, fatherhood
Because every person has exactly one mother and one father:
mother(X), father(Y)
There may also be a relation
mother-of(X, Y), father-of(X, Y)
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&8 Function translation:
Brando is Nancy'’s favorite actor:
brando = favoritecctor(nancy)
Sean is his own favorite actor
sean = favoriteactor(sean)
& Sentences Translation:
Nancy'’s favorite actor is better than Max’s favorite actor:
BETTERACTOR(favoriteactor(nancy), favoriteactor(max))
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Examples Atomic Sentences

FATHER(jack, john), MOTHERG(jill, john), SISTER(jane, john)
PARENTS(jack, jill, john, jane)

MARRIED(jack, jill)

MARRIED(father-of(john), mother-of(john))
MARRIED(father-of(john), mother-of(jane))

FATHER(jack, john) A MOTHER(Jill, john) A SISTER(jane, john)
— SISTER(john, jane)

PARENTS(jack, jill, john, jane) A MARRIED(jack, jill)
PARENTS(jack, jill, john, jane) — MARRIED(jack, jill)
OLDER-THAN(jane, john) v OLDER-THAN(john, jane)
OLDER(father-of(john), 30) v OLDER (mother-of(john), 20)
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Avoid Ambiguity

Both C and E are cubes
CUBE(c) A CUBE(e)
Either C or E is a cube
CUBE(c) v CUBE(e)
Neither C nor E is a cube
—(CUBE(c) v CUBE(e))
Both A or Band C
AvBAC
Either A or both B and C
Av (B ACQ)
Either both A and B or C
AABVvC
Both A and either B or C
AAn(BvCO
Either both Max is at home and Claire is tall or Carl is happy
(HOME(max) A TALL(claire)) v HAPPY(carl)
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=i Quantifiers

&8 Quantifiers can be used to express properties of collections
of objects

#& Quantifiers eliminates the need to explicitly enumerate all
objects

#8 The universal quantifier, represented by the symbol V
means “for every” or “for all”

&8 The existential quantifier, represented by the symbol 3
means “there exists”

36 Limitations of predicate logic — most quantifier
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& VX P(x) states that

a predicate P is holds for all objects X in the universe (domain)
under discourse

The sentence is true if and only if all the individual sentences
where the variable X is replaced by the individual objects it can
stand for are true

& Example
All dogs are happy
Vv X (DOG(X) —» HAPPY(X))
No dog is happy
All dogs are unhappy
Vv X (DOG(X) —» ~HAPPY(X))
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= Usage of Universal Qualification

IT FACULTY

& Universal quantification is frequently used to make
statements like:

“all humans are morta
“all cats are mammals”
“all birds can fly” ...

&8 This can be expressed through sentences like
vX HUMAN(X) — MORTAL(X)
vX CAT(X) — MAMMAL(X)
VX BIRD(X)  — CAN-FLY(X)
& These sentences are equivalent to the explicit sentence
about individuals
HUMAN(john) — MORTAL(john) A
HUMAN(jane) — MORTAL(jane) A
HUMANGill)  — MORTALll) A ...

|ll
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§!:7i Existential Quantifier 3 (there exists)

¢ 3X P(x) states that

a predicate P holds for some objects in the universe

The sentence is true if and only if there is at least one true
individual sentence where the variable X is replaced by the
individual objects it can stand for

& Example:

Some dogs are happy

3 X (DOG(X) A HAPPY(X))
Some dogs are not happy
3 X (DOG(X) A =~HAPPY(X))
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¢ Existential quantification is used to make statements like:
“some humans are computer scientists”
“john has a sister who is a computer scientist”
“some birds can't fly” ...

&8 This can be expressed through sentences like
3X HUMAN(X) A COMPUTER-SCIENTIST(X)
3X SISTER(X, john) A COMPUTER-SCIENTIST(X)
3X BIRD(X) A —~CAN-FLY(X)

& These sentences are equivalent to the explicit sentence
about individuals
HUMAN(john) A — COMPUTER-SCIENTIST(john) v

HUMAN(jane) A COMPUTER-SCIENTIST(jane) v
HUMAN(ill) A =COMPUTER-SCIENTIST(ill) v ...
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¢ More complex sentences can be formulated by multiple
variables and by nesting quantifiers
The order of quantification is important

Variables must be introduced by quantifiers, and belong to the
innermost quantifier that mention them

¢ Examples
VX, VY PARENT(X, Y) — CHILD(Y, X)
vX HUMAN(X) A 3Y MOTHER(Y, X) = VX 3Y HUMAN(X) A MOTHER(Y, X)

vX HUMAN(X) A 3Y LOVES(X, Y) = VX 3Y HUMAN(X) A LOVES(X, Y)
3X HUMAN(X) A VY LOVES(X, Y) = VX VY HUMAN(X) A LOVES(X, Y)
3X HUMAN(X) A VY LOVES(Y, X) = 3X VY HUMAN(X) A LOVES(Y, X)

& They can translate to the form:

Q<V> M<V>, with Q: quantifiers, M: Matrix, wffs including <V>
V: Variable
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& All statements made with one quantifier can be converted
into equivalent statements with the other quantifier by
using negation

Y is a conjunction over all objects under discourse
3 is a disjunction over all objects under discourse
¢ De Morgan’s rules apply to quantified sentences
VX —P(X) = —3X P(X) VX P(X) = 3X —P(X)
VX P(X) = —-3X = P(X) VX —P(X) = 3X P(X)
¢ Strictly speaking, only one quantifier is necessary
Using both is more convenient
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# One’s mother is one’s sibling’s mother

VM, C, D MOTHER(M, C) A SIBLING(C, D) - MOTHER(M, D)
& Brothers are siblings

VX, Y BROTHER(X, Y) — SIBLING(X, Y)
& Sibling is transitive

VX, Y, Z SIBLING(X, Y) A SIBLING(Y, Z) — SIBLING(X, Z2)
& One’s mother is one’s sibling’s mother

VM, C MOTHER(M, C) A SIBLING(C, D)  — MOTHER(M, D)
&8 A first cousin is a child of a parent’s sibling

vC, D FIRSTCOUSIN(C, D) VN
3P, PS PARENT(P, D) A SIBLING(P, PS) A PARENT(PS, C)
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Exercises at class bai tap

#¥ Tim ménh dé tucng Ung dat vao dau ?

Ngudi nay la me ciia ngudi kia khi mot ngudi la phu nir va la than sinh clia ngudi kia

vM, ¥C MOTHER(C) = M <> FEMALE(M) A PARENT(M, C)

Ngudi nay la chong clia ngudi kia khi ngugi nay la dan ong va ngudi kia la vg clia ngudi nay,

vW, ¥H HUSBAND(H, W) <> MALE(H) A SPOUSE(W, H)
vX MALE(X) <> —FEMALE(X)
vG, ¥C GRANDPARENT(G, C) <> 3P PARENT(G, P) A PARENT(P, C)

vX, VY SIBLING(X, Y) <

—(X=Y) A 3P PARENT(P, X) A PARENT(P, Y)
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Translating English to FOL

Every gardener likes the sun
VX GARDENER(X) — LIKES(X, sun)
You can fool some of the people all of the time
IX VT (PERSON(X) A TIME(T)) — CAN-FOOL(X, T)
You can fool all of the people some of the time
vX 3T (PERSON(X) A TIME(T) — CAN-FOOL(X, T)
All purple mushrooms are poisonous
vX (MUSHROOM(X) A PURPLE(X)) — POISONOUS(X)

No purple mushroom is poisonous
—=(3X) PURPLE(X) A MUSHROOM(X) A POISONOUS(X)

or, equivalently,
(vX) (MUSHROOM(X) A PURPLE(X)) — —POISONOUS(X)
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ma Translating English to FOL...

VAV

&8 There are exactly two purple mushrooms

(3X)(3Y) MUSHROOM(X) A PURPLE(X) A MUSHROOM(Y) A PURPLE(Y)
A (X=Y) A (VZ) (MUSHROOM(Z) A PURPLE(Z))

%

((X=2) v (Y=2))

3£ Bob is not tall
~TALL(bob)

& X is above Y if X is on directly on top of Y or else there is a
pile of one or more other objects directly on top of one
another starting with X and ending with Y

(WX)(VY) ABOVE(X, Y) « (ON(X, Y) v (3Z) (ON(X, Z) A ABOVE(Z, Y)))

41/69



i Colonel West Example

IT FACULTY

¥ Assume:

It is a crime for an American to sell weapons to a hostile nation.
The country Nono, an enemy of America, has some missiles, and
all its missiles were sold to it by Colonel West, who is an American

Constants: nono, america, west

Predicates: CRIMINAL, AMERICAN, WEAPON, HOSTILE, NATION,
ENEMY, MISSILE, OWNS, SELLS

3 Then

It is a crime for an American to sell weapons to a hostile nation
= If any american X sells any weapon Y to any hostile nation Z, then
that american X is a criminal

v X,Y,Z  (AMERICAN(X) A WEAPON(Y) A NATION(Z)
A HOSTILE(Z) A SELLS(X, Z, Y) — CRIMINAL(X))
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3 Nono's missiles
Nono has some missiles
3 X (MISSILE(X) A OWNS(nono, X))

All of Nono'’s missiles were sold to it by West
= If X is a missile owned by Nono then West sold X to Nono

Vv X ((MISSILE(X) A OWNS(nono, X)) — SELLS(west, nono, X))

& The other facts
An enemy of America is hostile
v X (ENEMY(X, america) —» HOSTILE(X))

West is an American
AMERICAN(west)

Nono is an enemy of America
NATION(nono) A NATION(america) A ENEMY(nono, america)
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F Other Examples

3 Love

There is a girl who is loved by every boy
= Thereis a girl X and if Y is a boy then Y loves her
X (GIRL(X) A VY(BOY(Y) —» LOVES(Y,X)))

Every boy loves some girl
For every boy Y there exists a girl X that he loves
vY(BOY(Y) — 3IX (GIRL(X) A LOVES(Y,X)))

&8 Socrates Example

All men are mortal
vX (MAN(X) - MORTAL(X))

Socrates is @ man
MAN(socrates)

Socrates is mortal
MORTAL(socrates)
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& Assume:
Jack owns a dog
Every dog owner is an animal lover
No animal lover kills an animal

Either Jack or Curiosity killed the cat
The cat’s name is Tuna

Then
Constants: jack, curiosity, tuna.

