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CHUONG 1

Mé dau

« When I examine myself and my methods of thought,
1 come to the conclusion that the gift of fantasy has meant more

to me than my talent for absorbing positive knowledge ».
Albert Einstein

I.  Gi6i thi€u hé chuyén gia

I.1. Hg¢ chuyén giala gi ?

Theo E. Feigenbaum : «H¢ chuyén gia (Expert System) la mot chwong trinh mady tinh
thong minh sur dung tri thicc (knowledge) va cac thu tuc suy ludn (inference procedures) dé
gidi nhitng bai toan twong doi kho khan doi hoi nhitng chuyén gia mai giai dwocy.

Hé chuyén gia 1a mot hé thong tin hoc co thé mé phong (emulates) ning luc quyét doan
(decision) va hanh dong (making abilily) ciia mdt chuyén gia (con nguoi). H¢ chuyén gia 1a mot
trong nhiing linh vyc ung dung cua #7 tué nhan tao (Artificial Intelligence) nhu hinh dudi
day.

Artificial Intelligence

Neural Systems

Language

o N

Hinh 1.1. M{t s6 linh vuee ung dung cua tri tué nhan tqo

Hé chuyén gia sir dung céc tri thirc cta nhitng chuyén gia dé giai quyét cac van dé (bai
toan) khac nhau thudc moi linh vuc.

Tri thirc (knowledge) trong hé chuyén gia phan anh sy tinh thong dugc tich tu tir sach vo,
tap chi, tr cac chuyén gia hay cac nha bac hoc. Cac thuat ngtr hé chuyén gia, hé thong dua
trén tri thuc (knowledge—based system) hay hé chuyén gia dwa trén tri thic
(knowledge—based expert system) thuong co6 cung nghia.

Mot h¢ chuyén gia | gdm ba thanh phan chinh 14 co s tri thire (knowledge base), may suy
dién hay méto suy dién (inference engine), va hé thong giao tiép véi nguoi sir dung (user

PGS. TS. Phan Huy Khanh bién sogn 7



interface). Co so tri thirc chira céc tri thic dé tir d6, may suy dién tao ra cau tra 10i cho nguoi
su dung qua hé thong giao ti€p.

Nguoi sir dung (user) cung cap sw kién (facts) 1a nhiing gi da biét, da c6 that hay nhimng
thong tin c6 ich cho hé chuyén gia, va nhan dugc nhiing cau tra 101 1a nhiing 101 khuyén hay
nhiing goi y dung dan (expertise).

Hoat dong cua mot hé chuyén gia dua trén tri thirc dugc minh hoa nhu sau :

Hé Co s0 tri thiic
théng (Knowledge Base)
Nguoi sir dung %112;)
(User) (User _
May suy dién

interface
) (Inference Engine)

Hinh 1.2. Hoat dong cua hé chuyén gia
Méi hé chuyén gia chi dac trung cho mot /inh vuee van dé (problem domain) nao do, qhu y
hoc, tai chinh, khoa hoc hay cong nghé, v.v..., ma khong phai cho bat cir mét Iinh vuc van de
nao.
Tri thic chuyén gia dé giai quyét mot van dé dac trung dugc goi 1a linh viee tri thire
(knowledge domain).

Linh vuc van dé
(Problem Domain)

Linh vuec tri thirc
(Knowledge Domain)

Hinh 1.3. Quan hé giita linh vuc van dé va linh vue tri thir

Vi du : h¢ chuyén gia vé linh vuc y hoc dé phét hién cac cin bénh lay nhiém s& co nhiéu
tri thrc vé mot so triéu chung lay bénh, linh vuc tri thirc y hoc bao gom cac can bénh, triéu
chung va chira tri.

Chu y rang linh vuc tri thire hoan toan nam trong linh vyre van dé. Phan bén ngoai linh
vuc tri thitc n6i 1én rang khong phai 1a tri thire cho tat ca moi van de.

Tuy theo yéu cau nguoi st dung ma c6 nhiéu cach nhin nhan khac nhau vé mot hé chuyén
gia.

Logi nguoi str dung Van dé dat ra

Nguoi quan tri T6i ¢6 thé ding nd dé lam gi ?

K¥ thuat vién Lam cach nao dé to6i van hanh no t6t nhat ?
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Nha nghién ctu Lam sao dé t6i c6 thé mé rong nd ?

Nguoi sit dung cuoi No s€ giup toi cai gi day ?

N6 c6 rac roi va ton kém khong ?
N6 c6 dang tin cdy khong ?

I.2.

Dac trung va wu diém cua hé chuyén gia

C6 bdn dic trung co ban ciia mot hé chuyén gia :

Hiéu qud cao (high performance). Kha ning tra 10i v6i mic d6 tinh thong bang hoic
cao hon so v6i chuyén gia (nguoi) trong cung linh vuyc.

Thoti gian tra loi thoa dang (adequate response time). Thoi gian tra 101 hop ly, bang
hodc nhanh hon so v6i chuyén gia (nguoi) dé di dén cung mét quyét dinh. HE chuyén
gia 1a mdt hé thong thoi gian thuc (real time system).

Dé tin cdy cao (good reliability). Khong thé xay ra su ¢6 hodc giam sut d6 tin cdy khi
st dung.

Dé hiéu (understandable). Hé chuyén gia giai thich cac budc suy ludn mot cach dé hiéu
va nhat quéan, khong giong nhu céch tra 161 bi an cta cac hop den (black box).

Nhitng vu diém cta hé chuyén gia :

L.3.

Phé cdp (increased availability). La san pham chuyén gia, dugc phat trién khong
ngung voi hiéu qua st dung khong thé phu nhén.
Giam gia thanh (reduced cost).

Gidam rui ro (reduced dangers). Giip con nguoi tranh dugc trong cac moéi trudng rui ro,
nguy hiém.

Tinh thuong truc (Permanance). Bit ké lic ndo ciing ¢ thé khai thac s dung,
trong khi con nguoi cé thé mét moi, nghi ngoi hay vang mat.

Da linh vyc (multiple expertise). chuyén gia vé nhiéu linh vuc khac nhau va duoc khai
thac dong thoi bat ké thoi gian st dung.

D¢ tin cdy (increased relialility). Luon dam bao d6 tin cay khi khai thac.

Kha nang giang giai (explanation). Cau tra 101 voi muc d6 tinh thong duoc giang giai
10 rang chi tiét, dé hieu.

Kha nang tra loi (fast reponse). Tra 101 theo thoi gian thuc, khach quan.

Tinh 6n dinh, suy ludn c¢é Iy va day di moi lic moi noi (steady, une motional, and
complete response at all times).

Tro gitip théng minh nhw mot ngueoi hwdng dan (intelligent -tutor).

C6 thé truy cdp nhur la mét co s6 dir liéu théng minh (intelligent database).

Sw phat trién ciia cong nghé hé chuyén gia

Sau déy 1a mot s sy kién quan trong trong lich sir phat trién ciia cong nghé hé chuyén gia
(expert system technology).

Nam | Cac su kién
1943 | Dich vu buu dién ; mo6 hinh Neuron ctiia (Mc Culloch and Pitts Model)
1954 | Thuat toan Markov (Markov Algorithm) di€u khién thyc thi cac ludt

1956

Hoi thao Dartmouth ; 1y luan logic ; tim kiém nghiém suy (heuristic search) ; thong




nhat thuat ngit tri tué nhan tao (Al: Artificial Intelligence)

1957

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

1958

Mc Carthy dé xuat ngon ngit tri tu¢ nhan tao LISA (LISA Al language)

1962

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

1965

Phuong phap hop giai Robinson. Ung dung logic mo (fuzzy logic) trong suy luan vé
cac di twong mo (fuzzy object) ciia Zadeh. Xay dung hé chuyén gia dau tién vé nha
khoa DENDRAL (Feigenbaum , Buchanan , et.al)

1968

Mang ngir nghia (semantic nets), mo hinh bd nhé két hop (associative memory model)
cua Quillian

1969

H¢ chuyén gia vé Toan hoc MACSYMA (Martin and Moses)

1970

Ung dung ngdn nglt PROLOG (Colmerauer, Roussell, et, al.)

1971

Hé chuyén gia HEARSAY I vé nhan dang tiéng ndi (speech recognition).
Xay dung cac luat gidi bai toan con ngudi (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 cta lap luan khong chic chin (Dempster—Shafer theory of
Evidence for reason under uncertainty). Ung dung hé chuyén gia PROSPECTOR
trong khai thic him mé (Duda, Har)

1977

Str dung ngdn ngit chuyén gia OPS (OPS expert system shell) trong h¢ chuyén gia
XCON/RI (Forgy)

1978

Hé chuyén gia XCON/R1 (McDermott, DEC) dé béo 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 ; thuong mai hod cic iing dung vé tri tu¢ nhan tao

1980

Ky hiéu hoc (symbolics), xy 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) ;

Duy an xay dung may tinh thong minh thé hé 5 & Nhat ban

(Japanese Fifth Generation Project to develop intelligent computers)

1983

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

1985

B cong cu phuc vu hé chuyén gia CLIPS
(CLIPS expert system tool (NASA)

1.4.

Cac linh vue irng dung ctia hé chuyén gia

Cho dén nay, hang trim hé chuyén gia da duoc xdy dung va da duoc bao cao thudng
xuyén trong cac tap chi, sach, bao va hdi thao khoa hoc. Ngoai ra con cac hé chuyén gia dugc
sir dung trong cac cong ty, cac t6 chirc quan sy ma khong dugce cong bd vi 1y do bao mat.
Bang dudi day liét ké mot sb linh vuc ing dung dién rong cua cic hé chuyén gia.

Linh vuc Ung dung dién rong
Cau hinh Tap hop thich dang nhiing thanh phan cua mot hé thong theo
(Configuration) cach riéng

Chan doén (Diagnosis) | Lap luén dya trén nhiing chimg cir quan sat dugc

Truyén dat Day hoc kiéu théng minh sao cho sinh vién c6 thé hoi
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(Instruction) vi sao (why?), nhi thé nao (how?) va cdi gi néu (what if?) giong
nhu héi mdt ngudi thay gido
gr‘;;l;‘;?a on) Giai thich nhimg dit liéu thu nhn duoc

Kiém tra (Monitoring)

So sanh dir liéu thu lwom dugc véi dit li€u chuyén mon dé danh
gid hi¢u qua

Lap ké hoach
(Planning)

Lap ke hoach san xuat theo yéu cau

Du doan (Prognosis)

Dy doan hau qua tir mot tinh hudng xéy ra

Chira tri (Remedy)

Chi dinh cach thy 1y mot van dé

Diéu khién (Control)

bicu khién mét qua trinh, doi héi dién giai, chan doan, kiém tra,
1ap ké hoach, du doan va chira tri

Sau day 1a mot s6 hé chuyén gia (xem thém phan phu lyc C cubi gido trinh) :

Bang 1 Nganh hod hoc (Chemistry)

CRYSALIS Interpret a protein’n 3-D structure
DENDRAL Interpret molecular structure
TQMSTUNE Remedy Triple Quadruple Mass Spectrometer (keep it tuned)
CLONER Design new biological molecules
MOLGEN Design gene - cloning experiments
SECS Design complex organic molecules
SPEX Plan molecular biology experiments
Bdng 2 Nganh dién tir (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

Bdng 3 Nganh dia chat (Geology)

DIPMETER Interpret dipmeter logs

LITHO Interpret oil well log data

MUD Diagnosis / remedy drilling problems
PROSPECTOR Interpret geologic data for minerals

Bdng 4 Cong nghé (Engineering)

REACTOR Diagnosis / remedy reactor accidents
DELTA Diagnosis / remedy GE locomotives
STEAMER Instruct operation - steam power-plant

Bdng 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 theumatoid disease

CADUCEUS Diagnosis internal medicine disease
ANNA Monitor digitalis therapy

BLUE BOX Diagnosis / remedy depression

MYCIN Diagnosis / remedy bacterial infections
ONCOCIN Remedy / manage chemotherapy patient
ATTENDING Instruct in anesthetic manegement
GUIDON Instruct in bacterial infections

Bang 6 May tinh dién tw (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

II. Kién tric tong quat ciia cac hé chuyén gia

II.1.

Nhirng thanh phin co ban ciia mot h¢ chuyén gia

Mot hé chuyén gia kiéu mau gém bay thanh phan co ban nhu sau :

B0 nho lam viée

Kha ning
thu nhan tri thirc

May suy dién
Co s0 tri thirc v
Cac luat
Lich cong viéc
Kha nang giai thich

\/

Giao dién nguoi su dung

o Co s6 tri thire (knowledge base). GOm cac phan tir (hay don vi) tri thirc, théng thuong

Hinh 1.4. Nhitng thanh phan co ban ciia mét hé chuyén gia

duogc goi la lugt (rule), dugc t0 chtrc nhu mot co sé dit liéu.

« Mady duy dién (inference engine). Cong cu (chuong trinh, hay bd xur 1y) tao ra su suy
luan bang cach quyét dinh xem nhitng luat nao s€ lam thdéa man cac sy kién, cac doi
tugng. , chon uu tién cac luat thdéa man, thuc hién cac luat co tinh wu ti€n cao nhat.

o Lich céng viéc (agenda). Danh sach cac luat vru tién do may suy dién tao ra thoa min

cac sy kién, cac doi tuong c6 mit trong bd nho lam viéce.
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e B¢ nhé lam viéc (working memory). Co sé dit li€u toan cuc chtra cac sy kién phuc vu
cho cac luat.

« Kha nang gidi thich (explanation facility). Giai nghia cach lap luan cua hé thong cho
nguoi su dung.

o Khda nang thu nhdn tri thirc (explanation facility). Cho pheép nguoi s dung bd sung cac
tri thirc vao hé théng mot cach tw dong thay vi tiép nhan tri thae bang cach ma hod tri
thirc mot cach tuong minh. Kha ning thu nhén tri thirc 1a yéu té mic nhién cua nhiéu
hé chuyén gia.

* Giao dién nguoi sir dung (user interface). La noi nguoi str dung va hé chuyén gia trao
d6i véi nhau.

Co s6 tri thirc con duge goi 13 bg nhé san xudt (production memeory) trong hé chuyén

gia. Trong mot co so tri thirc, nguoi ta thuong phan biét hai loai tri thirc 1a tri thirc phan doadn
(assertion knowledge) va tri thirc thuc hanh (operating knowledge).

Cac tri thirc phan doan mo ta cac tinh hudng da duoc thiét lap hodc s& dugc thiét lap. Cac
tri thirc thuc hanh thé hién nhimg hau qua rat ra hay nhiing thao tac can phai hoan thién khi
moét tinh hudng da duogc thiét 14p hodc s& duoc thiét 1ap trong linh vuc dang xét. Cac tri thirc
thuc hanh thuong duoc thé hién boi cac biéu thirc d& hiéu va dé trién khai thao tac d6i véi
nguoi st dung.

May. Tri thire phan doan
suy dién
Tri thirc thuc hanh
Co s0 tri thirc

Hinh 1.5. Quan hé giita mdy suy dién va co so tri thirc
Tir viéc phan biét hai loai tri thirc, ngudi ta néi may suy dién 1a cong cu trién khai cac co ché
(hay k¥ thuat) tong quat d€ td hop cac tri thirc phan dodn va cac tri thirc thyc hanh. Hinh trén day
mo ta quan hé hiru co gitta may suy dién va co s tri thiec.



I1.2.

mod hinh.

a. Mo hinh J. L. Ermine

/

Co s tri thire

Hé théng
thu nhan
tri thire

N

Mgt so moé hinh kién tric hé chuyén gia

\

Giao dién

B6 nhé lam viée

~

C6 nhiéu mé hinh kién tric hé chuyén gia theo cac tac gia khac nhau. Sau day 1a mot s6

Nguoi sir dung
yéu cau

Dt lidu van dé

<—cin giai quyét

\ Tri thirc méi

Hinh 1.6. Kién triic hé chuyén gia theo J. L. Ermine
b. Mo hinh C. Ernest

Chuyén
gia

sur
dung

Tri thuc

Cau trtic
may suy dién

Dir ligu
Nguoi

o Loi giai
o Giai thich
e Theo doi

</

7
Co so
—>|  tri thirc
May
suy dién

Hinh 1.7. Kién triic hé chuyén gia theo C. Ernest
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c. Mo hinh E. V. Popov

Kha nang
giai thich
Chuyén
gia < Giao dién

nguoi Bo nhé s Co s6

sdung |71y vige | S| DiEndich fe> 1 ge
S¢ hitu
tri thee [

Hinh 1.8. Kién triic hé chuyén gia theo E. V. Popov

IL.3. Biéu dién tri thirc trong cic hé chuyén gia

Tri thitc cia mot hé chuyén gia c6 thé duge biéu dién theo nhiéu cach khac nhau. Thong
thuong nguoi ta sir dung cac cach sau day :

« Biéu dién tri thirc boi cac ludt san xuét

« Biéu dién tri thirc nho ménh d¢ logic

« Biéu dién tri thirc nho mang ngit nghia

« Biéu dién tri thitc nhd ngdn ngit nhan tao

Ngoai ra, nguoi ta con st dung cach biéu dién tri thire nho cac sy kién khong chéc chén,
nhd bo ba : dbi twong, thudc tinh va gia tri (O-A-V: Object-Attribute-Value), nhd khung
(frame), v.v... Tuy theo timg hé chuyén gia, ngudi ta ¢ thé s dung mét cach hoic dong thoi
ca nhiéu cach.

I1.3.1. Biéu dién tri thirc béi cac luit san xuét

Hién nay, hau hét cac hé chuyén gia déu 13 cac hé théng duya trén luat, béi 1y do nhu sau :

e Ban chat don thé (modular nature). C6 thé dong goi tri thirc va mo rong hé chuyén gia
mot cach de dang.

o Kha nang dlen giai dé dang (explanation facilities). D@ dang dung luat dé dién giai van
dé nho cac tién dé dic ta chinh xac cac yéu to van dung luat, tir d6 rit ra duoc két qua.

o Tuwong ty qua trinh nhdn thirc cua con nguoi. Dya trén cac cong trinh cia Newell va
Simon, cac ludt dugc xay dung tir cach con ngudi giai quyet van d€. Cach bicéu dién
luat nho IF THEN don gian cho phép giai thich dé dang cau trac tri thirc can trich loc.

Luat 1a mot kiéu san xudt dugc nghién ctru tr nhitng nam 1940. Trong mdt hé théng dua

trén luat, cong cu suy luan s€ xac dinh nhitng luat nao la tién d€ théa man céc sy viéc.

Céc luat san xut thuong duoc viét duéi dang IF THEN. C¢ hai dang :

IF < diéu kién > THEN < hanh dong >

hoac
IF < diéu kién > THEN < két luan > DO < hanh dong >



Tuy theo hé chuyép gia cu thé ma mdi ludt c¢6 thé duoc dat tén. Chéng han mdi luat co
dang Rule: tén. Sau phan tén la phan IF cua luat.

Phan gitta IF va THEN 1a phan trai lugt (LHS: Left - Hand -Side), c¢6 ndi dung duoc goi
theo nhiéu tén khac nhau, nhu tién dé (antecedent), diéu kién (conditional part), mau so khép
(pattern part),

i Phan sau THEN 1a két luan hay hdu qua (consequent). Mot s6 hé chuyén gia c6 thém
phan hanh ddng (action) dugc goi la phdn phai ludt (RHS: Right - Hand -Side).

Vidu:

Rule: Pen do

IF

Dén do sang

THEN

Dung
Rule: Pen-xanh
IF
Pén xanh sang

THEN
bi
Trong vi du trén, Bén do sang va Dén xanh sang la nhimg diéu kién, hay nhiing khuon
mau. Sau day 1a mot s6 vi du khac :
Rule: Piéu tri sot
IF ’
Bénh nhan sot
THEN ) ’
cho uong thudc Aspirin

Hé thong chan dodn xe mdy (OPS5)

IF
May xe khong no khi khoi dong

THEN
Dy doan: Xe bi panne stre nen. Pittong, bac xéc-mang va long xy lanh sai tiéu chuén,
dé tao thanh nhimg khe ho nho lam cho pittong khong con kin nén hoa khi khong
dugc nén 1én day du. Xt 1y : nén diéu chinh hodc thay moi pittong, bac xéc-méng va
1ong xy lanh cho dung tiéu chuan

IF
may xe n(A:) khong én dinh, OR
may xe nd roi lai tat, AND
bugi kho

THEN
Du doan : Xe da bi nghet xang. Xt 1y : nén xtc ria binh xang va bd khoa xang
cua xe.

MYCIN hé thong c}~1§n doan bénh viém mang nio va hién tuong c6 vi khudn bat thudng
trong mau (nhi€m trung)

IF
Tai vi tri, vét ‘ghuor}g c6 mau, AN]?
Chua biét chac chan co quan bi ton thuong, AND
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Chét nhuom mau 4m tinh, AND
Vikhuén c6 dang hinh que, AND
Bénh nhéan bi sot cao
THEN
Co quan c6 triéu chirng (0.4) nhiém triing

I1.3.2. B§ sinh ciia hé chuyén gia

B¢ sinh cua hé chuyén gia (expert-system generator) 1a hop cua :

— mot may suy dién,

— mot ngon ngir the hién tri thure (bén ngoai)

—va mdt tdp hop cdc cdu tric va cac quy woc thé hién céc tri thirc (bén trong).

Theo cach nao do, cac cu tric va cac quy udc nay xac dinh mot co s tri thire rong (hay
rong b phan). Nho céc tri thire chuyén mon d€ dinh nghia mot hé chuyén gia, nguoi ta da tao
ra b sinh dé lam day co so tri thic.

Chang han, EMYCIN la tén cua bd sinh cta h¢ chuyén gia MYCIN va dugce tiép tuc ap
dung cho mot so linh vuc.

Hg chuyén gia R1 dugc xdy dyng tir bd sinh OPS (1 hé thong lut dugc phat trién boi
Charles Forgy nam 1975 tai Carnegie-Mellon University). Sau day 1a mdt s héu dué cua
EMYCIN va OPS :

EMYCIN

anh 1y phdi

HEADMED dugc hoc tam thdn (psycho-pharmacology)
SACON xay dung co khi

DART héng hdéc mady tinh

SECOFOR khoan dau md

TOM bénh 1y ca chua

OPS

/XCON cdu hinh mdy tinh

ACE bdo vé duong diy dién thoai
AIRPLAN cét canh va ha cénh mdy bay
AI-SPEAR theo ddi may tinh

YES / MVS diéu khién may tinh

Nho bo sinh, mdi hé hé chuyén gia ¢ thé chira tir hang trim dén hang ngan lut. Bang
dudi day thong ké so luat cia mét s6 hé chuyén gia :

H¢ chuyén gia Linh vuc Ném xudt hién S6 ludt
MYCIN Y hoc 1974 500
PROSPECTOR Dia chit 1979 1 600
R1/XCON Tin hoc 1980 > 7000
LITHO Dia chat 1982 500
SPHINX Y hoc 1984 400
TOM Nong hoc 1984 200




Mot trong nhirng nét hap dan cia tiép can hé chuyén gia la kha nang «hoo» (learn) cua hé
thong nham thuong xuyén stra do6i va hoan thién co s¢ tri thirc von c6. So d6 dudi day cho
biét sy tién trién cta hai hé chuyén gia noi tiéng ctia My 1a MYCIN va R1 :

MYCIN 1974 : 200 luat hién nay : 500 luat
R1 1980 : 800
1981 : 1 000
1982 : 1500
1983 : 2 000
1984 : >3000
1985 . >7000
I1.3.3. «Soan thao két hop» cac luit

Noi chung, tuy theo hé chuyén gia ma nhiing quy udc dé tao ra luat ciing khac nhau. Sy

giong

nhau co ban giita cac hé chuyén gia vé miat ngdn ngit 1a cach soan thio két hop

(associative writing) cac luat.

O day, thuat ngit soan thdo két hop dugce chon dé goi 1én khai niém vé ché do truy cdp két
hop (associative access) lién quan dén ché do lwu trit két hop (associative memory) la ché do
ma thong tin can tim kiém dugc doc khong chi can ctt vao dia chi don vi nhé cu thé ma con
cin ¢t vao mot phan ndi dung cua thong tin can tim kiém chta trong do.

Soan thao két hop cac luat gdm nhimng quy wéc nhu sau :

1. Mobi luat do chuyén gia cung cap phai dinh nghia dwoc cac diéu kién khéi dong (tic nhan)
hay tién d@é cua luat, nghia 1a cac tinh huong (dugc xac dinh bdi cac quan hé trén tap hop

du

liéu da cho) va hdu qua cta luat, dé luat nay c6 thé ap dung.

~ Theo cach dung thong thudng, nguoi ta dét tén riéng cho luat dé chon 4p dung, hoic cung
cap mot nhom cac sw kién (fact) twong thich voi diéu kién khoi dong cua luat.

2. Trong luat, khong bao gid nguoi ta chi dinh mot luat khac bdi tén riéng.

Vi
IF

du : ludt R sau day tuén thi hai déc trung :
bénh nhan sot AND toc do lang huyét cau trong mau tang lén

THEN bénh nhdn nhiém bénh virut

Tir n6i dung ludt R, ngudi ta ¢6 thé van dung nhu sau :

Khi xéy ra tinh hudng bénh nhén bj sét va téc d6 ling huyét cdu trong mau ting 1én, thi
“bénh nhdn sot” va “toc do lang huyét cau trong mdu tang lén” 1a nhitng diéu kién dé
khéi d@ong luat. Hau qua caa luat 1a “bénh nhan nhiém bénh virut”. Nhu vay, viéc ap
dung luat s& dan dén mot sy kién méi duoc thiét lap tir day tro di : “bénh nhdan nhiém
bénh virut”.

Khi muén tao sy kién “bénh nhan bi nhiém bénh virut”, thi diéu kién khoi dong luat 1a
“bénh nhdn nhiém bénh virut’. Hau qua cua luat s€ 1a “bénh nhan $O° va “téc dé ld'ng
huyét cau trong mdu tang lén”. Tt day, luat s& khoi dong cac su kién méi vira duoc
thiét 1ap “bénh nhan sot” va “toc do lang huyét cau trong mdu ting 1én”.

Cach biéu dién cac diéu kién khoi dong trong luat phi hop véi cach tu duy ty nhién cta
cac chuyén gia. Do vay, nguoi ta dé dang thé hién cling nhu stra d6i cac tri thirc ti€p nhéan.

Nhu véy, ngudi ta khong nhét thiét phai dat tén cho luat dé co thé goi dén khi can, ma c6
thé khai thac thong tin tir cac di€u ki€n khoi dong cua ludt. Chang han tir ludt R trén day :

Néu tim duoc cac luat c6 kha ning thiét 1ap su kién “bénh nhdn nhiém bénh virut”,
nguoi ta s& dé y dén phan then cta chung nhu 1a cac diéu kién khoi dong. Luat R 1a
mdt trong cac ludt c6 diéu kién khoi dong twong Gmg v6i 101 goi “bénh nhin nhiém
bénh virut”.
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— Néu tim duge céc luat co kha nang dua ra sy kién “bénh nhan s6r”, chi can dé v dén
phan if ciia chiing nhu 14 cac diéu kién khoi dong. Luat R 1a mot trong cac luat ¢6 didu
kién khoi dong tuong g voi 101 goi “bénh nhén sot”.

Viéc so sanh giira diéu kién khai dong cac ludt va cac su kién duoc xét tai mot thoi diém
da cho (tuy theo truong hop, cac sy kién gia sir da duge thiét 1ap hay s& thiét 1ap) cho phép
loc (filter) cac luat dé gilt lai mot s6 luat nao d6. Phan diéu kién khoi dong cua luat thuong
duogc goi 1a g loc, hay mau so khop cua luat do.

Trong Tin hoc ¢ dién, mdi thu tuc (dong vai tro 1a mét don vi tri thic) thuong dugce xac
dinh va dugc goi boi tén cua tha tuc. Lic nay, néu mudn thém vao hay léy ra mot thu tuc,
nguoi ta can duy kién céc thay doi trong toan b thu tuc khac st dung dén tht tuc mudn thém
vao hay lay ra nay.

Nguoc lai, vé nguyén tic, viée soan thao két hop cho phép tao ra mét luat ma khong can dé v
dén su hién dién cua cac luat khac. V&i mdi ludt, du 13 cua ai, mot khi duge dua vao trong co so
tri thiee, thi chi can dé y dén cac biéu thic diéu kién dé xac dinh néu luat d6 1a ap dung dugc va
do vy, c6 thé goi toi né hay khong. Ngudi ta cling xem rang cac su kién duoc dua vao nhu la
hau qua ctia mot ludt co thé giup dé goi dén cac ludt khac nho cac bo loc cia ching.

Nhu véy, phuong phap soan thao két hop cho phép bd sung va loai bo dé dang cac ludt ma
khong can xem xét hau qua cta viéc bd sung va loai bo d6. Phuong phap soan thao két hop c6 vi
tri quan trong trong cac hé thong dwa trén ludt cta cac hé chuyén gia. D6 1a cde hé thong suy dién
dinh huong bai cdc bo loc (PDISPattern-Directed Inference Systems).

I1.3.4. Cac phwong phap biéu dién tri thirc khac
a. Biéu dién tri thirc nho ménh dé logic

Nguoi ta sir dung cac ky hiéu dé thé hién tri thirc va cac phep toan 1ogic tac dong 1én cac
ky hi€u d€ thé hién suy luén l6gic. Ky thuat chu yéu thuong duge sir dung la 16gic vi tur
(predicate logic) ma ta s€ dé cap dén & chuong sau.

Céc vi du dudi ddy minh hoa cach thé hién cac phat biéu (cot bén trai) dudi dang vi tir
(cot bén phai) :

Phat biéu Vi tur
Tom la dan 6ng MAN(tom)
Tom la cha ciia Mary FATHER(tom, mary)

MAN(X) -»> MORTAL(X)

voi quy udc MAN(X) c6 nghia «X 12 mdt nguoi» va
MORTAL(X) c6 nghia «X chét». MAN va MORTAL dugc
goi 1a cac vi tir d6i véi bién X.

Tat cd moi nguoi déu chét

Céc vi tir thudng co chira hing, bién hay ham. Ngudi ta goi cac vi tir khong chira bién (c6
thé chira hang) 1a cic ménh dé (preposition). M&i vi tir ¢6 thé 1a mot su kién (fact) hay mot
luat. Luat la vi tu gém hai vé trai va phai dugc ndi nhau béi mot dau miii tén (—). Cac vi tr
con lai (khong chira miii tén) dugc goi 1a cac su kién. Trong vi du trén day, MAN va
FATHER la cac ménh dé va la cac su kién. Con MAN(X) > MORTAL(X) la mot luét.

Vidu : Tur cac tri thire sau :

Marc co toc vang hoe, con Jean co toc mau nau. Pierre la cha cua Jean. Marc la cha cua
Pierre. Jean la cha ciia René. Marc la con ciia Georges.



Gia su X, Y va la Z nhitng nguoi nao do, néu Y la con ciia X thi X la cha ciia Y. Néu X la
cha cua Zva Z la cha cua Y thi X la ong cua Y.
ta c6 thé biéu dién thanh cac su kién va cac ludt nhu sau :
BLOND (marc)
BROWN (jean)
FATHER (pierre, jean)
FATHER (marc, pierre)
FATHER (jean, ren¢)
SON (marc, georges)
FATHER (X, Y) <« SON (Y, X)
GRANDFATHER (X, Y) «~ FATHER (X, Z), FATHER (Z, Y)

Nguoi ta goi tdp hop cac su kién va cac luat 1a mot co so tri thic.

P NN B LD =

b. Biéu dién tri thirc nho mang ngiv nghia

Trong phuong phap nay, nguoi ta sir dung mot dd thi gdm cac mit (node) va cac cung
(arc) ndi cac nut dé biéu dién tri thie. Nut ding dé thé hién cac ddi tugng, thudc tinh cia ddi
tuong va gia tri clia thudc tinh. Con cung dung dé thé hién cac quan hé giira cac dbi tuong.
Céc nut va cac cung déu dugc gin nhan.

Vi du @€ thé hién tri thuc “sé la mot loai chim c6 canh va biét bay”, nguoi ta vé mot do

thi nhu sau :

Hinh 1.9. Biéu dién tri thitc nho mang ngit nghia

la

Bang cach thém vao dd thi cic nat moi va cac cung mdi, ngudi ta co thé mo rong mot
mang ngit nghia. Cac nat méi duoc thém thé hién cac ddi tuong tuong tu (v6i cac nit di cd
trong do6 thi), hodc tong quat hon. Chiang han dé thé hién “chim la mét loai déng vit dé
trung” va “canh cut la loai chim biét lan“, nguoi ta vé thém nhu sau :

Mot trong nhiing tinh chat quan trong ctia mang ngit nghia 14 tinh thira ké. Khi st dung
mang ngit nghia dé biéu dién tri thirc, nguoi ta phai xdy dung cac phép toan twong tng.

Hinh 1.10. M6 réng mang ngit nghia biéu dién tri thire
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c. Biéu dién tri thirc nho ngén ngiv nhan tao

Noi chung, theo quan diém cua nguoi s dung, ngdn ngit tu nhién s& 1a phuong cach
thudn tién nhat dé giao tiép voi mot hé chuyén gia, khong nhiing d6i voi ngudi quan tri hé
thdng (tu cach chuyén gia), ma con d6i v6i nguoi sir dung cudi. Hién nay da c6 nhimg hé
chuyén gia c6 kha nang d6i thoai trén ngdn ngit tu nhién (théng thudng 1a tiéng Anh) nhung
chi han ché trong linh vuc rng dung chuyén moén cta hé chuyén gia

Hinh dudi dy thé hién mot don vi tri thire (ludt) trong hé chuyén gia MYCIN diung dé
chan doan cac bénh virut. Cot bén trai 1a mot luat duogc vict bang tiéng Anh, cdt bén phai 1a
md hoa nhdn tgo cua luat do.

Néu 1) Méu ciia co thé 14 gram duong ((SAND (SAME CNTXT GRAM GRAM+)
nhiem trang \ (SAME CNTXT DEVEL COLONY)

vanéu 3) Kiéu phat trién ciia co thé
12 khuan lac
thi t6n tai mot kha nang (0.7) 1a co thé bi
nhiém khuén cau chum

(CONCLUDE CNTXT IDENT
STAPHYLOCOCCUS MEASURE 0.7))

Hinh 1.11. Biéu dién tri thirc nho ngoén ngir nhén tao trong MYCIN

I1.4. Ky thuat suy luin trong cac hé chuyén gia

C6 nhiéu phuong phap tong quat dé suy luan trong cac chién luoc giai quyét van dé cia
h¢ chuyén gia. Nhimg phuong phap hay gép la suy dién tién (foward chaining), suy dién I
(backward chaining) va phdi hop hai phuong phap nay (mixed chaining). ‘Nhimg phuong
phap khac 1a phdn tich phwong tién (means-end analysis), it gon vin dé (problem
reduction), quay lui (backtracking), kiém tra ldp ké hoach (plan-generate-test), ldp ké hoach
phdn cdp (hierachical planning)...