Predicates: OWNS, DOG, ANIMALLOVER, KILLS, ANIMAL
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& Dog owners
Jack owns a dog
= Some dog is owed by Jack
3 X (DOG(X) A OWNS(jack, X))

Every dog owner is an animal lover
v X ((3 Y (DOG(Y) A OWNS(X,Y))) — ANIMALLOVER(X))

3 Animal Lovers
No animal lover kills an animal
— An animal lover does not kill an animal

— For any animal lover X and any animal Y,
then Y is not killed by X

V X, Y ((ANIMALLOVER(X) A ANIMAL(Y)) — —~KILLS(X,Y))
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Curiosity Example

¢ Cat Knowledge

The cat's name is Tuna

CAT(tuna) \
Either Jack or Curiosity killed the cat

KILLS(jack, tuna) v KILLS(curiosity, tuna) |
All cats are animals
VX CAT(X) — ANIMAL(X) |
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Bai tap 1

$ Cho cac cau sau :

Marcus la mot nguGi

Marcus la ngugi xU Pompeii
(hay x Campanie gan Naple nudc Y)

Moi nguGi Pompeii déu la ngudi La Ma

Ceasar la mot ké cam quyén

Ngudi La Ma hoac la trung thanh véi Ceasar,
hoac la thu ghét Ceasar

MOi ngudi déu trung thanh véi modt ngudi nao dé

Nhan dan chi mudn giét nhirng ké cam quyén
ma ho khong trung thanh

Marcus mudn giét Ceasar

32 Biéu dién cac cau trén thanh cac wff's
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38

38

Bi€u dién wff's trong logic vi tUr

Marcus la mot ngudi

MAN(marcus)

Marcus la mot nguGi Pompeii
POMPEIAN(marcus)

Moi ngudi Pompeian déu la nguGi La Ma
VX : POMPEIAN(X) — ROMAN(X)
Caesar la mot ke cam quyén

(gia su’ khong co su trung tén)
RULER(caesar)

Ngudi La Ma hodc la trung thanh véi Caesar,
hodc la thu ghét Caesar

VX : ROMAN(X) — LOYALTO(X, caesar) v HATE(X, caesar)
Tuy nhién khi st dung véi nghia hodc cé loai trir, co thé viét lai :

VX : ROMAN(X) — ((LOYALTO(X, caesar) A HATE(X, caesar)) A
(—LOYALTO(X, caesar) A HATE(X, caesar)))
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36

38

Bi€u dién wff's trong logic vi tUr

Moi ngudi déu trung thanh vai mot nguci nao do

vX, 3Y LOYALTO(X, Y) hodc  3Y, vX LOYALTO(X, Y)

Nhan dan chi muon giét nhirng ké cam quyén

ma ho khong trung thanh

VX, VY PERSON(X) A RULER(Y) A TRYASSASSINATE(X, Y) —
—LOYALTO(X, Y)

Ménh dé nay to ra map ma (ambiguous). Co phai chi nhifthg ké cam
quyén ma nhan dan muodn giét la nhirng ké ho khong trung thanh (theo
nghia d3 biéu trung) hay chi nhiing di€éu ma nhan dan cé y dinh la giét
nhiing ké cam quyén ma ho khong trung thanh ?

Marcus muon giét Ceresar
TRYASSASSINATE(marcus, caesar)
Cau hoi : Marcus co trung thanh vai Caesar khong ?
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$#¢ Cho cac cau sau :
Marcus la mot ngudi
Marcus la ngugi Pompeii
Marcus sinh nam 40 trong cong nguyén (A.D.: Anno Domini)
Moi ngudi déu (ai cling phai) chét

Tat ca moi ngudi dan Pompeii déu bi chét
vi nUi Iira phun vao nam 79 A.D.

Khoéng cé ngudi nao (khdng ai) séng nhiéu han 150 tudi
Bay gid la nam 2007
Con song c6 nghia la khong chét

Néu ai dé chét, thi ngudi dy cd thé chét & moi thdi diém sau dé

Marcus con song khong ?
$¥ Biéu dién cac cau trén thanh cac wff's
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¥ Marcus la mot nguoi
MAN(marcus)

3 Marcus la ngudi Pompeii
POMPEIAN (marcus)

$¥ Marcus sinh nam 40 trong cong nguyén
(A.D.: Anno Domini)

BORN(marcus, 40)
¥ Moi ngudi déu (ai cling phai) chét
vX MAN(X) - MORTAL(X)
$¥ Tat ca moi ngudi dan Pompeii déu bj chét
vi nui IUra phun vao nam 79 A.D.
VX ERUPTED(vocalno, 79) A POMPEIAN(X) — DIED(X, 79)
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36

Khong c6 ngudi nao (khdng ai) séng nhiéu hon 150 tudi

VX VT1 VT2
MAN(X) A BORN(X, T1) A GT(T2 - T1, 150) — DIED(X, T2)

Bay giG la nam 2007
now = 2007
Con song co nghia la khong chét

vX VT (ALIVE(X, T) - —DEAD(X, T))
A ((DIED(X, T) » —ALIVE(X, T))

NEu ai do chét,
thi nguGi ay co thé chét ¢ moi thoi diém sau do

vX VT1 VT2 DIED(X, T1) A GT(T2, T1) - DEAD(X, T2)
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36

Dién giai (Interpretation)

Cho G la mét CTC, mdt dién giai ctia G, ky hiéu I, dugc xac
dinh tU nam budc sau day :
Chon mién dién giai (Interpretation Domain) la cac tap hgp
khac rong, ky hiéu D # &
Gan (Assignation) cho moéi hang cia G mdt phan tr clia D
Gan cho moi ménh dé (hay vi tir béac 0)
mot gia tri true (T) hoac false (F)
Gan cho moi vi tr bdc n (n>1) anh xa tr D" 1én { T, F } :
P(Ty,...T,):D">{T,F}
Gan cho moi ham bac n (n>1) 4nh xa tir D" 1én D :
f(Xy,... X)) :D" > D
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P M6 hinh dién gidi I tUr G Ién D
. Ménh dé LA . i
Hang L, A Vi tu’ bac n Ham bac n
a..z v - %‘C OV e, Ty | X X)

{T,F}‘ D“—>{T,F}‘ D D ‘

3 Khi mdt CTC G c6 gia tri la T theo mdt dién giai I,
ngudi ta ndi rang dieén giai I la mot mo hinh cia G
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> i Quan hé Translation-Interpretation

Translation Interpretation

Ngon ngir
dién giai
D, {T, F}

Ngon nglr
16gic vi tu
WFF

Ngon nglr
tu nhién

Application

Qué huagng moi ngudi chi mot,
nhu' la chi mot me thoi T \
¥X3Y3Z (QUE(X,Y) A (QUE(X,Z) — EQ(Y,2))

>
vT3U3V (FEMALE(U) A (MOTHER(U,T))

A (FEMALE(V) A (MOTHER(V,T)) —
EQ(UV))
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Tinh gia tri cia CTC theo dien giai

3 Cho G la mot CTC va mot dién giai I trén mot mién D
¥ Khido:

Néu G la mot ménh dé, gia tri gan cho G qua I la I(G)
Néu G la mot truc kién, G nhan mot gia tri T hay F

Néu G co dang (VX)G:

+ I(G) = T néu I(G") = T cho moi gia tri cua bién X trong D

+ I(G) = F néu khong phai

Néu G c6 dang (IX)G":

+ I(G) = T néu I(G") = T vdi it nhat mot gia tri cua X trong D
+ I(G) = F néu khong phai
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7| Tinh gié tri cia CTC theo dién giai (ti€p)

ULTY

N

3 Néu G co dang (-G :
I(G) =T néu I(G") = Ftrong D
I(G) = Fnéu I(G") = T trong D
3 Néu G co dang (G’ A G"), hoac (G’ v G"),

hoac (G" — G"), hoac (G' « G"), khi do :
G | G| (@GArAG) | (GVG) | GG | GG
F | F F F T T
F | T F T T F
T | F F T F F
T | T T T T T
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¥ Mot CTC dudc goi la :
Hang dung (tautology), hay hgp thuc (valid)
néu va chi néu moi dién giai déu cho gia tri T
Néu khong, dudc goi la khdng hap thuc (non—valid)
$ MOt CTC dugc goi la :
Méu thuén (contradiction), hay kAong nhat quan (inconsistent)
néu va chi néu vai moi dién giai déu cho gia tri F
Néu khong, dugc goi la nhat guan (consistent)
3 Quy udc :
1 biéu dién mdt CTC hgp thirc-hdng diing
V biéu dien mdt CTC mau thuan-khéng nhat quan
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CULTY

N

¥ Cho G vaH la hai CTC
¥ G va H dugc goi la tuong duong, G=H :

N€u va chi néu G va H co cung gia tri (T hodc F)
cho moi dién giai I, I(G) = I(H)

¥ Vidu:
(P(a) — Q(b)) = ((—P(a) v Q(b))

38 CO thé dung bang chan ly
dé kiém tra tinh tudng duong cua cac CTC
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Bang cac cong thuc tucong dudng

Cong thurc twong duong

Tén cong thirc

(G~ H) (G>H)AH—>G))
(—(=G)) G
(—(G A H)) ((=G) v (=H)) .
Luat De Morgan
(—(G v H)) ((=G) A (=H))
((G A (H v K)) ((G A H) v (G AK)) o ..
Luat phan phoi

((G v (H A K))

((Gv H) A(GvK)

(G A H) (HAG)
Luat giao hoan
(G v H) (Hv G)
((G v H) vK) (G v (HvK)) Luat két hop cho phép loai bo
((G A H) A K)) (G A (H A K)) dau ngodc
G > H) ((=H) > (=G)) Luat d6i vi

01709
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Bang cac cong thuc tucong dudng

Cong thue tuong duong

Tén cong thirc

(G A D) G

(GAV) \Y%

(G v ) [

(GvV) G

(G v (—G)) ]

(G A (—G)) \Y

vX)(G(X vY)(G(Y :
EHX))((G((X)))) EEIY))((G((Y)))) Ludt dung chung cac bién
=((VX)G(X)) (FY)(=G(Y))

—((3X)G(X)) (VY)(=G(Y))

(VX)G(X) A H(X))  ((VX)G(X) A (VY)H(Y))

(3X)(G(X)) v H(X))  ((3X)G(X) v (3Y)H(Y))

Va/ V7
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Bién doi cac CTC : loai bo lugng tir v va 3

38 Standardize Variables

Make sure that you are not using the same variable name twice
in a single sentence (unless you really meant to)

Eg.
(WX P(X)) v (@X Q(X)) becomes (VX P(X)) v (3Z Q(2))

&8 Move all quantifiers left, but keep them in order!

Eg.
(VX P(X) v 3Y Q(Y)) becomes (W¥X3Y P(X) v Q(Y))

3 Translation into the form:

Q<V> M<V>

with Q: quantifiers, in order vs and then 3s
M: Matrix: wffs including V, <V>: Variable

~
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&8 Skolemize: Eliminate Existential Quantifiers

Existential quantifiers can be eliminated by the introduction
of a new constant that does not appear elsewhere
in the database

SUBST{ X|a, aeD } /* Substitution

Eg.
IX P(X) becomes P(a)
“Co nguoi vao lop muén”

becomes “Cu Ty vao lop muon”
IAX P(X) v Q(X) becomes P(a) v Q(a)
“Chang tim dong kia bai no”

becomes
“Chang tim dong duoi dong trén”
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¢ Skolemize: Drop Existential Quantifiers

One possible complication occurs if we also have Universal
quantifiers... Consider

vX PERSON(X) — 3Y (HEART(Y) A HAS(X, Y))
becomes by SUBST{Y|h}:
vX PERSON(X) — HEART(h) A HAS(X, h)

Instead we have to create a new (Skolem) function to map from a
person to their HEART(f(x))
vX 3Y PERSON(X) — (HEART(Y) A HAS(X, Y)) becomes:

vX PERSON(X) — HEART(f(X)) A HAS(X, f(X))

Eg., in general:

vXVvYVZ.. 3T ..PXY,Z,..T,..) becomes:

vXVYVZ..PXY,Z.fXY,Z..)..)

¢ Drop all Universal Quantifiers in the end:
vX VY VZ...P(X, Y, Z,...) becomes: P(X, Y, Z,...)
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& Move the ©:
P < Q becomes P->Q A(Q—P)
¢ Distribute A over v
(AAB) vC becomes (AvC)A(AvB)
Just like distribution in arithmetic
(5+4)*6 becomes (5*6)+(4*6)
& Flatten nested conjunctions and disjunctions
(AAB)AC becomes (AABAC)
(AvB)vC becomes (AvBv (O
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38 Bién doi cac CTC :
Standardize Variables
Move the <
Move Quantifiers left

Skolemize:
+ Eliminate Existential Quantifiers
< Drop Universal Quantifiers

Distribute A over v
Flatten nested conjunctions and disjunctions

3£ Attention:

In Proof Theory by Robinson Resolution, they need to before:
« Eliminate Implications
« Move — inwards
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gtfi Xay dung cc s@ luat cho HCG

¥ Su kién 1 :

Con meo ma treo cay cau

Hoi tham chu chudt di dau vang nha

Chu chuot di chg dudng xa_

Mua mam, mua mudi vé gio cha con meo
¥ Hoi :

Meo c6 an dudc (gap) chuot khong rda ?
¥ Su kién 2 :

Ong Trang ma lay ba Trdi

Thang Nam di cu@i, thang MuGi nop cheo

Lang xa lam thit mot con meo

Lang an khong hét lang treo cot dinh

Ong Xa danh trong thinh thinh

Bao nhiéu con nit ra dinh gam xuong

® Hoi:

Cu Ty c6 gam dudc xuaong khong rda ?
Y CO Qg¢ . g g 68/69
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PEé Tao khong gian : cac mien xac dinh

¥ Sy kién 1 :

Con meo ma treo cay cau : TREO(X, Y)

Hoi tham chd chudt di dau vang nha :THAM(X, Y), VANGNHA(X)
Chu chu6t di chg dudng xa

Mua mam, mua mudi vé gio cha con méo

Cac vat

ac con vat

Ggi y dung luat :
MEO(X) A CHUOT(Y) A THAM(X, Y) A COONHA(Y) — ANTHIT(X,Y)
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- ’ . X
>E7i Chuong 3 May suy dien
8 Cac hé thong san xuat Post
3 Thuat toan Markov va thuat toan mang ludi
8 Nguyén ly hoat ddng clia cdc may suy dién
8 Mot s6 phucng phap suy dién thong dung
& Phucng phap suy dién tién
£ Phuang phap suy dién IUi
£ Phucng phap hon hgp
¥
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7 Nen tang cua cong nghe he chuyen gia hien dai

IT FACULTY

(Foundation of Modern Rule-Based Expert System)

‘ Hé chuyén gia dua trén luat I
Luét ‘ May suy dién I ‘ Su kién |

Luat san xuét So khdp Hgp giai Suy dién
Post hiéu qua xung dot bén phai luat
‘ Thuat toan mang Iugi |

‘ Thuat toan Markov I
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Foundations of Expert Systems

Inference Engine

Rule-Based Expert Systems

Pattern
Matching

|
Rete

Algorithm

Markov
Algorithm

/\

Knowledge Base |

’\
Conflict Facts Rules |
Resolution |
Post
Action Production
Execution Rules
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$¥ Hé thong san xuat (SX) Post (Post production systems)

SX Post (production rule, also called condition-action,
or situation-action rules)

Moi c6 dang :
< Xau tién dé > —» < xau két qua >
Y tudng cc ban cua Post 13 :
+ Xuat phat tu mot xau #én dé (antecedent)
+San xuat ra mot xau két qua mdi khac (consequent)

D3u mdi tén — chira rang :
Xau vao bén trai dugc chuyén (transformation)
thanh xau két qua bén phai
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$8 First developed by Post (1943), who studied the properties of rule
systems based on productions & called his systems canonical
systems

Production rules are grammar rules for manipulating strings of
symbols, in automata theory, formal grammars, programming
language design & used for psychological modeling before they
were used for expert systems

Also called rewrite rules (they rewrite one string into another)

He proved any system of mathematics or logic could be written
as a type of production rule system

Minsky showed that any formal system can be realized as a
canonical system

Cac ngon nglr lap trinh thuong dugc dinh nghia
tu’ dang chuan Backus-Naur Normal Form (BNF)
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$ Let the alphabet ~ = {a, b, c}
With axioms a, b, ¢, aa, bb, cc
# Then these production rules will give :
all the possible palindromes (and only palindromes)
based on the alphabet, starting from the above axioms

Pl: ¢ -> a%a
P2: $->bs$b
P3: $->c$c

$ To generate the string bacab:
P1 is applied to the axiom ctoget aca( $ = ¢)

Then we apply P2 to get bacab
Using a different order gives a different result

If P2 is applied to cwe get bcb
If P1 is applied after we get abcba
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3 Cho hé thong SX Post gom cac luat SX nhu sau
(Chu y sO thir tu trong dau ngoac chi dung dé trinh bay) :

1. Car won't start — Check battery
2. Car won't start — Check gas

3. Check battery AND Battery bad — Replace battery
4. Check gas AND No gas — Fill gas tank

32 Néu dua vao xau Car won't start, thi cac luat 1 va 2 cd thé dugc
ap dung dé sinh ra cac xau Check battery va Check gas

38 Néu dua vao xau Battery badva Check battery thi luat 3 co thé
dudc ap dung dé sinh ra xau Replace battery
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= Hoat dong cua hé thong SX Post
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3 Hé thong SX Post :
Khong co cd ché ap dung dong thai ca hai xau vao
Chi cé thé ap dung dugc mét ludt trong hai, hodc khdng
Khong dat ra th tu cac luat trong hé thong
Hé thong gilr nguyén gia tri khi dao thir tu’ cac luat
1. Car won't start — Check battery
2. Car won't start — Check gas

3. Check battery AND Battery bad — Replace battery
4. Check gas AND No gas — Fill gas tank

4. Check gas AND No gas — Fill gas tank

2. Car won't start — Check gas

1. Car won't start — Check battery
3. Check battery AND Battery bad — Replace battery

9/70
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b

b

Nhan xét vé han ché cua SX Post

Mac du cac SX Post dugc su dung trong HCG nhung khong
thuan tién cho viéc viét cac trinh i'ng dung
Han ché chu yéu cua cac san xuat Post :

Khong ¢ cac chién luoc diéu khién (control strategy) dé dinh
hudng su dung luat

Chi ap dung luat cho mot xau vao theo cach tuy y ma khong
chi ra cu thé lam thé nao dé luat dudc ap dung

Su lua chon ludt mot cdch ngau nhién lam mat nhiéu
thai gian tim kiém trong cac hé thong co nhiéu luat
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#¥ Thuat toan Markov (Markov Algorithm) :
Pé xuat nam 1954 cai ti€n cach ap dung cac SX
tu mot xau vao
Nhom cac san xuat theo thir tu do uu tién
NEu SX cé do uu tién cao nhat khong dugc ap dung,
thi SX ti€p theo sé dugc ap dung va cU thé tiép tuc
Thuat toan Markov dung néu :
<+ san xuat cudi cung khong dugc ap dung cho xau, hoac
< néu san xuat do la cudi mot giai doan dudc ap dung
& A Markov algorithm:

is a string rewriting system that uses grammar-like rules to operate
on strings of symbols

Markov algorithms have been shown to have sufficient power to be
a general model of computation.

Important difference from canonical system: now the set of rules is
ordered
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Markov Algorithm (MA)

8 The basic operation:

1.

Check the Rules in order from top to bottom to see whether
any of the strings to the left of the arrow can be found in the
Symbol string

. If none are found, stop executing the Algorithm
. If one or more is found, replace the leftmost matching text

in the Symbol string with the text to the right of the arrow in
the first corresponding Rule

If the applied rule was a terminating one, stop executing the
Algorithm

Return to step 1 and carry on
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Ap dung thuat todn Markov

$8 Thudt todn Markov cé thé ap dung cho tirng xau con cua

Xau vao weX+*, bat dau tu bén trai :
Vi du : ap dung luat ab — hij cho xau vao gabkab

Nhan dugc xau mdi ghijkab
Ti€p tuc nhan dudc xau mai ghijkhij

38 Ky tu’ déc biét ¢ biéu dién xau rong. Vi du :

A— ¢
A x B - B x A nghich dao cac ky tu' A va B

x0a tat ca cac xuat hién cua A trong mot xau

38 Cac ky hiéu déc biét khac co vai trd nhu bién bi€u dién mot

ky tu' bat ky dugc viét bdi cac chit cai thudng a, b, c...