Duéi day 1a nén tang cua céng nghé hé chuyén gia hién dai (foundation of modern rele-
based expert system).

H¢ chuyén gia dya trén luat

Luat May suy dién Su kién
I I
Luat san xuét Post So khop Hop giai Suy dién
hiéu qua xung dot bén phai luat (RHS)

Thuat toan mang luédi

Thuat toan Markov

Hinh 1.12. Nén tang cua cong nghé hé chuyén gia dwa trén ludt hién dai



I1.4.1. Phuwong phap suy dién tién
Suy dién tién ( forward charning) 1a 1ap luén tur cac su kién, sy viéc dé rat ra cac két luan.
Vi du : Neu thay troi mua trude khi ra khdi nha (su kién) thi phai lay 4o mua (két luan).
Trong phuong phap nay, nguoi sir dung cung cap cac su kién cho hé chuyén gia dé hé
thdng (mdy suy dién) tim cach rut ra cac két luan co6 thé. Két luan duoc xem 13 nhitng thudc
tinh c6 thé duoc gan gia tri. Trong s6 nhitng két luan nay, co thé ¢ nhing ket luan lam nguoi
str dung quan tam, mot s6 khac khong noéi 1én diéu gi, mot s6 khac c6 thé ving mit.

Cac sy kién thuong co6 dang :
Atthibute = value

Lan luot cac su kién trong co so tri thic dugce chon va hé théng xem xét tat ca cac luat ma
cac sy kién nay xuét hién nhu 1a tién dé. Theo nguyén tic 1ap luan trén, hé thong s& lay ra
nhimg luat thod man. Sau khi gan gia tri cho cac thugc tinh thude két luan tuong ung, nguoi
ta ndi rang cac su kién da duoc thod méan. Cac thudc tinh duge gan gid tri s€ la mot phan cia
két qua chuyén gia. Sau khi moi sy kién da dugc xem xét, két qua dugc xuét ra cho nguoi st
dung.

I1.4.2. Phwong phap suy dién lui
Phuong phap suy din Iui tién hanh cac 1ap luan theo chiéu nguoc lai (d6i véi phuong

phap suy dién tién). Tir mot gia thuyét (nhu 1a mot két ludn), hé théng dua ra mot tinh hudng
tra 1oi gdm cac su kién 1a co sé cua gia thuyét da cho nay

Vi du néu ai @6 vao nha ma cam 4o mwa va 4o quan bi udt thi gia thuyét nay 1a troi mua.
bé cling co6 gia thuyét nay, ta s€ hdi ngudi do xem co phai troi mua khong ? Néu nguoi do tra
101 c6 thi gid thuyét troi mua ding va tré thanh mdt su kién. Nghia 1a troi mua nén phai cam
40 mua va ao quan bi udt.

Suy dién Iui 1a cho phép nhan duoc gia tri cia mot thudc tinh. D6 1a céu tra 161 cho cau
hoi « gia tri cua thudc tinh A la bao nhiéu ? » véi A 1a mot dich (goal).

Dé xac dinh gia trj cia A, can co cac ngudn thong tin. Nhitng ngudn nay c6 thé 1a nhiing
cau hdi hodc cd thé 1a nhitng luat. Can cur vao cac cau hoi, hé thong nhan dugc mot cach truc
tiep tr nguoi str dung nhitng gia tri cua thudc tinh lién quan. Can cir vao céc luat, h¢ thong
suy dien c6 thé tim ra gia tri s€ 1a két luén cia mdt trong so cac két luan co thé ctua thudc tinh
lién quan, v.v...

Y tudng cua thuat toan suy dién 10i nhu sau. V&i mdi thude tinh da cho, ngudi ta dinh
nghia nguoén ctia no :

e Néu thudc tinh xuét hién nhu 1a tién dé caa mot luét (ph?m dau cua luat), thi nguén s€
thu gon thanh mdt cau héi.

e Néu thudc tinh xuét hién nhu 1a hau qua cua mot luat (phén cudi cua luét), thi nguén
s€ 1a cac luat ma trong do, thude tinh 1a két luan.

e Néu thudc tinh 1a trung gian, xuat hién dong thoi nhu 1a tién dé va nhu 14 két luan, khi

do nguc“m c6 thé 1a céc luat, hodc co thé 1a cac cAu hoi ma chua dugce néu ra.

Néu mdi 1an véi cau hoi da cho, ngudi sir dung tra 101 hop 18, gid tri tra 10i ndy s& dugc
gan cho thudc tinh va xem nhu thanh cong. Néu nguén la cac luat, hé théng s€ lfiy lan luot
cac luat ma thudc tinh dich xuét hién nhu két luin, dé c6 thé tim gia tri cac thudc tinh thude
tién dé. Néu cac luat thod man, thudc tinh két lun s& duoc ghi nhén.
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I1.4.3. Cac hé thong san xuit (production systems)

a. Cdc hé thong sin xuit Post

Hé thong san xuat dugc Post st dung trong logic ky hi¢u (symbolic logic) tir nhirng ndm
1943. Theo 6ng, rat nhiéu hé thong toan hoc va logic dugc viét dudi dang cac luat san xudt
(production rule). Céc luat con duoc goi 1a quy tic viét lai (rewrite rules) thuong duoc ding
de dinh nghia van pham ctia mot ngén ngir. Cac ngdn ngit 1ap trinh thuong dugc dinh nghia
tor dang Backus - Naur (BNF).

Y tuéng co ban cua Post 13 xudt phat tir mot xau vao (input string), dwoc goi 1a tién dé
(antecedent), san xuat ra mot xau két qua mai khac (consequent). Moi san xuat c6 dang :

< xdu tién dé > — < xdu két qua >

Déu miii tén — chi ra rang xau vao bén trai dugc chuyén (transformation) thanh xau két
qua bén phai.

Vidu :

Dé di qua cac ngd ba, nga tu trong thanh phd :

Den do sang - Durng

Den xanh sang - bi

Dé chira tri bénh sdt :

Bénh nhén sot - Cho uéng thudc Aspirin

Céc luat c6 thé co nhiéu tién dé :

Bénh nhén s6t AND Sot trén 39 °C —  Di kham bac st

Chu y phép AND khéng phai 13 mot phan ciia x4u ma cho phép ndi két nhiéu tién dé lai
v&i nhau.

Mot hé thong san xudt Post gdbm mot nhom cac luat san xut, chiang han (chd y cac sd thu
tu dat trong dau ngoac chi dung dé trinh bay) :

(1) Carwon’t start — Check battery
(2) Carwon’t start — Check gas

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

Néu dua vao xau Car won’t start, thi cac luat (1) va (2) co thé duoc ap dung dé sinh ra
cac xau Check battery va Check gas. Tuy nhién, khong ton tai co ché dé co thé ap dung dong
thoi ca hai cho xau vao nay. Chi ¢ thé ap dung dugc mot luat trong hai, hodc khong. Néu
dwa vao xau Battery bad va Check battery thi luat 3 c6 thé duoc ap dung dé sinh ra xau
Replace battery.

Khong dit ra thr ty cac ludt trong hé thong. Sau khi dao thir tw, chiang han (4) (2) (1) (3)
thi hé théng gitr nguyén gia trj :

(4) Check gas AND No gas — Fill gas tank
(2) Carwon’t start — Check gas

(1) Carwon't start — Check battery
(3) Check battery AND Battery bad — Replace battery

Mic du cac san xuit Post dugc sir dung trong h¢ chuyén gia nhung ching khong thuan
tién cho viéc viét cac trinh Ung dyng. Han ché chu yéu ciia cac san xuat Post khi 1ap trinh 1a
khong c6 cac chién lwgce diéu khién (control strategy) dé dinh hudéng st dung luat... Mot hé
thong Post cho phép ap dung luat cho mot xau vao theo cach tuy y ma khong chi ra cu thé



lam thé nao dé luat dugc ap dung. Chinh su lua chon luat mot cach ngﬁu nhién nhu vy lam
thoi gian tim kiém tré nén dang ké trong cac hé thong c6 nhicu luat.
b. Cadc thudt toan Markov

Dé cai tién viéc ap dung cac luat san xuat, nam 1954, Markov d3 dé xuit mot cau trac
diéu khién cho hé théng san xuét. Mot thudt toan Markov (Markov algorithm) 13 mot nhém
céc san xuét co tht tu duge ap dung theo mdt thur ty uu ti€n cho mét xau vao. Néu luét ¢6 wu
tién cao nhat khong duoc ap dung, thi qui tic tiép theo s& dugc ap dung va ctr thé tiép tuc.
Thuat toan Markov dimng néu :

(1) san xudt cudi cung khéng duoc ap dung cho x4u, hodc
2) néu san xuét dé 1a cudi mot giai doan dugc ap dung.
) Thuét toan Markov ciling c6 thé duoc ap dung cho mdt xau con (substring) ciia mot xau,
bat dau tir bén trai :
Vidu:Choluit AB — HIJ

Khi’ do, ap dung cho xau vao GABKAB s¢€ tao ra xau mgi GHIJKAB. Tu d6, ta nhan
duoc tiép tuc xau méoi GHIJKHIJ.

Ky tu dic biét € biéu din x4u rong (null string), 14 x4u khong c6 ky tur nao.
Vidu : Luat A—>c¢
La x6a tat ca cac xuét hién cua A trong mot xau.

Céc ky hiéu dic biét khac ¢ vai trd nhu bién biéu dién mot ky tu bat ky duoc viét boi cac
chit cai thuong a, b, c...

Vidu, luat AxB—>BxA
Cho phép nghich déo cac ky tu A va B.

Cac chir cai Hy lap a, B dung dé chi cac dau dic biét cua xau. O day, cac chit cai Hy lap
dung dé phan biét vdi bang chit cai dang sir dung.

Mt vi du vé thuat toan Markov 1a di chuyén chit cai dau tién dén vi tri cudi cung cua mot
xau vao. Nhitng ludt dugc uu tién ap dung cao nhat la (1), thap hon la (2), r6i (3), v.v... Cac
luat duoc cho lan lugt theo d6 uu tién gidm dan nhu sau :

(1) Oxy - ylix
2) O - [
3) O - 0O

Cho x4u vao ABC, qua trinh di chuyén dugc cho trong bang sau :

Ludt Thanh céng (S) hodc thit bai (F) Xdu két qua
1 F ABC
2 F ABC
3 S JABC
1 S BUAC
1 S BCUA
1 F BCUA
2 S BCA

Chu y rang ky hiéu [ hoat dong nhu 1a mot bién trung gian trong ngdn ngir 1ap trinh. Tuy
nhién, thay vi nhan mot gia tri, bién [ dong vai trd gitt vi tri danh dau qua trinh thay d6i xau
vao. Mdt khi cong viéc két thuc, [1 bi loai bo boi ludt 2.
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¢. Thudt toan mang ludi (rete algorithm)

Chu ¥ rang thuat toan Markov str dung chién luoc diéu khién tat dinh (definite control
strategy) dé ap dung cac luat c6 do wu tién cao hon trudc tién. Ching nao ma ludt c6 do wu
tién cao nhat khong dugc ap dung, thi thudt toan Markov s€ tim mdt luét khac c6 do uu tién
th?ip hon dé ap dung. Mac du thuit toan Markov co thé duoc st dung chu yéu trong mot hé¢
chuyén gia, n6 van khéng co hiéu qua trong nhimg hé théng c6 nhiéu luat.

Van dé vé hiéu sudt (efficient) trd nén quan trong khi ngudi ta can tao ra cac hé chuyén
gia giai quyét cac bai toan thyc tidn chira tir hang trim dén hang ngan luat. Mot hé chuyén
gia 12 khong hiéu qua néu ngudi sir dung phai cho doi rat nhidu thoi gian dé nhan dugc mot
cau tra 161 tir hé thong. Van d& 1a can c6 mot thudt toan biét dwogc tit ca cac luat va co thé
chon ra céc luat can thiét dé ap dung thay vi tha 1an luot cac luét.

Mot giai phap cho vin d& nay la thuat toan mang lu6i do Charles L. Forgy dé xuit tai
truong Pai hoc Carnegie, Mellon, Hoa Ky vao nam 1979 trong luan vén tién si cua ong vé
OPS (Official Production System).

Thuét toan mang ludi cho phép so khdp (pattern mattching) rt nhanh d nhan duoc cau
tra 10i tirc thoi bang cach luu giit thong tin cua cac ludt trong mot mang ludi (network). Thay
vi so khop lap di 1ap lai cac su kién mdi lan ap dung mot ludt trong mdi chu trinh nhan thic
(recognize-act cycle), thuat toan mang ludi chi nhin nhiing thay dbi khi so khép trong mdi
chu trinh.

III. Thiét ké hé chuyén gia

IIL.1. Thuit toan tong quat

Thuat toan tong quat dé thiét ké mot hé chuyén gia gdm cac budce nhu sau :

Begin
Chon bai toan thich hop
Phat biéu va déc ta bai todn
If Hé chuyén gia gidi quyét thod man bai todn va cé thé sir dung Then
While Bdn mau chua dwoc phat trién hoan thién Do
Begin
Thiét ké ban mau
Biéu dién tri thirc
Tiép nhadn tri thirc
Phat trién hoan thién ban mau
End
Hop thirc hoa ban mau
Trién khai cai dat
Huwéng dan sir dung
Van hanh
Bdo tri va phat trién
Else
Tim cdc tiép cin khdc thich hop hon
EnIf
Két thiic
End

Hinh 1.13. Thiét ké mét hé chuyén gia



Pé thiét ké mot hé chuyén gia, trude tién can co su lwa chon mét bai toan thich hop
(selecting the appropriate problem). Tuong tu cac du an phan mém, dé trién khai thlet ke mot
h¢ chuyén gia, can phai c6 cac yéu t6 vé nhan lyc, tai nguyén va thoi gian. Nhimng yéu t6 nay
anh huong dén gia thanh cia mot hé chuyén gia.

Nguoi ta thuong dat ra cac cau hdi sau day :
Tai sao can xdy dung (building) mét hé chuyén gia ?
Cau hoi nay thuong xuyén dugc dat ra cho bét ky du 4n nao. Co the tra 161 ngay 1a do

nhing dic trung va vu diém cua cac hé chuyén gia. Trude khi bt dau, can xac dinh rd dau la
bai toan, ai la chuyén gia, va ai 1a nguoi s dung.

Tra tién (pay-off) la gi ?

Khi quyét dinh xdy dung mot h¢ chuyén gia (céu hoi 1) can mot sy dau tu vé nhan luc, tai
nguyén, thoi gian va tién bac. Do vay ngudi sir dung hé chuyén gia phai tra tién, tuy theo tinh
hiéu qua hay wu diém cua hé chuyén gia sir dung. Tuy nhién, néu khong c6 ai s dung hé
chuyén gia, thi s& khong co ai tra tién dé bu lai chi phi va co lai. Do hé chuyén gia la mot
cong nghé mai, cau hoi nay kho tra 16i hon va c6 nhiéu rai ro hon so véi lap trinh thong
thuong.

Sit dung nhitng cong cu (tools) nao d@é xdy dung mot hé chuyén gia ?

Hién nay c6 rat nhiéu coéng cu dé xay dung cac hé chuyén gia. M&i cong cu déu co
nhitng uu diém va nhuoc diém nhat dinh. Nhitng cong cu pho bién 1a CLIPS va OPSS5,
ngoai ra c6 ART, ART-IM, Eclipse, Cognate...

Chi phi (cost) dé xdy dung mét hé chuyén gia la bao nhiéu ?

Chi phi hay gia thanh dé xay dung mot hé chuyén gia phu thudc vao nguén nhan lyc, tai
nguyén va thoi gian hoan thién n6. Bén canh chi phi vé phan cimg, phan mém, con chi phi vé
dao tao (training). Vi du & My, chi phi d¢ dao tao sit dung thanh thao mét hé chuyén gia co
thé 1én t61 2.500USD/tuan 1e/nguoi.

Sau budc lya chon, phat biéu va dic ta bai todn 1a cac budc phat trién hé chuyén gia. Sau
day ta s€ xem xét cac hé chuyén gia dugc phat trién nhu thé nao.

II1.2. Céc buéc phat trién hé chuyén gia
Hé chuyén gia dwoc phat trién nhw thé ndo ?
Trong pham vi rong (large extent), viéc phat trién mot hé chuyén gia phu thudc vao ngudn

tai nguyén cung cap. Tuy nhién, giong nhu cac du an khac, viée phat trién con phu thudc vao
cach t6 chirc quan 1y qua trinh phat trién nhu thé nao.

a. Quan ly du an (Project Management)
Quan 1y du an, cha d& tiép can hé chuyén gia, bao gdm céc cong doan nhu sau :
Qudn Iy hoat dpng (Activity Management), gom :

e Ldp ké hoach - dinh nghia cac hoat dong (define activities)
(planning) - xac dinh hoat ddng uu tién (specify priority of activities)
- nhu cdu tai nguyén (resource requirement)
- ghi nhd céc sy kién (milestones)
- xac dinh thoi gian (duration)
- phén cong trach nhi¢m (responsabilities)

o Ldp biéu cong viéc - 4n dinh diém bét dau va diém két thuc du an
(scheduling) - giai quyét xung dot khi gap cac viéc cung mirc wu tién
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e Phdn bé thoi gian - kiém tra thuc hién du 4n
(chronicling) (monitor project performance)
e Phan tich - phan tich cac hoat dong vé lap ké hoach,
(analysis) lap bi€u cong viéc va phan bo thoi gian hoat dong
Quidn Iy céu hinh sin pham (Product Configuration Management) :
e Quan Iy san pham - quan Iy cac phién ban khac nhau cta cac san pham
(product management)
e Quan Iy thay doi - quan ly cac giai phap sta doi san pham va udc luong
(change anh hudng cua thay doi san pham
management) - phan cong nguoi stra doi hé thong
- cai dat phién ban moi
Qudn ly tai nguyén (Resource Management) :
¢ Du bao nhu cau tai nguyén (forecast needs for resource)
e Thu nhan tai nguyén (acquire resources)
e Phan cong trach nhi¢m dé sur dung t61i vu nguon tai nguyén
(assign responsabilities for optimium use of resources)
e Phan bo tai nguyén de giam thiéu tac nghén
(provide critical resources to minimize bottle-necks)
Hinh duéi ddy mo ta qua trinh quan 1y du 4n phat trién mot hé chuyén gia.
Quaén ly du 4n (project management)
Quan 1y hoat dong Quan ly ca hinh san Quan 1y tai nguyén
pham
Lap || Lén || Ghi || Phan Quan || Quan Giam || Tiép || Phan || Du
ke lich chép tich ly ly thiu || nhan || cong bao
hoach || cong su san thay tri tai trach tai
tac kién pham doi tré nguyén | | nhi€ém | | nguyén
tai tai can
nguyén nguyén || thict

Hinh 1.14. Quan Iy dw én phat trién mét hé chuyén gia



b. Tiép nhin tri thirc

Céc budc tiép nhan tri thirc cho mot hé hé chuyén gia nhu sau : Dau tién, cong nghé tri thirc
thu nhén tri thirc nho d6i thoai truc tiép véi tri thirc con ngudi (chuyén gia). Sau do, tri thirc
dugc biéu dién (theo mot cach nao d6) tudng minh trong co so tri thirc. Cac chuyén gia danh
gia hé chuyén gia, trao ddi qua lai v&i cong nghé tri thirc cho dén khi hé chuyén gia hoan toan
thoa mén yéu cau.

Tri thirc chuyén gia
(human expert)

Péi thoai (dialog) i T

Cong nghé tri thirc
(knowledge engineer)

Tri thirc twong minh
(explicit knowledge)

Co s06 tri thitc hé chuyén gia
(knowledge base of expert system)

Hinh 1.15. Tiép nhdn tri thire trong mét hé chuyén gia

c. Vién dé phén phéi (The Delivery Problem)

Hé théng dwoc phédn phoi nhir thé nao ?

Vén dé phan phéi mot hé théng phu thuge chu yéu vao sb luong cac hé chuyén gia sé
duogc phat trien. Tot nhat 1a h¢ chuyén gia c6 the chay trén cac thiet bi phan ciing chuan. Tuy
nhién, mot s6 h¢ chuyén gia doi hoi phai c6 b xur Iy LISP, tir 46 lam téng gia thanh san
pham.

Noi chung, mot hé chuyén gia can phai duoc tich hop (integrated) véi nhimg chuong
trinh da c6 san dé co thé dung 101 goi thu tuc tir mot ngdn ngtr 1ap trinh thong thuong va hé
thong c6 thé ho trg qua trinh nay.

d. Bdo tri va phdt trién

Hé théng dwoc bao tri (maintenance) va tién trién (evolve) nhir thé nao ?

Céc hé chuyén gia doi hoi cac hoat dong bao tri va phat trién khong han ché (open-ended)
s0 voi cac chuong trinh thong thuong. Boi vi cac hé chuyén gia khong dua trén cac thuat
toan, ma thanh tich (performance) cua ching phu thugc vao tri thic. Van d¢ 1a phai thuong

xuyén bd sung tiép nhan cac tri thirc méi va thay doi cac tri thirc cii dé doi méi hé thong
(system improves).

Trong mot san pham c6 chat luong thuong mai (commercial quality product), cAn phai
thu thap mot cach cé hé théng va cé hiéu qua cac bao cao sai sot hé thdng do ngudi sir dung
phat hién. Néu viéc thu thap va khic phuc 16i khong dugc wu tién trong qua trinh nghién ciru
thi phai dugc uu tién trong hé théng chét lugng thuwong mai. Viéc bao tri chi dugc thyc hién
t6t khi thu thap day du cac béo cio sai sot.

Hinh 1.16. trinh bay cac giai doan co ban dé phat trién mot hé chuyén gia.
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Nghién ctru kha thi
(feasibility study)

Phéc thao nhanh ban mau
(rapid prototype)

Lam min hé thong
(Refined system : a-test)

Kiém thir (B -test)
(field testable)

Chat lugng san pham
(commercial quality)

Thuyét trinh hay bao cao két qua so sanh chi ra tinh
kha thi ctiia du an

Hé chuyén gia thé hién y tudng, khoi dong sy nhiét
tinh va dat nén mong quan ly & muc cao

Kiém tho hé théng cho bai toan thuc t& nho
cong nghé tri thirc va chuyén gia

Lua chon ngudi st dung dé kiém thir hé théng, khong
nho cong nghé tri thuc va chuyén gia

Hop thirc hoa va thir nghiém, viét tai liéu hudng dan sir
dung, dao tao, ho tro khach hang qua dén thoai, email
kip thoi

Tim 15i sai (fix bugs) va tim nhimg kha ning mo rong

(enhance capabilities)

Bao tri va phét trién
(maintenance&evolution)

Hinh 1.16. Cdc giai doan phdt trién mot hé chuyén gia

Sy phat trién mot hé hé chuyén gia ciing tac dong nhiéu trong mot hé thdng chét luong
thuong mai. Nguoi ta luon mong muén nhan duge nhiing thanh cong mot khi hé chuyén gia
dugc phén phoi dén nguoi dung.

II1.3. Sai sot trong qua trinh phat trién hé chuyén gia

Céc sai sot chii yéu trong qua trinh phat trién hé chuyén gia dugc phan ra thanh nhiéu giai
doan (hinh 1.17.).

Sai sot trong tri thite chuyén gia. Chuyén gia 1a ngudn tri thirc cia mot hé chuyén gia.
Neéu tri thirc chuyén gia khong dung va khong day du, hau qua sai sot s€ anh hudong sudt qua
trinh phat trién h¢ thong. Vi du : d€ han ché nhiing sai sot c6 thé, NASA da st dung bdang ky
thudt bay (Flight Technique Panels) trong cac chuyén bay vi try. Cac bang nay gém nhiing
ngudi st dung hé thong, cac chuyén gia linh vuc doc 1ap, nhiing nguoi phat trién hé théng,
nhitng ngudi quan tri nham bao dam tinh ddy du va bao trim hét moi linh vuc phat trién.

Sai sot ngit nghia. Xay ra do hiéu sai tri thirc dwa vao hé chuyén gia. Vi du, gia sit mot
chuyén gia noi : « You can extinguish a fire with water » va cong nghé tri thirc lai hieu cau
nay la « All fires can be extinguished by water ».

Sai s6t cii phdp. Do biéu dién sai dang céac ludt va cac su kién, hodc do sai sot ngit nghia,
hodc sai sot trong tri thirc chuyén gia & cac budce trudc.

Sai s6t mdy suy dién. La mdt chwong trinh nén may suy dién c6 thé gap 16i khi thyc hién
va co6 thé xac dinh dugc nguyén nhan. Tuy nhién, viéc xac dinh 10i trong mot so hé chuyén
gia van gip khé khin do cong cu phan mém sir dung.

Ngoai ra, nguoi ta ciing gap phai sai sot khi suy dién va nhiing sai s6t khong biét duoc.



Chuyén gia
(expert)

Cong ngh¢ tri thuc
(knowledge engineer)

Co sd tri thirc
(knowledge base)

May suy dién
(inference engine)

Phép suy dién
(inference chain)

e Sai st trong tri thic cua chuyén gia : thiéu sot
nham lan...

e Sai sOt vé mat ngir nghia giita cong nghé tri thirc va
chuyén gia.

e Suy luan (elicitation) khong day di vé tri thirc tir
chuyén gia

e Sai s6t vé mat ca phap

e Sai sot do thiéu s6t va nham 1an tri thirc trong cac
luat va cac su kién, tinh khong chac chan

e L3i cia may suy dién, 16i phdn mém cong cu hé
chuyén gia

e Ldi suy dién do xac dinh sai d6 wu tién cua cac luit,
tuong tac gitta cac luat, sai trong co so tri thic, suy
luan khong nhat quéan...

Hinh 1.17. Sai sot va nguyén nhdn sai sot trong cdac hé chuyén gia
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Bai tap chuwong 1

1. Poc k¥ gido trinh va tai liéu tham khao dé hiéu cac khai niém di trinh bay.

2. Ty cho mét sb vi du vé cac phuong phap biéu dién tri thirc. Nhan xét.






CHUONG 2

Biéu dién tri thirc nho logic vi tir bac mot

“ The most important thing I have learned over the years is the difference
between taking one's work seriously and taking one's self seriously.

The first is imperative, and the second disastrous .

Margaret Fontey

I. Ngon ngir vi tir bac mot
I.1.  Cac khai niém

I.1.1. Cu phap cta ngon ngir vi tir baic mot

Trong ngdn ngit vi tir bac mét (first—order predicate language), bang cach sir dung mot
bang ky hiéu dac biét, nguoi ta dua vao cac khai niém hang (term), nguyén tir (atom), truc
kién (literal) va cong thirc chinh (well-formed formula) dé xay dung cac biéu thirc ding
(correct expressions).

1. Bang Kky hiéu

Bang ky hiéu dé xay dung cac biéu thirc diing gom :

« Cac ddu phan cach (separator signs) 1a dau phay (, ), ddu mo ngodc ( () va ddu dong

ngodc () ).

« Céc hang (constant) c6 dang chudi st dung cac chif cai in thuong a..z.

Vi du : a, block.
« Céc bién (variable) co dang chudi sir dung céc chit cdi in hoa A..Z.
Vidu: X, NAME.
« Cac vi tr (predicate) dugc viét tuong tu cac bién, 1a cac chudi st dung céac chii cai in
hoa A..Z.
Vi du : ISRAINING, ON(table), P(X, blue), BETWEEN(X, Y, Z).

Khi can thao tic trén mot vi tur nao do, can phai ghi & bdc (arite) hay s6 cdc doi
(argument) cta vi tir d6. Bac 1a mot s6 nguyén duong. Vi dy, trong mét img dung nao do, bac
ctia cac vi tw ISRAINING, ON, P va BETWEEN lan luot 14 0, 1, 2 va 3. Khi bac ¢6 gié tri ¢d
dinh 1a 0, vi tir con dugc goi la ménh dé (proposition). Chang han ISRAINING, EMPTY la
cac ménh de.

« Céc ham (function), c6 cach yiét tuong tu cac l}éng, sir dung cac chir in thuong a..z.

Mbi ham ciing c6 bac (hay s6 lugng cac doi) co dinh, 1a mot so nguyén duong.

Vi du f(X), weight(elephan), successor(M, N) 1a cac ham co bac lan luot 1a 1, 1, va 2.
Nguoi ta quy u6e rang cac hang la nhimng ham bac khong (nil). Vi du a, elephan, block
la cac hang.

« Cac phép nbi logic (logical connector) 1a —, A, v, —> va <> twong ng v&i cac phép phit

dinh, va, hoic, kéo theo va kéo theo 1an nhau.
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« Déau 3 1a heong tr ton tai (existential quantifier) va V 13 lieong tir toan thé (universal
quantifier).

Hang (term)

Hang dugc tao thanh tir hai ludt sau :

« Cac hang va cac bién 1a cac hang.

« Néu f1a mot ham c6 bac n > 1 va néu oo Ty déu 1a cac hang,
thi ham f (t;,..., t,) cling la mgt hang.

Vidu :

Céc ham successor(X, Y) hay weight(b) hay successor(b, wight(Z)) déu la cac hang,

nhung P(X, blue) khong phai la hang vi P la mot vi tir hay weight (P(b)) cling khong phai la
hang vi P(b) khong phai 1a mét hang (khong thé lam doi cho mot ham).

3.

Nguyén tir (atom)

Nguyén ti dugc tao thanh tur hai luat sau :

« Cac ménh dé (vi tu bac 0) la cac nguyén tur.

« Néu P 1a mot vi tir bac n (n > 1) va néu tloeens ty déu 1a cac hang,
thi P(ty,..., t,) cling 1a mdt nguyén tu.

Vidu :

P(X, blue), EMPTY, BETWEEN(table, X, sill(window)) la cac nguyén ta.
Con successor (X, Y), sill (window) ay thi khong phai nguyén tu.
Céc cong thirc chinh
Cac cong thirc chinh (Viét tat CT C) dugc tao thanh tir ba luat sau :
« Céc nguyén tu la cac CTC.
« Néu G va H biéu dién cac CTC,
thi (=G), (G A H), (G v H), (G — H) va (G <> H) ciing la cac CTC do duoc tao thanh
tur cac phép noi 16gich gitta G va H.
« Néu G 1a mot CTC va X 1a mot bién,
thi (3X)G va (VX)G cling la cac CTC.
(AX)G duogc doc 1a t6n tai mét bién X sao cho G dwoc thod man.
(VX)G duoc doc 1a véi moi bién X thi G déu dwoc thod man.

Vidu :

Céc cong thirc sau day la chinh :
(3X) (VY) (P(X, Y) [ Q(X, Y) = R(X))

((—(P(a) > P(b))) - —P(b))
con (—(f(a)) : phu dinh cua mot ham,
va f (P(a)) : ham cé doi la mét vi tw, déu khong phai 1a CTC.

Chiiy :

« Mot CTC duoc goi 1a mot truec kién (literal) hay mot i diing néu no 1a mot nguyén tir
hay c6 dang (—Q), vdi G 1a mot nguyén tu.

« Trong mot CTC, trude hodc sau cac ky tu ndi, ky tu phan cach, cac hé’mg, céc bién, cac
ham, céac vi tir, nguoi ta co6 thé dat tuy y cac dau cach (space hay blank).
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Tir nay vé sau ta quy udc rang, trong mot cong thirc, néu c6 mot bién duogc lugng tir hoa,
tic 1a bién xyuét hién ngay theo sau ky hiéu 3 hay V thi tir d6 tro di, tat ca cac vi tri dimg sau
cua cung bién nay cling dugc lugng tir hoa.

Mot CTC c6 thé chira cac bién khong dugc luong tir hoa, ching dugc goi 13 nhitng bién
tir do (free variable). Vi du : P(X) va (3Y) Q(X, Y) 1a cac CTC c6 chira bién tir do X.

« Logic vi tir dugc goi la «bac mot» (first—order) vi trong dinh nghia cac CTC khong

chua céac lugng tir cho vi tur hay cho ham.

Vidy : (VP)P(a) va (V1) (V1) (VX) P(f (X), b)

khong phai 1a nhitng CTC logic vi tir bac mot, ma c6 bac cao hon (higher-order).
5. Biéu dién va sir dung tri thirc (knowledge)

Thuyc té, cac CTC ding dé dién ta cac nghia. Vi du CTC dudi day :

(VX) MAN(X) > M (X))
thé hién cau «tat ca moi nguoi déu chét» bang cach quy udc raing MAN(X) c6 nghia «X la
mot nguoi» va M (X) cd nghia «X chéty.

Khong phai luén luén dé dang dung mot CT CNdé biéu dién mot tri thire dién ta theo ngén
ngir tu nhién (natural language). Chang han, d€ dién ta rang «néu hai vét bang nhau thi ching
¢o6 cung tinh chat», nguoi ta ¢o thé viét :

(VP) (vVX) (VY) (EQUAL(X, Y) = (P(X) <> P(Y)))

Nhung biéu thire trén khong phai 1a logic vi tr bac mdt vi ¢6 lugng tir V ap dung cho mdt
ky tu vi tr 1a P.

I.1.2. Cac luit suy dién (inference rule)
Mot lugt suy dién 1a cach bjéu dién sao cho tir mot hodc nhiéu CTC, co thé suy dan
(derive) thanh cac CTC khac. Chang han céc luat suy dién sau day :

. Luat suy dién modus ponens : Tt hai CTC lan luot 14 G va (G — H), co thé suy dan ra
CTCH (o0 Cl‘éy~ van quy udc rang cac tén nhu G, H phai dugc thay thé bdi cac CTC ma
chung bi€u dién).

« Luat suy dién modus tollens : Tl cac CTC 1a (—H) va (G — H), ta suy dan ra duoc
(=G). Nguoi ta viét quy udc hai luat suy dién trén nhu sau :

G—->H —-H

G G—->H

~H -G
modus ponens modus tollens

« Luét suy dién chuyén dung (universal specialization), néu tir mot CTC c6 dang :
(VX) G(X)
va tir mot hang bat ky, chang han «a», c6 thé suy din thanh CTC :
G(a)
nghia 1a moi vi tri X trong G duoc thay thé bai a.
Cho trudc mét tap hop ¢d dinh cac luat suy dién, nguoi ta c6 thé xem xét ho céac bai toan

sau : Tir mot tap hop cac CTC da chon, béng cach ap dung mét sb hiru han 14n nao do6 cac luét
suy dién, c6 thé nhan dugc mot C7C da cho trude hay khong ?

Cac CTC duge chon lac dau duoc goi 1a cac tién de (axiom). Cac CTC nhan duoc bﬁng
cach ap dung cac ludt suy dien dugc goi la cac dinh [y (theorem). Mot day cac ap dung cac
luat suy dién tur cac tién de dan dén dinh 1y 1a mot phép chung minh (proving) cua dinh 1y.



Mot sb ky thuat hop gidi van dé (problem resolution) thudc linh vuc «Tri tué nhan tao»
nhu tim kiém trong khong gian céc trang thai, c6 thé dugc xem nhu viéc tim kiém mot ching
minh cho mot dinh 1y di cho. Theo nghia khong gian cac trang thai, tap hop céc tién dé co thé
xem la mot trang thai dau, cac luat suy dién dong vai tro 1a cac phép chuyén trang thai, cac
trang thai dich s& 1a tap hop cac CTC trong d6 c6 chira dinh Iy can chimg minh.

I.1.3. Ngir nghia ciia ngon ngir vi tir bac mét

Sau ddy, ta s& nghién ciru cach sir dung cac CTC dé biéu dién va suy luan trén cac gid tri
chan (truth value) ctia cac tri thitc da c6 de tim dugc gia tri chan cua céc tri thirc khac.

a. Dién gidi (Interpretation)
Mot dién giai cia mot CTC G, ky hiéu I, dugce xac dinh tir nim budc sau day :
« Chon mot mién dién gidi (interpretation domaim) ky hiéu 1a D v6i D # &, nghia 1a mot
tap hop khac rong cac phan tur. .
« Gan (assignation) cho moi hang cua G mét phan tir cia D.
+ Gan cho moi ménh dé (hay vi tir c6 bac 0) mét phan tir cta tap hop gia tri {true, false}.
bé don gian ta ky hiéu F 1a tri false va T 1a tri true.
« Gan chomdi vitrbicn (n>1) mdt anh xa tr D™ 1én { T, F } :
P(Xy,...X,): D" > {T,F}
« Gan cho mdi ham bacn (n> 1) mdt &nh xatr D" 1én D :
P(Xi,... X,) : D" > D.
Nguoi ta néi rang da c6 mot dién giai [ tir G 1én D :
I
G —D, DzU
Vi dy : Cho cic mién dién giai D, D,, D3 va cac CTC
G; : (VX) P(X)
Gy 1 (VX) (3Y) Q(X, Y)
G3 1 (VX) R(X) = T (f(X), a))
Ta x4y dyng cac dién giai I; ciia Gj1én D;, 1= 1.. 3, nhu sau :

P(1) P(2)
F T

QD | Q1.3 | QB. D | QB,3)
12 . DZ = {1, 3} F ) | ( |

T | F | F
I: D;={4,5} % f(54) f&S)
R(4) | R(5) T4,4) | T4,5) | T(5,4) | T(5,5)
T | F T | F | T | T

Chiry: Doi khi, ngudi ta néi mot dién giai 1a khong dy du néu trong do, cac phép gan
can thiet chi dugc déc ta ting phan.
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b. Gid tri mét cong thirc theo dién gidi
Cho mot dién giai I ctia mot mién D cho mot cong thirc G.
« Néu G 1a mot ménh dé, khi do, gia tri gan cho G do dinh nghia cta I dugc goi 1a gia tri
cua G theo 1.
« Néu G 12 mot truc kién ma khong phai 1a mot ménh dé, khi do, véi mdi phép lua chon
C cac gia tri trong D cho cac bién ciia G (néu ton tai), ta nhan dugc mot gié tri true hay
false theo cach dinh nghia I. Gia tri nay duogc goi la gia tri cua G theo I doi voi lva chon
C cac gid tri cua cac bién.
Chang han, trong cong thirc Gj & trén duoc dién gidi theo I3, nguyén tir T(f(X), a) nhan
gid tri T néu X dugc gan phan tir 4 cuia D3, va cling nhan gia tri T néu X nhan mdt gia tri khac
(gia st 5) cua Ds.

« Néu G c6 dang (VX)G’, ta dinh nghia gia tri cua Gtheo I1a T (zrue) néu gia tri cia G’
theo I cho moi gia tri ciia bién X (trong D) 1a T, néu khong 1a F (false). Chang han, gia
tri ctia G1 dugc dién giditheo [ 1a F.

« NéuG co dang (3X)G’, ta dinh nghia gié tri cua G theo I 1a T (true) néu gia tri cua G’
theo I d6i vai it nhat mot gia tri cua bién X (trong D) 1a T, néu khong 1a F (false).

Chfmg han, gia tri ciia Q(X, Y) dugc dién giai theo I,laTkhigan 1 choXva3choY. T

d6 suy ra rang gia tri ciia (3Y)Q(X, Y) theo I, khi X nhén gia tri 1, 1a T. Nguoc lai, gia tri
cia Gy theol, 1a F.

« Néu G c6 dang (—G’), nguoi ta dinh nghia gia tri cia — G’ theo L, khi gia tri nay cia G’
theo I dugc dinh nghia, cén cur theo bang sau :

Gia tri cia G’ theo [ Gia tri cua (—=G’) theo I (gid su G)
T F
F T

« Néu G c6 dang (G’ v G**), hodc (G’ A G), hoic (G* — G”’), hoic (G’ <> G**), ngudi
ta dinh nghia gia tri cia G theo I, khi cac gia tri cia G’ va G*’ theo I dugc dinh nghia,
can cu theo cac bang chan ly (truth table) twong ng sau :

G |G| (GvG) G |G’ (G AGY)
F F F F F F
F T T F T F
T | F T T F F
T | T T T | T T




G GG -G G |G [(G oG
F | F T F | F T
F [T T F [T F
T | F F T | F F
T|T T T|T T

Chéng han, gia tri cua Gz theo I3 1a T.

Khi mot cong thie G 1a T theo mot dién giai I, nguoi ta néi rang dién giai I 1a mot mé
hinh cua G.

Chu ¥ rang gia tri ciia mot cong thirc theo mot dién giai di cho dugc dinh nghia theo cach
qua lai twong ho ngay khi tat ca cac bién dugc lugng tir hoa.

1.2. Cic tinh chat

1.2.1. Tinh hop thirc / khong hop thire, tinh nhat quan / khong nhat quan
Mot cong thure dugce goi la hop thiee (valid) néu va chi néu moi dién giai déu cho giatri T.
Néu khong, n6 dugc goi 1a khdng hop thire (non—valid).
Mot cong thire duge goi 1a khong nhdt qudn (inconsistent) néu va chi néu véi moi dién
giai déu cho gia tri F. Néu khong, n6é dugc goi 1a nhat quan (inconsistent).
Vidu :
Cho Gy :(VX) (P(X) v (=Q(X)))
Gy (VX) (P(X) v (=P(X)))
G3 : (VX) (P(X) A ((3Y) (=P(Y)))
Cong thirc G| 1a nhét quan vi dién giai I’ sau day tra vé chono gia tri T :
I, :D={l} P(1)OT QHOT
Tuy nhién, n6 1a khong hop thirc vi dién giai I’ ’1sau day tra végiatri F :
I’ :D={1} P(1) I F QT
Cong thirc G, 1a hop thire vi néu khong, gia str I 1a mot dién giai thudc mién D lam sai
Gy, khi do ton tai mot gia tri «a» cua X, ldy trong D, sao cho (P(a) v (—P(a))) la F, ma diéu
nay khong thé xay ra do cach dinh nghia cac phép v va A. Nhu vy, G, phai 1a hop thue.
Cong thuc G3 1a khong hop thire vi néu khong, gia sir I 1a mot mo hinh cua G, I phai lam
thoa man (3Y) (—P(Y)), khi d6 t6n tai mot gia tri «a» trong D, sao cho P(a) c6 gia tri F,
nhung (VX) (P(X) khong thé thoa man trén D. Nhu vay, G3 phai 1a khong hop thuec.
Chuy:
« Mot s6 tac gia goi cdc cong thire hop thirc la cac hang diing (tautology) va cac cong
thirc khong nhat quan 1a cac mdu thuan (contradiction).
. Céch viét cong thic c6 thé gy nham 1dn. Chang han cong thic :
(VX) (MAN(X) > MORTAL(X)). )
g01 Y rang « tat ca moi nguoi déu chét » va cong thic 1a hop thuc. Thuc t€, cong thure

nay 1a nhat quan, nhung khong hop thirc, vi gia tri tra vé cta cong thirc phu thudc vao
dien giai theo bién X.
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I1.2.2. Tinh khong quyét dinh dwoc va tinh nira quyét dinh dwoc

Khi mét cong thire khong chira cac bién, ngudi ta co thé sir dung cic bang chén ly dé tién
hanh mét s hitu han cac phép todn nham xéac dinh mot cong thire d6 1a hop thirc hay khong,
¢6 nhat quan hay khong. Véan dé trd nén vo cung phirc tap khi cac cong thirc ¢6 chira bién va
cac dau luong tur.

Nguoi ta da chi ra rﬁng trong logic vi tr bac mot, khong thé tim dwgc mot thuat toan téng
quat & quyét dinh xem véi chi mot sé hitu han phép toan, mot cong thirc bat ky nao do da
cho ¢6 1a hop thirc hay khong. Do vay, ngudi ta goi logic vi tir bic mét 1a khong quyét dinh
dwoe (indecidability) (theo dinh 1y vé tinh khong quyét dinh duoc ciia A. Church xay dung
nam 1936).

Tuy nhién, nguoi ta co thé xay dung cac thudt toan tong quat dé quyét dinh tinh hop thirc
ciia mot s6 ho cac CTC. Dic biét, ton tai cac thudt toan dam bao tinh hop thirc ngay tur dau
khi iing dung mot CT'C hop thic nao do, bang cach dumng lai sau khi ap dung mét s6 hitu han
(nhung khong bi chin trén) cac phép toan dé két luan rang cong thirc da cho 1a hop thirc. Mot
thuat toan nhu vay khi 4p dung cho mot cong thirc khong hop thirc c6 thé khong bao gio
dimg. Chinh vi vy ma nguoi ta néi logic vi tir bic mot 1a nira quyét dinh dwoc (half-
decidability).

1.2.3. Cong thirc twong duwong

Hai CTC G va H duoc goi l1a tuong duong néu va chi néu chiing ¢ cung gia tri (T hodc
F) cho moi dién giai. Ngudi ta viét : voi moi dién giai I, [(G) = I(H).
Vidu :

(P(a) > Q(b)) va ((—P(a) v Q(b)) 1a twong duong.

C6 thé kiém tra lai két qua bang bang chan ly.

Hinh 2.1 duéi day 1a danh sach cac cong thic tuong dwong véi quy ude rang :

— G, H, K lacac CTC bt ky,

—  G(X), H(X) 1a cac CTC véi X 1a bién tu do,

— O biéu dién mot CTC hop thirc,

V biéu dién mot CTC khong nhat quan.

Cong thirc twong dwong DPuoc goi la
(G—>H) (=G) v H)

(G < H) (G- H) A (H—- G))

(= (=0)) G

(=(G ARH)) ((=G) v (=H)) Luat De Morgan
(=(G v H)) (=G) A (=H))

(G A (HVK)) (G AH) v (G AK)) Luat phan phi
(G v (H A K)) (G v H) A (G vK))

(GAH) HAG) Luat giao hoan
(GvH) HvG)

(G v H) vK) (G v (HvK)) Luat két hop cho phép loai bo déu
(G A H) A K)) (G A (HAK)) ngodc

(G- H) ((—H) = (=G)) Luét ddi vi




Cong thirc twong dwong Puoc goi la
(GAD G

(GAV) v

(GvD) 0

(GVvV) G

(G v (=G) O

(G A (=G) v

(VX)(G(X)) (YY)(G(Y)) Luat dung chung cac bién
(EFX)(G(X)) EY)(G(Y))

—((VX)G(X)) AY)(=G(Y))

—~((3X)G(X)) (VY)(=G(Y))

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

(FX)(G(X)) v H(X)) (EX)G(X) v (FY)H(Y))

Hinh 2..1 Bang cac cong thirc twong duong

1.2.4. Hau qua logic

Cong thire G dugce goi la hdu qua logic tir cac cong thire Hy,..., H néu va chi néu moi mé
hinh cua Hy,..., H, 18 mft m6 hinh cua G.
Vidu :

P(a) 1a hau qua logic cua (VX) P(X)

(VX) Q(X) 1a hau qua logic cta (VX) (—P(X)) v Q(X)) va (VX) P(X)

D@ dang chi ra rang G 1a hau qua logic cia Hy,..., Hy néu va chi néu :

(H; A... A H,) = G) 1a hop thire, hay néu va chi néu (H; A... A H,) v (=G)) 1a khong
nhat quén.

I.3.  Quan hé¢ giira dinh ly va hiau qua logic

Ta thay rang viéc dinh nghia cac luat suy dién, rdi dua ra cac dinh 1y va chimg minh 13
doc lap véi cac khai niém dieén giai (dua vao cac gia tri true va false), tuong duong va hau
qua logic.

1.3.1. Nhém cac luat suy dién «diing din» (sound)

Khi cac dinh 1y, nhan duoc bang cach ap dung mot nhom cac ludt suy dién da cho, la hau
qua logic mot cach hé thdng tir mot tap hop céc tién dé bat ky nao do, nguoi ta ndi rang nhom
cac luat suy dién nay 1a dung dén.

Vi du, dé dang chi ra rang cac luat suy dién modus ponens va chuyén dung da noi trude
day la dung dan.

1.3.2. Nhém cac luit suy dién «day dix»

~ Mot nhém céc ludt suy dién da cho 1a day du di véi phép suy dién (deduction complete)
néu véi bat ky mot tdp hop cac CTC, moi hau qua 10gic cua chﬁpg déu duoc dan gén tur
chung nhu nhiing dinh ly, nghia 1a bdi 4p dung moét so6 hitu han lan cac luét suy dien cua
nhom.



Biéu dién tri thirc nho logic vi tir bac mot 41

Vi du, nhom céc luat suy dién chi dugc rit ra tir ludt modus ponens s& khong 1a day du
d6i v6i phép suy dién, (VX) (G(X) v H(X)) la mot CTC hau qua 10g1c cua hai CTC (VX)
G(X) va (VX) H(X). Nhung cong thirc dau tién chi co thé dugc suy dién tir hai cong thirc nay
boi modus ponens ma thoi.

1.3.3. Vi sao cin «ding din» hay «diy di» ?

“Trong h¢ thong hop gii cac bai toan, logic vi tir bdc mot thuong dung dé biéu dién nhing
khang dinh la dung hay sai trong nhirng mién tg dung chuyén biét. Nguoi ta quan tam dén
phép suy dien cac CTC.

Néu ta 13y cac luat suy dién trong nhimg hé théng nay, thi mot cach tu nhién, ching phai
tao thanh nhom «dung dany.

R rang nguoi ta mong mudn nhom cac luat phai day du. Nghia 1a moi hu qua logic cua
cac tién dé phai la ‘mot dinh Iy va do vay phai dugc lam rd boi dan xuét cac luat suy dién. Tuy
nhién trong thyc té, khong phai lubn luén nhu vay.

Sau day ta s& chi ra mot luat suy dién quan trong l1a phép hop gidi (principle of
resolution), hay noi gon 1a hop giai (resolution).

II. Phép hgp giai

Phep hop giai la mot luat suy dién 4p dung vao mot tap hop cidc CTC hay mot tap hop cac
ménh d¢ (clauses) da cho.

IL.1. Bién d0i cAc ménh dé

Ménh dé 1a tat ca cac CTC duge xay dung tir phép hodc (disjonction) cua cac truc kién
(literals). Vidu :

R(Z, a, g(X)) v (=T(U)) v (=V(b, k(c)).

I1.1.1. Dang chuén truéc ciia mdt cong thire chinh

Dang ghucfn trudc (prenex normal form) ciia mét CTC da cho dugc suy ra boi ap dung
lién tiep bon phép bién do6i sau day :

a. Logi bé cdc phép noi — va <>
St dung céc luat tuong duong :

(G — H) va (=G) v H)
(G < H)va (G > H) A (H—> G))

b. Ghép cic phép néi — véi cic nguyén tir lién quan
Str dung céc luat twong duong :
(—~ (=G)) Vi G
(—(G v H)) va ((=G) A (=H)) Luét De Morgan
(=(GAH)  va ((=G)v(=H)
—(EX) P(X)) va (VX)(=P(X))
-(VX)P(X)) va (3IX) (=P(X))

< <

c¢. Phdn bi¢t cdc bién
Dung luat trong duong dé tac dong dau luong tir 1én mot bién so khoi :
(VX) P(X) va (VYY) P(Y)



(3X) P(X) va  (3Y)P(Y) Luat ding chung cac bién
Chuy: o N

Céc phép bien doi a, b, ¢ dan CTC da cho thanh mot C7C méi tuong duong.

d. Dich chuyén cdc diu lwong tiv

Khi dich chuyén cac dau lugng t& trong mot CTC, ta nhén (,iu’qc mét CTC méi tuong
duong. Béi vi sau budc ¢, khong con sy xung dot gitra cdc nhan bién dugc luong tur hoa.

Sau bbn bude bién dbi, ta nhan dugc cong thirc ¢6 dang cﬁucfrg trude tuong duong voi
CTC da cho. Phan ti€p theo ctia cac dau lugng tir duoc goi la tién to (prefix) va phan con lai
duoc goi la ma trgn (matrix).

C6 nhiéu dang chNu'fm truée khac nhau cho cing mot CTC bang cach ap dung cac luat
tuong duong nhung van tuan theo ndi dung cua cac budc a, b, ¢, d.

Vidu :
Cho CTC G :
(VX) (P(X) A Q(X, a)) —>
R(X, b) A ((VY) (VZ) R(Y, Z) — T(X, Y)))))) v (VX) S(X))
Sau budc a, ta nhan duoc :
(VX) (=(P(X) A Q(X, 2)) v
R(X, b) A ((VY) (= (VZ) R(Y, Z) v T(X, Y)))))) v ((VX) S(X))
Sau cac budc b va ¢, ta nhan dugc (v6i quy ude dau — ap dung cho nguyén tir theo sau) :
(VX) (=P(X) A =Q(X, 2)) v
R(X, b) A (YY) (32) =R(Y, Z) v T(X, Y)))))) v ((VU) S(U))

Sau budc d, ta nhan dugc dang chuén trudc cia G :

(VX) (VY) (32) (VU)

(=P(X) v =Q(X, 2)) v (R(X, b) A (=R(Y, Z) v T(X, Y)))) v (S(U))
hay 4p dung tinh chat két hop ctia phép hoic v :

(VX) (YY) (32) (VU)

(=P(X) v =Q(X, a) v (R(X, b) A (=R(Y, Z) v T(X, Y))) v (S(U))

I1.1.2. Chuyén qua “dang ménh dé” ciia cong thirc chinh

T dang chuan truée G’ cia CTC G, ta c¢6 thé tao ra dang ménh deé (form of clauses) G
tir G bang cach 4p dung 5 budc chuyén doi sau day. Trudc tién can chi y rang néu cac cong
thirc G va G’ ludn ludn twong duong véi nhau thi cac cong thirc G va G ¢6 thé khong twong
duong véi nhau.

Ta chi xét G khong nhit quan trong duong voi G~ khong nhét quan. Quan hé nay van du
cho phép tao co sé cho viéc chiing minh ty dong sau nay.

a. Logi béi cdc diu lwong tir ton tai

Cho cong thirc dang (3X) G(X) va gia st G(X) duoc tao thanh tir mot hodc nhiéu cong
thirc chi dugc lugng tir hod toan thé (V) dbi voi cac bién Y,..., Y, ma thoi. Ta s€ loai bo
lwong tir ton tai (3X), sau d6 thay thé mdi vi tri ciia X trong G(X) bdi mot ham cé dang
(Y, Y.

Chu ¥ rang ham nay phai chura tat ca cac bién duoc lugng tir hod toan thé nim bén trai
lugng tir ton tai trong cong thirc (IX) G(X). Pay 1a mot ham cho biét c6 su tuong Uing gitra
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cac nhom gia tri cua Y,..., Y, va cac gia tri cia X. Gia tri cua X dugc chi dinh boi lugng tir
ton tai 3.

_Nhimg ham nhu vay dugc goi 1a cdc ham Skolem (Skolem functions). Vi réng ta khong
biét gi khac ngoai cac tham bién cua cdc ham nay, ta phai sir dung mét ky hiéu goc dé biéu
dién chiing mdi 1an can thay thé mot luong tir toan thé khi né xuat hién.

Khi khéng cé dég «V» ndo bén trai ciia «3» di cho, ham Skolem s& khong c6 tham bién,
va duoc goi 1a mdt hang Skolem (Skolem constant).
Vidu :

(3X) P(X) tre thanh P(a)

(VX) (3Y) FOLLOW(Y, X) trd thanh (VX) FOLLOW(f(X), X)

Dang chuan trudc cta cong thirc cho trong vi du & muyc I1.1.1 trg thanh :

(VX) (YY) (VU)

(=PX) A =Q(X, a) v (R(X, b) A (=R(Y, g(X, Y)) v T(X, Y))) v (S(U))

b. Loai bé tit cd cdc diu lwong tiv

Sau budc a trén day, cong thirc chi con cac dau luong tir toan thé. Voi gia thiét rang tat ca
cac bién déu duoc lugng tir hoa toan thé, ta co6 thé loai bd chung.

Vi du sau cung ¢ muc trén day tré thanh :

(—=P(X) v =Q(X, a) v (R(X, b) A (=R(Y, g(X, Y)) v T(X, Y))) v (S(U))

¢. Chuyén qua «dang chudn héi»

Trong budc nay, ngudi ta sir dung cac ludt két hop va phan phdi dbi véi cac phép toan
logic A va v dé rut gon CTC nhan dugc chi con toan 1a phép hoi (conjonction) cua cac phép
hodc (disjonction) cua cac ménh de€ hay cac truc kién (literal).



Vidu :
—P(X) v Q(X, a) A =R(Y, f(X),b)  trd thanh
(=P(X) v Q(X, a)) A (=P(X) v =R(Y, f(X), b))
Vi du 6 muc trén day tr¢ thanh :
(=P(X) v =Q(X, a) v R(X, b) v S(U))
A (P(X) v —Q(X, a) v —=R(Y, g(X, Y)) v T(X, Y) v (S(U))

d. Logi bé tit cd cdc diu phép todn logic
Phép hoi cta cac mcf:nh dé nhan d}wc tr budce trén day dugc xem nhu moét tap hop cua cac
ménh dé mot cach truyén thong. Chang han trong budc trén, ta nhan duoc tap hop hai ménh
dela:
{ (=P(X) v =Q(X, a) v R(X, b) v S(U)),
(—=P(X) v =Q(X, a) v =R(Y, g(X, Y)) v T(X, Y) v (S(U)) }

e. Phdn biét cac bién cua cac ménh dé

Céc ménh dé trong tap hop trén day phai duoc dit lai tén bién sao cho khong c6 sy tring
tén. Muon vay, ta st dung cac luat twong duong tong quat :

(VX) (GX)AHX)  va  (YX)G(X) A (YY) H(Y))
Chang han ta c6 :
{ (=P(X) v =Q(X, a) v R(X, b) v S(U)),
(=P(Y) v =Q(Y, a) v =R(Z, &(Y, 2)) v T(Y, Z) v (S(V)) }
I1.1.3. Quan h¢ giita CTC va cic dang ménh dé cia chiing
Cho cac CTC Gy,..., G- Gid sit G ..., G, la cic dang ménh dé twong ung v6i Gy...., G

p
nhén dugc tr cac budc a.. e trong myc I1.1.2 trén day, hodc nhan dugc tur cac budc a.. d trong

muc IL.1.1 dé tao ra cac dang chuan trudc G’l,..., G;). Gia str moi G1 c6 dang :

G ={Cp..C}

Ta thiy rang { G Gp } 1a khong nhét quan néu va chi néu :

U G'iv 1a khong nhat quan.

i=1,p

Mot két qua khac twong tu 1a moi cong thire 1a hau qua logic cia { Gyonns Gp } thi cling 1a
hau qua logic cua UG'I' .

i=1,p
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Chuy:

1) Trong truong hop téng quat, ngudi ta co thé bién ddi mot CTC da cho thanh nhiéu dang
ménh dé khac nhau. Nguoi ta co thé loai bo mdt lan cac luong tir ton tai (budce 11.1.2.a)
trude khi chuyen qua trai tat ca cac lugng tir (bude 11.1.1.d). Cach nay c6 thé lam giam s
lugng tham ddi ctia cac ham Skolem xuét hién.

Chiang han, gia sir sau budc IL1.1.¢, ta duoc CTC :
(VX) P(X) A 3Y) Q(Y)), buse IL1.1.d dan dén : '
(VX)) (3Y) (P(X) A Q(Y)), tiep theo, budc I1.1.2.a dan dén :
(VX) (P(X) A Q(f(X))), cudi cung, ta duge tap hop dang ménh dé :
{ P(X), Q(f(2)) }
trong khi do, néu thuc hién bude I1.1.2.a roi bude I1.1.1.d, ta nhan dugc
(VX) (P(X) A Q(a)), tir do ta duoc tap hop :
{ P(X), Q(a) }
Céc két qua trén day c6 nghia du dang ménh dé nhan duoc 1a nhu thé nao.

2) Khi 4p dung logic vi tir bac mét, thong thudong nguoi ta muén mét CTC H la hau qua logic
cua cac CTC Gy,..., G,. Trong muc 1.2.3, ta da chi ra rang di€u nay twong duong voi su
khong nhat quén ciia CTC :

K=G A..AG,A—-H
Tir cac két qua trude day, ta mudn tim kiém cac dang ménh dé Gy,..., G, va =H mot cach
ddc lap, sau do t@ch hop chung lai, thay vi tim kiém truc tiép mot dang ménh dé cua K theo

cac buoc I1.1.1 r6i cac budce a.. e trong 11.1.2.

3) Néu G~ 1a mot dang ménh dé ctia G, thi G chi twong dwong v6i G khi G va G 1a khong
nhat quan. Néu G la nhat quan, thi khi d6, mét cach tong quat, G khong twong duong véi
G

Vidu :

Cho G 1a CTC : (3X) P(X) va gia st G~ 1a ménh dé P(a). Néu ta dién giai trén mién D =

{1, 2} cho bai :

alllva _P) | PQ)
F | T

thi ta nhan thay rang dién giai nay lam G dang va 1am G sai.

Tt nhan Xé:[ nay, nguoi ta dat CTC dudi dang ménh dé G va —H, ma khong phai dudi
dang G va H, dé chung minh rang H 1a héu qua logic ctua G.



I1.1.4. Phép hop giai ddi véi cac ménh dé cu thé

Nguoi ta n6i mot truc kién 1a cu thé (concrete) néu no khong chira cac bién.

Chang han, —P(a), Q(a, f(b)) 1a cac tryc kién cu thé, nhung —P(X), Q(a, f(Y)) khong phai
la cac truc kién cu thé.

Mot ménh dé cu thé 1a phép hodc cia cac truc kién cu thé.

Cho hai ménh dé cu thé :

G=Gv..v(G, va

H=-G,v Hyv..vH
voi G; va H; la céc truc kién cu thé. Cac truc kién G va =G, c6 mat trong G va H tuong tng,
duoc goi la cdc truc kién bu nhau (complementary literals).

Xuit phat tir cac ménh dé cha (parent clauses) 14 G va H, luat suy dién, hay phép hop
gidi, s€ tao ra mot ménh de:

K=G,v..vG,v H,v..vH,

K duoc goi 1a ménh d‘é két qua (resolvent clause) hay két qud hop giai (resolvent) cua G
va H. Ngudi ta ciing néi rang G va H duoc hop gidi véi nhau (resolved) dé tao thanh K. Mot
két qua hop giai 1a sy loai bo cac tryc kién bu nhau va tuyén voi tat ca cac truc kién khac cua
cic ménh dé cha.

Mot s6 truwong hop dic biét :

« Q 1a mot két qua hop giai ctia cac ménh dé cu thé P va —P v Q(hay P va P—Q). Phép
hop giai nay thuc chét 1a lut suy dién modus ponens (trén cac ménh dé cu thé).

« =G v K (hay G—K) 1a két qua hop giai ciia cic ménh dé cu thé -G v H va —H v K
(hay G—H va H—-K). Quy tic suy diéq nay la mét truong hop déc biét cua pheép hop
giai con duoc goi 1a phép lién két (chi doi voi cac ménh de cu the).

« Cac ménh dé cu thé G va —G duoc hop giai véi nhau dé tao thanh ménh d@é réng (empty
clause)

Chuy:

— Hai ménh dé cu thé khong c6 két qua hop giai. Chiang han G va —H, véi G va H 1a cac
nguyén tir khac nhau.

— Hai ménh dé& cy thé c6 thé c6 nhiéu két qua hop giai. Chang han hai ménh d¢é GvHVK
va =Gv—HVL dugc hop giai thanh Hv—HvVK VL hay thanh Gv—GvK VL la nhiing
ménh dé twong duong.

— —P 1a mt két qua hop gidi ctia cac ménh dé cu thé —Q va —P v Q(hay —Q va P—Q).
Phép hop giai nay thuc chat l1a luat suy dien modus tollens.

Truge khi dinh nghia téng quat phép hop giai 4p dung cho cac ménh dé khong phai luén
luén cy thé, can phai dinh nghia mot co ché tao sinh cac ménh d&. D6 13 phép hop nhat.

I1.2. Phép hop nhit (unification)

11.2.1. Khai niém

Gia str cho cac ménh d& —G(X) v H(X) va G(f(Y)). Néu ménh dé thir nhét dugc thay thé
boi ~G(f(Y)) v H(f(Y)), thi ta c6 thé m& rong phép hop giai cho cac ménh d& cu thé : loai bo
céc tryc kién bu nhau —G(f(Y)) va G(f(Y)) dé nhan duoc ménh dé H(f(Y)). Nhu vay, phép
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hop nhét cho phép bién ddi cac ménh dé sao cho co dang truc kién bu nhau bang cach ap
dung cac phép thé (substitutions).

a. Phép thé

Phép thé 1a mot tap hop hiru han céac cip t; [V, trong do t; 1a cac hang, con V; la cac bién
phan biét. Néu I =0, ta n6i phép thé 1a rong.

Nguoi ta n6i 4p dung mot phép thé s = { t. 'V, } cho mdt biéu thirc bat ky E (E 1a mot
h’ang hoac mét CT O) cho truc'{c la xac dinh mét truong hop cia E theo s. Do 1a viéc thay thé
tat ca cac vi tri ban dau cia moi bién V; trong E bai t,.

Vidu :
Cho E =G(f(X), a, Y) va cc phép thé :
s;={ZX, UY } s, = {b|X }
s3={ Y|X, gX)[Y } s4 = {aX, k(c)IY }
Taco:
Es; = G(f(Z), a, U) Es, = G(f(b), a, Y)
Es; = G(f(Y), a, g(X)) Es, = G(f(a), a, k(c))
Chii y :

— Pé chuyén E thanh Es;, chi ¢6 cac vi tri ban dau cua X va Y trong E 1a duogc thay thé
(khong phai cac vi tri xut hién trong khi 4p dung $3). Két qua cua phép thé nay 1a doc
Idp véi thir tw ap dung cac phan tir cia phép thé.
— Es, 1a mot truong hop cu thé cta E boi phép thé Sy
— Cac hang t; va cac bién V; dugce goi lan luot 14 hang va bién ctia phép thé.
Phép t6 hop hai phép thé $1Va s,, nguoi ta viét quy udc $1°8,, 1a phép thé nhan duogc bang
cach nhu sau :
a) Ap dung s, cho cac hang cuas;.
b) Loai bo khoi s, cac cap tj O Vj sao cho Vj 12 mot bién cua S
(hay sao cho Jt; voi t, [ Vj € 8)).
¢) Tap hop tat ca cac cap nhan dugc tir hai budc a) va b) trén day.
Vidu :
{allX,g(Y,Z,U) UV }o{bIX,clY,f(X)1Z,k(d) 1V, (X)W}
={alX, gl fiX),U)OIV,cOY, X)) Z (X)W}
Ngudi ta ching minh duoc rang :
(Esy) s, =E(sy°s,)
Ngudi ta ciing chimg minh duge ring phép thé c¢6 tinh két hop, hay :
(51052)053 = 510(52053)

Trong trudng hop tong quat, 8198y # 8508.

b. B¢ hop nhit (unifier)



Nguoi ta néi rang mot tap hop {E,}; cac biéu thirc (hang hay cong thirc) 13 hop nhdt dwoc
(unifiable) boi s hay ndi rang s 1a bd hop nhét cia {E;}, néu va chi néu moi phép thé s cho E.,
ky higu E;s, la gidng nhau. Khi d6, ta ky hi¢u biéu thirc (duy nht) sinh ra béi bo hop nhit s la
{E;}s.

Vidu :

s={alX,c0Y,cJV,b1Z,blU,g(b) W}
1a mot hop nhét cua :

{Ej}; = { G(X, f(Y), g(b)), G(X, f(c), g(2)), G(X, f(c), g(U)), G(X, f(V), W) }

vi rang moi biéu thirc déu trg thanh :

G(a, f(c), g(b))

C6 thé c6 nhiéu by hgp nhét cho cting mdt tip hop céac biéu thic da cho.

Nguoi ta goi r 1a bg hop nhdt tong qudt hon (mgu — more general unifier) cua mot tap
hop cac bi€u thire {E;}; sao cho v&i moi b hgp nhat s khac cua {E;};, ton tai mot phép thé s
sao cho s = ros’.

) Nguoi ta chung minh dugc réng v6i moi tap hop E hqp nhat duogc, s& ton tai mot mgu va,
néur; var, la hai mgu cua {E.}, thi {E;}r{va {E,}r, la giong nhau cho tén céc bién.
Vidu :

Trong vi dy trén ddy, mgu ctia { E|, E,, E5 } la:

r={clY,cl0V,bZ blIU,gb) [IW}

Chuyrings=ro{al]X}.

c¢. Thudt todn hop nhit

Sau day ta xay dung thuat toan dé quy UNIFY(E, [) vo6i [ la phep thé rong. Thuat toan
tao ra mot mgu cho mét tap hop hiru han E cac biéu thirc hop nhat dugc. Néu E khong 1a hop
nhat dugc, thudt toan dung va thong bao.