$ Cac chl' cai Hy lap o, B ¢ X, chi cac dau dac biét cua xau
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¥ Cho cac SX co do uu tién giam
dan nhu sau (ky hiéu ¢ hoat dong
nhu la mot bién trung gian) :

eXY — yex
e —> e
e —> e

$8 Cho xau vao abc, can di chuyén
ch{l' cai dau tién a dén vi tri cudi
cung cua xau

$8 Qua trinh di chuyén dugc cho
trong bang

Vi du st dung thuat toan Markov

Uit Thanh géng _(5 ) ,Xa”u
' hoac that bai (F) | ket gua

1 F abc
2 F abc
3 S gabc
1 S beac
1 S bcea
1 F bcea
2 S bca
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& Rules: & The Symbol string will change in
1. "A" -> "apple" the following manner:
2. "B" -> "bag" R1: "I bought a B of apples from
. TS.".
3. IISII _> "ShOp
T s i R2: "I bought a bag of apples
4. "T" -> "the from T S."
5. "the shop" -> "my brother R3: "I bought a bag of apples
6. "a never used" -> from T shop."
-"terminating rule R4: "I bought a bag of apples
& Symbol string : from the shop."
"I bought a B of As from T S." R5: "I bought a bag of apples

from my brother."
& The algorithm will then terminate
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8 They rewrite binary numbers to 3 If the algorithm is applied to the

their unary counterparts above example, it will terminate
3¢ For example: 101 will be after the following steps
rewritten to a string of 5 $8 Execution:
consecutive bars "0|01"
# Rules: "00]|1"
"|0" -> "0] " "00||0]"
1" ->"0]" "00|0]]|"
0" -> " "000[ [ 11"
¢ Symbol string: "00][]]]"
"101" “Of1[11"

$8 MA chon ap dung ludt cd d6 uu tién nhat theo chién Iugc diéu khién tat dinh
(definite control strategy)

# NEu khong chon dugc, MA tim luat khac c6 do uu tién thap hon
# MA thi€u tinh hiéu qua trong nhirng hé chuyén gia co nhiéu luat 16/70



5 Thuat toan mang IuGi (Rete Algorithm)
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¥ Do Charles L. Forgy dé xuat nam 1979 tai truGng DH Carnegie,
Mellon, Hoa Ky trong luan van ti€n si cua ong vé OPS (Official
Production System)
¥ Thuat toan mang IuGi giai quyét van dé hiéu suat
(efficient) cua cac hé chuyén gia :
Pong vai trd quan trong khi gidi quyét cac bai todn thuc tién chira
tur hang tram dén hang ngan luat
NSD khéng phai chd dgi nhiéu thdi gian d& nhan dugc céu tra IO

$8 Can cd thut todn xr ly hét cac luat dé chon ra cac luat
can thiét dé ap dung thay vi thu lan luct cac luat
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S RETE algorithm

$¥ Thuat toan mang IuGi :

Cho phép so khdp (pattern mattching) rat nhanh dé nhén
dudc cau tra Igi tuc thdi bang cach Iuu gilf thong tin clia cac
luat trong mot mang IuGi (network)

Thay vi so khdp 18p di I18p lai cac sy kién moi [an ap dung mét
luat trong moi chu trinh nhan thi'c (recognize-act cycle),
thuat toan mang Iudi chi nhin nhiing thay déi khi so khép
trong moi chu trinh

3 Activities

Creates a decision tree where each node corresponds to a
pattern occurring at the left-hand side of a rule

Each node has a memory of facts that satisfy the pattern
Complete LHS as defined by a path from root to a leaf
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# The net encodes the condition parts (IF-parts) of the rules
# The input are the changes of the working memory, i.e.:
New elements or deleted elements

Modification of elements is simulated by first delete then add
modified version)

# The output is the conflict set (i.e., the applicable rules)
¢ Input

NN

e Q O O

ZAN
\/ N/ N/ .l

o Output R1 o Output R2 © Output R3 o
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=i Rete example

IF X &Yy &z THEN q

@ @

Rules: IF x &y THEN p |

Pattern
Network

Join Network |

8 nodes

(http://aaaprod.gsfc.nasa.gov/teas/Jess/JessUMBC/sId010.htm)

&
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Rules: IF x &y THEN p
IF X &Yy &z THEN q

Pattern
Network

Join Network |

8 nodes

(http://aaaprod.gsfc.nasa.gov/teas/Jess/JessUMBC/sId010.htm)
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Rules: IF x & y THEN p
IF X &y & z THEN q

Pattern
Network

LYY

Join Network |

8 nodes

(http://aaaprod.gsfc.nasa.gov/teas/Jess/JessUMBC/sId010.htm)
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gtfi Matching Patterns

&8 At each cycle the interpreter looks to see which rules have
conditions that can be satisfied

3 If a condition has no variables:

It will only be satisfied by an identical expression in working
memory

3 If the condition contains variables then

It will be satisfied if there is an expression in working
memory with an attribute-value pair that matches it in a way
that is consistent with the way other conditions in the same
rule have already been matched
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= Rule-Based Production Systems

& A production system consists of
a rule set / knowledge base / production memory

a rule interpreter / inference engine
« that decides when to apply which rules

a working memory

« that holds the data, goal statements, & intermediate results
that make up the current state of the problem.

& Rules have the general form
IF <pattern> THEN <action>

Py, ... P, > Qy, ..., Q,
& Patterns are usually represented by OAV vectors
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3 Trong cac hé théng dung ludt, khi may duy dién (MSD)
dudc khai dong, ca sa tri thi'c chia thong tin lién quan dén
phat biéu bai toan can giai :

Cac sy ki€én da dugc xac nhan va cac su kién sé dugc thiét

lap biéu dién bai toan hay dich

Nhirng tri thuc thuc hanh thudc linh vuc tao nén co sd luat
8 Hoat dong suy dién cta MSD :

Suy luan bang cach quyét dinh xem nhiing luat nao sé lam
thoa man cac su kién, cac doi tugng

Chon uu tién cac luat thoa man
Thu'c hién cac luat co tinh uu tién cao nhat
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7 MOt sO quy uGc

¥ Ta quy udc goi :
RB (Rules Base) la co’'so luat (CSL)
FB (Facts Base) la co’ so' su kién (CSSK)
3 May suy dién hoat dong theo chu ky (cycle),
moi chu ky gobm hai giai doan (phase) :
Giai doan danh gia ( EVALUATION), gobm ba buoc (step) :
+ Thu hep (RESTRICTION. hay SELECTION)
% S0 khdp (PATTERN-MATCHING, hay FILTERING)
+ Giai quyét xung dot (CONFLICT-RESOLUTION)
Thuc hién (EXECUTION)
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Chu ky hoat dong ca ban cua MSD

Giai doan 1 :
EVALUATION

Giai doan 2 :
EXECUTION

RESTRICTION
R1 chira trong RB
F1 chda trong FB

Thuc hién cac tién dé

Cac quy tac cua R3

PATTERN-MATCHING
so sanh gilra R1 va F1
tim dugc
R2 chua trong R1

FB va RB
¢ thé bi thay ddi

CONFLICT-RESOLUTION

‘ Cac két qua khac co thé
tim dugc

R3 chira trong R2

Tuy theo diéu khi¢n cia may :
dung hay quay lai dung hay qugdy lai

ieu khiBn ctia may :

7/70
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MO hinh so khdp luat trong mot chu ky

F1 € FB

N

~

R1 € RB

—

\

o

Tiép tuc
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¥ La buGc dau tién cua giai doan danh gia
¥ Dau vao :
Mot su kién f e FB (CSSK) va/hoac luat r € RB (CSL)
¥ Paura:
MOt tap hgp con F1 < FB
MOt tap hop con R1 < RB sao cho cé thé tién hanh so sanh
dudc trong budc FILTERING ti€p theo
¥ Nguyén ly lam viéc :
Uu tién cho mot nhom cac luat
hay mot nhdm cac su kién doi véi mot hoac nhiéu chu ky

Return

<

| 29/70
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5 Budc so khdp

¥ La buGc th hai cua giai doan danh gia

3¢ Pau vao :
M6t su’ kién f e FB (CSSK) va/hodc ludt r ¢ RB (CSL)

¥ DPaura:
MOt tap hgp con cac luat R2cR1 tucng thich vai Fi,
nghia la nhirng luat reR2 co diéu kién khdi dong thoa man
cac trang thai cua F1

¥ Nguyén ly lam viéc :
May suy dién so sanh phan khdi ddng clia moi quy tac clia
R1 vdi tap hgp cac su kién F1
Tuy theo hé th6hg ma co tiéu chudn thod man khac nhau
R2 dugc goi la tap hop xung dot hay tap hop tuong tranh
(conflict set)

Return

<
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brd Budc giai quyét xung dot

# La budc th(r ba cua giai doan danh gia
$ Pau vao :
Tap hdp cac luat trong tap xung dot R2
¥ Paura:
Tap hdp con cac luat R3 = R2 can dugc thuc hién
# Nguyén ly lam viéc :
Né&u R3 rong, khdng thuc hién giai doan EXECUTION cla chu ky
Néu R3=J, chon cac ludt dua trén nhiing tiéu chudn nhu sau :
% Hodc chon theo th(r tu xuat hién cla luat véi gia thiét RB da
dugc sap xép theo mot thdr tv nao do
% Hoac chon cac luat cd6 moi quan hé vdi boi canh ap dung lién
quan dén nghia (meaning/signification)
+ Hodc chon ngau nhién : uu tién ludt it sir dung, hodc it diéu kién
can kiém tra, it bi€én can xac dinh trudc khi khdi dong, v.v...
Return

<
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38 Selection a rule to fire

Production systems have a decision-making step between pattern
matching & rule firing

All rules that have their conditions satisfied are put on the agenda
(in CLIPS for ex.)

The set of rules on the agenda is sometimes called the conflict set

Conflict resolution selects which rule to fire from the agenda
(Packages like CLIPS provide more than one option for conflict
resolution)

Sensibility (quick response to changes in WM)
and Stability (continuous reasoning)

32/70



7

IT FACULTY

Conflict Resolution in CLIPS

& First, CLIPS uses salience to sort the rules

& Then it uses the other strategies to sort rules with
equal salience

&8 CLIPS uses refraction, recency & specificity in the
form of following 7 strategies:

The depth strategy

The breadth strategy

The simplicity strategy

The complexity strategy

The LEX strategy

The MEA strategy

It is possible also to set strategy to random

3 Syntax: (set-strategy <strategy>)
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3 Khi R3 rong, tuy theo HCG ma c6 hai cach x{ ly nhu sau :

Cho MSD tu dong dung : nhirng MSD nhu vay dugc goi la hoat
dong theo ché dd diéu khién bat budc (irrevocable control regime)

Cho MSD xem xét lai tap hgp xung dot R2 cua chu ky trudc dé va
ap dung mot luat khac cua R2
¥ Trudng hdp khong tim dudc luat trong R2 :

Néu sur dung két qua cua cac luat da ap dung, thi ngudi ta cling goi
nhifng MSD nhu vay hoat ddng theo ché& dd diéu khién bat budc
Ngudc lai, nguGi ta goi MSD hoat dong theo ché do tham do
(tentative control regime)
3 Khi MSD quay lai gidi quyét cac xung dot trudc do, bang
cach khdi dong lai cac luat, nguGi ta goi may hoat dong
quay lui (backtrack)
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The Working Memory

3 Role:

Holds data in the form of OAV vectors

These data are then used by the interpreter to activate the
rules of RB

The presence, or absence, of data elements in the Working
Memory will trigger rules by satisfying patterns
on the LHS part of rules

Actions such as assert or modify the Working Memory
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Nhan xét vé chu ky cd ban cua MSD

3 Trén thuc t&, c6 nhiéu cach sap ddt cac giai doan trong mét

chu ky cd ban (hay chu ky suy dién) cia MSD

$8 Khi HCG lam viéc, cd thé can dén hang hang trém, thadm chi

hang ngan chu ky

8 MOi chu ky cd ban cia MSD :

Co lién hé vai chu ky I1énh ciia may tinh

Can nhirng may tinh co6 toc do Ién

(hang tram chu ky co ban trong mot giay)

Chang han du an may tinh thé hé 5 cia Nhat dé xuat nhiing
ki€n truc dac trung dé dat dudc toc do hang triéu hay hang
ty /ips (Logical Inference Per Second)

Return

<

| 36/70
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Phuong p

3 CO nhiéu phuang p

nap suy luan cua cac MSD

hap tong quat dé suy ludn trong cac

chién lugc giai quyét van dé cua HCG

¥ Ba phudng phap hay gap :

Phucong phap suy dién tién (Foward Chaining/Data-Driven)
Phuong phap suy dién i (Backward Chaining/Goal-Driven)
Phuaong phap phoi hgp hai phucang phap nay

(Mixed Chaining)

3 Ngoai ra con mot s6 phuong phap khac :

Phan tich phuong tién (means-end analysis)
Rut gon van dé (problem reduction)

Kiém tra Idp ké hoach (plan-generate-test)

Lap ké hoach phan cap (hierachical planning)...
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% Suy dién tién 13 18p ludn tir cac su kién, su’ viéc
dé rut ra cac két luan

Vidu:
NéEu thay troi mua truoc khi ra khoi nha (su’ kién)
thi phai lay ao mua (két luan)

3 NSD cung cap cac su kién
dé MSD tim cach rit ra cac két luan co thé
K&t ludn cb thé 1a nhitng thudc tinh dugc gan gia tri
Trong s6 nhitng két ludn nay, co thé cé :
nhirng két luan lam NSD quan tam
mot s6 khac khong ndi 1én diéu gi
mot s& khac co thé vang mat
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Cac su kién trong suy dién tién

¥ Cac su kién thudng co dang :

Atthibute = value

Lan luot cac su’ kién trong cd sa tri thi'c dugc chon

Hé thong xem xét tat ca cac luat ma cac su kién nay

xuat hién nhu' la tién deé

Khi MSD tim thay nhirng luat thod man, MSD I3y ra dé gan
gia tri cho cac thuoc tinh thudc két luan tuong U'ng,

ngudi ta noi rang cac su kién da dudc thod man

Cac thudc tinh dugc gan gia tri sé€ la mot phan cua két qua
chuyén gia

Sau khi moi su kién da dudc xem xét, két qua dudc xuat ra
cho NSD
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¢ The inference engine works from the initial content of the
workspace towards the final conclusion

¢ Conclude from "A" and "A implies B" to "B"

A
A—>B

B

& Example:

It is raining
If it is raining, the dress is wet

The dress is wet
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FACTS FAC TS

execute

MOt vi du khac

execute

execute

match match match
F&E—ZL F&B— Z FREB—+7
C&D—F CaD—+-F C&D—F
A—- D A— D -
RULES RULES RULES
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# If we have the following grammar rules
(P1) $ -> a%a
(P2) $ -> bsb
(P3) $ -> c$c

& They can be used Forward Chaining
to generate palindromes:

apply P1, P1, P3, P2, to c:
—> dcd, aacaa, caacaacg, ...
¢ To generate bacab
P1 is applied to the axiom cto get aca
Then we apply P2 to get bacab
Using a different order gives a different result

If P2 is applied to cwe get bcb
If P1 is applied after we get abcba
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Example 1

Rule base Workspace

R1: IFAAND B THEN D A,B
R2: IFBTHENC
R3: IFCANDD THEN E

H1

]
R3
®
R2
B - G
O Facls
- Hule deductions
L ({Interences)

Forward chaining
*ff}. Signifies AND
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Determine
possible
rules to fire

Conflict set

A4

Fire Rule found
rule
No rule found
>‘ Exit \
Exit if specified by the rule

Conflict
resolution
strategy
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7 Thuét todn suy dién tién

88 Definitions :
FB, RB, R1 — RB, Q : Su kién dua vao xur ly
& Algorithme :
Procedure DEDUCE(Q)
If Q € FB Then Write "Success" ;
Else Call CYCLE(RB) ; ' Bat dau chu ky x(r ly v&irl eRB
Procedure CYCLE(R1)
If R1 = & Then Write "Failure” ; Return ;
r « CHOIX(r, R1) ; ' Chon mot luat tu R1
Rl1«<Rl1-{r}; ' Loai bo luat da xur ly
If LHF(r) € FB Then
If Q € RHF(r) Then Write " Success" ; Return ;
Else ' Khong tim thay Q nhung van tiép tuc ap dung luat r
FB « FB U RHF(r) ; ' Thém vao FB cac su kién mdi
RB«—RB—-{r}; ' Loai bo luat r da x' ly
Call CYCLE(RB) ;
Else Call CYCLE(R1) ;

Return ; 45/70
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Forward chaining algorithm

function FOL-FC-ASk(KB, @) returns a substitution or false

repeat until new is empty
new+ { }
for each sentence rin KB do
(py Ao A pp = g) 4+ STANDARDIZE- APART(r)
for each @ such that (py A ... A p,)8 = (p1 A ... A p,)0
for some pi,....p, in KB
¢+ SuBsT(#, q)
if ¢’ is not a renaming of a sentence already in KB or new then do
add ¢' to new
¢ + UNIFY(q', @)
if ¢ is not fail then return ¢
add new to KB
return false
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WM WM WM WM
v v v v v
A B CDE A B CDE A B CDE A B CDE
X X L X LY X L * Z
T
Match Fire\| Match Fire|| Match Fire Match Fire
KB T BK T BK T KB T
YAD —Z YAD—Z YAD—Z - YAD —Z |#
XABAE —Y XABAE —Y )} XABAE —Y XABAE —Y
— A—X |# A—X A—X A—X
C—L — C—L C—L C—L
LAM —N LAM —N r LAM—N LAM—N
\ . _J \ _J \ _J
Y Y Y
Cycle 1 Cycle 2 Cycle 3
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Example 3. Diagnosing car problems

#$ Rule 1:
IF the engine is getting gas
AND the engine will turn over
THEN the problem is spark plugs
¥ Rule 2:
IF the engine does not turn over
AND the lights do not come on
THEN the problem is battery or cables
& Rule 3:
IF the engine does not turn over
AND the lights do come on
THEN the problem is the starter motor
& Rule 4:
IF there is gas in the fuel tank
AND there is gas in the carburettor
THEN the engine is getting gas
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3 Facts
The engine is getting gas

Working space

Working space

Rule 1
Rule 2
Rule 3
Rule 4

the engine
turns over

Rule 1
Rule 2
Rule 3
Rule 4
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Working space

The engine is —3 Rule 1
getting gas Rule 2
There is gas Rule 3

in the fuel tank Rule 4

There is gas

in the carburettor
The engine
turns over
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B

Rulesbase:

nhwN =
O
O
m
™

0 0N O
Ommo

Factsbase:
A CD,EG,H,K

Example 4. R
G Po thi VA-HOAC
, (And-Or Tree)

EDC/

H F C H
MLK\Q/

O N BAJL=JR/M

P\%L %»JI
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¥ Xay dung do thi con VA-HOAC tir d6 thi VA-HOAC trén day
Tim dugc Q khi cac su kién A, C, D va E dudc thiét lap
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38 Rulesbase:

-y

B,D,E
G D

X, C

X, B
Factsbase:
B, C

©COENOUVAWN
OXOoOw
>

—F
—> A
— A
— X
—E
— H
—D
—> A
—D

Exercise 1.