UNIFY(1J, )
1. if [) 1a mot phan tr duy nhat (moi phan tir gibng hét nhau)
then begin write(‘(] 1a mgu’); stop end
else
2. Tao tap hgp D cac xung dot cuia [
3. If ton tai hai phﬁn tr V va t ciia D sao cho V 12 mot bién, t 1a mot hang
va V khong c6 mat trong t
then begin O« Do {tOV}
e« {tdVy
UNIFY([, 1)
end
4. write(“Tap hop di cho khong 1a hop nhat duoc’); stop

Hinh 2.2. Thudt todn hop nhdt

Thuét toan st dung tip hop cac xung dot, ky hiéu D, ctia mot tap hop [ cac biéu thuc
(hang hay cong thiic). Tap hop D nay duoc xdy dung bang cach quét dong thoi tir trai qua
phai moi phan tir ciia [J cho dén khi gdp ky hi¢u ¢ vi tri dau tién lam xuat hi¢n sy sai khac
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giita cac phan tir nay. Sau do, bang cach trich m01 phan tir ciia [ mét biéu thtrc (can phai 1a
hang hay cong thirc ngay khi tat ca cac ham va tat ca cac vi tir duoc viét boi cac ky hiéu phan
biét). Biéu thirc nay bat dau tir vi tri xung dot ciia ky hiéu. Tap hop céac biéu thie nhu vay tao

thanh D.
Chang han, cho [ = { G(X, f(a, Y), G(X, b), G(X, f(a, G(Z))) }
Mot xung dot xudt hién & vi tri ky hiéu thir nim. Nhu vay :
D= {f(a,Y),b, fla, g(Z)) }
Vidul:
Cho E = { P(a, X, f(g(Y))), P(Z, f(2), f(U)) }.
Goi UNIFY(E, 1), khido [ «— E, [] « [
Buéc1va2: D« {a,Z}
Bu6c3: voiV«Z,t<«a
O«UofalZ}={alZ}
O« {alZ}={P(a, X, f(g(Y))), P(a, f(a), f(U)) }. Goi UNIFY([J, [J)
Budc 1va2: D« {X, f(a) }
Budc3: voiV <« X, t<« f(a)
He{alZ}o{fla)) UX}={a|Z fla) I X}
D O {f(2) | X} = { P(a, f(a), fg(Y)), Pla, f(a), f(U)) }
Goi : UNIFY(LJ, )
Budc1va2: D« {U, g¥)}
Buéc3: voi V<« U, t« g(Y)
Oe{al|Z,f(a)| X} o{g(Y)UU}y={a|Z f(a) I X, g(Y) JU}
1« { P(a, f(a), f(g(Y))) }
Goi : UNIFY(L, 1)
Budc 1: Timthaymgula 1= {a|Z, f(a) 1 X, g(Y) U}
Vidu?2:
Cho E = { Q(f(a), g(X)), Q(Y,Y) }. Goi UNIFY(E, [J), khido6 [ «— E, [ «— [
Buéc 1va2: D« {f(a), Y}
Budc3: voiV«Y,t« f(a)
Heleffa)| Y} ={fa)[Y}
e D@ Y} = {Qfta), g(X), Qfa), (@) }
Goi : UNIFY([1, [7)
Budc 1 va2: D « { g(X), f(a) } ,
Budc 4:  Tap hop E khong la hop nhat dugc.
Vidu3:
Cho E = { G(X, f(b, X)), G(X, f(Z, g(X)))}
Ta phan biét cac bién dé co : E” = { G(X, (b, X)), G(Y, f(Z, g(Y))) }
Sau phép thé { X [1 Y } ta dugc :
B2 {X DY} = {GX, b, X)), GX, fIZ, gX))) }
Ap dung phép thé { b [1 Z } ta dugc :
Eo{XTY,b0Z}={GX, f(b, X)), GX, f(b, g(X))) }
Nhung ta khong thé thé g(X) cho X : phép hop nhat khong thuc hién duoc.



Chii ¥ trong thuat toan hop nhit :

— O budc 3 trong thuét toan hop nhat UNIFY/([1, [1), doi héi V phai khong xudt hién trong t
: phép theé t cho V s€ tro nén phire tap khong xac dinh dugce, khong co két qua, cac biéu
thirc van luén phai hop nhat.

Chang han :

{ f(X), X } duogc ap dung cho G(X, a) va G(f(X), a)

s& chuyén chung thanh G(f(X), a) va G(f(f(X)), a), v.v...

—  Viéc kiém tra «V c6 mat trong t khong ?» 1am cho d¢ phure tap tinh todn cua thuat toan
tré nén dang ke. Trong truong hop xau nhat, 14 ¢6 béc luy thira d6i v6i s6 phan tir cua E.
Chang han :

E = { P(X{, X5,..., X)), P(f(X(, Xp), (X7, X)), f(Xy, X5),., X5 X21)

Vi 101 goi dé quy thir nhét :

= { Xy, Xp) 0 X }

0= { P(f(Xy, Xp)s Xgsees X))

P(f(X,, Xo), f(f(X, X)), f(Xg, X)), (X5, X5),..., X1 X21)) }

Vi 101 goi dé quy thu hai :

0= { (X, Xp) U Xy, f(f( Xy, Xp), (X, Xp) 0 X, }

Vi 101 goi dé quy thir ba, tap hop [ dugc thém phan tir :

(X, X)), (X, X)), f(£(X, X, f(Xg» X)) [ X5
va cir thé tiép tyc...

Vi 101 goi dé quy thtr n, tham d6i cudi cung cua phan tir thtr hai ctia [ s& c6 2711 xuét
hién caa ham f. Viéc kiém tra «V c6 mit trong t khong ?» sé& can vuot qua tat ca cac xuat hién
cua f voi thdi gian 1a O(2™).

— Ton tai cac thuat toan hop nhit co do phuc tap tinh toan nho, c¢6 thoi gian tuyén tinh. Tuy

nhién, nhirng thuat toan nay chi c6 ¥ nghia néu bac clia cac vi tir va clia cac hang can hop
nhit 12 16n.

I1.2.2. Hop gidi cac ménh dé bat ky
i Gjé st cho hai ménh dé cha G va H }(héng 6 bién chung (theo budc e, muc H.,l 2) vaco

thé tién hanh hop gidi. Khi do, ton tai két qua hop gidi cia G va H. Goi G, H va két qua hop
giai cua chung la cac tap hop cac truc kién {G;} va {Hj}.

Gia st ton tai mot tap hop con {G;,} cua {G;} (i’ nhan mdt ) gia tri cda i), va mot tap
hop con { Hj,} clua {Hj } sao cho tap hop céc truc kién :

L ={Gl,}U{—|Hj,}
1a hop nhat duoc.

Gia sir r 1a mot mgu cua L, mot két qua hop giai cia G va H 1a mot tap hop cac truc kién
dugc x4c dinh nhu sau :

(G = {GpH) rV ({H;} = Hpp r
Vidu : Gia st
G=P(X, f(a)) v P(X, f(Y)) v Q(Y) va H=—P(Z, f(a)) v —=Q(Z)
— Mot mgu cua G= P(X, f(a)) va —H,=P(Z, f(a)) la r; = {X[1Z}
Tir d6 két qua hop giai la P(X, f(Y)) v Q(Y) v =Q(X)
— Mot mgu cua G, = P(X, f(Y)) va —H, 1a 1, = {XUZ,allY}
Tir d6 két qua hop giai la P(X, f(a)) v Q(a) v =Q(X)
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— Mot mgu cua G3 = Q(Y) va —H, = Q(Z) 1a ;={YZ}

Tir d6 két qua hop giai la P(X, f(a))vP(X, f(Y))VP(Y, f(a))
— Mot mgu cua Gy, G, va —H, la r,={XUZ,allY} =1,

Tir d6 két qua hop giai 1a Q(a) v -Q(X).

Ta thdy c6 bon két qua hop giai khac nhau. Trong cac truong hop khac, khong ton tai két
qua hop giai.

Tuy nhién, trudce khi két luén rang khong ton tai két qua hop giai, it ra ciing phai kiém tra
cac ménh dé da cho c¢6 cac bién phan biét nhau. Chang han :

G(X, a) va -G(f(X), X)
khong c6 két qua hop giai. Néu viét lai ménh dé thir hai thanh —G(f(Y), Y) thi xudt hi¢n mot
mpu { (X)X, allY}, tir do c6 the suy ra ton tai mot két qua hop giai 1a ménh dé rong.

Nhu vay, su phan biét cac tén bién ciia cic ménh dé cha chi hop phép lic goi thuat toan
hop nhét. Viéc tim mot két qua hop giai gitta G(X, X) va ~G(f(X), X) doi hoi phai viét lai
ménh d¢ thtr hai thanh ~G(f(Y), Y). Lc nay, phép thé { fiX)[1X } din dén két qua 1a hai
ménh dé& G(f(Y), f(Y)) va =G(f(Y), Y) khong hop nhat duoc.

I1.2.3. Mgt cach trinh bay khac ctia phép hop giai

Phép hgp gidi con dugc trinh bay theo mot cach khéc, goi 1a phép nhdan tr hoa
(factorisation).

Truge ti€n, nguoi ta dua vao phép hop giai nhi phan (binary resolution principle) nhu
sau. Cho G va H 1a hai ménh dé c6 cac bién phan biét, dugc ky hiéu bdi cac tap hop cac truc
kién {G;} va {Hj}.

Gia su Gp va Hp la hai tryc kién cua {G;} va {Hj} mot cach tuong ung sao cho Gp va
—|Hq 13 hop nhit dugc. Gia sir r [a mot mgu cia Gp va —|Hq. Nguoi ta dinh nghia két qud hop
giai nhi phdn (binary resolvent) cua {G;} va {Hj} la tap hop céc truc kién :

(1Gg} - {G,}) rU ({H}— {H Dt

Ta thdy rang két qua hop gidi nhi phdn 13 mot trudng hop dic biét ciia phép hop giai da
gidi thiéu 6 muc 11.2.2 trén day.

Bay gio ta dua vao mot luat suy dién tha hai duoc goi 1a phép nhan tir hoa. Gia sit G 1a
mot ménh dé gom mot tap hop cac truc kién.

Gia st {L;}; _ | P
phat tir G, boi phép nhdn tir hod, ngudi ta c¢6 thé suy ra ménh dé nhdn tir (factor) ciia G nhu
sau :

(G- iLi}i=p.ptT

Nghia 14 ta da cho phat sinh Gr nhung tron 1an tat ca cac truc kién L;r thanh mdt truc kién

la hai hay nhiéu truc kién cia G hop nhat duge bai mot mgu r. Xuét

duy nhét.
Vidu :

T G=P(X) v P(Y) v Q(b), ta cho phat sinh nhan tit P(X) v Q(b).

Cu01 cung, ta dua vao phép hop giai (khong nhi phan) nhu 1a mot luat suy dién méi bang
cach t6 hop céc phép trién khai trong luat hop giai nhi phan va trong luat nhan tr hoa. Xuat

phat tir hai ménh dé G va H, phép hop gidi cho phép phat sinh, hodc mot két qua hop giai nhi
phéan cia G va H, hoac mot két qua hop giai nhi phan ctia G va mdt nhan tir cia H, hoac mot



két qua hop giai nhi phan ciia H va mot nhan tir cia G, hodc mot két qua hop giai nhi phan
cua mot nhan tir cia G va mot nhan tir cuia H.

Céc két qua hop giai nhan dugc theo dinh nghia thtr nhat (muyc 11.2.2) ciing ¢6 thé nhan
duoc theo dinh nghia tha hai vua trinh bay.

I1.3. Cac tinh chit tong quat ciia phép hop giai

a. Mot ludt ding din

Ta c6 thé chimg minh dé dang ring phép hop giai 1a mot ludt dung dén. Nghia la moi két
qua hop giai 1a hdu qua logic ctia hai ménh dé cha.

Tir d6 suy ra rang, néu mot diy cac hop giai dan dén mot ménh dé rdng, thi tap hop G da
cho ban dau 1a khong nhat quan. Néu khong, s€ ton tai mot dien giai I lam thoa man G va do
d6, cac m¢nh dé cha H; va H, 1a rong va vira la hiu qua logic. Néu r 1a mgu dung dé hop giai

H; va H,, thi dién giai I phai thoa man H;r va Hyr, va do H;r s€ la phan bu cua H,r nén dién
giai [ khong the ton tai. Vay G la khong nhat quan.
Chuy:
Cho G la tap hop cac ménh dé va gia str day G’l,..., G;) 14 cdc ménh dé phan biét sao cho :
G; 12 ménh dé réng,
Vi=l..p, hodc G;thu(}c vé G, hodc G;lé mot két qua hop giai clia hai ménh dé cha dung
trudc do trong day.
Mot ddy {G;} nhu vy dé chimg minh tinh khong nhét quan cta G duge goi 1a mot bdc bo
(refutation) bdi hop giai cua G.

b. Tinh hoan toan ciia phép hop gidi doi voi phép bac bo

Nguoi ta chi ra réng néu mot tap hop cac ménh dé 1a khong nhét quan, thi s€ ton tai mot
day hiru han cdc ap dung cua phép hop gidi cho cac ménh d¢ nay va cho cac két qua hop giai
xuat hién, dé tir d6 dan dén ménh dé rong.

That vay, khi mot CTC 1a hau qua logic cia mot tip hop G cac CTC, diéu ndy twong
duong v6i tinh khong nhat quan cia mot dang ménh dé G A —H. Nhu vay, néu m@t CTCHla
hau qua logic ctia mét tap hop G cac CTC, thi s€ ton tai mot phép bac bd cho tat ca cac dang
G A —H.

bay l1a tinh hoan toan (complétude) dbi voi phép bac bo : nhom cac luét suy dién duoc rut
gon thanh mot luat duy nhat, nhu vay phép hop giai 1a day du doi véi phép bac bo.

Ta c6 thé giai thich tinh hoan toan ctia phép hop giai dbi vdi phép bac bo theo cach sau
Goi R (G) 1a hop ctia mét tap hop ménh dé G véi tat ca cac két qua hop gidi
cuia moi cdp cac ménh deé co thé.
RPN (G) 1atap hop cic ménh d& R(R " (G)).

Tinh hoan toan ctia phép hop giai ddi v6i phép bac bod c6 nghia ring : VG tap hop khong
nhit quan cac ménh dé, In 12 mot sb nguyén duong sao cho ménh dé rdng thudc vé R B (G).
Chuy:

« Thong thudng, nguoi ta rat gon khi néi vé tinh hoan toan cua phép hop giai. Cha ¥ rang

khong phai 1a tinh hoan toan ddi véi sy suy dién ma ta d dinh nghia trudce day (néu H
la mét hau qua logic ciia mot nhom G cac CTC, tinh chat duoc thod man boi hop giai
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s& khong 14 «ton tai mot mot ddy hiru han cac 4p dung cua lut suy dién xuét phat tir G
dé tao ra H».’Tru’('yc tién, lruaflt chi ap dung doi V(’Ii cég: ménh dé‘ c(z dang G A —H ma
khong phai doi véi CTC bat ky cua G, dé tir d6 dan dén ménh dé rong, ma khong phai
la H).

« Phép hop giai nhi phan khong 13 hoan toan ddi voi phép bac bo.
That vay, xét tip hop khong nhat quan cac ménh dé :

E={PX) Vv P),-P(W)v-PZ)}

Tir day ta ap dung phép hop giai nhi phan va nhan duoc cac két qua hop giai nhi phan
ludn ludn co hai tryc kién : ta s& khong bao gio nhan duge ménh dé rdng.

. Trgu lai, tap hop cac d6i luat hop giai nhi phan va nhan ti hoa} tao thanh mot hé t}léng
day du doi voi phep bac bo. Trong vi dy trén, tinh khong nhat quan cta E c6 thé dugc
chimg minh boi 4p dung hai luat nay. Chang han, thyc hién hai phép béac bo roi mot
phép hop giai. Can nh¢ rang tinh khong nhat quéan cia E ciling c6 thé dugc ching minh
béi 4p dung chi mdi phép hop gidi (khong phai nhi phan).

» Sau ddy 1a mot vi du chira rang khong phai phép hop giai nhi phén, ciing khong phai hé
thong hai luat hop giai nhi phan va nhan tir hod, cling khong phai phép hop giai (khong
phai nhi phan) 1a day du doi véi phép suy dién :

Cho G(X) va H(X) 1a hau qua logic cta { G(X), H(X) }, nhung khong c6 luat nao trong

hé thong ba luat suy dién trén day ap dung dugc cho { G(X), H(X) }. Do vy khong c6 luét
nao 1a day du dbi véi phép suy dién.

III. Cac hé thong bac bo béi hgp gidi
Néu G 1a mot tap hop cac ménh dé va phép hop giai la mot luét suy dién ding dan va day
du (d6i véi phép bac bo), ta co thé khang dinh rang :
«G khéng nhit quan» ciing c6 nghia 13 «ton tai mot phép bac bo cia G boi hop giai».
Twong tu, néu G 1a tép hop cac CTC : «CTC H 1a hau qua logic cua G» tuong duwong véi
«ton tai mot phép bac bo cua tat ca cac dang ménh dé G A —Hn».
Vidu :
Xét cac CTC : (VX) (AY) (—P(X) = Q(Y) et (VZ) (P(b) = R(a, 2)),
néu ta mudn ching minh rang : —R(a, b) - (3U) Q(U),
thi ta c6 thé tim kiém phép hop giai tir tap hop cic ménh dé :
Sau day ta s& tim cic phuong phép ludn ciia nguyén 1y hop giai dé xay dung phép bac bo.

III.1. Thii tuc tong quat bac bé béi hop giai

Gia st rang ta mudn chimg minh rang CTC H 1a hau qua 16gic cta tap hop cac ménh dé :
G={Gi}

Thi tuc bac bo tong quét khong don dinh (non-deterministic) nhu sau :

CHUNG-MINH-BOI-HGP-GIAI (G, H)
1. Tao C la tap hop cac dang ménh dé d6i v6i cac CTC ciia G
2. Thém vao tép hop C mét dang ménh dé& —H
3. while C # [] do . [J 1a ménh dé rong
begin
Chon hai ménh dé phan biétpvaqciaC  (3.1)




if p va q la cac két qua hop giai 3.2)
then  chon p hoac q de thém vao C
end

Hinh 2.3. Thii tuc tong qudt bdc bé béi hop gidi
Chuy:
— Cin ¢t vao cac tinh chat cia tinh hoan toan déi véi phép bdc bé clia nguyén 1y hop
giai, néu H thyc sy hau qua 16gic cua G, thi s€ ton tai it nhat mot ddy cac lya chon
(budc 3.1) dan dén ménh dé rong va do @6 tha tuc dung.
— Thu tyc trén ddy khoéng dam bao ring mot diy nhu vay néu qua that ton tai thi s& tim

thdy. Cac giai doan 3.1 va 3.2 s¢ khong don dinh va rat tho so. Ching han, thu tuc nay
giai nhiéu 1an cing mot cip ménh d& tir cing truc kién.

I11.2. Chién lwge hop giai

Thu tuc téng quat CHUNG-MINH-BOI-HOP-GIAI c¢6 thé dugc 1am min hon tai cac
bude 3.1 va 3.2. Theo cach chon lua cidc ménh dé va céc truc kién caa chung, nguoi ta co thé
dinh nghia nhiéu chién hege bac bé boi hop gidi. Mot trong nhitng chién lugc nay 13 han ché
hay sap xép cac lya chon ménh dé va truc kién dé hop giai tuy theo tiéu chuan dic thu cua
chung.

Mot chién luoc hop giai dwoc goi 1a day du doi voi phép bdc bé néu ton tai mot phép bac
bo boi hop giai cua tap hop G ban dau, nghia 14 ton tai mot day hop giai din dén ménh dé
rong, thi ciing ton tai mot hop giai 1am thoa mén cac tiéu chuén lwa chon hay thir tu riéng cho
chién luoc nay.

Ngudi ta ciing biéu dién tinh hodn toan doi véi phép bdc bé ciia mot chién luoc hop giai
S theo cach sau. Ky hiéu :

R (G)  phép hop cua tap hgp ménh dé G voi tat ca cac két qua hop giai (resolvent)

cua tat ca cac cap ménh dé cua G, c6 thé nhan duoc bé'mg cach tuan theo cac
tiéu chudn biéu dién boi C, gan véi chién luoc S.

RG) -RR}@G)
Chién lugc hop giai S 1a day du néu va chi néu v6i moi tdp hop khong nhit quan cac
ménh dé, ton tai mot s6 nguyén duong n sao cho ménh dé rdng [ thuoc R Cp (G):
Chiy:
— Tinh hoan toan ctia mot chién lwoc hop gidi (déi, v6i phép bac bo) khong dong nghia
v6i tinh hoan toan cia mot nguyén Iy hop giai (461 voi phép bac bo).
—  Céc chién lugc khong day du co thé co ich loi thuc tién.

— Mot chién lugc 1a day dua khong c6 nghia 1a khi lam thoa man cac tiéu chuan Iya chon
hay thir tw tim thiy mot cach tat yéu, véi mot sb hiru han cic ménh dé, ménh dé rong
xuat phat tir tit ca tap hop G khong nhat quan cac ménh dé. Sau déy, khi mot chién
lugc c6 tinh chat nay, ngudi ta noi 1a day du truee tiép.

I11.2.1. D6 thi dinh hwéng, d6 thi tim kiém va dé thi bac bé

V61 moi hé théng cac ludt suy dién, cho trudc mot hé tién dé, nguoi ta co thé biéu dién
tap hop cac dinh ly duoc suy ra (va cach suy ra chung) dudi dang mdt do thi dugc goi la do
thi dinh huong.
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Trong truong hop cua nguyén 1y hop giai, cac dinh la cac ménh dé va cac cung ndi cac
ménh dé cha dén cac ménh d¢€ két qua resolvents.
Vi du, cho tap hgp cac ménh dé:
o A PX) UQf(X)), ~P(b) L R(a, Y), =R(a, b), =Q(2) }
ta ¢6 thé vé do thi dinh hudng nhu sau :

P(X)Q (£ (X))

Hinh 2.4. D6 thi dinh huwong
Ky hi€u 0 chi m¢nh gé rong 0. Dé d6 thi dugc rd rang, ngudi ta dat song song cac két
qua hop giai dugc dan dén tir nhiéu cap ménh dé cha va khong vé miii tén cho cac cung. Tu

d6 thi dinh hudng nay, ta c6 thé trich ra cac do thi bac bo, ching han db thi sau :

P(X)Q(f(X)) =P (b)R(a, Y) —-R (a,

Hinh 2.5. 6 thi bdc bé

Sau day ta s& xem xét mot cach ngin gon mét s6 chién luge tuong Gmg véi nhidu cach tim
kiém cac do thi bac bé bén trong mdt d6 thi dinh hudéng. Phan d6 thi dinh hudng r6 rang dé
tim ra mét d6 thi bac bo duoc goi 1a do thi tim kiem.

II1.2.2. Chién lwoc hop gidi béi bac bo theo chiéu rong
(breadth first resolution)

Trong chién lugc nay, nguoi ta gan cho moi ménh dé mét d6 sau co gia tri :

0 @61 v6i cac ménh dé ban dau,
1 doi vai cac két qua hop giai cua cac cap ménh dé co6 do sau 0,



n doi véi cac két qua hop gidi cia cac cap ménh dé c6 dd sadu n—1.

Cach nguoi ta dat d6 sau l1a 1am sao cho khong tao ra mot ménh d€ c6 do sau p khi ma co
kha nang tao ra mot m¢nh de cé do sau pl. RO rang rang khi mot ket qua hop gidi xuat hi¢n
lan dau tién, thi n6 s€ c6 d6 sau sau nhat c6 thé nhan duoc tir hai ménh dé cha.

Vi du trén day co thé ap dung chién lugc hop gidi bdi bac bé theo chiéu rong dé dan dén
tai thoi di€ém dirng mot do thi tim kiém nhu sau :

P(X)O(£(X)) =P (b)R(a, Y) —R

O(f(PY) O(f (PY) R(a. Y)Y R(a_. Y)Y [
Hinh 2.6. Bo thi tim kiem

Tir d thi tim kiém nay, ta c6 thé trich ra d thi bac bo sau :

P(X)Q(£(X)) —=P (b)R(a, Y) —R

(a, b\ —Q(2)
P()&)\/(P(b)

Hinh 2.7. B6 thi bdc bé
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Cén chu y rang :

—  Chién luoc nay }(héng cAm viéc tao ra mot phr:fm tr nao d6 cta dd thi diqh hudng cia
tap hop ménh dé G, nhung chi phoi tinh r6 rang cia do thi dinh hudéng bang cach lam
xuét hién tap hop R P(G) trude R P'(G). Chién luge nay 1a diy du.

— Mat khac, tr G hitu han, nguoi ta suy ra réng R ?(G) 14 hiru han, Vp = 1..n. Nhu vay,
chién luge hop giai boi bac bo theo chiéu rong la day du tryc tiép : néu G khong nhat
quan, thi chién lugc nay s€ lam xuat hién ménh de rong.

— Nguoi ta nhan duoc mot phép bac bo véi ménh dé rong cod do sau sau nhat co the.

I11.2.3. Chién lwgc hop giai béi bac bé véi «tip hop tro givip»

Cho G 1a mot tap h(:)kahf)ng thoé méin cac ménh d& va T 1a mot tap hop con cua G, sao
cho tap hop cac ménh dé GT 1a nhat quan.

Theo dinh nghia, tap hop trg gitip cua G quan hé v6i T (gia thiét thoa man tinh chat trudc
day) gobm cac ménh dé cua do6 thi dinh hudng,hodc thudc vé T, hoac 1a con chau cua T.

Mot chién luge hop giai (d6i voi mot tap hop menh dé G da cho) sir dung tap hop trg giip
(set of support resolution) quan hé voi T (GT gia su nhit quan) sao cho v&i mdi hop gidi, ta
14y mot ménh dé cha trong tap hop tro giup quan hé véi T.

Mot 9hién lugc nhu vay khépg han ché t}'nh 0 rang cua dd thi dinh hudéng nhu chién Iuoc
the() chiéu rong, 1ém thu hep do6 thi tim kiém dugc sinh ra. Ta chiing minh dugc rang cac
chién lugc nay 1a day du.

Ta c6 thé tao ra cac két qua hop giai ma khong thu hep d6 thi hon nita, bang cach kiém tra
d6 sau theo cach cia chién luoc theo chidu rong. Trong nhing diéu kién nhu vy, cac chién
lwoc hop giai véi tap hop tro gitp 1a ddy du truc tiép.

Sau day, ta s€ biéu dién mot dd thi tim kiém nhan dugc theo cach nay.

—R(a, b) =Q(2Z) P(X)Q(f(X)) —P(b)R(a, Y)

Hinh 2.8. Do thi tim kiém

Xuét phat tir vi du dau muc 111.2.1. Luc dau, tap hop trg gitp chi c6 cdc ménh dé —R(a, b)
va —Q(Z). Cac ménh dé cua dd thi tim kiém thudc vé tap hop trg giup dugc gach chan.

Tur d6, dd thi bac bé dugc trich ra nhu sau :

—R(a, b) =0Q(2) P(X)O(£f(X)) —=P(b)R(a, Y)
\ ) B (X)

Hinh 2.9. P6 thi bdc bé



Chuay rang trong vi du nay, d6 thi tim kiém duoc chtra trong d6 thi nhan dugc béi chién
lugc theo chidu rong, va ciing 1a do thi bac bo.

Pé tién hanh chién lugc tp hop tro gitp, can chon T sao cho GT 13 nhit quan. Sau day la

ba phuong phap don gian :

1. Dinh nghia T nhu 14 tdp hop cac ménh dé khong chira céc truc kién phu dinh hay truc
kién &m (mot tryc kién phu dinh, negative literal, [a mdt nguyén tir co dau phu dinh —
dat trude).

Gl khong thé rdng, néu khong mot dién giai lam cho cac tryc kién cua T c6 gia tri T
(true) s€ 1a mot mo hinh cua G, moé hinh nay khong nhat quén.

Mbi m~énh dé cua G-T s€ chtira mot truc kién pha dinh. Tap G-T s€ nhat quan vi ré'tng
mot dién giai 1am cho tat ca cac truc kién phua dinh ctia G-T c¢6 gia tri T s€ 1a mot mo
hinh cia G-T.

2. Dinh nghia T nhu 1a tap hop céc ménh dé khong chira céc tryc kién khang dinh (hay
truc kién duong). Nhu vay Gl /1a nhat quan theo cach suy ludn tuong tu trén day.

3. Dinh nghia T nhu la tap hop cac ménh dé nhan duoc bfmg cach phu dinh CTC can
chimg minh. Trong truong hop nay, G[J1a tap hop céac tién dé ma dé dang dugc xem
1a nhat quén.

Néu mot tap hop ménh @& G 1a khong nhit quan, thi G phai chira it nhat mét ménh dé ma
cac truc kigén déu duong (néu khong, moi truc kién cia G s€ chua it nhét mot truc kién am, ta
c6 thé xay dyng mot mo hinh ctia G nhu di chi ra & phwong phéap 1). Tir d6, ta c6 thé ap dung
chién lugc tap hgp tro gitip theo phuong phéap 1 trén day. Tuong tu nhu vay, G phai chua it
nhat mot ménh dé ma cac truc kién déu am, va do do, ta co thé ap dung chién luoc tap hop tro
gitip theo phuong phap 2. Ta c6 thé kiém tra trong vi du trén day rang tap hop T di chon thoa
man phuong phéap 2 va ca phuong phap 3.

I11.2.4. Chién lwgc hop gidi béi bac bé dung «khoa»
(lock resolution)

Nguoi ta danh s6 mot cach ngﬁu nhién tAt ca cac truc kién cta cac ménh dé cho trude.
Phép hop gidi ctia hai ménh dé chi c6 thé thyc hién duoc khi s6 thir tu ciia ching 14 nhé nhat.
Cac tryc kién cua cac ménh de két qua (resolvents) thura ké so thur ty ctia cac ménh dé cha
(trong truong hop xay ra trung kha nang, nguoi ta lay lai s6 thap nhat).

Chién luge dung khod 1a day du.

Mit khéc, c6 thé sip dat, ma khong thu hep hon nira, vi€e tao sinh cac két qua hop giai

béang cach kiém tra d6 sau cua ching nho chlen lwge theo chibu rong. Trong nhitng diéu kién
nhur vdy, cac chién luge khod 1a day du truc tiép.

. Tién hanh danh s6 mot cach ‘ngau nhlen, céc truc kién cua cac ménh dé da cho trong vi du
dau muc 111, ta xay dung duoc d6 thi tim ki€ém nhu sau :
P (X)Qy (£(X)) —=P3(b)Ry(a, Y) —=Rg(a, b)
—Q¢ (2)

Hinn 2.10. Do thy tim kKiem
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O day, ta thdy dd thi bac bo phu hoan toan 1én d6 thi tim kiém.

I11.2.5. Chién lwgc hop gii béi bac bd 1a «tuyén tinh»

Cho G la tap hgp ménh d& khong nhit quan, chon Cop la ménh dé sao cho G{Co} tao thanh
tap hop ménh dé nhat quan, khi do C, dugc goi 1a ménh dé trung tim Xuét phat.

Moi két qua hop giai cho phép sé& c6 Co la t6 tién va dugc goi 1 cac ménh dé trung tam
(central clauses).

i Chién luoc tuyén tinh (linear resolution) chi cho phép tién hanh hop giai gitra mot ménh

deé trung tam CC (luc dau C, 1a trung tdm) va mot ménh dé bién CB dugc chon tir :

— Hodc trong s6 cic ménh dé cua G (dugc goi 1a cac ménh dé vao).

— Hoic trong sb két qua hop giai to tién (1a cac ménh dé trung tdm) cia CC.

Chu ¥ rang mot ménh dé trung tam chi ¢6 thé dwoc hop giai voi moét ménh dé trung tim
khac néu mot trong chung 1a t6 ti€n ctia ménh dé kia.

Phép bac bo duoc vé& theo so dd sau :

Ménh dé trung Co Gy ... Ménh dé bién tht

tam. . . nhét

xuat phat le////// (cing 1a ménh dé
l .......... vao)

ménh dé& trung tam thu

p J hai
tht p+l
//////// ménh dé& bién
¢Cqy Gy ... (hodc la ménh dé& vao,

(hodc 1a td tién cua
CCp)

1 f
tuong tu doi vdi Gy

Hinh 2.11. So' dé bac bé

Hay, bang cach thay thé tén cac ménh d& bién trén cac cung ndi cac ménh dé trung tam, ta
nhén duoc do thi nhu sau :
Co
Gi
cCy



Hinh 2.12. So' do chién liwoc tuyén tinh
Do d6 thi c6 dang mot duong thing nén nguoi ta goi ddy 1a chién lwoc tuyén tinh (linear
strategy). Tinh chat tuyén tinh & chd hai ménh d& trung tdm chiéu c6 thé dugc hop giai khi
mdt trong chiing 14 t6 tién ciia ménh dé kia.

Vidu :

— Db thi tim kiém cho ¢ muc I11.2.2 béi ap dung chién luge theo chiéu rong khéng thé sinh
ra boi chién luoc tuyén tinh, du véi cach chon C() nao trong s6 cac ménh dé ban dau. Do
thi bac bo ciing khong phai 1a tuyén tinh.

— Tuong ty nhu vay dbi voi dd thi tim kiém va do thi bac bo cho ¢ muc I11.2.3 béi 4p dung
chién lugc tap hop trg gitp.

— D) thi tim kiém & muc I1.2.4 duoc tao béi ap dung chién luoc dung khoa dugc xem la
két qua cua viéc ap dung chién luoc tuyén tinh xuit phat tir ménh dé :

Co=P(X) v Q(f(X)) hay Cy =—=P(b) v R(a, Y)
Luc nay, do thi bac bo nhan duoc 14 1an 16n v6i do thi tim kiém.

— Sauday la dd thi tim kiém nhan duoc tir mot chién luge myén tinh xuAt phat tir ménh dé
Cp = P(X) v Q(f(X)) nhung khong 1dn 16n v6i do thi bac bo :

P (X) Q(£(X)) —P(b) R(a, Y) —Q (Z)

| dd thi bac bé tna vdi dudna ké dam

Hinh 2.13. o6 thi tim kiém chién lioc tuyén tinh

D6 thi tim kiém trén day nhan duoc bang cach lai theo chiéu rong viéc ap dung chién
luge tuyén tinh xuat phat tir P(X) [ Q(f(X)).

Céc chién lugc tuyén tinh 13 day du.

Néu ta sép dat viée tao ra cac ménh dé trung tam nho chién luge theo chiéu rong, thi
chung la day du truc tiep.

Nhé lai rang tinh hoan toan cin cr vao gia thiét ménh dé trung tdm xuét phat Cg sao cho
G —{Co} 14 nhit quan. Thong thudng, ngudi ta chon Cg 1 mot trong cic ménh dé 1y ra tir
phép phu dinh ciia CTC ma ngudi ta mudn ching minh, nghia 1a pha dinh cta sw gid dinh
hay su phong dodn (conjecture).

Ta c6 thé gia thiét raing G —{Co} 1a mot tdp hop ménh d& nhit quan, chi gdm cic ménh
dé dang tién dé va chi c6 mot sé ménh dé c6 tinh phong doan. Néu phu dinh sy phong doan
chi nhan biét dugc mot ménh d¢, thi G —{Cyp} phai la nhat quan vi rang d6 1a tap hop cac tién
de.

Bay gid gia thiét ring phu dinh su phong doan chi nhan biét dugc hai ménh dé, chang han
C1 va Cy. Su phong doan s€ c6 dang : —=C; v —Cs. Néu G —{Cop} 1a khong nhat quan, ta c6
—C, 1a hau qua logic cua cac tién dé, co nghia rang su phong doan —C; v —C» 1a khong
chinh x4c : ta c6 thé dé nghi sy phong doan —C5 1a thich hop hon ca.