3 Yéu cau :
Vé do6 thi va-hoac
Ap dung thuét toén suy dién tién
dé tim két qua H
Co nhan xét gi ?
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& Rules Base: ¢ Facts Base:
R1: IF management competence is good| Bank's credit rating UNKNOWN
AND External credit rating is fair
AND Bank's credit rating is Cash/current liabilities 0.18
marginal External credit rating FAIR
THEN Loan is rejected Loan SEASONAL
R2: IF Loan type is seasonal Loan type UNKNOWN
AND Profitability rating is high Management competence UNKNOWN
AND Solvency rating is low Profitability rating HIGH
THEN Bank's credit rating is Solvency rating UNKNOWN
marginal Tentative solvency rating LOW
R3: IF Cash/current liabilities > 0.1
AND Tentative solvency rating is
low
THEN Solvency rating is low
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... it is a crime for an American to sell weapons to hostile nations:
American(X) A Weapon(Y) A Sells(X,Y,Z) A Hostile(Z) — Criminal(X)
Nono ... has some missiles, i.e., 3X Owns(Nono,X) A Missile(X):
Owns(Nono,M1) and Missile(M1)
... all of its missiles were sold to it by Colonel West
Missile(X) A Owns(Nono,X) — Sells(West, X,Nono)
Missiles are weapons:
Missile(X) — Weapon(X)
An enemy of America counts as "hostile™:
Enemy(X,America) — Hostile(X)
West, who is American ...
American(West)
The country Nono, an enemy of America ...
Enemy(Nono,America)
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h 4

Forward chaining proof

Criminal(West)

)

Weapon(MT1)

Sells(West,M1,Nono)

Hostile(Nono)

A 4

American(West) | |Missile(M1)

Owns(Nono,M1)

Enemy(Nono,America)
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b= Phugng phap suy dién IUi

% Phuang phap suy dién IUi :
Ti€n hanh cac lap luan theo chiéu ngugc lai
(so v3i phuang phap suy dién ti€n)
Pau vao cé dang mot cau héi «Cho biét gia tri thudc tinh dich (goal) A ?»
MSD suy dién dé dua ra tinh hudng tra I5i gom cac su kién I3 cd s& clia gid
thuyét d3 cho gdbm dé gan gia tri cho thudc tinh A
¥ Vidu:
NEu ai dé vao nha ma cam do mua va ao quan bi udt (hau qua)
thi gia thuyét la trGi mua (nguyén nhan)
Pé cing cb gia thuyét nay,
ta sé€ hoi nguGi do xem cd phai troi mua khong ?
NEu ngudi do tra IGi co
thi gia thuyét trGi mua ddng va tréd thanh mot su kién
Nghia la troi mua nén phai cam ao mua va ao quan bj UGt
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Y tudng thuat todn suy dién IUi

% V3&i moi thudc tinh da cho, ngudi ta dinh nghia ngudn cla né :

Néu thudc tinh xuat hién nhu' la tién dé cua mot luat (phan dau
cua luat), thi nguon sé thu gon thanh mot cau hoi

Néu thudc tinh xuat hién nhu la hau qua cua mot luat (RHS),

thi nguon sé la cac luat ma trong dod, thudc tinh la két luan

N€Eu thudc tinh la trung gian, xuat hién dong thdi nhu' la tién dé va
nhu 13 két luén, khi dé ngudn cd thé 1a cac ludt, hodc co thé la cac
cau hoi ma chua dudc néu ra

N&u moi Ian vai cau hoi da cho, ngudi st dung tra I5i hap 18, gia tri
tra 10i nay sé dugc gan cho thudc tinh va xem nhu thanh cong
NEéu nguon la cac luat, MSD sé tim gia tri cac thudc tinh thudc tién
dé (LHS) bang cach xét [an lugt cac luat co thudc tinh dich xuat
hién & két luan

Néu cac luat thoa man, thudc tinh két luan sé dugc ghi nhan
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& Conclude from "B" and "A implies B" to "A"

B
A—>B

A

& Example:

The dress is wet
If it is raining, the dress is wet

It is raining
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Backward Chaining

FACLN

FACIS

FACTS

FACTS FACTS FACTS
Want F Want D
Get C, Get D Get A
F&B— 7 F&B—7Z
C&D—F C&D* F = C& D—F
A—D A—=D A—-D™
RULES RULES RULES

A Execute Execute
F&B—- 7 F&SB—*7=- F&B—- 7
C&D—+*Fw=- C&D—F C&D—F
A—™D A D A =D
RULES RULES RULES
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¢ Definitions :
FB, RB, R1 = RB
Q : Su kién dua vao xu' ly
& Algorithme :
Procedure DEDUCE (Q)
If Q € BF Then Write " Success" ;
Else
Push BR, BF ;
IP~1;
Call CYCLE(BR, BF) ;
Return;
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ﬂi Thuat toan suy dien lui

Procedure CYCLE(ER, EF)
Var : ER, EF, r; ' Cac bién lam viéc dia phuong
If ER = & Then
IP « IP -1 ;' LAy mot luat & dinh Stack
If IP = 0 Then Write " Failure" ; Return;
Else ER « Luat & dinh Stack chua xét
EF « Cac su kién & dinh Stack;
Call CYCLE(ER, EF) ; Return;
r « CHOOSE(r, ER) ; ' Chon mot luat
ER « ER-{r }; ' Loai bo luat da xét d ER
If LHS(r) < EF Then
If RHF(r) € Q Then Write " Success" ; Return;
Else Push (EF U RHF(r)), BR ;' (IP « IP +1)
Panh dau mau do phan tir ngay dudi dinh Stack;
Panh dau mau do cho luat r & dinh
Panh dau mau xanh cho luat r tai dinh - 1 ;
ER « Cac luat & dinh chua danh dau. Thong thudng la mau dé;
EF « Cac su kién & dinh Stack ;
Call CYCLE(ER, EF) ; Return;
Call CYCLE(ER, EF) ; Return;
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3 Rulesbase:
1. K, L, M — 1
2.1, L, - Q
3.C,D,E -8B
4. A, B —-Q
5. L,N,O,P 5Q
6. C, H — R
7. R, J, M —S
8. F, H —B
9. G —F

38 Factsbase:

A,C,DEGHK

38 Question (Goal):

Q

G
|

E D C //////////'

H F C H
M L \<7/
/M

N

Example 4. Backward Chaining

Po thi VA-HOAC
(And-Or Tree)

iz K
AJ =

’L J R
\@JI
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P06 thi Va-Hoac thiét lap Q

E D

Luat 3 |

Khéi dong 4| Y

B A
Luat 4 |

Khai dong 3| =

]

M L K
Luat 1
LT Khai dong 2
! I
D Luat 2 |

V Khéi dong 1 |

Q
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Q ACDEGHK

Luat 2 Luat 4
(khgi dong 1) (khgi dong 3)

IJL ACDEGHK B ACDEGHK
Luat 1 l lLuétB
(khai dong 2) (khdi dong 4)
MIJL ACDEGHK ACDEGHK
Failure Success
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3¢ Ap dung thuét todn suy dién Ui cho vi du Colonel West
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Data-driven x Goal-driven

here

Seen

absent

building

holiday

fine

/

sick

data driven

/A

goal driven
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# Goal Driven (backward chaining) ~ blood diagnostic,
theorem proving
Limited number of goal hypothesis
Data shall be acquired, complicated data about the object
Less operators to start with at the goal rather than at the data
#8 Data Driven (forward chaining) ~ configuration, interpretation,
reasonable set of input data
data are given at the initial state
huge set of possible hypothesis

& Taxonomy of rules, meta-rules, priorities, ...
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36
36

Forward or Backward Reasoning?

Four major factors

More possible start states or goal states?

Move from smaller set of states to the larger

Assume you are at home and you need some bread. You've one initial
state and many possible goal states where to get bread from
(Sainsbury's, Tesco, Aldi, Morrison, ASDA, CornerShop, Bakery). That is,
in such a situation it is probably a good approach to search in forward
chaining fashion, since you have many chances to hit a goal. If you
choose backward chaining you would have to commit to one of the
goals, e.g. the Bakery and then search backwardly how the get there
from home.

If, however, there are 5 people Alice, Bob, Claire, Dora, and Edgar at 5
different places A, B, C, D, and E, and one of them should get the Tesco
home brand of ketchup, then it would be better to start backward
chaining from the Tesco store and stop search when one of the places
A, B, C, D, or E is reached
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Forward or Backward Reasoning? (Cont'd)

& Has program to justify reasoning?

Prefer direction that corresponds more closely to the way
users think

¢ What kind of events triggers problem-solving?

If it is arrival of a new fact, forward chaining makes sense

If it is a query to which a response is required,
backward chaining is more natural.

& In which direction is branching factor greatest?

Go in direction with lower branching factor
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Hé chuyeén gia

(Expert System)

PGS.TS. Phan Huy Khanh
khanhph@vnn.vn

Phat trién -



mailto:khanhph@vnn.vn

E;ﬁ Chuang 4

SN

e Phat trién cac hé chuyén gia

3 Tién trinh phat trién mot du’ &n HCG
8 Tiép nhan tri thi'c HCG

3 BO sinh cua HCG
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S Tai sao can xay dung mot HCG ?

$¥ Cau hoi nay thudng xuyén dugc dat ra cho bat ky du’ an Tin hoc nao

38 CO thé tra 18i ngay la do nhitng d&c trung va uu diém cla cac HCG

$ Trudc khi bat dau, can xac dinh ro dau la bai toan, ai la chuyén gia, va
ai la nguai su’ dung

#¥ Tuy theo yéu cau NSD ma co nhiéu cach nhin nhan khac nhau vé mot
hé chuyén gia :

Loal nguoi sie dung Van de dat ra
Nguoi quan tri T6i o thé dung HCG dé lam gi ?
Ky thuat vién Lam cach nao dé t6i van hanh HCG tét nhat ?
Nha nghién cau Lam sao dé toi co thé mé rong HCG ?

Khai thac HCG sg& gilp toi cai gi day ?
NSD cuoi Str dung HCG ¢0 rac réi va ton kém khong ?
Mot phan mém nhu HCG c6 dang tin cay khong ?
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38 D& xay dung mot HCG, trudc tién can lua chon mot bai
toan thich hap (selecting the appropriate problem)
38 Xay dung mdt HCG tuang tu trién khai mot du’ an PM :
Pugc thuc hién bdi mdt tap thé
Nham dat dudc két qua mong mudn
3 Can phai co bon yéu to cg ban :
Nguon kinh phi
Nguon nhan luc
Nguon tai nguyén
Khoang thai gian du’ kién
$¥ Nhifng yéu t0 nay anh hudng dén gia thanh cua mot HCG
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= Gia thanh xay dung mot HCG
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$ Chi phi (pay-off), xay dung mot HCG phu thuoc :
Nguon nhan luc, tai nguyén va thai gian hoan thién
Chi phi huan luyén, dao tao (Training)
3 Vidu d MY, chi phi d€ dao tao str dung thanh thao mdt HCG
co thé Ién tdi 2.500USD/tuan l&/ngudi
3 Nhirng yéu t6 anh hudng dén gia thanh

Ngudi sU dung tra tién tuy theo tinh hi€u qua

hay uu diém cua HCG su dung

Néu khong co ai su’ dung HCG,

thi sé khong co ai tra tién dé bu lai chi phi va co lai

HCG doi hoi st dung cac cong nghé mdi, cé nhiéu rdi ro han
so vai thuc hién cac du an Tin hoc

5/53



S Cong cu xay dung HCG
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3 Sau budc Iya chon, phat biéu va dac ta bai toan la cac budc
phat trien HCG
$8 S dung nhiing céng cu (tools) nao dé xay dung mét HCG ?
8 Hién nay co rat nhiéu cdng cu dé xay dung HCG :
MOi cdng cu déu cé uu diém va nhugc di€ém nhat dinh

Nhitng cong cu phd bién la CLIPS va OPSS5,

ngoai ra co ART, ART-IM, Eclipse, Cognate...

Ngudi ta cling s’ dung mot s6 ngon ngl Iap trinh
thudc linh vuc Tri tué nhan tao (Artificial Intelligence),

tinh toan hinh thdc (Formal Calculus)...
dé phat trién mot HCG :

«Prolog, ho Lisp...
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Tién trinh phat trién du an HCG

38 Tién trinh phat trién moét du an HCG phu thudc vao :

Nguon nhan luc (development team)
Nguon tai nguyén do chu dau tu’ cung cap

Phuang phap td chiic quan ly qua trinh phat trién du an,
hay Quan ly du an (Project Management)

Phuang phap Quan ly cdu hinh san pham
(Product Configuration Management)

Phudng phap Quan ly tai nguyén (Resource Management)
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The main players in the development team

Expert System
Development Team

4

Project Manager

==

@

[Domain Expeanowledge Enginee}#>( Programmerj

7y

2

{ End-user \

Expert System S——= -

J
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brd The domain expert

& The domain expertis:

a knowledgeable and skilled person capable of solving
problems in a specific area or domain

This person has the greatest expertise in a given domain
This expertise is to be captured in the expert system

& Therefore, the expert :
must be able to communicate his or her knowledge

must be willing to participate in the expert system
development

and commit a substantial amount of time to the project

& The domain expert is the most important player in the
expert system development team
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ﬂé The knowledge engineer

& The knowledge engineer is:

someone who is capable of designing, building and testing an
expert system

He or she interviews the domain expert to find out how a
particular problem is solved

¢ The knowledge engineer establishes what reasoning
methods the expert uses to handle facts and rules and
decides how to represent them in the expert system

¢ The knowledge engineer then chooses some development
software or an expert system shell, or looks at
programming languages for encoding the knowledge

& And finally, the knowledge engineer is responsible for
testing, revising and integrating the expert system into the
workplace
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ﬂé The programmer

& The programmeris the person responsible for the actual
programming, describing the domain knowledge in terms
that a computer can understand

& The programmer needs:

to have skills in symbolic programming in such Al languages
as LISP, Prolog and OPS5

and also have some experience in the application of different
types of expert system shells

& In addition, the programmer should know conventional
programming languages like C, Pascal, FORTRAN and Basic
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36

The project manager

The project manager is the leader of the expert system
development team, responsible for keeping the project on
track. He or she makes sure that all deliverables and
milestones are met, interacts with the expert, knowledge
engineer, programmer and end-user
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ﬂé The end-user

& The end-user, often called just the user, is a person who
uses the expert system when it is developed

&8 The user must not only be confident in the expert system
performance but also feel comfortable using it

& Therefore, the design of the user interface of the expert
system is also vital for the project’s success; the end-user’s
contribution here can be crucial
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Quan ly du an HCG

¥ Quan ly du an HCG gom cac cong doan nhu' sau :

Quan ly hoat dong (Activity Management), gom :

- Lap ké hoach (Planning)

» Lap bi€u cdng viéc (Scheduling)

» Phan bo thdi gian (Chronicling)

< Phan tich (Analysis)
Quan ly cau hinh san pham (Product Configuration Management) :
% Quan ly san pham (Product Management)

% Quan ly thay doi (Change Management)
Quan ly tai nguyén (Resource Management)
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Quan ly hoat dong : Lap ké hoach

3 Quan ly lap ké hoach :

+ Dinh nghia cac hoat dong (define activities)

+ Xac dinh hoat dong uu tién (specify priority of activities)
< Xac dinh nhu cau tai nguyén (resource requirement)

« Ghi nhd cac su kién (milestones)

< Xac dinh thdi gian (duration)

+ Phan cong trach nhiém (responsabilities)
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> i Quan ly hoat dong : Lap thai biéu

38 Lap biéu cong viéc :
An dinh diém bt dau va diém két thic dy an
Giai quyét xung dot khi gap cac viéc cung muc uu tién
Phan bd thdi gian :
» Kiém tra thuc hién du an (monitor project performance)
Phan tich :
+ Phan tich cac hoat dong vé lap ké hoach
« Lap bi€u cdng viéc va phan bd thdi gian hoat ddng
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= Quan ly cau hinh san pham
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$ Quan ly san pham :
Quan ly cac phién ban khac nhau clia cac san pham
(product management)
Quan ly thay doi :

Quan ly cac giai phap stra doi san pham
va udc lugng anh hudng cua thay doi san pham

+ Phan céng ngudi stra ddi hé théng
+ Cai dat phién ban mdi
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5 Quan ly tai nguyén

3 DU bao nhu cau tai nguyén (forecast needs for resource)
$¥ Thu nhan tai nguyén (acquire resources)

$8 Phan cdng trach nhiém dé sir dung ti uu ngudn tai nguyén
(assign responsabilities for optimium use of resources)

$8 Phan bd tai nguyén dé giam thiéu tac nghén
(provide critical resources to minimize bottle-necks)
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Qua trinh quan ly du an phat trién mot HCG

Quan ly du an (project management)

Quan ly hoat dong

Quan ly cau hinh
san pham

Quan ly tai nguyén

Lap
ké
hoach

Lén

lich
cong

tac

Ghi
chép
su
kién

Phan
tich

Quan || Quan
ly ly
san thay
pham || doi

Giam
thiéu
tri tré
tai
nguyén

Tiép
nhan
tai
nguyéen

Phan
cong
trach
nhiém
tai
nguyén

Du
bao
tai
nguyéen
can
thiét
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Begin
Chon bai toan thich hop
Phat biéu va dic ta bai toan
If HCG giai quyét thoa man bai toan va cé thé st dung Then
While Ban mau chua dugc phat trién hoan thién Do
Begin
Thiét ké ban mau
Biéu dién tri thuc
Tiép nhan tri thic
Phat trién hoan thién ban mau
End
Hop thic hoa ban mau
Trién khai cai dit
Huéng dan st dung
Van hanh
Bao tri va phat trién
Else
Tim cac tiép can khac thich hop hon
EnIf
Két thuc
End

Thuat toan tong quat dé thiét ké mot HCG
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36

Ti€p nhan tri thuc

Cac budc ti€p nhan tri thi'c cho mot hé HCG nhu sau :
Péi thoai truc ti&p véi chuyén gia (con ngudi) dé thu nhan tri
thu'c
Chon cach biéu dién tri thirc mot cach tudng minh trong cc
s@ tri thirc
Cac chuyén gia danh gia HCG, trao doi qua lai vé ndi dung
chat lugng cua tri thic, cho dén khi HCG hoan toan thoa
man yéu cau

Su’ phat trién mot hé HCG cling tac ddng nhiéu trong mot

hé thong chat lugng thuong mai

Ngudi ta luon mong mudn nhan dugc nhirng thanh cong

mot khi HCG dugc phan phdi dén nguGi dung
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Ti€p nhan tri thu'c trong mot HCG

Tri thd'c chuyén gia ¢
(Human Expert)

Poi thoai (dialog) l T

Cong nghé tri thirc
(Knowledge Engineer)

Tri thd'c tuGng minh
(explicit knowledge)

- Ca s@ tri thuc hé chuyén gia

\@) ; (Knowledge Base of Expert System)
\! .
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§% Phan phdi san pham HCG

¥ Hé thong dudc phan phdi (Delivery) nhu thé nao ?

Véan dé phan phdi mét san pham phu thudc cha yéu vao sé
ludng cac HCG sé dudc phat trién va hé thong dich vu

Xu thé& thij trudng doi hoi phat trién cac HCG chay trén nén
cac thiét bi phan cing chuan

Mat khac, mot s6 HCG doi hoi can co phan mém hé thong va
cac cong cy midleware theo yéu cau, chang han bo xu ly
LISP, tu’ do co thé lam tang gia thanh san pham

$¥ NOi chung, mot HCG can pha| dudgc tich hgp (integrated)
véi nhitng chuong trinh da cé san véi uu diém :

Dung Ii goi thu tuc t mot ngdn ngir 1ap trinh thong thudng
Tan dung mdi trudng hé thdng dé trg giip khai thac HCG
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36

23

Bao tri va phat trién HCG

Cac HCG doi hoi cac hoat dong bao tri (Maintenance) va
ti€n trién (Evolve) khong han ché (Open-Ended)
so vdi cac chuang trinh thong thudng
Ly do :
HCG khong dua trén cac thuat toan, ma thanh tich
(Performance) cua ching phu thudc vao tri thi'c cé dugc

HCG doi hoi phai thuGng xuyén cap nhat tri thic (System
Improves) :

» BO sung mdi
+ Thay déi tri thic i, lac hau...
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3 MOt san pham co chat lugng thuong mai (commercial
quality product) nhu cac HCG, doi hoi phai co quy trinh khai
thac hiéu qua va chat ché

Thu thap mot cach co hé thong va co dinh ky cac bao cao
sai sot hé thong do NSD phat hién

Viéc bao tri chi dugc thuc hién tot khi thu thap day du cac
bao cao sai sot

$¥ Lap k€ hoach phong ngua rui ro khai thac :

MO ta: Xac dinh van dé (rui ro)

Gia thiét: Hoan canh co thé lam xuét hién rui ro
Xac suat: Udc lugng kha nang xuat hién (%)
Panh gia anh hudng doi vai két qua khai thac
Cach giai quyét (doi sach)
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7 Cac giai doan cd ban dé phat trien mot HCG
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Nghién cru kha thi
(feasibility study)

Thuyét trinh hay bao cao két qua so sanh
chi ra tinh kha thi cta du an

Phac thao nhanh ban mau HCG thé hién y tudng, khdi dong su’ nhiét tinh
(rapid prototype) va dat nén mong quan ly ¢ muc cao