Néu van con hoai nghi vé két qua khic phuc nay, ngudi ta ¢ thé van dung chién lugc
tuyén tinh xuat phat tir, mot cach lién ti€p, moi ménh de c6 dugc tir phong doan.
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Quay lai vi du vira 10i, tir 4 ménh dé ban dau da cho :

{ P(X) O Q(f(X)), =P(b) [] R(a, Y), =R(a, b), Q(Z) }
ta thay hai ménh dé cuoi cung la két qua ctaa phép phu dinh phong doan :

—R(a, b) = (3U) Q(U)

Néu ldy ménh dé xuét phat 1a Co = —R(a, b) va néu ta ap dung chién lugc tuyén tinh va
theo chiéu rong, thi ta nhan dugc :

—-R(a, Db) —P (b)
Q(f‘(X)) =0 (2)

R(a, Y) P (X)

Twong tu, xuat phat tir Co = —Q(Z), ta ¢o :

—Q(2) P (X) Q(£(X)) —=P(b) R(a, Y) —R(a,
) ‘/

P(r)

Hinh 2.14. 6 thi tim kiém chién luoc tuyén tinh

Chuy:

Trén day ta da gioi thiéu mot bac bo tuyén tinh xudt phat tir ménh dé :

Co=POVQUEX)
ma ménh d€ nay khong la két qua cua phép phu dinh phong doan. Thanh cong cua bac bo,
ngay ca khi tinh dén tinh khong nhat quan cua G da khong duoc bao dam ngay tur dau. Thuc
te, nguoi ta cé thé kiém tra sau do6 rang tap hop G cua bon ménh dé ban dau duoc cho 1a nhat
quan mdt cach toi thi€u, nghia 1a du bat ky ménh d¢ C nao cia G, tap hop G —{Cp} 1a nhat
quan.

T nhan dinh nay, ta co thé tim théy mot bac bo tuyén tinh xudt phat tor ménh dé cudi
cung nhu sau :



Hinh 2.15. 6 thi bdc bé chién lwoc tuyén tinh

I11.2.6. Chién Iugc bac bo boi hop giai la «tuyén tinh theo dau vao»

Chién lugc bac bo boi hop giai 14 «tuyén tinh theo dau vao» (linear input resolution) thuc
chat 1a chién lugc tuyén tinh (chon mot ménh dé Cq sao cho tap hop G —{Co} 1a nhét quan),
nhung ngudi ta yéu cau thém diéu kién chi ldy cic ménh dé bién trong sb cac ménh d& vao da
cho.

. Vidy, bdn phép bac bo tuyén tinh trong muyc I11.2.5 vira rdi ciing 1a bac bo tuyén tinh theo
dau vao.

N6i chung, chién luge tuyén tinh theo dau vao khong la day du. Vi du sau day 1a mot
minh ching. Cho G 1a tap hop cac ménh d¢€ vao :

= {P(a) [ Q(X), P(Y) 1 =Q(Y), =P(Z) U =Q(Z), —=P(U) L) Q(U)}
_ Su dung chién lugc tuyén tinh theo déu vao, xuat phat tir —P(Z) [1 —Q(Z), ta nhan dugc
d06 thi bac bé nhu sau :

4 P(Z) —=0(Z) =P (U)
|/ ’
5 =PI

¢ ol

Hinh 2.16. D6 thi bac bé chién hrgc tuyén tinh theo dau vao

Trong vi du nay, ta khong thé nhan duoc phép bac bo tuyén tinh theo dau vao. Mdi ménh
dé vao thuoc G deu ¢6 hai truc kién. Dé timg déi truc kién cing dugc loai bo v6i nhau dbi
voi phép hop giai, can thue hién phép nhén tir hoa trong qua trinh hop giai, diéu nay 13 khong
thé xay ra doi vi mdi mot trong bén ménh dé vao.

Tuy nhién, chién luge tuyén tinh theo dau vao la §5y du (chi v6i hop giai nhi phan ma
khong nhan tir hod) néu ap dung cho tép hgp khong nhat quan cac ménh dé Horn (ngudi ta s€
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n6i : ddy dii doi véi ménh dé Horn). Cac ménh dé Horn 1a nhimg ménh dé chi chira nhiéu
nhat mét truc kién duong, nhu :
—R(a, b), =P(b) v R(a, Y).

Chu y rang ca 4 ménh dé trong vi du o muc I11.2.5 déu khong phai 1a ménh deé Horn. Dau
sao ta cling da tao ra 4 phep bac bo tuyén tinh theo dau vao : cac chién luge khong day du
theo 1y thuyét, nhung thyc tién, chung van c6 hi¢u qua.

II1.2.7. Chién lwoc hop gidi «<LUSH»

Chiénqluqc hop giai «KLUSH» 1a su van dung cua «chiér} lwoc tuyén tinh theo dau vao»
vOi vu diém thu hep cac hop giai cho phép. Trong ménh d¢ trung tdm hién hanh, nguoi ta
chon mot cach ngau nhién mdt truc kién va chi dé€ y dén nhiing hop giai chira truc kién co
dinh nay.

Chién luoc hop giai «LUSH» la day du (chi voi hop giai nhi phan) d6i voi cac ménh dé
Horn.

Chuy:

«LUSH» Vié‘g tat tir cum tir «Linear resolution with Unrestricted Selection fNunction fo‘r
Horn clauses». O day, «Unrestricted» c6 nghia 1a viéc chon truc kién trong moi ménh dé
trung tdm la tuy y (nhung khong phai 1a tuy tién).

Vidu :

Xét cac tién dé sau déy :

a;: (VX) EQUAL(X, X) thé hién phép phdn xa ciia quan h¢ EQUAL.

a,: (YU) (VV) (VW) (EQUAL(U, V) A EQUAL (WV)) - EQUAL (U, W)

thé hién phép nita—phan xa (half-transitivity).

Ta mubn chimg minh rang :

(VX) (VY) EQUAL (X, Y) - EQUAL (Y, X) ¢6 nghia 1a doi xitng (symmetry).

That vay, ta c6 thé chimg minh tryc tiép : tir ap, bang cach ldy V=U, ta c6 :

(VU) (VW) (EQUAL (U, U) A EQUAL (W, U)) »> EQUAL (U, W)).

Nhung tir aj, ta duoc :

(VU) (VW) EQUAL (W, U) »> EQUAL (U, W) dpcm.

Bay gio ta c6 thé ding phép bac bo dé ching minh. Ta can chimg minh tinh khong nhat
quan cua :

a';: EQUAL (X, X)

a’: —EQUAL (U, V) [-EQUAL (W, V) [_LEQUAL (U, W)

c'1: EQUAL (a, b)

c’»: —EQUAL (b, a)



Sau day 1a dd thi hop giai nhi phan theo dau vao :
c' 2 a' 2

—M\/) —EQUAL (a,

V)

—

—EQUAL (a, b)

C'l
/
]

a’l

Hinh 2.17. Do thi hop gidi nhi phan theo dau vdo
Chu y:

— Trong muc II1.2.3, ta da chi ra rang khi mot tdp hop ménh dé da cho 1a khong nhét
quéan thi phai tdn tai mot ménh dé khong cé truc kién duong, va can phai ¢6 mot ménh
dé khong co truc kién duong tham gia vao moi phép chimg minh tinh khong nhat
quan bang hop giai. Trong vi du trén ddy, ta di phai chon ménh dé xuat phat 1a c'h vi
tap hop cac ménh dé con lai tao thanh mot tap hop nhét quéan : toan bg truc kién déu
duong.

— Khi 4p dung cac ménh dé& Horn, xuét phat tir mot ménh dé khong c6 trye kién duong,
ta chi c6 thé tao ra duoc cac két qua hop giai cling khong co truc kién duong.

—  Khi mét tap hop cac ménh dé Horn 1a khong nhat quan, thi can phai ¢6 mot ménh dé
don vi (unitary) (1a ménh d& chi c6 mot tryc kién duy nhit) trong ching 1a duong.
Trong truong hop nay, noi chung s& ton tai mot phép bac bo (boi hop giai nhi phén)
sao cho mdi lan hop giai, mot trong cac ménh dé cha phai 12 mot ménh dé don vi
duong.

II1.3. Vidu minh hoa : bai toan tim nguoi néi that

Trén mot hon dg’lo no co hai loai nguoi : nh&ng ygu’o“i thanh thdt ludn ludn chi noi sy that
va nhiing nguoi doi tra ludn ludn chi n6i doi. Moi ngudi dan cia ddo hodc la mot ngudi
thanh that, hodc 1a mot ngu(‘yi’ doi tra.

Mot nguoi nude ngoai dén dao va gap ba nguoi dan cua dao la A, B va C. Ong ta hoi A :
«Ong la mdt nguoi thanh that hay la mét ngudoi doi tra ?». A tra 101 4p ung nén nguoi nude
ngoai ng khong hiéu gi. Ong ta quay sang hoi B : «Anh ta da noi gi vy ?». B tra 10i : «Anh ta
d3 no6i rang anh ta 1a nguoi dbi trax. Lic ndy, C néi xen vao : «Ong dimg tin B, anh ta n6i dbi
day !».

Hay xéc dinh xem B va C la nhitng ngudi thanh that hay 1a dbi tra ?

Loi gidi : 3

Ta s& bicu dién cac cdu hoi va cau tra 161 trén day boi cac cong thic logic. Goi S
(sincere), L (lie) va SAY la céc vi tir voi quy udc nhu sau :

—  S(X) chi ring X lu6n 1 ngudi thanh that,
—  L(X) chi rang X luén 1a nguoi doi tra,
— SAY(X,Y)chirang X néi Y.

Taco: )
1. Moi nguoi dan trén dao 1a thanh that hoac doi tra :
(vX) S(X)) v L(X)
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2.

3.

7.
8.
9.

Khoéng c6 nguoi nao lai vura thanh that lai vira ddi tra :
(VX) =S(X) v =L(X)

Néu X 1a thanh that va néu anh tanéi Y, thi Y 1a ding :
VX)) (YY) (SX)ASAY(X,Y)—>Y)

Néu X 1a déi tra va néu anh ta n6i Y, thi Y 14 sai :
(VX)) (YY) (L(X) A SAY(X, Y)) > 1Y)

Néu Y 1a ding va néu X néi Y, thi X 1a thanh that :
(VX) (VY) (Y ASAY(X, Y)) > S(X)

Néu Y 14 sai va néu X néi Y, thi X 1a déi tré :

(VX) (YY) (=Y) ASAY(X, Y)) > L(X)

Cau tra 101 cia A : SAY(a, khong thé hiéu_ dugc))
Cau tra 161 ctia B : SAY(b, SAY(a, L(a)))

Cau tra 161 cia C : SAY(c, L(b))

Céc hing a, b, ¢ biéu dién ba nguoi dan trén ddo ; hing khong thé hiéu duwoc biéu dién
cau néi 1ap cta A. Ta thdy c6 thé c6 nhidu cach dé biéu dién céc vi tir. Trong cac cong thirc 3,
4,5,6bién Y co thé dugc xem nhu 1a mot ky hiéu vi tir. Trong cong thirc 8, cac ky hiéu vi tir
SAY va L dugc xem nhu cac ky hiéu ham, trong tu dbi v6i L trong cong thirc 9.

Dé 1am viéc voi logic cac vi tir bac mot, ta s& chi dung mot ky hiéu vi tir duy nhét 1a C.
Ky hiéu C(X) c6 nghia dung (Correct) 1a X. C6 thé bo cac vi tir S, L va SAY bang cach thay
vao cac ham 1a s, / va say (tuy nhién van c6 thé gitr vi tir S ma khong thay nd béi ham s). Lic
nay ta nhan dugc 9 cong thirc mdi nhu sau :

dé

N o N Y N Ew N e Y N N

(VX) C(s(X)) v C(s(X))
(VX) =C(s(X)) v =C(s(X))
(VX) (VY) (C(s(X)) A Csay(X, Y))) = C(Y)
(VX) (VY) (C(X)) A C(say(X, Y))) > —C(Y)
(VX) (VY) (C(Y) A C(say(X, Y))) = C(s(X))
(VX) (VY) (=C(Y) A C(say(X, Y))) = C(s(X))
C(say(a, khong thé hleu - duogc))
C(SAY(b, say(a, 1(a))))
C(SAY(c, 1(b)))
ay gio ta chuyén 9 cong thirc ndy thanh cac ménh dé, trir ménh dé dau tién d3 13 ménh
orn, lan luot dwoc danh s6 nhu sau
C(s(X)) LCUX))
—C(s(X)) L-CA(X))
—C(s(X)) [I-C(say(X, Y)) LIC(Y)
—C((X)) J=C(say(X, Y)) [J-C(Y)
—C(Y) [=C(say(X, Y)) LIC(s(X))
C(Y) LJ=C(say(X, Y))) LIC((X))
C(say(a, khong thé hiéu dugrc))
C(say(b, say(a, 1(a))))
C(say(c, 1(b)))

Pé tién hanh qua trinh bac bo, ta can chon mot phoéng doan va thém cac ménh dé nhan
dugc boi phu dinh phong doan nay vao 9 ménh de trén.

Trude hét, ta phong doan rang B 1a mot ngudi doi tra, nghia 1a C(I(b)), khi d6 can thém
vao ménh de€ phu dinh —=C(1(b)). Ti€p theo, ta can chon mét chién lugc tong quat d€ tién hanh
bac bo boi hop giai tir cac chién lugc :

xdy dung tap hop trg gitp (tap hop nao ?),



— dﬁng khoa (cach dénh s6 céac truc kién nhu thé n‘éo ?),

— tuyén tinh (ménh d€ nao dugc chon lam ménh dé xuat phat ?), v.v...

Mit khéc, can chi 1 chién lugc hop giai 1a theo chiéu rong hay chiéu sau ?

Du chon chién luge nao va véi 1y do nao, viée t6 hop cac hop giai ciing gap rat kho khan.
Gia sir ménh dé& —~C(I(b)) dugc danh sb 13 0, sau day 1a mot qua trinh bac bo :

1. Hop giai 7 véi 3, rdi lay két qua hop giai véi 1 :

R 7
C(say(a, khéng_thé_hiéu_duoc)) —C (s (X))—C(say (X, Y)) (C(Y)
3\ 
1
—C (s (a) ) C (khéng thé hién duc C(s(X))C(1(X))

10
C(khéng thé hiéu dugc) C(l(a))
2. Hop giai 9 véi 4, 1ay két qua hop giai voi 1, roi tiép tuc hop gidi voi 1 :

9 4
C(say(c, 1(b))) —C (L (X))=C(say (X, Y))=C(Y)
1
—|C(| (c))—=C(1(b)) C(s(X))C(1(X))
1
—|C(| c))C(s (b)) C(s(X))C(1(X))

3. Hop giai 8 voi 3, lay két qua hop giai véi 1 :

8 3
C(say (b, say(a, 1(a)))) —C (s (X))—=C(say (X, Y)) C(Y)

—C(s (b)) C(say(a, 1(a))) C(s(X))C(1(X))
C(sayta, 1l(a)))C(l(b))

4. Hop giai 12 véi 3, lay két qua hop giai v6i 1 (sir dung nhan tir hod) :

12 3
C(say(a, 1(a)))C(1l(b)) —C (s (X))=C(say (X, Y)) C(Y)

5. Hop giai 12 vé6i 4, 14y két qua hop giai véi 10 :

12 4
(say ( —C(1(X))—=C(say (X, Y))=C(Y)

JLb}%ﬂGfTT’T”’—””’——’— (khdng thé hiéu dugc) C(l(a))
|/ 14

C (khéng thé hiéu dugc)



Biéu dién tri thirc nho logic vi tir bac mot 67

6. Hop giai 13 véi 4, 13y két qua hop giai voi 7, rdi voi 4 (nhan tir hod) :
13 4
C(l(b)) C(l(a)) —C (1 (X))=C(say (X, Y))=C(Y)

C(1l —=CT{say(a, Y)) —=C(Y) C(sayl(a,
A 7
khéjng thé hiéu dugc

C(1l(b))v —C(khéng thé hiéu_
14

C (Kn € hiéu duoc)

15
7. Hop gidi 15 voi 0, tic C(1(b)) véi —C(I(b)), ta nhan dugc ménh dé rong [,

Viy ta da chimg minh dugc rang B 1a mot ngudi doi tra.

Ta nhén thdy rang chién luoc bac bo trén day khong la tuyén tinh, ma tuong thich voi
chién lugc tap hop tro giﬁp. Cac ménh <‘ié 2,5 va 9 da khong dugce su dung. Chang han dé xac
dinh B 1a ngudi nhu thé nao thi ménh dé 9 vaoi sy cd mat cua C s€ trd nén thura.

Viéc dua ra cac hop giai khac nhau va cac két qua hop giai khac nhau dé c6 duoc phép
bac bo cudi cung 1a bo ich. Chang han, két qua hop giai tir 8 va 3 ¢6 nghia rang hodac B khong
phai 1a nguoi thanh that, hodc qua ding A da noi rang anh ta 1a ngudi noi doi.

Phép hop giai ctia 15 voi 2, rdi léy két qua hop giai voi 11 dan d&én C(s(c)) Néu tiép tuc
phong doan rang C 1a nguoi ndi d01 thi ta can thém vao ménh dé —C(s(c) dé hop giai véi
C(s(0)), két qua 1a mot ménh dé rdng. Viéc ching minh C 1a nguoi néi dbi khong st dung
dén ménh d¢ 5

Ciing can ghﬁ ¥ rang thay vi st dung phép bac bo voi phong doan da cho, ta co thé dua ra
cac hop gidi bang cach theo doi sy khong xuat hién ménh dé rong ma xuat hién mot trong bon
truc kién C(I(c)), C(s(b)), =C(1(c)), =C(s(b)).

Thyc té, dang thirc vira van dung trén day khong trung thanh voi phat biéu lién quan dén
ca:lch biéu dién théj do cua A. Thgo ménh dé 7 thi ta da xu 1,)'/ cdu tra 101 cia A nhu la Ipcf)t
hang, la khong_thé hiéu_duoc. DE tuan thu diéu nay, ta da co tinh khong ndi «A dé noi rang
anh ta 1a nguoi thanh thaty, tire s(a), hay khong ndi «A da noéi rang anh ta la ngudi no6i doiy,
tac l(a), vi rang hang khong thé hieu dwoc khong tuong thich voi cac hang s(a) hay 1(a).

Tuy nhién, mac du V\é’i han ché bd sung nl}u: Va~y, ta van co thé nhan duoc ménh dé r5ng,
tae chimg minh duge di€u phong doan. D€ bi€u dién cau phat biéu mot cach sat thyc hon, ta
c6 thé thay thé ménh dé 7 boi ménh de 7° :

77. C(say(a, 1(a))) v C(say(a, s(a)))
v6i gia thiét rang du 1a nguoi thanh that hay 1a ngudi noi déi, A chi tra 1oi tryc tiép vao cau
hoi cua nguoi la, ma khong tra 101 that tha hay doi tra khac voi kiéu «t6i la ngudi thanh théaty,
hay «t6i 1a ngudi ngudi néi doi», nhu 1a «ong 1a nude ngoai», hay «ong khong phai 1a nudc
ngoai», hay la mét cau nao d6 dai loai nhu «B 1a nguoi nay nguoi kiay.

Néu cai chinh ménh dé 7 boi ménh dé 7’ va thay vi dung ménh dé :
C(say(a, khong_thé hiéu_duoc))

ma dung mdt trong cac truc kién C(say(a, 1(a))) hay C(say(a, s(a))), thi phép bac bo trén day
khong con duy nhat : ménh dé rong khong dugc sinh ra.

Sau déy 1a mot phép bac bo khac khong dung dén ménh dé 7’ :
1. Hop gidi 2 va 3 v6i phép nhan tr hoa :
10°
—C(s(X)) v =C(say(X, 1(X)))



2. Hop giai 1 va 4, rdi 1dy két qua hop giai véi 2 (nhéan tir hod) :
~C((X)) v =C(say(X, (X)) 1T’

3. Hop giai 10” va 1, rdi 1y két qua hop giai voi 117 (nhan tir hod) :
~C(say(X, 1X))) %

4. Hop giai 6 va 8, roi lay két qua hop giai véi 12 :
c(iwy)

4. Hop giai 13’ va 0, ta nhan dugc ménh dé rdng [.

Vay B 1a mot nguoi noi dbi. Phép hop giai da khong dung dén ménh dé 9 (c6 sy tham gia
cua C), 5 va 7°. bay la két qua ctia mot chién lugc tuyén tinh, tuy nhién van c6 thé ap dung
chién luoc tap hop tro giup.

Hop giai 5 v6i 13°, cho két qua hop giai v6i 9 dé nhan dugc C(s(c)), cudi cung hop giai
C(s(c)) voi —C(s(c)) nhan dugc ménh deé rong, vay C la nguoi thanh that.

Céc giai doan bac bo hinh thire trén day lién quan dén viéc xac dinh B va C rat gan giii
v6i viée suy luan theo ngdn ngit ty nhién nhu sau :

«Khéng thé nao mot ngudi thanh that hay mot ngudi noi dbi lai noi : “Toi 1a nguoi néi
doi”, vi rang mdt nguoi thanh that thi khong the noéi doi, con mot nguodi doi tra thi khong khi
nao dam noi 1én sy that. Do vay, A khong noi rang anh ta la mdt nguoi noi doi va B néi doi
khi noi rang A da khang dinh rang anh ta 1a nguoi néi doi. Do vay, B 1a mot nguoi noi doi. Vi
C da no6i rang B da nodi doi, nén C da noi 1én dicu dung, nén C 1a mdt ngudi thanh thaty.
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Bai tap chuong 2
3. Cho cac vi du sur dung ct phap cua ngdn ngit vi tir bac mot :
a. Bangky hiéu
b. Hang (term)
c. Nguyén tir (atom)
d. Cac cong thirc chinh

4. Thé nao 1a tinh hop thic va khong hop thire, tinh nhat quan va khong nhét quan ciia mot
cong thue ? The nao lat inh khong quyét dinh dugc va tinh ntra quyét dinh dugc cua logic
vi tir bac mot

5. Cho cic vi du vé cong thire chinh va phép bién d6i ménh dé

6. Tir cac vi du da cho trong gido trinh, tu cho cac vi du vé cac chién lugc hop giai tim kiém
va bac bo.

7. Tim mot vi du khac twong tu bai toan tim ngudi noi thét.






CHUONG 3

M4y suy dién

“I am only one, but still I am one. I cannot do everything,
but still I can do something; and because I cannot do everything,
1 will not refuse to do something I can do “.

Edward Everett Hale

Chuong trudc, ta da van dung logic hinh thirc dé hop giai bai toan da cho, nghia 1a nghién
clru nhirng phuong phap phan doan va khang dinh cac 10i giai, dong thoi danh gia nhiing tinh
chat va nhimng han ché cta cac phuong phap nay.

Trong chuong ndy, dua trén cac khai niém cong thire, tién dé, ludt suy dién va cac moi
quan h¢ gitra chung, ta s€ nghién cuu cac may suy dién (inference engine) trong cac hé thong
dung ludt hay dua trén ludt (Rules—Based Systems).

I. Nguyén Iy hoat dong clia cac may suy dién

Trong cac hé thong dung luat, mdi luat bao gdm thong tin vé bo khoi dong (starter), hay
dzeu kién khéi dong cua luat, va than (body) cua luat, hay thong tin vé két qud khoi déng ludt

Luat = <bd khaoi dong> + <than>

May suy dién lién két cac chu ky (cycle), mdi chu ky gdm hai giai doan (phase) la
EVALUATION (danh gia) va EXECUTION (thuc hién).
Khi may dugc khoi dong, co so tri thire chira cac thong tin lién quan dén phat biéu bai
toan can giai :
- Cacsy lfién da duoc xac nhan va céac su kién s& duoc thiét 1ap
(biéu dién bai toan hay dich),

— Nhitng tri thire thuc hanh thude linh vuc tao nén co so luét.

Theo so dd, & giai doan EVALUATION, may suy dién xac dinh trong co sé ludt co ton
tai cac luét s€ dugc khoi dong can cuir vao trang thai hién hanh cia co s¢ sy kién khong, néu
c6, thi 1 nhitng luat nao. Trong giai doan EXECUTION, may suy dién khai dong cac luat da
dugc tim thdy & giai doan EVALUATION.

Hinh 3.1 du6i diy mé ta chu ky co ban ciia mot may suy dién. Ta quy udc goi RB 14 co
so lugt (Rules Base) va FB 1a co so sy kién (Facts Base) tai thoi diém bit dau cua
EVALUATION. May suy didn diéu khién lién két cac buwdc (step) cua giai doan
EVALUATION, cua cac giai doan EVALUATION va EXECUTION, rdi cac chu ky day du
gitra chiing.

PGS. TS. Phan Huy Khanh bién sogn 71



[ |
Giai doan 1 YDANH GIA Giai doan 2 : THUC HIEN

THU HEP .
cung cép : Thuyec hién céc tién dé
R1 bao g(:3m trong RB
F1 bao gom trong FB

[
SO KHGP FB va c6 thé RB dugc thay d6i

Céc quy tic cua R3

so sanh gitta R1 va F1

cung cap - Cac két qua khac c6 thé
R2 bao gom trong R1 (hudng vé mdi truong cua
I hé thong chang han)
GIAI QUYET
XUNG bOT
cung cap :
R3 bao gom trong R2
g T
Tuy theo diéu khién ctia may : Tuy theo diéu khién ctia may :
dung hay quay lai dung hay quay lai

Hinh 3.1 Chu ky co ban ciia mét may suy dién
May suy dién duoc diéu khién ding ¢ giai doan EVALUATION hodc ¢ giai doan
EXECUTION :
— Cén cir vao trang thai hién hé}nh cua co s& sy kién, may dung & giai doan
EVALUATION khi khong tim thay cac luat khéi dong trong co s& luét.
—  May ding ¢ giai doan EXECUTION khi mét trong cac luat khéi dong cho két qua
dung.

I.1.  Giai doan danh gia EVALUATION

Giai doan EVALUATION gom ba buéc : RESTRICTION (hay SELECTION),
PATTERN-MATCHING (hay FILTERING) va CONFLICT-RESOLUTION.

a. Buwoc thu hep (RESTRICTION)

RESTRICTION (thu hep) 1 budc dau tién cua giai doan EVALUATION, dé xac dinh tir
mot trang thai hién hanh hay qua khir cta co s& su kién (ky hiéu FB) va tir mot trang thai hién
hanh hay qua khtr ctia co s¢ Iuat (ky hiéu RB), mét tdp hop con F1 cia FB va mot tap hop
con R1 cta RB sao cho c6 thé tién hanh so sanh duoc trong buéc FILTERING tiép theo.

Nguoi ta thuong dung ky thuat khai thac cac tri thire dwa trén sy phan b cac sy kién va
cac ludt theo cac ho riéng biét. P61 khi, cac tri thitc cho phép phan biét cac su kién va cac luat
lién quan tryuc tiép dén linh vye. Vi du, trong mot nglt canh chan doan bénh, nguoi ta co thé
phan biét dwoc ngay cac luat lién quan dén cac bénh tré em véi cac luat khac, hay phan biét
duoc céc su kién lién quan dén phan tich mau voi cac su kién khac.

Nhu vay, budéc RESTRICTION la wu ti€n cho mdt nhom nao do cac luat hay cac su kién
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d6i v6i mot hodc nhiéu chu ky. Thong thudng, nhing tri thirc dé phan biét cac su kién va cac
luat 1a rt tong quat.

Ching han, nhiéu hé théng phan biét duoc cac sy kién da thiét 1ap (coi nhu dd dwoc xéac
nhan) véi cac su kién s& thiét 1ap (biéu dién bai toan ban dau hay dich, hay gia thuyét). Viéc
thu hep s€ uu ti€n cac sy ki€n—bai toan so vai cac su kién—bai toan khac, hay wu tién bai toan
xuét hién gén day nhét so v&i cac bai toan trude do. Su phan biét theo ho cac su kién hay theo
ho céc luét thuong duoc cu thé hoa bai dinh nghia cac cAu trac phan biét.

b. Budc so khop (PATTERN-MATCHING)

PATTERN-MATCHING (so khop hay lgoc) la budc thix hai cua giai doan
EVALUATION. May suy dién so sanh phan khoi dong caa mdi quy tic ciia R1 véi tip hop
cac su kién F1. Mot tap hop con R2 cua R1 nhom céc luat twong thich véi F1, nghia 1a nhitng
ludt ¢ diéu kién khoi dong thod mén cac trang thai cua F1 (tuy theo mdi hé thong ma co
nhitng tiéu chun thoa mén khac nhau). R2 dwoc goi 1 tdp hop xung dot (conflict set).

c. Gidi quyét xung dpt (CONFLICT-RESOLUTION)

Budc thir ba cua giai doan EVALUATION 1a CONFLICT-RESOLUTION. May suy dién
xac dinh cac luat, gia st 1a mot tip hop con R3 cua R2, can phai dugc khoi dong. Néu tap
hop R3 rdng, thi giai doan EXECUTION cua chu ky nay khong duoc thuc thi.

Thong thuong, nguoi ta lya chon cac luat dya trén nhing tiéu chuan khéng lién quan dén
nghia (meaning/signification) cua luat c6 mdi quan hé v6i boi canh ap dung. Vi du, co so luat
dugc sap x¢p ngau nhién thanh mot danh sach va nguoi ta chon nhimg luat ding dau tién,
hodc chon uu tién nhitng luat it st dung hon, hoac ¢ thé chon trudc tién nhitng ludt it phuc
tap nhét : it diéu kién cin kiém tra, it bién (variable) cAn x4c dinh trude khi khoi dong, v.v...

Doi khi, nguoi ta dya trén nhirng tiéu chuén lién quan dén nghia dé chon cac luit c6 mdi
quan hé voi boi canh ap dung. Che’ing han, mot s6 luat ¢ thé dugc chon do ¢o nhiing déu hiéu
giai bai toan tot hon, hay c6 thé dang tin cay hon, hay it ton kém vé& chi phi hon so vé6i nhitng
luat khac, v.v...

I.2.  Giai doan thwe hién EXECUTION

Khi R3 rdng, mot sé may suy dién tu dong ding : ngudi ta néi nhitng may nay cé mot ché
d¢ diéu khién bat budc (irrevocable control regime). Mot s6 may khac thi lai xem xét lai tap
hop tuwong tranh R2 ctia mot chu ky trude d6 va kiém tra kha ning khoi dong cua cac luat
khac cua R2.

Tuy nhién, néu khong c¢6 mot khéi dong nao cho luat dugce thuc thi ké tir phép chon trudc
do6 trong R2, nghia 1a néu két qua cua cac luat nay khong dugc huy bo, trudc khi khai dong
cac luat khac, thi ngudi ta ciing néi rang nhitng may nay hoat dong theo ché dp diéu khién bat
bude. Nguogce lai, ngudi ta néi chung hoat dong theo ché do diéu khién béi thim do (tentative
control regime) khi c¢6 sy thay thé cac khai dong luat boi cac khoi dong khac.

Dé thé hién mot may quay lai giai quyét cac xung dot trude do, bang cach khoi dong lai
cac luat, nguoi ta ndéi may hoat dong quay lui (to backtrack).

Sy quay lui hay khong quay lui cia may luc dau duoc didu khién & giai doan
RESTRICTION, tiép theo, boi giai doan CONFLICT-RESOLUTION. Trong muc tiép theo,
ta s& gidi thiéu chi tiét hoat dong cia mot s6 may don gian & ché d6 didu khién bt budc hay
& ché d6 diéu khién boi tham do.

Trén thyuc té, mdi giai doan cua chu ky co ban cia mét may co thé dan dén nhitng cach
sdp dit rat khac nhau. Hinh 3.1 trén ddy mo ta hoat dong ctua mot chu ky. Dé giai quyét mot
bai toan di cho, c6 thé can dén hang ngan chu ky.



MJi chu ky co ban cua mot may suy dién 1am ta lién tuong dén chu ky-1énh cia mot may
tinh. Nhung mdi chu ky ciia may suy dién, hay chu ky suy dién, doi hoi hang tram, thdm chi
hang ngan cac chu ky-1énh nay. Chinh vi vdy, can c6 nhitng méy tinh c6 toc do 16n dé co the
dat dugc hang tram chu ky suy dién trong mét gidy. Dy an mdy tinh thé hé 5 cua Nhat dé xuat
nhing kién tric dic trung cho phép dat dugc toc do hang triéu hay hang ty lips (Logical
Inference Per Second, mdi chu ky 1a mét suy dién).

II. Mot so so do co ban dé xay dung may suy dién

Sau day ta s& trinh bay mot sé chién lugc lién két cac luat trong cac may suy dién. Ta s&
gidi thidu cac «so do» (diagram) cua may hoat dong theo kiéu suy dién tién (pre- chaining),
hay theo kiéu suy dién lii (back-chaining), theo chiéu sau (depth-first), hay theo chiéu réng
(breadth-first), tuy theo ché dg bdt budc hay theo ché dg boi tham do. Mot van dé cling dugc
dit ra 1a Ildp ké hoach hanh déng (actions planning). Riéng may hoat dong theo ché do boi
tham do st dung dén cac bién (variable).

Duéi ddy ta s& trinh bay sau so d0 may. Khi khdi dong mot trong bén may dau tién 1a
PREDIAGRAM-1, PREDIAGRAM-2, BACKDIAGRAM-1 va BACK DIAGRAM?2, hai
bién toan cuc FACTSBASE va RULESBASE duoc gia thiét 13 biéu dién cac tap hop su kién
va tap hop luat tuong ung.

IL1. Mot vi du vé co sé tri thirc

Pé minh hoa hoat dong ctia bon may vira noi trén, ta xay dung mot co so tri thure vi du
nhu sau :

RULESBASE la danh sach cac luédt sau day
1 K, L, M > I
2 I, L, J > 0Q
3 C, D, E > B
4 A, B >0
5 L, N, O, P >0
6 C, H—>R
7 R, J, M > S
8 F, H > B
9 G > F
FACTSBASE la danh sé&ch : A, C, D, E, G,
H, K

Hinh 3.2 Mot co so tri thiee ky hiéu
Thanh phan bén trai ciia mdi ludt con dwoc goi 1a phan fién dé (premise trong luit ba
doan) cua luat, 1a phép hoi (conjunction) cua cac sy kién ky hi€u. Thanh phan bén phai con
duoc goi 1a phan ket ludgn (conclusion) cua ludt. Ta giai thich ludt 1 nhu sau :
— Hoidc : néu K va L va M 1a céc su kién duoc thiét 1ap, thi két luan rﬁng su kién I duoc
thiet 1ap.
— Hoic : néu thiét 1ap I, can phai thiét 1ap K va L va M.
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«D6 thi VA-HOAC» sau day biéu dién moi lién két co thé cua cac luét :
G *

J
AN
Av4

M* L * * K

* * H
O * N B * * A J * L * J */R * M
P* *L */

C
*

0O *

Hinh 3.3 Mot d6 thi VA-HOAC tir co s6 tri thitc ky hiéu

Trong d6 thi VA-HOAC trén day (ciing con duge goi 1a do thi cac bai toan con), khi mot
nhanh HOAC dugc thiét 1ap tir H VA F, mot nhanh HOAC duoc thiét 1ap tir E VA D VA C,
thi B dugc thiét lap. Su kién F dugc thiét lap do G duoc thiét lap. Dé cho tién trinh bay, ta da
lap lai cac nut sy kién C, H, J va M.

Du6i ddy, ta xdy dyng mot do thj con VA-HOAC tir do thi VA-HOAC trén day dé thiét
1ap su kién Q khi cac sy kién A, C, D va E duogc thiét 1ap.

E*D*C*

Hinh 3.4. D6 thi VA-HOAC thiét lap Q khi A, C, D va E duoc thiét lip



IL.2. Tim luit nho suy dién tién véi ché d bit budc don diéu

a. So do PREDIAGRAM—I : ldy ngay két lugn ciia méi ludt

PREDIAGRAM-1 la so d6 may suy dién gom hai thu tuc SETUP-A-FACT va RUN-A-
CYCLE. May suy dién dugc khaoi dong khi thu tuc SETUP-A-FACT duogc goi. Vi du, d¢ thiét
1ap Q, nguoi ta goi : SETUP-A-FACT (‘Q’).

procedure SETUP-A-FACT (FACT)
if FACT in FACTSBASE then return ‘success’
2. return RUN-A-CYCLE (RULESBASE)

procedure RUN-A-CYCLE (RULES, FACT, ARULE)

if RULES = & then return ‘failure’

ARULE <« chon mt ludt nao dé tir RULES (chang han lut gip dau tién)

RULES « RULES - { ARULE }

if (V) (ARULE.premise) in FACTSBASE then

4.1 begin

4.2 if ARULE.conclusion = FACT then return ‘success’

4.3 if not (ARULE.conclusion in FACTSBASE) then
FACTSBASE <« FACTSBASE + { ARULE.conclusion }

4.4 RULESBASE <« RULESBASE — { ARULE }

4.5 return RUN-A-CYCLE (RULESBASE)

4.6 end

5. return RUN-A-CYCLE (RULES)

[u—
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Hinh 3.5. So @6 mdy PREDIAGRAM~1

Thu tuc SETUP-A-FACT gay ra su suy dién tién cua céc luat, bang cach so sanh cac phan
tr thudce tiéq de cua cac luat vdi cac phan tur cia co so sy kién, xem chﬁpg n}m’ qhﬁ’ng su kién
da duoc thiét lap. Nguoi ta cling noi trong thu tuc SETUP-A-FACT, phén tién d€ cua cac luat
(gia st 1a cac thanh phan bén trai) cling 1a phan khoi dong.

Khi mot luat dugc khoi dong, phan tir két lugn dugc thiét 1p va ngay lap tirc dugc dua
vao trong co so sy kién FACTSBASE. Trong sudt qua trinh thuc hién thu tuc, FACTSBASE
chi chtra cac sy kién da dugc thiét 1ap.

Chéng han ta xét co sé su kién va luat da cho trong vi du hinh 3.2. Dé co thé thiét lap su
kién Q, ta khéi dong may PREDIAGRAM-1 ¢ thu tuc 3.7 béi 161 goi SETUP-A-FACT(‘Q”).
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Méy hoat dong nhu sau : luat 3 dugc khoi dong dé bo sung B vao FACTSBASE, luat 4
dugc khoi dong de bo sung Q. Loi goi thu tuc tra vé két qua «success».

Hinh 3.4. biéu dién viéc lién két cac lut 3 va 4 nhu 1a mot d6 thi VA-HOAC. Hinh 3.8
dudi day bicu dieén do thi trang thai cta thu tuc.

A CDEGHEK

Luat 3

\
A CDEGHTIEKSHB

Luat 4
sucg¢ess
Xudt hién Q trong phdn két luan cua
luat 4

Hinh 3.6. Do thi trang thdi cia PREDIAGRAM -2 dé thiét lap Q

Vi tri cia PREDIAGRAM-1 dbi véi chu ky co bén tong quat

Buéc RESTRICTION loai trir tt céa nhitng luat da st dung : xem 1énh 4.3 trong thu tuc
RUN-A-CYCLE 6 hinh 3.5. Cac budc FILTERING va CONFLICT-RESOLUTION dan xen
nhau trong cac 1énh tir 1 dén 4 cia RUN-A-CYCLE.

b. So @6 PREDIAGRAM : tao sinh va tich luy sw ki¢n theo chiéu rong

Twong tw PREDIAGRAM-1, so dd may suy dién PREDIAGRAM2 ciing gay ra su suy
dién tién ctia cac luat va dugc goi boi thu tuc SETUP-A-FACT ().

Cho E 1a mot su kién cua co so sy kién. Trong PREDIAGRAM?2, nguogc lai voi nhitng gi
da xay ra trong PREDIAGRAM-1, may tim kiém wu tién lan luot tung luat ddi voi cac luat
tuong thich véi E, trudce khi bd sung cac két luan vao trong E va trude khi sir dung chung dé
khoi dong cac luat moi.

Ta goi cac su kién & mic 0 1a cac sy kién khoi dau, cac sy kién & muc 1 1a cac két luan
ctia céc luat co thé dugc khai dong Xuét phat tir cac su kién khoi dau, va mot cach téng quat,
cac sy kién & mirc nl 1a cac sy kién nhan dugc xut phat tir cdc sy kién ma it nhat mot su
kién & muc n, trong khi do, cac su ki¢n khac ¢ muc nhé hon hoac bﬁng n. Tha tuc
PREDIAGRAM2 chi tao ra cac su kién ¢ murc nl khi tat ca cac su kién & mirc n da duoc tao
ra. Nguoi ta noi ré’mg PREDIAGRAM?2 tao ra cac su kién wu tién theo chiéu rong.

Nhimng két luan méi cua tt ca cac luat twong thich véi E dugc tich luy lién tiép nho bién
NEWFACTS (Iénh 4.3). Khi tat ca cac luat da duge xem xét, NEWFACTS tré nén r5ng trong
FACTSBASE (Iénh 1.3).

procedure SETUP-A-FACT (FACT)
if FACT in FACTSBASE then return ‘success’
2. return RUN-A-CYCLE (FACTSBASE, emptylist, FACT)
procedure RUN-A-CYCLE (RULES, NEWFACTS, FACT, ARULE)
1. if RULES = J then
1.1 begin
1.2 if NEWFACTS = & then return ‘failure’
1.3 FACTSBASE <« FACTSBASE + NEWFACTS
1.4 return RUN-A-CYCLE (FACTSBASE, emptylist, FACT)
1.5 end

[u—




2. ARULE <« chon mét luat ndo dé tir RULES (chang han luat gap dau tién)
RULES « RULES — { ARULE }
4. if (V) (ARULE.premise) in FACTSBASE then
4.1 begin
4.2 if két luan cuia ARULE = FACT then return ‘success’
4.3 if not (ARULE.conclusion in FACTSBASE)
or not (ARULE.conclusion in NEWFACTYS)
then NEWFACTS <~ NEWFACTS + { ARULE.conclusion }
4.4 RULESBASE <« RULESBASE - { ARULE }
4.5 end
5. return RUN-A-CYCLE (RULES, NEWFACTS, FACT)

(98]

Hinh 3.7. So @6 mdy PREDIAGRAM?

Thu tuc PREDIAGRAMZ gay ra cac sy suy dién tién cua céac luat va va tao ra cac su kiél}
theo ghiéq rong. D€ minh hoa, ta xét co s& su ki¢n va luét da cho trong vi du ¢ hinh 3.2. D€
c6 thé thiet 1ap su kién Q, nguoi ta khoi dong may PREDIAGRAM?2 béi 161 goi SETUP-A-
FACT(‘Q’).

D6 thi VA-HOAC trong hinh sau ddy biéu dién hoat dong ciia may :

Mac 0 : A * D * E * c * H * G * K *

(khéi déng (1) (khéi dbng 2) (khoi
déng 3)
Mac 1 * B * R * F
Ludt 4 -«
(khéi ddéng f)
Mac 2 Q

Hinh 3.8. o thi VA-HOAC biéu dién hoat dong ciia méy PREDIAGRAM?2
Xuat phat tir trang thai dau cia co so sy kién {A, C, D, E, G, H, K}, luat 3 dugc khoi
dong lam cho NEWFACTS = {B}. Sau do, 1an luot luat 6 roi luat 9 duoc khoi dong xuét phat
tir cung trang thai dau lam cho NEWFACTS = {B, R, F}. Luc nay khong con trang thai nao
dugc khoi dong xudt phat tir trang thai dau. Sau dé, tip hop NEWFACTS trd nén rong trong
FACTSBASE va FACTSBASE tr¢ thanh {A, C, D, E, G, H, K, B, R, F}. Xuét phat tir trang
thai nay, luat 4 dugc khoi dong va tao ra su kién Q.

Vi tri cia PREDIAGRAM-2 d6i véi chu ky co ban tong quat

Budc RESTRICTION mot mit, loai trir tat ca nhitng luat da st dung, nhung mat khac,
khong cho phép st dung cac su kién c6 mirc nl chung nao ma tat ca cac su kién c6 mirc nho
hon hoac béng n chua duoc tao ra. Cac budéc FILTERING va CONFLICT-RESOLUTION
dan xen nhau trong RUN-A-CYCLE.

Cic may & ché d9 bit budc, don di¢u

Ca hai may PREDIAGRAM-1 va PREDIAGRAM-2 déu hoat dong theo ché do bit
budc, vi rang viéc khoi dong cia mot luat khong bao gid duoc thay thé boi mot khoi dong
khéc va két qua tao ra boi mot luét trong co so su kién khong bao gio dugce xét lai.

Mit khac, cac 1énh trong PREDIAGRAM-1 va PREDIAGRAM-2 chi cho phép bd sung



May suy dién 79

céc sy kién da thiét 1ap (1énh 4.2), vi ring cac sy kién da thiét 1ap van con dé dé tiép tuc.
Nguoi ta n6éi rang nhiing may nay la don diéu.

I1.3. Tim luit nho suy dién lui véi ché d6 thim do don diéu

a. So dé BACKDIAGRAM -1 : sin sinh cdc bdi todn con theo chiéu siu

May suy dién BACKDIAGRAM-1 cho trong hinh 3.9. dudi day gom bdn thu tuc la
SETUP-A-FACT, SETUP1, SETUP2 va FACTS-CONJUNCTION-SETUP.

May duoc khéi dong bang cach goi mét trong cac thu tuc SETUP-A-FACT hay FACTS-
CONJUNCTION-SETUP. Chang han, dé thiét 1ap Q, ta c6 10i goi : SETUP-A-FACT(‘Q’).

Thi tue BACKDIAGRAM-1 tao ra sy suy dién Iui ctia cac ludt bang cach so sanh phan
két luan cua cac luat v6i cac sy kién can thiét 1ap tai thoi diém dang xét. Doi voi
BACKDIAGRAM-1 phan két luén cia cac ludt (thanh phan bén phai) 1a phan khéi dong cua
ching. Chu ¥ rang tai mdi thoi diém, thi tuc duy tri tip hop cac su kién can thiét lap.

Vi dy, luc dau, khi goi SETUP-A-FACT(‘Q), tap hop cac sy kién can thiét 1ap chi chua
Q. Néu luat 2 duoc sir dung va dugc khoi dong thi sy kién can thiét 1ap Q sé& duoc thay thé
bdi I, J va L. Nguoi ta ndi rang I, J va L 1a nhiing bai toan con cua bai todn Q hay bai toan Q
la cha cua cac bai toan I, J va L.

procedure SETUP-A-FACT (FACT)
if FACT in FACTSBASE then return ‘success’
2. return SETUP1 (FACTSBASE)

procedure SETUP1 (RULES)

if RULES = J then return ‘failure’

ARULE <« chon mt ludt nao d6 tir RULES (chang han luat gip dau tién)
RULES « RULES - { ARULE }

if (FACT in ARULE.conclusion) then

if SETUP2 (ARULE) = ‘success’ then return ‘success’

5. return SETUP1 (RULES)

procedure SETUP2 (RULE, THEFACTYS)
THEFACTS <« { F | F in ARULE.premise }
2. return FACTS-CONJUNCTION-SETUP (THEFACTS)

—_

PR
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procedure FACTS-CONJUNCTION-SETUP (FACTS)
1. if FACTS = & then return ‘success’
2. AFACT <« chon mot su kién nao do tu FACTS
(chdng han lut gip dau tién)
FACTS <~ FACTS — { AFACT }
if SETUP-A-FACT (AFACT) = ‘failure’ then return ‘failure’
return FACTS-CONJUNCTION-SETUP (FACTYS)

B

|9,

Hinh 3.9. So @6 mdy BACKDIAGRAM -1
Ta goi cac bai toan ban dau & muc 0 va cac bai toan ma mot cha cua chiung la & mitrc n,
con cac cha khac c6 thé & mic nhd hon hodc bé’mg n. Dé thiét 1ap mot su kién Q,
BACKDIAGRAM-1 tao sinh va giai cac bai toan con tuy theo mét chién lugc 1a truong hop
dic biét cua ho céac chién lugc wu tién theo chiéu sdu : thi tuc s& giai cac bai toan con c6 murc
wu tién cao nhat.



Phan biét giira khéi dong mot ludt va rit ra két luan ciia mot luat

Khi mdt luét duge sir dung dé thlet lap mot sy kién c6 mat trong phan két ludn xudt phat
tir cac su kién c6 mat trong phén tién dé, gia st di dwoc thiét 1ap, ngudi ta nodi rang da rit ra
két ludn ciia mot ludt.

. Khi‘ m(f):[ luat duoc st dung theo kiég suy dién 1o dé thay thé‘ cac su kién c6 madt trong
phan tién d€ boi su kién c6 mat trong phan ket luén, ngudi ta n6i rang da khoi dong mot lugt.
Van dé 1a khong nén nham lan viéc khéi dong mét luat va rat ra ket luan cua moét luat.

Vi du hoat dong cia thi tuce BACKDIAGRAM-1
Ta tiép tuc xét co so su kién va luat da cho trong vi du ¢ hinh 3.2. Dé co thé thiét lap su
kién Q, nguoi ta khai dong may BACKDIAGRAM-1 bai 101 goi SETUP-A-FACT (‘Q”).

Do thi cac bai toan con dudi day biéu dién hoat dong ciia may :

*
Luw Wat 1

(khoi dong 4) (kh&i dbéng
2)

*

Luat 4\@/ \%}/ Luat 2
(khoi déng 3) \/@/ (khoi déng 1)
*

Hinh 3.10. D6 thi cdc bai todn con thiét ldp O ciia mdy BACKDIAGRAM1

Khi luat 2 duoc khoi dong, dan dén cac su kién J, L va I can duoc thiét 1ap. Trudc tién, sy
kién I dugc xem xét, tir d6 luat 1 dugc khai dong dan dén cac su kién M, L va K. Mic du su
kién K dugce thiét lap, nhung khong c6 luét nao chtra L hay M trong phan khai .dong, nén su
kién can dugce thiét 1ap lai quay tr¢ lai I. Do khong c6 luat nao chira I trong phan khoi dong,
su kién can dugc thiét 1ap bay gio quay tro lai Q. Luét 4 duoc khoi dong, dan dén cac su kién
A va B. Do A d3 duoc thiét 1ap, may xem xét sy kién can duoc thiét lap B. Tu do, ludt 3 duoc
khoi dong dan dén cac sy kién C, D va E. Do C, D va E da duoc thiét 1ap, luat 3 ngay lap tic
duogc ghi nhan : B dugc thiét 1ap va do d6, Q duoc thiét 1ap.

Vi tri ciia BACKDIAGRAM-1 ddi véi chu ky co ban tong quat

Do suy dién Iui, viéc khoi dong mot luat dan dén mot su kién Q, 14 su kién can duwoc thiét
ldp (hay gid thuyét can truy cdp, hay bai todn, hay dich) duoc thay thé bai nhiéu su kién khac
can thiét lap, chang han L, N, O va P.

Tuy nhién, cac bai toan con khong c6 mat mot cach tudng minh (explicit) trong co sd su
kién : ching chi dugc ghi nh¢ trong qua trinh goi thu tuc. Nhiing bai toan con chua dugc giai
quyét 1am thanh mot phan tiém dn (implicit) trong co s& su kién ma céac sy kién nay co vai tro
xac dinh lya chon cac luat s€ dugc sir dung cho chu ky tlep theo.

Hinh 3.11. duéi day biéu dién qua trinh khoéi dong cac ludt cua tha tuc
BACKDIAGRAM-1 bdi mét d6 thi trang thai dé thiét 1ap Q.
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Phén bén phai ciia mdi 6 twong Gng véi phan tuong minh cua co s sy kién, gdm cac sy
kién da thiét 1ap. Phan bén trai tuong Umg voi phan 4n, gdm cac sy kién can thlet 1ap hay cac
bai toan chua dwoc giai quyét, duoc in chit ddm trong hinh). Cac két ludn cudi cung kéo theo
bi cac luat 3 roi 2 khong duge biéu dién trong hinh.

Q ACDEGHK|

Luat 2 Luat 4
(khéi déng 1/ \ (khdi déng
3)
|1 JLACDEGHK | |B ACDEGHEK |

Luat 1 Luat 3
(khéi déng [) (khdi doéng
IMJILarcDEGEHK | | ACDEGEHE K|

Hinh 3.11. P6 thi trang thdi thiét lgp O ciia BACKDIAGRAM~I

Trong BACKDIAGRAM-1, giai doan RESTRICTION trudce tién duoc cu thé hoa bai su
phan biét gitra mdt bén 1a cac su ki@n da t}}iét 1ap va mot bén 1a cac bai toan. Chi c6 cac bai
toan 1a duoc so sélph voi cég luat, dé co thé khaoi dff)ng chung. Nghia 1a viéc RES,TRICTION
mot mat vao lic dau cua moi chu ky co ban, chi dén bai toan phai duoc giai quyét trong chu
ky nay va mét mat, thu hep tap hop céac luat can st dung (1énh 3 cia thu tuc SETUP1).

V& nguyén tic, bai toan ndy s& duoc xem xét trong sb cac bai toan xuét hién tir chu ky
trude do (Iénh 2 cua FACTS-CONJUNCTION-SETUP, hinh 3.9), loai trir hai truong hop sau

— Moi bai toan xut hién tir chu ky truéc d6 by gio dugc coi la da thiét 1ap (tra vé
thong bao ‘success’ bdi 1énh 1 roi Iénh 5 cua thu tuc FACTS-CONJUNCTION-
SETUP). Trong trudng hop nay, bai toan da 1am khoi dong mot luat & chu ky trude do
dugc coi la da thiét 1ap (tra vé lan cuoi cung thong bao ‘failure’ boi thu tuc SETUP-
A-FACT).

— €06 thé xay ra rang mot bai toan xudt hién tir chu ky trude dé khong thé duoc thiét lap
(khong thyc hién thu tuc FACTS-CONJUNCTION- SETUP do 1¢nh 4). Trong truong
hop nay, bai toan da lam khoi dong chu ky trude do van con phai duoc thiét lap (tra
vé 1an cudi cung thong bao “failure’ béi thi tuc SETUP-A-FACT).

Trong ca hai truong hop, vé nguyén tac, viéc RESTRICTION s& dua dén mot bai toan 1ay

tir chu ky trude truc ti€p va cir thé tiép tuc.

Thu tue BACKDIAGRAM-1 dimg, hodc do tat ca cac bai toan lic dau duoc coi la da

duogc thiét 1ap, hoac do mét trong chiing khong thé dugc thiét 1ap.
Tuy nhién, BACKDIAGRAM-1 c6 thé khong bao gid dimg, néu ta thém vao co s& luat
RULESBASE ¢ vi du (hinh 3.2) mét luat tha 10 1a Q — L.

Cac budc GIAI QUYET TRANH_ CHAP va FILTERING trong chu ky co ban cua
BACKDIAGRAM-1 Qan xen nhau trong cac Iénh tur 1 dén 4 cta thu tuc SETUPL. Giai doan
EXECUTION duogc biéu dién béi tha tuc SETUP2.

b. Mgt vai bién dang ciia BACKDIAGRAM -1
BACKDIAGRAM-1 ¢6 thé dugc mé rong bé'mg nhiéu cach, ché’ing han :
— Ghi nh¢ céc sy kién da duge thiét 1ap va hién thi céac thong bao mdi khi cac su kién



méi xuét hién.

— Tranh cac vong lap bang cach dé riéng ra tit ca nhitng luat di duoc khoi dong mot
lan.

— Cho phep hé thong ude lugng mot sb su kién nhd cac cdu hoi cua nguoi dung, thay vi
lién két cac luat.

c. So déo BACKDIAGRAM -2 : tgo sinh cdc bdi todn con theo chiéu sau triv khi

co mot ludt dwoc két ludn ngay

Tt so d0 BACKDIAGRAM-1, bé'mg cach thay ddi chién lugce theo chiéu siu, ta nhan
dugc so 4 BACKDIAGRAM-2 cho trong hinh 3.12.

Cha ¥ rang cac tha tuc SETUP1, SETUP2 va FACTS-CONJUNCTION-SETUP cia
BACKDIAGRAM-2 va BACKDIAGRAM-1 la giong hét nhau.

Gia su ta co tap hop cac luat két thuc tai sy kién FACT (Iénh 2 cua thu tuc SETUP-A-
FACT), ta mong muén chi xét trude tién néu mot trong cac luat nay 1a két thac ngay 1ap tuc,
nghia la néu cac sy kién cta tién dé cua luat nay da c6 mat trong FACTSBASE (Iénh 3 ctua
thu tuc SETUP-A-FACT).

Ta xét cac luat két thic tai su kién FACT tuong ung voi moét di chuyén theo chiéu rong
trén db thi cta hinh... D6 1a sau khi xem xét theo chidu rong khong thanh cong, ngudi ta co
xu hudng thiét 1ap cac su kién thiéu tir mot dén nhiéu luat. Piéu nay twong ting vdi mot su
tang tién tir mirc theo chiéu siu so voi dinh biéu dién FACT.

Chién luoc nay dugc nhin nhan nhu 1a mét budc dau tién ké tr cac chién luge wu tién
theo chiéu sau dén cac chién luoc wu tién theo chiéu rong. Chién lugc nay ciing twong tng
v6i mot dang thire giai quyét xung dot dic biét.
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procedure SETUP-A-FACT (FACT, CONFLICT)

if FACT in FACTSBASE then return ‘success’

CONFLICT « { R | (R in FACTSBASE) and (FACT in R.conclusion) }
if DIRECTSETUP1 (CONFLICT) =‘success’ then return ‘success’
return SETUP1 (CONFLICT)

procedure DIRECTSETUP1 (RULES)

if RULES = & then return ‘failure’

ARULE <« chon mot ludt nao do tir RULES (ch’fmg han luat gép dau tién)
RULES « RULES - { ARULE }

THEFACTS <« { F | F in ARULE.premise }

if (THEFACTS 1a tap hop con cia FACTSBASE) then return ‘success’
return DIRECTSETUP1 (RULES)

procedure SETUP1 (RULES, ARULE)

if RULES = & then return ‘failure’

ARULE <« chon mét luat nao d6 tir RULES (chang han luat gap dau tién)
RULES « RULES — { ARULE }

if SETUP2 (ARULE) = ‘success’ then return ‘success’

return SETUP1 (RULES)

procedure SETUP2 (RULE, THEFACTS)
THEFACTS « { F | F in ARULE.premise }
2. return FACTS-CONJUNCTION-SETUP (THEFACTS)

=
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procedure FACTS-CONJUNCTION-SETUP (FACTS, AFACT)

if FACTS = @ then return ‘success’

AFACT <« lay mot su kién nao dé tir FACTS (chéng han luat gip dau tién)
FACTS «~ FACTS — { AFACT }

if SETUP-A-FACT (AFACT) = ‘failure’ then return ‘failure’

return FACTS-CONJUNCTION-SETUP (FACTYS)

kW=

Hinh 3.12. So @6 BACKDIAGRAM -2

Cac may ché do thim do nhung don diéu

C4 hai thu tuc BACKDIAGRAM-2 va BACKDIAGRAM-1 déu hoat dong theo ché do
tham do vi rang day cac khai Q(f)ng h}ét ma vo ich co th§ bi loai bd va duoc thay thé bdi cac
khéi dong khac : cac su kién can thiét lélp du’qq thay thé boi cac su ,kién‘khéc. Mic du co6 su
quay lui tic dong lén cac su kién can thi€t 1ap, nhung ta thay ring ca hai thu tuc
BACKDIAGRAM-2 va BACKDIAGRAM-1 déu khong lé}y di, va cling khong thém vao,
cac su kién da thiét 1ap. Ca hai thu tuc déu hoat dong theo ché d6 don diéu.
I1.4. Tim cac luit nho lién két hon hgp, véi che d¢ thim do khong

don diéu

Hinh 3.13 duéi ddy thé hién mot co so tri thire ky hiéu ding dé tao ra céc ké hoach hanh
dong (action plan) va phuc vu cho so d6 may vi du MIXEDIAGRAM ¢ hinh 3.15. Luét R1
duogc giai thich nhu sau : «dé gié}i bai toan P1, can '[hl_;l'C }}ién cac hanh dong A1 roi AZ». Luat
R4 duoc giai thich nhu sau : §<dé giai bai toan P3, biét rang su kién F1 da dugc thiét lap, chi
can thyc hién hanh dong A5 r6i giai bai toan P4».



RULESBASE : R1: PI1 «— Al A2
R2: PI1 « A3
R3: P2 < PI1,A4,P3
R4: P3,Fl < A5,P4
R5: P3,F2 <« P5
R6: P3 <« A4,P6
R7: P4,F2,F3 <« A2

FACTSBASE (céc sy kién da thiét lap) : { F3, F4 }
PROBLEMSTACK (cac sy kién can thiét lap) : danh sach (P2)
Bang cc hanh dong két thiic (nhitng bai toan so khoi)

Hanh dong Su kién da thém vao Su kién da loai bo
Al F1, F2 Khong co
A2 Khong c6 Fl
A4 Khong c6 Khong co
A5 F2 F4

Luc dau, PLAN 1a danh sach rong

Hinh 3.13 Mét co s6 tri thire khéi dau ciia so d6 may MIXEDIAGRAM

a. Lién két hén hop

Céc luat dugc goi bang cach kiém tra thanh phan bén trai cia ching. Mdi phan tir thude
thanh phan bén trai luat 1a mot bo lo, rat gon thanh mot ky hiéu trong vi du dang xét. RS rang
rang b loc dau tién dya trén mot phan dic biét cua co so su kién, chi chira cac su kién can
thiét 1ap (hay cac bai toan can giai) duoc goi 1a PROBLEMSTACK (viét tit PRS). Céc b loc
khac, thong thuong thudc thanh phﬁn bén trai cua luat dua trén mot phﬁn cua co so su kién,
theo quy udc, chi chira cac su kién da thiét 1ap, 1a FACTSBASE.

Thanh phﬁn bén trai cia ludt tao nén bo khoi dong cua luat do. Cac luét dugce goi theo /ién
két hén hop theo nghia rang cac bd loc cia bo khoi dong c6 thé quan hé dong thoi dén cac sy
kién da thiét 1ap va cac su kién can thiét 1ap. Khi khong c6 cac bd loc lién quan dén
FACTSBASE (céac bo loc sy kién), may hoat dong theo kiéu suy dién lui.

Thanh phﬁn bén phai cta luat 1a thdn cia ludt d6. N6 xac dinh cac hanh dong can thuc
hién trén PRS va sau d6 1a trén FACTSBASE. Chang han, néu phan tir dau tién cua PRS 1a
P1, luat R1 c6 thé dugc khai dong : Al va A2 duoc dit mot cach twong tng & cac vi tri dau
tién va vi tri thir hai cua PRS, trong khi do, P1 duogc léy ra.

b. Ldp hay «tao sinh ké hoach»

Céc hanh dong A1, A2, A5, v.v... ¢6 thé dugc xem nhu 1a nhing bai toan giai dugc ngay,
dugc goi 1a cac bai todn so khoi (primitive problem). Chiing ciing biéu dién cac hanh dong so
cép co thé co6 mat trong mot ké hoach hanh dong, duogc goi 1a cac hanh dong két thic
(terminal act). Khi mot hanh dong nhu vdy duogc chén vao trong mot ké hoach dang xay
dung, can biéu dién cac két qua cta no : thém vao hay lay cac su kién ra. Thém mét su kién
vao dugce giai thich nhu 1a thiét lap mot su kién. Léy ra mot su kién dugc giai thich nhu 1a
khong con dugc thiét 1ap nita.

Mot ky hiéu duge xem 1 biéu dién mot hanh dong két thuc néu né cé mit trong bdng cdc
hanh dong ket thuc. Khi do, luat R4 tuong duong voi :

P3,Fl < ADD F2, MOVE F4, R4
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Sau khi khoi dong mot luat, khi mot hanh dong c6 mat tai vi tri dau tién (hay la dinh) cua
PRS, thi n6 dugc lay ra ngay (tir dinh) dé dét vao cuéi danh sach PLAN. Tai thoi diém nay,
qua trinh dit vao, 1dy ra mo ta trong ‘bang cac hanh dong két thuc & hinh 3.13 trén day duoc
tl}uc hién. Chang han, khi A5 duoc lay ra, F2 dugc thém vao trong FACTSBASE va F4 duoc
lay ra.

c. Khong don diéu

Sy khac nhau co ban cia MIXEDIAGRAM so véi cac so d6 may trude day 1a ¢ kha nang
diéu khién, boi viéc khoi thao ra mot luat (cung voi nhimng thong tin 1ién quan nhu trong bang
cac hanh dong két thuc), viéc 13y ra cac két luan trude d6 da duoc thiét 1ap boi ap dung cac
luat khac.

Khi mot may suy dién xét lai cac su kién dd duogc thiét 1ap, nguoi ta ndi ring may dé 1a
khong don diéu. Nhu vay, MIXEDIAGRAM la may khong don dicu.



d. Khoi dong wu tién theo dj sdu
procedure SOLVE-A-PROBLEM (PROBLEM)

1. PROBLEMSTACK <« danh sach chi chita mdi phan tir PROBLEM

2. PLAN « danh sich rong

3. ACONTEXT « danh sach cac phan tir

PROBLEMSTACK, FACTSBASE, PLAN

4. if SOLVE (ACONTEXT, RULESBASE) = ‘failure’ then return ‘failure’
Soan thao PLAN
. return ‘success’

procedure SOLVE (THECONTEXT, RULES)
if PROBLEMSTACK = & then return ‘success’
RULE-INDIC «- RUN-A-CYCLE (dinh cuia PROBLEMSTACK, RULES)
if RULE-INDIC = ‘failure’ then return ‘failure’
ACONTEXT « danh sach cac phan tir sau khi ra khi RUN-A-CYCLE :
PROBLEMSTACK, FACTSBASE, PLAN
if SOLVE (ACONTEXT, RULESBASE) = ‘success’then return ‘success’
if RULE-INDIC = ‘primitive’ then return ‘failure’
PROBLEMSTACK <« Phén tir dau tién cia THECONTEXT
FACTSBASE < Phan tur thir hai cha THECONTEXT
PLAN < Phan tir tht ba cia THECONTEXT
0. RULES « RULE-INDIC d l4y di phan tir dau tién
1. return SOLVE (ACONTEXT, RULESBASE)
procedure RUN-A-CYCLE (PROBLEM, RULES, ARULE)
1. if PROBLEM c6 mit trong bang cac su kién két thuc then
1.1 begin
1.2 Loai b6 PROBLEM la dinh cuia PROBLEMSTACK
1.3 Dt PROBLEM vao cudi PLAN
1.4 Thyc hién dit vao va lay ra d6i v6i FACTSBASE nhu da mé ta d6i véi
PROBLEM trong bang cac su kién két thuc
1.5 return ‘primitive’
1.6 end
2. if RULES = & then return ‘failure’
ARULE <« Luat dau tién ciia RULES
4. if ARULE la khoi dong duoc
(b6 khéi @ong tuong thich véi PROBLEM va FACTSBASE) then
4.1 begin
4.2 Loai bo dinh cia PROBLEMSTACK
4.3 Dit cac phan tir trong than cia ARULE vao PROBLEMSTACK,
cha y phan tir diu tién ndm & dinh va ctr thé tiép tuc
4.4 return RULES
4.5 end
5. return RUN-A-CYCLE (PROBLEM, RULES di liy di ARULE)

o v

L=

eI IR ]

W

Hinh 3.14. So d6 MIXEDIAGRAM

May MIXEDIAGRAM duoc mo ta trong hinh 3.14 trén day. Xuat phét tir co so tri thic
cho trong hinh 3.13, ta c6 thé st dung 101 goi :
SOLVE-A-PROBLEM (P2)
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May khéi dong luat dau tién cia RULESBASE c6 bo khéi dong twong thich véi PRS va
FACTSBASE. Luat nay duogc khoi dong va s& 1a luat dau tién cia RULESBASE tuong thich
V01 tinh huéng dugc tao ra boi viéc khdi dong cia luat trude d6 : qua trinh khéi dong uu tién
theo chiéu sau.

Néu PRS tré nén rong, may ding lai : bai toan ban dau da dugc giai, trang thai hién hanh
ctia PLAN duoc cung cip. Néu PRS khong rong, nhung néu khéng con mot luat nao khoi
dong dugc, MIXEDIAGRAM s€ c6 khuynh hudng quay lui : nghia 1a n6 s€ 4p dung mét luat
m&i cho bai toan cudi cung khong la so khéi da duoc léy ra tir PRS, va ctr thé tiép tuc.

Cac miay BACKDIAGRAM-1 va BACKDIAGRAM-2 ciing ¢6 co ché quay lui. Tuy
nhién, déi véi MIXEDIAGRAM, diéu méi & day 1a khi xem xét lai cach mot bai toan duoc
phan tach ra, MIXEDIAGRAM lai dugc dan dén thiét 1ap lai bdi canh (trang thai cua PRS,
FACTSBASE, PLAN) glong hét b01 canh da ton tai & thoi diém bai toan nay dugce xem xét,
trugec khi xem xét lai 1an nita, néu co thé, boi luat phan tach khac. Do vdy, so dd
MIXEDIAGRAM dan dén mot chuong trinh khac han.

P2
(1)R3
w
2)R1 = - R2 (5) 7 = /ﬁ: R6 /é<(6)
A1 A2 A3 P5 A4 Pe A5 P4
MR7 k
b a2

Hinh 3.15. Do thi tim kiem tao sinh boi mday MIXEDIAGRAM

Hinh 3.15 trén day 1a d6 thi VA-HOAC biéu dién su két ndi cac luat tao ra tir co s tri
thirc cho trong vi du & hinh 3.13.