Kiém th(r hé thdng cho bai todn thuc té
nhG cong nghé tri thi'c va chuyén gia

Lam min hé thong
(Refined system : a-test)

Kiém thir (B -test) Lua chon ngudi st dung dé ki€ém thir hé thdng,
(field testable) khong nhG cong nghé tri thirc va chuyén gia

Hgp thirc hoa va thir nghi€ém, viet tai lieu hudng
dan su dung, dao tao, trg giup khach hang qua
dién thoai, email kip thdi

Bao tri va phat trién Tim 16i sai (fix bugs) va tim nhitng kha ning mé
(maintenance&evolution) rong (enhance capabilities) 3

Chét lugng san pham
(commercial quality)
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2| sai st trong qua trinh phat trién HCG

$8 Qua trinh phat trién mot SPPM ndi chung,
mot HCG noi riéng, thudng gap phai rui ro, sai sot
¥ NguGi ta phan ra thanh nhiéu loai sai sot chu yéu :
Sai sot trong tri thic chuyén gia
Sai sot nglr nghia
Sai sot cu phap
Sai sét do may suy dién
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§E}i Sai sot trong tri thu'c chuyén gia

$ Chuyén gia la nguon tri thi'c cua mot HCG

$ NEu tri thi'c chuyén gia khong dung va khong day du,
hau qua sai sot sé anh hudng sudt qua trinh phat trién hé thong va
khai thac sau nay

#¥ Vi du trudng hdp NASA, Hoa Ky :

Pé han ché nhiing sai sot cé thé trong cac chuyén bay v tru,
NASA da su dung bang ky thuat bay (Flight Technique Panels)

Cac bang nay do nhiéu thanh phan chuyén gia tham gia kiém soat
nham bao dam tinh day du va bao trum hét moi linh vuc :

Nhirng NSD hé thong

+ Cac chuyén gia linh vuc doc lap
Nhifng ngudi phat tri€én hé théng
Nhirng nguGi quan tri
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38 Sai sot ngill nghia xay ra do hiéu sai tri thirc dua vao HCG
#¥ Vi duy, gia st mot chuyén gia noi :

« You can extinguish a fire with water »
$8 COng nghé tri thac lai hiéu cau nay la :

« All fires can be extinguished by water »
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Q

@

2 Sai sot cu phap
Do biéu dién sai dang cac luat va cac su kién
hodc do sai sét nglr nghia
hoac sai sot trong tri thir'c chuyén gia ¢ cac budc trudc

2 Sai sot do may suy dien

May suy dién la mdt chuong trinh nén cd thé gip 10
khi thuc hién va co thé xac dinh dudc nguyén nhan

Tuy nhién, viéc xac dinh 16i trong mét s& HCG van gap khé
khan, do phu thudc vao cong cu phan mém su' dung
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Chuyén gia
(expert)

Cong nghé tri thiuc
(knowledge engineer)

Ca s@ tri thic
(knowledge base)

May suy dién
(inference engine)

Phép suy dién
(inference chain)

Sai sot va nguyén nhan sai sot

Sai sét trong tri thic cua chuyén gia :
thi€u sét nham lan...

Sai sot vé mat nglr nghia gilra

cong nghé tri thi'c va chuyén gia

Suy luan (elicitation) khong day du

vé tri thic tu chuyén gia

Sai sot vé mat cu phap

Sai s6t do thiéu s6t va nham lan tri thirc
trong cac luat va cac su kién,

tinh khong chac chan

LOi clia mdy suy dien,

16i phan mém cong cu HCG

LOi suy dién do xac dinh sai do uu tién
cla cac luat, tuong tac gilra cac luat,
sai trong cd sa tri thuc,

suy luan khong nhat quan...
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ﬂi BO sinh cua HCG

¥ BO sinh cua HCG (Expert System Generator) bao gom :
MOt mdy suy dién,
MOt ngdn ngthé hién tri thirc (bén ngoai)
MOt {8p hop cac cdu truc va cac quy uoc
thé hién cac tri thirc (bén trong)
¥ Theo cach nao do, cac cau truc va cac quy uGc nay xac
dinh mét ca s tri thitc rong (hay rong bd phan)

38 Nh& cac tri thiic chuyén mdn dé dinh nghia mét HCG,
ngudi ta da tao ra bo sinh dé lam day ca sd tri thic

Chang han, EMYCIN la tén cta bd sinh cia HCG MYCIN va dudc
ti€p tuc ap dung cho mot so linh vuc

HCG R1 dugc xay dung tu’ bo sinh OPS (la hé thong luat dugc phat
trién bai Charles Forgy nam 1975 tai Carnegie-Mellon University)
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MOt sO hau dué cua EMYCIN

EMYCIN

PUFF bénh ly phoi

HEADMED dugc hoc tam than (Psycho-Pharmacology)
SACON xay dung cd khi

DART hong hoc may tinh

SECOFOR khoan dau mo

TOM bénh ly ca chua
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MOt sO hau dué cua OPS-5

OPS-5

R1/XCON cau hinh may tinh

ACE bao vé dudng day dién thoai
AIRPLAN cat canh va ha canh may bay
AI-SPEAR theo doi may tinh

YES / MVS diéu khién may tinh
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Thong ké luat cua cacHCG

38 Nh bd sinh, moi hé HCG ¢ thé chifa tir hang trdm

dén hang ngan luat

$¥ Bang duGi day thong ké so luat cia mot so HCG :

HCG Linh virc Nam xuat hien S luit

MYCIN Y hoc 1974 500
PROSPECTOR Dia chat 1979 1 600
R1/XCON Tin hoc 1980 > 7 000
LITHO Dia chat 1982 500
SPHINX Y hoc 1984 400
TOM Nong hoc 1984 200
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Kha nang «hoc» (learn)

38 MOt trong nhiing nét hdp dan clia tiép can HCG la kha néng
«hoc» (learn) cua hé thong nham thudng xuyén stra doi va
hoan thién cd sd tri thi'c von co

$8 SO d6 dudi day cho biét su tién trién cua hai HCG ndi ti€ng
cua My la MYCIN va R1 :

MYCIN 1974 :

R1 1980 :
1981 :
1982 :
1983 :
1984
1985 :

800

1 000

1 500

2 000

> 3000
> 7 000

200 luat

hién nay : 500 luat
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¥ Ngudi ta st dung mot s6 quy udc soan thao luat nhu’ sau :
Moi luat do chuyén gia cung cap :

« Phai dinh nghla dugc cac d‘/eu kién khoi dong (tac nhan) hay
tién dé cta luét, nghia la cac tinh huong (dugc xac dinh bdi cac
quan he tren tap hop dif liéu da cho) va Adu gua cla ludt, dé
ludt nay cé thé ap dung

+ Theo cach dung thong thu‘dng, ngu’dl ta dat ten riéng cho luat
dé chon ap dung, hodc cung cap mdt nhdm cac su kién (fact)
tuagng thich vai diéu kién khai dong cua luat

Trong luat, khong bao gic ngudi ta chi dinh mot luat khac
bdi tén riéng
3 Vidu : luat R sau day tuan thu hai dac trung :

IF bénh nhan sét
AND toc do lang huyét cau trong mau tang Ién
THEN bénh nhan nhiém bénh virut
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>':?i Nhan xet

3 Phudng phap biéu dién tri thirc st dung luat cé nhiéu uu
diém va ngudi ta thudng si’ dung phucng phap nay dé
phat trién cac HCG

Cach biéu dién cac diéu kién khai dong trong luat phu hgp
v@i cach tu’ duy tu’ nhién cua cac chuyén gia

Ngudi ta dé dang thé hién cling nhu stra ddi cac tri thic tiép
nhan

Ngudi ta khdng nhét thié€t phai dat tén cho ludt dé cé thé goi
dén khi can, ma cd thé khai thac thdng tin tUr cac diéu kién
khai dong cua luat
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?é Structure of a rule-based expert system

ULTY

& In the early seventies, Newell and Simon from Carnegie-
Mellon University proposed a production system model, the
foundation of the modern rule-based expert systems

¢ The production model is based on the idea that humans
solve problems by applying their knowledge (expressed as
production rules) to a given problem represented by
problem-specific information

& The production rules are stored in the long-term memory
and the problem-specific information or facts in the short-
term memory
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Complete structure of a rule-based expert system

Database

External C
External Program

Knowledge Base

Rule: IF-THEN

|

Database

Fact

I

L

N2 N2

Expert System

T

»| Inference Engine [«

1L

Explanation Facilities

1L

User Interface

JC

NS

Developer Interface

< Knowledge Engineer i

a0
.
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gqg Comparison of expert systems

i \With conventional systems and human experts 1

Human Experts Expert Systems Conventional Programs
Use knowledge in the Process knowledge Process data and use
form of rules of thumb or | expressed in the form of | algorithms, a series of
heuristics to solve rules and use symbolic well-defined operations,
problems in a narrow reasoning to solve to solve general numerical
domain. problems in a narrow problems.

domain.

In a human brain, Provide a clear Do not separate
knowledge exists in a separation of knowledge knowledge from the
compiled form. from its processing. control structure to

process this knowledge.

Trace the rules fired
during a problem-golving
session and explain how a
particular conclusion was
reached and why specific
data was needed.

Do not explain how a
particular result was
obtained and why input
data was needed.

Capable of explaining a
line of reagoning and
providing the details.
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Comparison of expert systems
with conventional systems and human experts 2

Use inexact reasoning and
can deal with incomplete,
uncertain and fuzzy
information.

Permit inexact reasoning
and can deal with
incomplete, uncertain and
fuzzy data.

Human Exgerrs Exg ert Slsrems Conventional Progrﬂ.ms

Work only on problems
where data i1s complete
and exact,

Can make mistakes when
information 1s incomplete
or fuzzy.

Can make mistakes when
data is incomplete or
fuzzy.

Provide no solution at all,
or a wrong one, when data
18 incomplete or fuzzy.

Enhance the quality of
problem solving via years
of learning and practical
training. This process is
slow, inefficient and
expensive.

Enhance the quality of
problem solving by
adding new rules or
adjusting old ones in the
knowledge base. When
new knowledge is
acquired, changes are
easy to accomplish.

Enhance the quality of
problem solving by
changing the program
code, which affects both
the knowledge and its
processing, making
changes difficult.
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