Taco:

Céc Két qua Noi dung Noi dung Noi dung
budc hanh dong PROBLEMSTACK | FACTSBASE PLAN

1 | Khoi dong luat R3 (P1 A4 P3) khong thay d6i rong

2 | Khai dong luat R1 (A1 A2 A4 P3) khong thay doi rong

3 | Lay A1, A2, A4 tir dinh PRS (P3) {F2 F3 F4} (Al A2 A4)

4 | Khéi dong luat RS (P5) khong thay d6i | khong thay d6i

5 | Khong con luat nao duoc khoi (P3) {F2 F3 F4} (Al A2 A4)
dong, quay lai giai P3 RULES={R6 R7}

6 | Khoi dong luat R6 (A4 P6) khong thay d6i | khong thay d6i

7 | Lay A4 tir dinh PRS (P6) khong thay doi | (A1 A2 A4 Ad)

3 Khong con luat nao dugc khoi (P3) {F2 F3 F4} (A1 A2 A4)
dong, quay lai giai P3 RULES = {R7}

o | Khong con lut nao duoc khoi (P1 A4 P3) | (F3 F4} | rong
dong, quay lai giai P1 RULES = {R4 R3 R4 R5 R6 R7}

10 | Khoi dong luat R2 (A3 A4 P3) khong thay doi rong

11 | Lay A3 va A4 tir dinh PRS (P3) {F1 F3 F4} (A3 A4)

12 | Khoi dong luat R4 (A5 A4) khong thay doi | khong thay d6i

13 | Lay A5 tir dinh PRS (P4) {F1 F2 F3} (A3 A4 A5)

14 | Khoi dong luat R7 (A2) khong thay doi | khong thay d6i

15 | Lay A2 tir dinh PRS rong {F1 F2 F3} (A3 A4 A5 A2)

16 | May dung

e. Giii thich so @6 MIXEDIAGRAM

Thu tuc SOLVE dé riit gon bai toan du (goi 1a PB) khéi PROBLEMSTACK khi thu tuc
RUN-A-CYCLE dugc goi. C6 bon trudong hop xdy ra :

Truong hop 1 :

Thii tuce RUN-A-CYCLE tra vé ‘failure’ khi PB khong twong (mg vi mot hanh dong két
thiic va khong duoc phan tach boi mot ludt nao tir danh sach RULES. Trong truong hop nay,
thu tuc hién hanh SOLVE dirng va tra vé ‘failure’ & mirc cao hon.

Tham ddi thir hai cia RUN-A-CYCLE 1a RULE-INDIC nh4n dugc giéng nhu 1a tham ddi
thir hai cua SOLVE. Tai 101 goi dau tién ciia SOLVE bdi SOLVE—A—PROBLEM (1énh 4),
tham d6i nay c6 gia tri cua RULESBASE. Tuong tu nhu vy d6i v6i mot sO 101 goi cua
SOLVE bdi chinh n6 (I¢nh 5). Poi voi cac 101 goi khac (Iénh 11 cua SOLVE), tham doi nay
khong con 1a mot danh sach con cia RULESBASE.

Néu RUN-A-CYCLE khéng tra vé “failure’ 1a vi, hodc PB 1a mot hanh dong ké‘g thuc,
hodc PB 1a mdt bai toan phan tach dugc bdi mdt trong cac luét ciia danh sach cung cap cho
161 goi RUN-A-CYCLE. Trong hai tinh hudng nay, ngudi ta goi ngay 1ép tire thu tuc SOLVE
v6i tham d6i thir nhat 13 bbi canh cua viée xtr Iy PB (tlen trién cia FACTSBASE va/hoic cia
PROBLEMSTACK) boi RUN -A-CYCLE, va tham ddi tht hai 1 toan b RULESBASE. Sau
day, ta goi R 1a 101 goi nay doi véi thu tuc SOLVE.

Truong hop 2 :

Néu 161 goi cudi cing R nay d(f)i v6i SOLVE tra vé ‘success’, thu tuc SOLVE hién hanh
tra vé ‘success’ 6 mirc cao hon. Néu khong, viéc xur 1y phai phén bit tuy theo thu tuc RUN-
A—CYCL}E da nhan biét PB nhu 1a mot hémh,d(f)ng két thuc, nghia 1a mét bai toan so khadi
khong thé phan tach duoc, hodc da dugce du kién phan tach.

Truong hop 3 :
Tha tuc RUN-A-CYCLE s& tra vé “primitive’ néu PB 13 mot hanh dong két thuc. Trong



May suy dién 89

truong hop nay, su that bai cua 10i goi R d6i voi SOLVE c6 nghia can phai xem xét lai viée
dit PB vao dau danh sich PROBLEMSTACK : luc nay, thi tuc SOLVE hién hanh tra vé
‘failure’ & murc cao hon.

Truong hop 4 :

Néu PB khéng 1a mot hanh dong két thuc, thi PB phai phan tach dugc. Nhu vy, tha tuc
RUN-A-CYCLE di khéi dong mot luat dé phan tach PB, dit két qua phén tach caa PB vao
dau danh sach PROBLEMSTACK va tra vé danh sach con cia RULESBASE c¢6 phan tir ddu
tién 1a ludt vira dwoc khoi dong. Trong truong hop nay, 161 goi R dbi véi SOLVE khong
thanh cong do co su xuét hién cac bai toan con cta PB. Vi vay, can thir tim mot phan tach
khac d6i voi PB : bdi canh di ton tai trude 10i goi RUN-A-CYCLE duoc khoi phyc va xuat
hién mot 101 goi moi d6i véi SOLVE. Tham ddi thtr nhat cia 101 goi nay d6i voi SOLVE la
danh sach céc luat nhan duoc tir tham dbi caa SOLVE hién hanh, sau khi ly di luat da th.

. Mgt vai bién téu don giin khdc ciia MIXEDIAGRAM

1. Day cac bai toan. Twong tac

Trén nhiéu diém khac nhau, ngudi ta ¢6 thé phong theo so dd BACK DIAGRAM-1. D¢ dura ra mot
day co6 thir tur cac bai toan, chi can xem xét lai thi tuc SOLVE—A-PROBLEM sao cho day nay dugc nap
vao PROBLEMSTACK khi méi khéi dong. Ta c6 thé du kién mét hoat dong twong tac : khi khong co
mot luat nao ap dung duqc chq bai toan nam trén dinh cia PROBLEMSTACK (xem Ie:mh 2qcﬁa RUN-A-
CYCLE), nguoi ta c6 thé quyét dinh, trude khi quay lui, hoi ngudi sir dung xem ¢6 can hién thi phéan tir
dinh cta PROBLEMSTACK, va hién thi, hoa}c tat ca hoac m(f)t‘phén cua FACTSBASE hay khong ?
Nguoi str dung cling c6 the chi ra bai toan c6 the giai dugc trong dieu kién da dinh.

2. Piéu khién theo d¢ siu

Vi cac su kién da thiét lap 6 thé duoc xem xét lai, nguoi ta cin phai khai dong mot luat
nhleu lan trong cung mot bdi canh, nén co thé dan dén 1 nguy €O’ X0ay vong. bé diéu khién su
tién trién tim kiém theo dd sau, nguoi ta co thé gan mdi phan to PB cua PROBLEMSTACK
vO1 mot «mucy bang muc cua bai toan la bai toan da dugc phan tach dé xuét hlen PB cong
thém 1. Bai toan khoi dau sé duoc gan muc 0. Ngu’(n ta khong cho phep giai quyet bai toan

c6 muc vuot qua mot gia tri gidi han da dugce an dinh trude. Chu y rang mirc ciia mot bai
toan c6 thé giam dan theo qua trinh tim kiém.

3. Tim kiém tét ca cac 10i giai

C6 thé c6 nhiéu ké hoach hanh dong cung biéu dién 15i giai ciia mot bai toan da cho.
Trong vi du ¢ hinh 3.13, nguoi ta co6 thé tim thay hai ké hoach dé giai P 1a ké hoach (A1 A2)
va k¢ hoach (A3).

Néu ta thém mot ludt thir tim 1a P1 « Al, ta s& tim thdy hai ké hoach d¢ giai P2 Ia (A3
A4 A5 A2) va ke hoach (A1 A4 A5 A2).

Luc nay ta c6 thé thay d6i MIXEDIAGRAM sao cho khi can, n6 c¢é thé tim dwoc cac ké

hoach khéac nhau nay. Mudn vay, ta s& bo dong 1énh 5 ciia SOLVE-A-PROBLEM va thay thé
1énh 1 cia SOLVE boi :

1 if PROBLEMSTACK = & then

1.1 begin

1.2 Soan thao PLAN

1.3 Yéu cdu ngudi st dung 1ap PLAN khac (Y/N?)
1.4 if ddng y (Y)then return “failure’

1.5 return ‘success’

1.6 end



O 1énh 1.4, ngudi ta da tao ra mot “failure’ dé bit budc may tim kiém mot 101 giai khac co
the, xuat phat tir boi canh hién hanh.

IL.5. So do may sir dung bién
(suy dién 1ui v6i ché d6 bit budc va don diéu)

Hinh 3.16 trinh bay mot vi du vé tri thirc va cac bai toan sé& duoc giai bdi may
BACKDIAGRAM-3 cho béi hinh 3.19. Chu ¥ ring trong hinh 3.16, cac thé hién tri thirc co
chira cac bién, cac bién dugc dat tén quy wdc 1a x, y, z, u va v. Cac ky hiéu C1, C2, C3, C4,
C5, C8 biéu dién cac su kién di duoc thiét 1ap, C6, C7, C9 biéu dién luat.

Su kién C3 trong co so thé hién pierre 1a cha ciia jean. Sy kién C6 noi 1én rang du x hay y
1a nhu thé nao, ngay khi SON(y, x) dugc thiét 1ap, nghia 1a khi da thiét 1ap y 1a con cia x, thi
c6 thé thiét 1ap FATHER(x, y), nghia lax la cha cua y. Hay nguoc lai : du x hay y 1a nhu thé
nao, dé thiét lap FATHER(x, y), chi can thiét 1ap SON(y, x). Su kién C6 thé hién du x,y va z
1a nhu thé nao, dé thiét 1ap rang x 13 6ng cua y, chi can thiét 1ap x 1a cha cua z va z 1a cha cua
y.

O day, ta quy u6c rang cac thanh phan bén trai luat 1a két luan cua luat, cac thanh phan
bén phai luat 13 tién dé. Cac luat ludn ludn chi chira mot két luan duy nhit va c6 mét hoic
nhiéu tién dé.

KNOWLEDGESBASE :
C1 BLOND (marc)
C2 BROWN (jean)
C3 FATHER (pierre, jean)
C4 FATHER (marc, pierre)
C5 FATHER (jean, rené)
C6 FATHER (x, y) < SON (y, x)
C7 GRANDFATHER (x, y) <« FATHER (x, z), FATHER (z, y)
C8 SON (marc, georges)

PROBLEMSTACK (céc sy kién can thiét 1ap) :
List (GRANDFATHER (u, v) BLOND (u))

Hinh 3.16. Co so tri thirc va PROBLEMSTACK cua BACKDIAGRAM -3

Vidul:
Can «tim x va y sao cho x la 6ng cua y, x co toc hoe». Trang thai ban dau cua
PROBLEMSTACK (viét tat PBS) cho trong hinh 3.16 trén day.

a. Hoat dong cia BACKDIAGRAM -3
Hoat dong ciia may BACKDIAGRAM-3 dé tim 15i giai cho vi du 1 nhu sau :
O Chu ky diu tién : o q
May lan lugt giai cac bai toan da duoc sap x&p trong PBS. Trudgce tién, may ghép doi biéu
thirce GRANDFATHER (u, v) lan lugt v6i céc tri thire tir C1 dén C8 theo thir ty ndy. Néu Cl1
1a mot ludt, thi viéc ghep doi chi tac dong I1én phan ket luén cua ludt. Viée ghép doi gitra
GRANDFATHER (u, v) v61 két luan cua C7 thanh cong : that vy, bang cach ap dung cac
the}y thé «u bdi x» va «v bdi y» trong GRANDFATHER (u, v), ta nhan dugc hai biéu thic
giong hét nhau.
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Ta noi la da hop nhdt (unified) GRANDFATHER (u, v) viA GRANDFATHER (x, y) boi
phép hop nhat (unifier) ky hiéu UNIF nhu sau :

UNIF = «u boi x» va «v bdi y» hay dugc viét tit 1a :

UNIF = (x[u ; y[Iv)

Trong truong hop déc bi€t nay, s€ c6 mot trong cac bjéu thire khong bi thay d6i boi ap
dung phép hop nhat. Trong khi ghép doi, may s€ bién d6i PBS bang cach thay thé
GRANDFATHER (u, v) boi phan tién d& cua C7, sau khi dd ap dung phép hop nhéit cho phan
tién dé nay. Co thé phan tién d& khong bi thay doi boi da ap dung phép hop nhit.

UNIF tiép tuc duoc ap dung cho phan con lai cia PBS, hay BLOND (u). Ta nhan duoc :

PBS = (FATHER (x, z) FATHER (z, y) BLOND (x))

Nhu véy, ta dd dan bai toan ban dau («hdy xac dinh né}l t(*)‘n tai u, v sao cho u hodc la ong
cua v, hodc v ¢6 toc hoe») thanh bai toan «hdy xac dinh néu ton tai x, y va z sao cho x la cha
cua z va z la cha ciiay va x c6 toc hoey.

Hinh 3.17 duéi day biéu dién cac chu ky thuc hién cia BACKDIAGRAM-3 :

(GRANDFATHER (u, V) BLOND (u))
(1) Cc7
(x | uy; vy | V)
(FATHER (x,| z THER (z, y) BLOND (x))
(2
(plerre ;7 Jjea (marc | x ;
pierre
(FATHER(_| 7 Y) BLOND (pierre) FAT|HER(p|erre y) BLOND
marc
C5 C3 (9)
(réné | V) Lf///ﬂaean | v)
BLOND (pfierre) BLOND (marc)
4y £hit bai c1l (10)
C6 hét Ea;/tﬁén
(5) thdng loi
(jean | x)
(SON¢y, jean) BLOND (pierre))
(6) thit bai

Hinh 3.17. Co so tri thiec va PROBLEMSTACK cua BACKDIAGRAM -3
Chi y : Xuat phat tr cac biéu thitc (GRANDFATHER (u, v) BLOND (u)) va
GRANDFATHER (x, y) < FATHER (x, z), FATHER (z, y), ta da suy dién duoc :

PBS = (FATHER (x, z), FATHER (z, y) BLOND (x))

No6i dung méi ciia PBS chinh 1 két qua hop gidi (resolvant) tir cac biéu thirc ciia PBS va
cua luat C7 theo nguyén Iy hop giai da gioi thi¢u trudc day.

O Chu ky thir hai : )

Phan tir dau ti€n ctia PBS 1la FATHER (X, z) s€ duoc so sanh véi cac tri thire tir C1 dén C8
theo thtr tu nay.

May phat hi¢n ra phep hop nhit UNIF = (pierre [Jx, jean [ z) giita FATHER (x, z) va
C3. Khi do, s& ton tai x (x = pierre) va z (z = jean) sao cho x phai 1a cha cua z. Bai toan dau
tién cua PBS xem nhu da dugc giai va dugce lay ra khoi PBS. Nhing bai toan can giai con lai
cua PBS tiép tuc dugc hop nhat bdi UNIF va dan dén két qua :



PBS = (FATHER (jean, y) BLOND (pierre))
i C?}n gé ¥ 14 so v6i chu ky trudce, viée suy dién ¢ chu ky nay xay ra nhu C3 13 luat c6 phan
tién dé rong.
O Chu ky thir ba : ) 7
FATHER (jean, y) dugc ghép d6i véi C5 nho phép hop nhat UNIF = (rené []y) dé nhan
duoc :
PBS = (BLOND (pierre))

O Chu ky thir tw : i )

BLOND (pierre) khong thé duoc ghép ddi vdi tri thirc nao trong céc tri thire tir C1 dén
C8. Chu ky thtr tu that bai (dung khong qua giai doan EXECUTION).

O Chu ky thir nam : .

Bu(yg RESTRICTION yéu cau may quay 1uj. Luc nay, PBS duoc khoi phuc lai tinh trang
0 thoi diém dau chu ky trudc do 1a khong thé ti€p tuc (chu ky thir ba) :

PBS = (FATHER (jean, y) BLOND (pierre))

Viéc ghép doi duge duy tri trong chu ky thir ba nay (twong tng v6i buéc CONFLICT-
RESOLUTION). May chuén bi ghep doi lai (budc FILTERING) d6i voi FATHER (jean, y)
xudt phat tir C6. Viéc ghép doi vai C6 thanh cong, do c6 phép hgp nhat UNIF = (jean [ x),
tor do :

PBS = (SON (y, jean) BLOND (pierre))

U Chu ky thir sau :

SON (y, jean) khong thé ghép doi véi tri thirc nao trong cac tri thirc tir C1 dén C8. Chu ky
thir sau khong thé két thiic binh thuong (dimg khong qua giai doan EXECUTION).
U Chu ky thir bay :

Buéc RESTRICTION yéu cau may tlep tuc quay lui. PBS khdi phuc lai tinh trang ¢ thoi
diém du chu ky trudc do 1a khong thé tiép tuc (chu ky nam)

PBS = (FATHER (jean, y) BLOND (pierre))

Viéce ghép doi duge duy tri trong chu ky thir nam nay (tuong tmg vdi busc CONFLICT-
RESOLUTION). May chuan bi ghép d6i lai (budc FILTERING) doi v6i FATHER (jean, y)
xudt phdt tir C7. Viéc ghép doi voi C7 thit bai, do d6 chu ky thir bay khong thé chuyén qua
giai doan EXECUTION.

O Chu ky thir tam : i .

May ti€p tuc quay lui. PBS dugc khoi phuc lai tinh trang ¢ thoi diém dau chu ky hai,
nghia la :

PBS = (FATHER (x, z), FATHER (z, y) BLOND (x))

Viée ghép doi dugce duy tri trong chu ky thir hai ndy. Méy chudn bi ghép doi lai déi voi
FATHER (x, z) xudt phat tir C4. Viéc ghép doi véi C6 thanh cong, do c¢6 phép hgp nhat
UNIF = (marc [ x ; pierre [ z), tu do :

PBS = (FATHER (pierre, y) BLOND (marc))

U Chu ky thir chin :

May c6 thé ghép d6i FATHER (pierre, y) voi C3 nho phép hop nhét :

UNIF = (jean [1y)

Turdo:

PBS = BLOND (marc)
U Chu ky thir mwoi :

May c6 thé ghép d6i BLOND (marc) véi C1 ma khong can ding mot phép hop nhét nao.
Do PBS trd nén rong, nén diy cac phép thé dua vao ddi vdi cac bién khoi dong cua PBS
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khéng duoc sir dung dén (khong quay lui) tao thanh mot 101 giai cho bai toan ban dau : ton tai
u (u=marc) va v (v =jean) sao cho u la 6ng cua jean va u c6 toc hoe.

Két qua xur Iy cta so dd may BACKDIAGRAM-3 cho ¢ hinh 3.19 d6i v&i bai toan trén
day chinh 1a ddy cac phép thé nhu sau :

UNIF=(x [ u;y[0v;marc [Jx;jean [1y)

Vidu2:

Tir cac tri thire dd cho ¢ hinh 3.16, ta mudn «tim kiém u sao cho u 14 6ng cua pierrey. Tir
d6, n6i dung ban dau cia PROBLEMSTACK & 1a :

PBS = GRANDFATHER (u, pierre)

Bing cach nhai lai (bt chudc) y hét cac budc vira trinh bay trén ddy, ta nhan duoc két
qua hop giai cho trong hinh 3.18 dudi day. Cau tra 16i dugc dua ra & nhanh thir tu : ton tai u,
u = georges, sao cho u la 6ng cua pierre.

Céc con s6 trong hinh twong Gmg véi thr tyr ciia cac hop nhét.

(GRANDFATHER (u, pierre))
(1) ‘
(FATHER (x, z) FATHER (z,pierre))
@ (V ‘ ©)

(3) (5)
(SON(pierre, jean)) (SON (pierre, pierre)) (FATH

(FATHERTan, pierre)) (FATHER (pierre, pierre))  (FATHER

thét bai thét bai
(SON (z, x) FATHER (z, pier

(FATHER (marc, pierre))

(10)
PBS réng : thang loi

Hinh 3.18. Do thi hop nhat cia BACKDIAGRAM-3 dé gidi vi du 2

b. BACKDIAGRAM-3 : so’ @6 mdy suy dién kiéu Prolog

So d6 may BACKDIAGRAM-3 sir dung céc tri thire kiéu suy dién i va wu tién theo do
sau. So do nay khong thiét 1ap cac su kién méi ma chi don gian 1a bién d6i PBS, danh sach c6
th tu cac sy kién dang con phai thiét 1ap. Do khong bao gior 14y ra cac su kién da thiét lap,
nén cach hoat dong ctia may la don diéu. Mit khac, do cac trang thai trudc cia PBS co thé
dugc khoi phuc (quay lui), may hoat dong theo ché d6 tham do.

Giai doan SELECTION/RESTRICTION nhim tip trung st dung céc tri thire (luat va su
kién) dbi voi phan tir dau tién cua PBS. Tuy theo su quay lui cia may, trang thai ciia PBS ¢
thé x4c dinh duoc.

Ngbén ngit thé hién tri thirc cho trong hinh 3.16 va dugc st dung trong so dd may
BACKDIAGRAM-3 twong tu ngdn ngit Prolog. Cac biéu thirc biéu dién tri thirc 1a nhiing
«ménh dé& Horny». Cht ¥ rang thong thudng, cac hé chuyén gia chi thira nhan cac bién trong



cac luat, ma khong thira nhan cac bién trong cac sy kién nhu trong hai vi du trén.

_ Vi€e tao sinh cac két qua hop giai wu tién theo dg sdu co thqé dan dén vong 1ap, nhung co
thé tranh duoc trong chién lugc wu tién theo chiéu rgng. Chang han, vong lap gay ra boi
chién lugc vu tién theo d) sau : néu ta thém phan tir C9 vao cudi danh sach céc tri thuc
KNOWLEDGESBASE nhu sau :

C9 : SON (x,y) « FATHER (y, x)

Va néu xét lai bai tooan GRANDFATHER (u, pierre) ¢ vi du 2, may s& ap dung vo han lan cac
ludt C6-C9—C6—C9—...

Procedure JUSTIFY (PROBLEMSTACK, REMAININGBASE, aproblem,
aknowledge, theconclusion, substitul, substitu2, theproblems)
if PROBLEMSTACK = & then return danh sach rong

if REMAININGBASE = & then *failure’

APROBLEM <« phan tir du tién cia PROBLEMSTACK

AKNOWLEDGE < phan tir diu tién cia REMAININGBASE

(tuy theo phép hop nhét tén bién c6 thé thay doi)

5. THECONCLUSION < phan két luan cia AKNOWLEDGE

6. SUBSTITU! « UNIFICATION (APROBLEM, THECONCLUSION)

7. 1if SUBSTITUI1 # ‘failure’ then

7.1 begin

7.2 THEPROBLEMS « dit c6 thir tyr cac phin tr cia PROBLEMSTACK khac
APROBLEM vio cudi danh sach céc tién d& ciaa AKNOWLEDGE vdi viée
ap dung lién tiép cac phép hop nhat cta danh sach c6 thir ty SUBSTITUI
cho biéu thic trude d6 cia THEPROBLEMS

73 SUBSTITU2 « JUSTIFY (THEPROBLEMS, KNOWLEDGESBASE)

7.4 if SUBSTITU2 # “failure’ then return danh sach nhan dugc bang cach thay thé cac phan
tir cia SUBSTITU2 theo thir tw vao cubi cia SUBSTITU]

7.5 end

8. REMAININGBASE <« REMAININGBASE — {AKNOWLEDGE}

9. JUSTIFY (PROBLEMSTACK, REMAININGBASE)

S e

c. Gidi thich so @6 mday BACKDIAGRAM-3

C6 hai tham déi trong 101 goi thu tuc JUSTIFY. Tham dbi thir nhat 1a mot danh sch c6
thl'{ tur cac béti’ toan cho trudce. Cha y rang su xuat hién cﬁz} mét bién trong bicu dien bai toér},
chang han bién x trong P(x), twong timg v&i mot cau hdi ve gia tri ciia x dé ¢6 P(x). Tham doi
thir hai 1a mdt danh sach c6 thir tu cac tri thirc cho trude lic khoi dong tha tuc. Loi goi thu
tuc c6 dang :

JUSTIFY (PBS, KNOWLEDGESBASE)
trong do6 PBS va KNOWLEDGESBASE c6 gia tri cho trong vi du 1 hinh 3.16.

Khi tha tuc JUSTIFY két thic (co thé khong két thic), JUSTIFY tra vé hodc gia tri
“failure’, hodc 101 gidi 1a mot danh sach (c6 thé rong) cac phép the trén cac bién cua bai toan
ban dau. Vi duy, trong vi du 1 hinh 3.16, thu tuc JUSTIFY tra vé 101 giai la danh sach cé tha ty
(x Ju;yv;marc [Jx;jean []y).

Chu ¥ rang 1énh 4 cia thu tuc JUSTIFY dung dé kiém tra néu cic bién c6 mit trong
AKNOWLEDGE 1a khac véi cac bién c6 midt trong APROBLEM. Néu c6 sy bang nhau,
nguoi ta doi tén nhling bién can thiet trong AKNOWLEDGE cho dén khi thoda man. Vi du,



May suy dién 95

néu :

AKNOWLEDGE = P(x, a) < Q(x) va néu APROBLEM = P(b, x)
thi nguoi ta doi tén bién x thanh mot bién gbc, gia su y, trong AKNOWLEDGE, dé nhan
duogc : P(y, a) < Q(y). Su ddi tén bién 1a hop 18 vi bién x (twong img vdi lugng tir toan the)
trong AKNOWLEDGE thyc té 1a mot bién cam, doc 1ap véi cac bién x €6 mdt trong cac thé

hién bai toan hay trong cac biéu dién tri thirc khac. Su ddi tén bién 1a cin thiét dé P(x, a) va
P(b, x) c6 thé hgp nhat duogc.

Trong chuong trudc, ta da gidi thi€u chi tiét thuat toan hop nhét hai truc kién. Thu tuc
UNIFICATION dugc st dung trén day co thé duoc 1ép trinh dua theo thudt toan nay. Ta gia
thiét ring 151 goi thu tuc chira ba tham ddi : hai tham ddi 1a hai biéu thtrc can hop nhét, tham
d6i thir ba 1a mot danh sach rong. Thu tuc tra vé “failure’ néu khong ton tai phép hop nhét
giita hai biéu thtrc. Thu tuc tra vé két qua 1a phép hop nhat duéi dang mot danh sach (c6 thé
rong) cac phép thé néu ton tai phép hop nhét.

Bai tap chwong 3

1. Cho céc causau:

« Jhon thich tat ca cac loai thirc an.
o Tao la mot loai thirc an.
o Thit ga 1a mét loai thirc an.
« Bét clr thtr gi ma bat ctr ngudi ndo dn ma khong chét déu 1a thirc an.
« Bill an lac rang va anh ta van song.
« Sue bét cir thir gi ma Bill an.
Yéu ciu :
a. Chuyén céc cu trén thanh cac cong thirc chinh (wff) theo vi tir bic mot.
b. Chuyén cic cong thirc chinh céu a. thanh dang ménh de.
c. St dung hop giai dé chimg minh rang Jhon thich lac rang.
d. St dung hop giai dé tra 101 cau hoi “Sue an thic gi 27
2. Cho cac su kién sau :

« Cac thanh vién ciia cau lac bo Pong huong 1a Joe, Sally, Bill va Ellen.
o Joe la chong cua Sally.
« Bill 1a anh trai cua Ellen.
o Vo clia moi thanh vién da 1ap gia dinh trong cau lac bd ciing 1a thanh vién cia cau lac
bo.
« Bubi hop mit cau lac bo Dong hwong gan nhat 13 ¢ tai nha Joe.
Yéu cau : i
a. Chuyén cac su kién trén thanh cac vi tir bac mot. .
b. St dung hop giai d€ chimg minh tinh ding dan cua hai ménh dé dudi déy. Chu y néu
khong thé chirmmg minh dung, thi hay thém vao cac su kién méi dé€ ¢6 thé chung minh :
« Budi hop mit cau lac bo Pong huong gan nhét 13 ¢ tai nha Sally.
o Ellen chua Iap gia dinh.

3. Cho cac su kién sau :

« Steve chi thich cac mon dé hoc.
e Cac mon hoc ve lap trinh déu kho.
o Tat ca nhiitng mon hoc trong bd mdn thé duc déu de hoc.



« Bong chuyén 1a mot mén thé duc

St dung hop giai dé tra 101 cau hoi “Steve thich hoc mén gi 2«

. Cho mdt co sé tri thirc nhu sau :

R1. B,D,E - F

R2. D,G - A

R3. C,F - A

R4. B - X

R5. D - E

R6. A, X - H

R7. C - D

R8. X,C - A

R9. X,B - D

Yéu cau :

a. V& do thi va-hodc tir co s tri thirc trén.

b. V& dd thi va-hodc minh hoa thuat toan suy dién tién theo chiéu sau.
c. V& dd thi va-hodc minh hoa thuét toan suy dién tién theo chiéu rong.
d. V& do thi va-hodc minh hoa thuét toan suy dién Iui

. Lam tat ca cac cau hoi di cho trong bai tap 4. cho cac co so tri thirc da cho & cac bai tap
1,2, 3 trén day.



CHUONG 4

H¢ chuyén gia MYCIN va ngon ngir OPSS

“J’avais un extréeme désir d’apprendre a distinguer
le vrai d’avec le faux pour pour voir clair en mes actions
et marcher avec assurance en cette vie “.

René Descartes

I. HE¢ chuyén gia MYCIN
I.L1.  Gié6i thieu MYCIN

Trong nhitng nam 1970, mdt nhém cac nha nghién ciru khoa hoc tai trudng Pai hoc Tong
hop Stanford, Hoa Ky, lam viéc dudi sy chu tri cua gido su Ed Feigenbaum, da xay dung gia
thuyét rang sy thong minh (intelligence) dugc can ctr trén sy luu trir nhiing khéi lwong 16n vé
tri thirc. Ho di tim ra k¥ thuat “biéu din tri thie” va tién hanh thyc hién dy an lap trinh
nghiém suy (HPP: Heuristic Programming Project).

Trong nhitng nim 1970-1973, ho dd xay dung mot hé thong phan tich dit liéu tir bd phan
tich phé dé tir 6, xay dung hé chuyén gia DENDRAL. Khi du an két thic, ho da tim ra cach
biéu dién tri thire dudi dang céc luat.

Bit dau tir naim 1973, ho nghién ciru vé linh vyc liéu phap khang sinh (therapy antibiotic).
Két qua nghién ciru 1a hé chuyén gia MYCIN ra doi trong khoang thoi gian 1973-1978. Thé
hé tiép theo 1a EMYCIN (Essential MY CIN).

Do c6 nhiéu loai thudc khang sinh, khang vi cling nhu ¢6 nhiéu loai vi tring véi cac cach
xtr Iy khac nhau, nén chi c6 cac thay thudc chuyén gia thudc linh vuc ndy méi co thé co lidu
phap chira tri hiéu qua. Muc dich cia MYCIN la :

« La mot hé thong d& sir dung.

- Kha nang van hanh dang tin cay.

« Chira dyng nhiéu tri thirc lién quan dén linh vuc khéng sinh, khéng vi.

« Kha ning xtr Iy cac chi dan chita tri khéng dung hodc khong day di.

« Kha niing giai thich va chi dan chira tri.

MYCIN la mdt chuong trinh tra cru. MYCIN cung cap cho cac thay thudc nhiing ¥ kién
chira tri lién quan dén li¢u phdp khang sinh.

MY CIN la mt h¢ chuyén gia c6 cac déc tinh :

« Lap trinh nghié¢m suy.

« Tri thitc chuyén gia vé linh vuc khang sinh.

. Giai thich kiéu tuong tac.

« Kha nang phan doan.

TS. PHAN HUY KHAINH bidn soaln 97
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MYCIN c6 khoang 500 luat va cac sy kién rat tiéu biéu. Hoat dong cua hé théng nhu sau

1. MYCIN yéu cau thong tin v& 1am sang.

2. Bit dau suy luan tir nhitng tri thirc hién co6
3. Duara cac phan doan va 101 khuyén.
4

Tra 161 cac cau hoi lién quan dén suy luan

Nguoi st dung
N

v

Giao dién nguoi - may

Giai thich Phéac hoa

Tri thirc vé bai toan

Méto suy dién

Thu nhén tri thirc

A A
v | v |
Chuyén gia Tin hoc Chuyén gia v€ linh vuc

Hinh 4.1. Hoat dong cua hé chuyén gia MYCIN
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I.2.  Biéu dién tri thirc trong MYCIN

a.

MYCIN biéu dién céc su kién bdi mot bd bdn nhu sau

Su kién (Context Parameter Value

Ngir canh Tham bién Gia tri
Theo thuét ngit huéng ddi twong (Object Attribute Value
Ngii cianh

CF) )
Hé so

CF)

Co t€'1~t ca 10 nglr canh dung dé suy luan lién quan dén cac liéu phép (therapy) chita tri cac
bénh nhiém khuan trong MYCIN :

1. Person Bénh nhan

2. PERS Nhitng diéu tri trude day

3. CurCuls Nhitng xét nghiém da lam (cdy khuan)

4. CurDrugs Nhimng loai thudc da ubng . .
5. CurOrgs Nhitng co quan (bd phan co thé) duoc ciy khuin
6. OpDrugs Nhing loai thudc da cho dé chira tri

7. PosTher Céc liéu phap c6 thé

8. PriorCuls Nhitng xét nghiém da tién hanh trudc day

9. PriorDrugs Nhing loai thudc da udng trudc day

10.  PriorOrgs Nhiing co quan bi nhiém khuan trudc day

C6 bdn loai cau hoi trong MYCIN :

1. C6 ton tai nhitng quan trong khong ?

2. C6 phai vi khuan 1a nguyén nhan gay ra nhiém trung khong ?
3. Nhimng loai thudc nao 13 hiéu qua ?

4. Nhing loai thudc nao 13 hiéu quéa nhat ?

CAac cau hoi trén dan dén viéc tao ra mot cAy ngit canh “dong” bao gom céc tinh hudng
nglt canh. Chang han dudi day 1a mot cay ngtt canh :

Bénh-nhan-1

Céy-vi-khuén-1 Céy—vilhuén—Z Céy-vi-khuan-3
Cor—qLLn— 1 C()'—qu‘an—Z Thué(:—I\MIéc—Z
Thugc%

riwnrn 4.2, cAay ngu canrn cud i1 1y

Mot cach tong quat, MYCIN cin ctr trén nhiing gid thuyét (hypothesis) chac chan nhat dé
suy luan va st dung cac siéu ludt (meta-rule) dé hgi tu (focalize) vi€c tim ki€ém nguyén nhan.

b. Cdc tham bién

Céac tham bién trong MYCIN déu duoge dinh kiéu va duge gén nhan véi :
Hé théng : Y/N, NUMB, ONE_OF, ANY OF
PROMPT (D4u nhic) : cau hoi yéu cau ngudi st dung g vao mot gia tri.
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LABDATA (Dit liéu) : lay tir cic phong xét nghiém st dung gia tri Y/N :
néu Y, hé thong yéu cau dua gia tri vao, néu N, hé thong tu tim.
LOOKAHEAD (Tim kiém) : tao ra danh sach cac luat tir tham sé dé cho.
TRANS (Dich giai) : dich két qua ra tiéng Anh.
Co ba loai kiéu gia tri trong MYCIN :
Gid tri don (exclusive-single valued) : h¢ thong dua ra nhiéu gi tri nhung chi c6 duy nhét
mot gia tri dang. Vi du : tén bénh nhan.
Gid tri boi (non-exclusive-multi valued) : hé thong dua ra nhiéu gia tri.
Vi du : thudc chita tri, canh bao di ung thude.
Gia tri nhi phdn : Yes/Khong.

c. Do tin cdy (Certain Factor)

Trong MYCIN, mdi su kién déu dugc gén mot do tin cdy (hay d6 chéc chin), viét tit CF
(Certainty Factor), véi quy udc CF e [-1, 1], va mdi luat déu duoc gin mot nding lic (force),
CF € [-1,1].

d. Biéu dién lugt

MYCIN sir dung k¥ thuat suy dién lii (backward chaining), diéu khién boi mot dich
(goal). Céc luat cua MYCIN c6 dang trdi ra (abduction) nhu sau :

AAB CFR; C

O moi thoi diém, MYCIN can cac phép ching minh. Trong luét trén, dé dat t6i dich C, can
chimg minh A va B, dé chimg minh A, can chiing minh..., va ctr the ti€p tuc. Cac luat sau day la
hop 1€ :

AABAC—> D
AABIC)—> D
(ACBIC)(DIE)—> F

Nhung cac ludt sau day 1a khong hop 1€ :

AIOBIOC—->D
AABO(CAD)—> E

MYCIN c6 cac mau ludt (rule template) cho phép hé thong suy luan trén nhiing luat riéng
da co dé ty dong tao ra cac luat méi. Cho cac gia thiet Hy, Hp c6 d¢ tin cdy CF;, CF, va cac
luat R c6 nang luc CFg tuong tmg. Cach MYCIN t6 hop cac gia thiét nhu sau :

Phép giao A :
CF(Hy A Hy) =min { CF(H;), CF(H,) }
Phép hop T :
CF(H; [J Hy) = max { CF(H;), CF(H>) }
Cac luat -
ArB SR C CFc = CFg. min { CF,, CFp }

AABLDC) CFrR_ D CFp = CFg. min { CF, max { CFg, CF¢ } }
T6 hop cdc gid thiét :
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( P
CF, + CF, (1 - CFy) néu CF; >0 va CF,> 0

CF, + CF,
T} [CF{ T, TCF; 1]

Combine(CF, CF,)= 1 néu CF;, CF,<0

- Combine( - CFy, - CF;) néu CF; <0vaCF,< 0
\
Ta c6 tinh chat sau :

(Hlﬂ CFl ) va (Hz, CF2 ) va (Hl = H2) - (Hlﬂ CFl = Combine(CFl, CF2 ))
CF(—H) = - CF(H)

I.3.  K§ thuit suy dién cia MYCIN

a. Thu tuc MONITOR
Begin { Monitor }
OK =True
While Chwa hét diéu kién And OK Do Begin
Lay mot diéu kién
If Cac dit liéu ctia diéu kién thoa man Then Goi thii tuc FindOut
If Piéu kién sai Then OK = False
Else Lay diéu kién tiép theo
End
If OK Then Pua ra két luan
Else Thong bao luat sai
End { Monitor }

b. Thu tuc FINDOUT
Begin { FindOut }
If Co dir liéu Lab Then Begin
Yéu cau ngudi sir dung tra 10i
If Not Tim thay két qua Then Begin
Tim goi céc luét lién quan dén dir liéu
Goi thu tuc Monitor
End
End
Else Begin
Tim goi cac luat lién quan dén dit liéu
Goi thu tuc Monitor
If Not Tim thay két qua Then
Yéu cau ngudi sir dung tra 10i
End
End
End { FindOut }

c. Hé thong giao tiép ciia MYCIN

Tai moi thoi diém, nguodi st dung c6 thé yéu cau hé thong tra 161 cac cau hdi bang cach
dwua vao cac 1énh nhu sau :
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WHY? (tai sao) : hé théng liét ké cac suy dién hién dang tién hanh

HOW? (nhu thé nao) hé thong liét ké nguon ciia mét sy kién

MYCIN c¢6 thé hiéu va suy luan trén céc luat, cac sy kién va ngli canh viét bé’mg tiéng
Anh quy udc (pseudo-english). Sau day la mot phién lam viéc cia MYCIN :

MYCIN is a rule-based system that diagnoses bacterial infections of the blood. By asking questions
and backward chaining through a rule base of about 500 rules, Mycin can recognize about 100 causes
of bacterial infections, allowing Mycin to recommend effective drug prescriptions. Mycin uses
backward chaining because doctors prefer to focus on one hypothesis at a time, whereas a forward
chaining system can jump around seemingly at random. Here is a fragment of a dialog between
Mycin and a doctor:

>> What is the patients name?

John Doe.

>> Male or Female?

Male.

>> Age?

55.

>> Let's call the most recent positive culture C1. From what site was C1 taken?

From the blood.

>> My recommendation is as follows: give gentamycin using a dose of 119 mg (1.7 mg/kg) q8h
IV [or IM] for 10 days. Modify dose in renal failure. Also, give clindamycin using a dose of 595
mg (8.5 mg/kg) q6h IV [or IM] for 14 days.
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II. Hé san xuat OPS5

II.1. Gidi thiéu OPSS

Hé san xuat OPS5 (viét tat tir Official Production System) do Tién si Charles Forgy dé
xut va dugc phét trién vao cudi nhitng nam 1970 tai truong Dai hoc Carnegie- -Mellon, Hoa
Ky. OPSS5, con duoc goi 1a ngdn ngir 1ap trinh OPS5, 1a mot trong nhitng hé san xuat manh
dugc str dung dé xay dung cac hé chuyén gia. Vi du R1/XCON, XSEL la cac hé chuyén gia
vé cdu hinh va budn ban cac thiét bi dién tir, PTRANS quan 1y cac phan xudng san xuat,
V.V...

C6 thé noi, cac md hinh hé san xuét duoc ung dung tuong dbi rong rai trong cac linh vuc
tri tu¢ nhan tao, hé chuyén gia va tam Iy nhan thurc (cognitive psychology). Sau OPSS5, nguoi
ta tiép tuc phat trién OPS-83, ART (Automated Reasoning Tool), CLIPS (C Language
Intergated Production System)...

OPS5 phién ban 2.07 chay trong hé diéu hanh MS-DOS. Sau khi khoi dong, trén man
hinh xuat hién cac dong gidi thi€u vé san pham.

Sienna QPS5
WORKEENCH

STUDEMT WERSIOM 2.07

Copyright (C) 1987,88,09 by:
Inference Engine Techno1og1es
217 rights reserwved.

Nhan mét phim bt ky, cira s6 1am viéc OPS5 xudt hién nhu hinh dudi déy :

IS [=] B3

i Bl @ EE

Sienna-0Psh Workbench 2.07 Rule-set: ]
Edit help Options 'Wm Cs !Run !Step !'Halt !Back Phreak Rules exit

Copyright (C) Inference Engine Technologies 1987,88,89. All Rights Reserved.

Hinh 4.3. Cira s6 lam viéc cia OPS5
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Tai mdi thoi diém, nguoi sir dung nhan phim F1 hodc goi 1énh Help dé goi huéng dan cua

OPS5.

Interp

CMEM

[LITERALIZE 51 <52 s3 ..
(MATCHES pl <p2 ...» )

(FEREAK <pl p2 ..

S1enna-0PsS Workhench 2,07
heLp Options

wWm s

-—— COMMANDS --—
{BACK [OM/OFF/n])
(Cs)

Lx o

]

Rule-5et:
lRun !Step !Halt !Back Phbreak Rules

—-——= ACTIONS —-—-—
(BIMD <vs rhs-pattern J
(EUILD rhs-pattern )

(EXCISE pl <p2 ...> ) (CalLl  external-action rhs-pattern¥)
CEXIT) [CEIND <w> 3
(LITERAL s = n J (CLOSEFILE file J

(DEFAULT file [TRACE/WRITE/ACCEPT] )
CHALT

(MAKE rhs-pattern )

(MODIFY rhs-pattern )

CPPWM  rhs-pattern ) (OPENFILE file |xname.xxx| [INfOUT] 3
(RESET) CREMOVE [*/n ..] D
CRUM <nz 2 {(WRITE rhs-pattern )

exit]

(STRATEGY <LExX/MEA> )
CWATCH <0/17273> 3

M «ndl n2 L. D
C{GENATOM)
CACCEPT <filex 3 (LITWAL attribute)
(ACCEPTLIME <file» <s1 s2 ..> ) (RJIUST)
[CRLF) {SUBSTR element from to )
{COMPUTE (TAETO [nf<w=/fs])

——— RH5 FUNCTIONS —--—-

expression

Hinh 4.4. Man hinh hwéng dan ciia OPSS

Phu luc cudi gido trinh (tiéng Anh) hudng dan sir dung hé théng OPS5.

IL2. CAc thanh phin cia OPS5

I1.2.1. Cac dac trung chinh ctia ngon ngir

Ngén ngit OPS5 c6 ba thanh phan chinh 1a tap hop cac luat, hay dugc goi la co 5o ludt
(rule base), bo nho lam viéc (working memory, viét tat WM), va may suy dién, dugc chi ra
trong hinh dudi day.

OPS5

B0 nhd lam viée Co s6 luat va su kién Moto suy dién

Hinh 4.5. Ba thanh phan chinh ciia OPS5
_OPS5 sur dung cac luat chira cac bién luong tr. May suy dién hoat dong theo kiéu suy

dién tien (forworrd-chaining), khong don diéu (non-monotone), giai quyét xung dot nho cdac
tién quan hé (antecedence relationships) gitta cac su kién trong tap hop céc sy kién, con dugce
goi 1a co so su kién (fact base).

Co s6 luat cua OESS su dung dir {iéu dinh kiéu (typed data) da duoc khai bao trude. Mot
chuong trinh OPS5 gom céac thanh phan :

1. Mot tap hop céc khai bao cac ciu trac dit lidu c6 mat trong chuong trinh.

2. Dinh nghia co s¢ ludt (viét tit rb).

3. Dinh nghia co s¢ sur kién ban dau (viét tit fb).
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4. Mot diy cac 1énh tuong tac dé dién giai cac luat va ap dung chiing.

Chu y ring ngudi st dung c6 thé thay dbi thir tw cac thanh phan trén day trong nhiing
truong hop dac biét sau :

- Ngay sau khi nguoi s dung dinh nghia mot luat dau tién, OPS5 xem rang cac khai bao
da xong va khong thé thay dbi nita.

. Khong mot 1énh OPS5 nao duge thuc hién trude khi it nhat mot luat duge dinh nghia ;

chang han khong moét sy kién nao dugc tao ra cho b trude dinh nghia nay.

. Mot luat dua vao sau dinh nghia cua fb s& chi c6 nghia d6i v6i cac sy kién xuét hién

trong b sau khi tao ra luat nay.

OPSS st dung cac luét dé truy cép bo nho lam viéc WM, thé hién sy “tinh thong” cua hé
thong. Cac luat chira cac mau so khdp véi WM va cac hanh dong dé co the stra d61 WM.
Ngoai ra, cac luat con cé kha nang trao doi voi moi truong bén ngoai bang cach goi thu tuc
va c6 kha nang tu xay dung cac luat moi.

I1.2.2. Kiéu dir liéu OPS5

Twong tw ngdn ngit 14p trinh ham Lisp, cac dbi twong so cip ciia OPS5 1a nguyén tir s6
hay nguyén tr ki hiéu. Cac ky ty dac biét (, ), {, }, <,>va T ¢6 thé xuat hién trong mot ky
hiéu néu duoc dit trude mot dau gach dung [

Céc luat trong OPS5 thao tac trén cac I6p déi twong (class of objects). Mbi 16p d6i tuong
dugc dinh nghia boi én lop va mot tap hop cac thugce tinh (attributes). Tén 16p chi dinh kiéu
dir liéu do nguoi st dung tu dat va dugce st dung sau do6 trong moi truong OPS5. Moi thude
tinh dugc dat tén phan biét, c6 gia tri 1a mdt nguyén tir so hay ky hi€u. Nhu s¢ thay sau nay,
moi su kién trong b s€ 1a phﬁnqt& cua mdt 16p, cb gia tri tuong tng véi mot thude tinh nao
do, nhitng thudc tinh khac c6 thé khong dugc gan gia tri (gia tri mac nhién cta chiing 1a nil).

Lénh khai bao mot 16p di tugng cuia OPS5 14 literalize ¢6 ¢ phap nhu sau :

(literalize classname attributel attribute2 ...)

Trong d06, classname 1a tén 16p, attributel, attribute2, ... 1a cac thudc tinh. Khi bat dau st
dung 1énh literalize, cac thudc tinh chua dugc gan gia tri ngay.

Vidul :

Khi quan 1y hd so xin viéc, ta khai bao mot 16p bang 1énh literalize nhu sau :

(literalize ho-so-xin-viéc ho-16t tén phai tudi dia-chi nghé-nghiép)

Lénh nay khai bao kiéu dir liéu hd-so-xin-viéc gdm céc thudc tinh lién quan dén ngudi xin
viéc nhu ho-16t, tén, phai, tudi, dia-chi, nghé-nghiép. Chi y trong OPS5, dau dash (-), nhu trong
hé-so-xin-viée, 1a dé thay cho dau céch (whitespace) vi cac dau cach nhu tab, spaces, linefeeds
dugc dung de phan cach trong mot chuong trinh OPSS.

Vidu?2:

Ta xét mdt 1op cac dung cu trong mdt phan xuong san xuat, dugc dat tén 1a tool . Mdi
dung cu (thudc 16p tool ) c6 cac thudc tinh : tén dung cu (the hién chirc nang cua dung cy do),
kich thudc, vi tri cia dung cu trong phan xuong tai mot thoi diém da cho, trong lugng, trang
thai st dung, v.v...

Lop duogc tool khai bao nhu sau :

( literalize tool name size weight position state )

Mot luat c6 thé tham chiéu dén mot dbi twong ctia 16p dung cu nhd mot b6 loc (filter) nhu
sau :

(tool T name englishkey T position rack-A T size 21 )
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Pay 1a mot danh sich ma phan tir ddu tién 1a tén 16p, phan con lai 1a mot ddy cac cip
thudc tinh | gid tri. Cac thudc tinh duge phan biét voi gia tri twong tmg boi mot dau miii tén T
dung trude (trong phién ban OPS5 chay trong MS-DOS, ddu T dugc thay bang dau mi »).
Thir tu xuét hién cac thudc tinh khong nhét thiét phai tudn theo khai bao 16p trude d6. Trong
vi du trén, T name englishkey cho biét thudc tinh name c6 gia tri 1a englishkey.

Gia tri cia mdt thudc tinh hodc 1a mot nguyén tir s6 hay ky hi€u, hoac 1a mdt vecto cac
nguyén tir. Tuy nhién, mdi 16p chi c6 duy nhét mot thude tinh c6 gia tri la vecto, goi tat 1a
thudc tinh vecto. Thudc tinh vecto nay dugc khai bao béi 1énh vector-attribute, s6 thanh phan
ctia vecto thay dbi tity theo cac ddi twong khac nhau cia 16p, nhung phai nhé hon mot gisi
han nao do6. Chfmg han ta c6 thé khai bao mot thudc tinh vecto trong 16p dung cu trén day :

( vector-attribute position )

Vi dy sau day cho phép tham chiéu dén thudc tinh vecto position ctia 16p tool, mdt vecto
c6 2 thanh phan va mét vecto c6 4 thanh phan :

(tool T name pipekey T position cupboard hook-45 )

(tool T name crowbar T position settled localcoordinate 124 66 )

Ngudi sit dung co thé xay dung mdi quan hé gitra cac 16p da cho : gia tri mot thude tinh
ctia mot 16p nay c6 thé 1a mot dbi twong, hay mot vecto cac dbi tuong, ciia mot 16p khac.

Vidu:
( literalize rack name content )
( vector-attribute content )

Lop rack co thé c6 thudc tinh content la mot vecto g6m cac dung cu nhu trong sy kién sau

(rack T name key-rack T content crowbar pipekey englishkey1 engliskey?2 )

OPS5 con mot 1énh khai bao khac 13 external ding dé khai bao cac ham bén ngoai ding
cho ung dung (c6 thé dugc viét trong mot ngdn ngit hd tro cho OPS5 nhu MACLISP,
FRANZLISP hay BLISS, tuy theo phién ban cai dat cia OPS5).

Chu y rang, so voi OPS-83 (phién ban phat trién tir OPS5), OPS5 rat yéu vé dinh kiéu.
OPS5 khong kiém tra kiéu di tuong luc khai bao ban dau. OPS5 khong dua ra cac thong bao
16i khi dién dich chwong trinh OPS5 ma gip céc sai sot vé kiéu. Ching han viéc thuc hién
rr~1(f)t phép tinh s6 hoc trén mot thudc tinh kiéu ky hiéu tra vé mot két qua sai ma khong gay ra
101.

Sai sot thuong hay xay ra, ké ca dbi voi nhimg ngudi da sir dung thanh thao OPS5, ho ¢
thé tham chiéu dén hay tao ra cac sy kién ma khong thudc vao mot 16p da khai bao nao. Mot
thugc tinh vecto khong dugc khai bao dung, co thé dugc OPS5 chip nhan nhung thuong gay
ra sai sot khi thuc hién. Viéc tham chiéu dén mot thudc tinh chwa duge khai bao trong bat ky
mot 16p nao ciing gy ra mot thong bao 16i.

11.2.3. Co s6 luat (rb)

Trong cac hé théng dua trén qluét, cac luat 1am nén tang cho moi hoat dong cua hé théng,
giup nguoi phat trién hé thong hiéu biet mot cach tuong tan ve cach lam vi¢c ctia hé thong.

Céc luat trong OPS5 c6 cdu triic hai thanh phan IF-THEN. Thanh phan IF 13 phan bén
trai ludt (LHS), ¢6 nhiém vu so khdp cac mau véi cac su kién trong WM dé quyét dinh luat
do6 co duoc tuén thu hay duoc chon ra (fired) hay khong. Thanh phan THEN 14 phdn bén phai
lugt (RHS), quyét dinh moi hoat ddng cua hé thong : trao doi vai ,b(f) nhd lam viéc WM, vao-
ra thong tin, xay dung cac ludt méi va goi thuc hién cac thua tuc vict trén mot ngdn ngit khac.

Moi luat OPSS duoc dinh nghia bai 1énh p c6 cli phap nhu sau :
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(p rule-name
left-member — right-member )

trong do :
rule-name tén luat,
left-member  diéu kién, con duoc goi 1a cac mdu so khép (patterns) dé may suy dién
tién hanh so khop (match),
right-member hanh ddng (actions) dugc trién khai khi diéu kién thoa mén,
dau — ngin cach phan bén trai va phan bén phai luat.

Vi dy, dé chan doan mdt ngudi mac bénh cam cum, ta viét luat sau :

(p camcum
( benh sot  sotcao
mui khorat
dau daudau
non buonnon )
%
( write(crlf) | Chan doan : Ban da bi benh cam cum | )
( write(crlf) | Xu ly : Ban nen cat thuoc theo bai thuoc sau :| )
(' write(crlf) | Tia to : 10g ; Huong nhu : 10g ; Vo quyt : 10g; | )
( write(crlf) | Gung kho : 0,4g ; Cam thao dat : 10g. |)
(- write(crlf) | Sac voi 400ml nuoc con lai 200ml, uong luc con am | ))

Luat camcum trén duogc chon ra khi phén bén trai luat dugc so khdp thoa man véi cac
thanh phén trong bd nhd lam viéc WM, tirc 1a ¢ tinh trang sotcao, khorat, daudau, binon.Khi
d6, phan bén phai luat s& duge thuc hién : in ra bénh ma bénh nhin mic phai va bai thuc
chita tri.

a. Thanh phén bén trdi ludt : left-member
La mot danh sach mo ta b loc trén cac su kién cua co sé su kién fb, gém :
. Tén mot 16p ddi twong 1a mot nguyén tir nim dau danh sach.
. Cac thudc tinh ma mdi thudc tinh 13 mot ky hiéu dugc bét dau boi dau T.
. Cac bién, mdi 1a mot ky hiéu nam giira cac cap < >.
. Céac quan hé dai s giita cac thudc tinh :
= bang nhau,
<> khac nhau,
va cac phép tuyen or, hay phép héi and ctia nhitng quan hé nay.

Vi du, khai bao sau day :
( tool T name <tool-name> T position settled )

cho phép loc tat ca sy kién ciia 16p tool ma vi tri position (thanh phan dau tién cua thudc tinh
vecto nay) co6 gia tri 1a settled. Bién <tool-name> dugc gan gia tri cho thude tinh name. Khai
bao sau day :

(tool T name englishkey T size >= 12 T position <place> )
loc cac su kién cua 16p tool, co tép englishkey, ¢o kich thude nhé hon hoac bé’mg 12. Bién
<place> dugc gan gia tri 1a thanh phan dau tién ctia thudc tinh position.

Khai béo :

(tool T name << eyekey pipekey flat key >> T size { <=9 >=13 })

loc tit ca cong cu co tén eyekey, hay pipekey, hay flat key (phép tuyén), ¢6 kich thudc nim
gitra 9 va 13 (phép hoi).
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Mot phép tuyén chi cé thé tac dong 1én cac hing sd, hodc hing ky hiéu, trong khi d6, mot
phép hoi lai c6 thé tac dong 1én bién, chang han khai bao :

(tool T size { <dim>>=9 <= <weight>} )
cho phép gan cho <dim> gia tri ctia T size va thda man diéu kién nam giita 9 va gia tri cla
bién <weight>. Phép loc nay 1a hgp 1¢é n€u bién <weight> ¢6 mat trudc quan hé nay trong thanh
phan bén trai luat.

OPS quan niém mét diéu kién 1a chdc chdn (positive) : diéu kién d6 1a hop 1¢ (valid) néu
ton tai mot su kign trong fb dugc thira nhin qua phep loc. Nguoi ta co thé khai bao mét di€u
phu dinh (negative) bang cach dat mot dau trude danh sach, chang han :

- ( crowbar T hold <object>)
1a mot diéu kién hop 1¢ néu khong ton tai mot su kién ndo cua 16p crowbar ma thudc tinh gitt
mot gia tri khac nil.

Ngudi ta ¢6 thé két hop mot tén voi mot diéu kién chéc chén : d6 1a mot bién cho phép
tham khao dén thanh phan bén phai luat mét su kién dugc loc boi dicu kién nay. Ca phap dé
ket hop moét tén vai mot dieu kién chac chan nhu sau :

{ <key1> ( tool T name englishkey T position settled ) }
hay :

{ (tool T name englishkey T position settled ) <key1> }

Toém lai, nhitng han ché chinh trén thanh phé”m bén trai luat nhu sau

= Tén bién xuat hién dau tién (tir trai qua phai) khong thé dit sau bat ky phép toan nao.

= Nhiing phép toan hop 18 1a : =, <> (khac nhau), va so sanh nguyén tir s. OPS5 khong

cho phép thuc hién cac phép toan dai s6 hay tinh gia tri mot ham ngoai vi trong thanh
phan bén trai.

= MOt bién c6 thé nhan gia tri 1a mot sy kién dugce loc boi mot diéu kién, hodc mot gia tri

cta mét thude tinh vo hudng (scalar attribute) hay chi mét thanh phan ciia mot thude
tinh vecto.

e Diéu kién dau tién cua thanh phan bén trai khong thé phua dinh (-).

b. Thanh phan bén phdi lugt right-member

Phéan bén trai khong truc tiép lam thay doi gia tri trong bd nhé lam viéc WM, ma chi khi
cac thanh phén gia tri ciia n6 da duge so khop phu hop véi cac sy kién ton tai trong WM, cac
thanh phan ctia phan bén phai sé dugc thuc hién.

Phan bén phai luat c6 thé khoi tao, x06a bo hay stra doi cac gia tri dit liéu trong WM.
OPSS5 co tat ca 15 ham mo ta su hoat dong cua phan bén phai luét.

Ngudi ta phan biét 5 kiéu ham nhu sau :

1. Cdc ham lién quan dén bé nhé lam viéc WM, lam thay doi co sé sw kién fb :

make Khéi tao cac gia tri méi vao WM.
modify Stra d6i cac gid tri ma ton tai trong WM.
remove X6a bo cac gia tri va cc thanh phan trong WM.

2. Cac ham thao tac vao-ra va truy cap tép :
write Nhap dir liéu 1a mot chudi ky tw va/hodc mot bién.
accept Nhép vao mét “tur” dir liéu 1a mét s6 hodc 12 mot ky hiéu.

acceptline Nhép vao mét dong dir licu.
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default Tao dudng dan vio-ra

(hau hét cac shell OPSS5 ty dong mac dinh thiét bi vao-ra).
Openline Mo va gan mot tén cho tép dir licu dé tham chiéu sau do.
Closefile bong mot tép da mo.

3. Cdc ham tinh toan so hoc, lién két bien - gia tri va goi ham ngoai vi :

compute Thuc hién cac phép toan s6 hoc.

genatom Tao mot phﬁn tor hay mot ky hi¢u moi.

litval Tra vé gid tri cia mot thudc tinh trong WM.

bind Gan gia tri cho bién.

cbind Gan mét gia tri trong WM cho mdt bién.

substr Tra vé mot chudi (xau) con.

call Goi mot chuong trinh con tir bén ngoai vao shell OPSS.

4. Diéu khién mé to suy dién :
halt Dumng may suy dién va dimg chuong trinh.
5. Tao cac ludt moi :

build Tao mot luat méi trong chuong trinh.

I1.2.4. Co s6 su kién (fb)

M&i phan tir ciia fb 14 mot vec to gdm 127 thanh phan, mdi thanh phan chi ¢6 thé nhan
mot gia tri nguyén tir (s6 hodc ky hi€u). Thanh phan dau ti€n nhat thiét phai 1a tén cua mot
16p doi tugng.

Trong giai doan khai bao, OPS5 gan cho mdi thudc tinh mét gid tri 1a mot s6 nguyén tir
2..127 véi vai tro 1a chi so (index) dé dugc tham chicu dén (bdi Iénh vi mo $litbind) ma khong
thay doi dugce. Gia tri nay co tinh fodn cuc (global) va khong thudc vé mot 16p nao. Khi mot
thudc tinh dugc khai bao trong nhiéu 16p s€ twong tng vai mdt chi s6 duy nhat chung cho tat
ca cac lop nay. Thuat toan gan phai thda man cac dicu kién sau :

« Mot thudc tinh vecto c6 chi sb 16n nhét trong tat ca cac 16p chira né : gia st j 13 gia tri
thudc tinh vecto, thi cac thanh phan j, j+1, ..., 127 s€ tuong ting voi cac gia tri cua thude
tinh vecto.

« Cung mdt 16p, cac thude tinh dugc gan cac gia tri phan biét.

Cac thanh ph?m cia mot su kién mac nhién bﬁng nil trir thanh phén dau tién 12 tén caa lop,
l1a nhitng thudc tinh mét cach twong minh duoc gan gia tri khi tao mdi hay thay doi mot su
kién. Gia tri cua mét thudc tinh nhan dugc bang cach ddnh chi so (indexation) Ién vecto
twong tmg v6i su kién. Ky ty T 1a mot ky hiéu danh chi s6. Sau T 1a mot sé nguyén trong
khoang tir 2 d&én 127, hay 1a mot tén thudc tinh két hop véi né mét cach truc tiép. Néu T ving
mat , OPS5 xem nhu chi s6 twong tng nay duoc tang 1én mot (increment) dé truy cap dén
thanh phan tiép theo. Chang han ba diéu ki¢n sau day :

(tool T name <tool-name> T size <tool-size> )

(tool T3 <tool-name> T 4 <tool-size> )

(tool T name <tool-name> <tool-size> )
1a twong dwong, néu cac thudc tinh name va size dugc gan cac gia tri nguyén 1a 3 va 4 tuong
ung. Néu thanh phan thtr hai khong dugc gan (nil) , thi ta nhan dugc dieu ki¢n twong duong
khac nhu sau :
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(tool nil <tool-name> <tool-size> )
Khi cai dat mot hé chuyén gia, nguoi ta thuong gip nhiing bat loi lién quan dén tinh higu
qua cta mot co sé su kién fb, chang han :

Céc sy kién 1a mot danh sdch phdang (plate list) khong co cau triic.
Céac bién chi co thé dugc gan gia tri 1a nguyén tir (hay la cac sy kién ddy di néu do la
tén ctia mét diéu kién). Nguoi ta phai sir dung nhiéu bién dé thu nhan nhiéu gia tri gan
cho mdt thudc tinh vecto.
Tinh toan cuc cta cac thudc tinh : sy nhAm lgm cac thugc tinh gitta cac lop 1a mot sai
sot nguy hiém vi OPS5 khong canh bao gi. B¢ tranh sai sot, cac thugc tinh cta cac lop
can dugc dét tén phan biét. Cac tén thudc tinh nay s€ gilp ti€p can dén cac thanh phan
cua cac su kién mot cach tuong minh. Chu ¥ nhé st dung dau T d@é tén thudc tinh
(dimg ngay sau dau nay) lay gia tri 1a phan ti ti€p theo tén thudc tinh.

Co s¢ su kién duoc khai dong bai mot diy cac 1énh make, chang han:

( make tool T name englishkey T position rack-A T size 21 )

( make tool T name pipekey T position cupboard hook- 45 )

( make tool T name crowbars T position settled localcoordinate 124 66 )

Chu ¥ rang cac thudc tinh va cc thanh phan thudc tinh vecto cia mot 16p khong phai da
duoc dinh nghia hét cho moi sy kién.

Mbi sy kién cua b duge luu giit thoi diém tao ra nhd mot b dém khoi dong bat dau tir
gia tri 1 va tang 1€n 1 moi lan mot sy kién mdi dugce tao ra, hay co6 sy thay doi su kién. Nhu
vay, moi su kién duoc dat twong trng véi mot so thir ty va nguoi st dung c6 thé chi dinh no.
Chang han, Iénh :

(remove 1 3)

loai bo cac su kién 1 va 3 cua fb. Lénh (wm) cho phép xem ndi dung cuia fb.

I1.2.5. B¢ nhé 1am viéce
B6 nhd lam viéc WM 1a noi Iuu trit cac gia tri su kién. Mdi su kién trong WM dugc goi la
mot phan tir nho van hanh (working memory element). B nhg lam viéc dugc truy cap va
hoat dong véi nhitng kha nang nhu sau :
. Nguoi st dung c6 thé luu trir cac phan tir nh van hanh trong subt qua trinh soan thao
chuong trinh OPSS.
. Nguoi st dung c6 thé thém, x6a bo hodc stra d6i cac sy kién cia WM trong khi chuong
trinh van dang thuc hién.
. May suy dién tién hanh so khép cac thanh phan bén trdi luat dang xét v6i cac phan tir
nhé van hanh.
- Trong qua trinh go roi (debugging), nguoi sir dung c6 thé xem ndi dung cia WM nho hé
thong tuong tac cua OPSS (interactive shell), 1énh (wm).

a. Cau truc bg nho lam viéc

Bo nhé lam viée cia OPSS ¢6 cau tric tuong tu ban ghi (record) trong cac ngdn ngir 1ap
trinh quen thugc nhu Pascal, C, ... Tuy nhién, cau truc cua OPS5 don gian hon do moi truong
c6 thé chira bat ky kiéu dit liéu nao duoc xac dinh tai thoi diém gan gia tri. Trong khi do,
Pascal hay C bi han ché boi viéc gan kiéu dir liéu ban dau. Ngon ngir OPS5 yéu ciu cac phan

tir nhG van hanh phai dugc khai bao trong phan dau tién cia chuong trinh nhd 1énh literalize.

b. Khdoi tao bo nho lam viéc
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pé lap trinh OPSS5, ngudi su dung can khéi tao bo nhé lam viec WM gém cac 16p di liéu
va cac sy kién. Viéc tao ra WM ¢ giai doan nay duoc goi la buwdc khoi tao (literalization
section) cho mét chuong trinh OPS5. Sau d6, st dung 1énh make d¢ tao ra cac phan ti nhé
van hanh.
Vi du, dé khoi tao WM véi 16p dit liéu hd-so-xin-viéc vira duge khai bao trén day, ta khoi
tao cac gia tri thugc tinh nhu sau :
( make hd-so-xin-viéc T ho-16t hoang-thi
T tén ngo
T phai nir
T tudi 21
T dia-chi 18-ong-ich-khiém-da-nang
T nghé-nghiép gido-vién )
Mbi khi WM da dugc khoi tao, dung 1énh :
(wm)
dé xem noi dung cia WM. Dé x04 ndi dung cia WM, goi 1énh :
( remove )

Do OPS5 1am viéc & ché do dién dich nén mdi khi chuong trinh duoc tai vao shell OPSS5,
ndi dung trude d6 cia WM bi x6a sach s& dé duogc khoi tao lai, ngay ca khi chay lai cung mot
chuong trinh. Kha ning nay lam cac chuong trinh OPS5 chay nhanh hon vi mdi chuong trinh
chi lam viéc véi mét tap cac su kién da dugc dinh nghia riéng.

OPSS5 quan niém réng néu nhu ndi dung WM khong dugce xo6a sach thi tat ca cac su kién
van con ton tai mdi khi chay chuong trinh. Khi do, két qua thu dugc co thé sai, hodc xuét hién
16i chay chuong trinh.

Tuy nhién, nguoi ta khong khai tao WM ngay bén ngoai shell OPS5 ma thuong két hop
khoi tao WM bang 1énh make ngay trong cac luat ctia chuong trinh vi diéu nay s& tao ra mot
luong 16n cac su kién ddy du phong pha chtr khong han ché gd timg 1énh, khai tao timg sur
kién mdt & ngoai shell OPSS.

I1.3. Lam viéc véi OPS5

I1.3.1. Hoat dong ciia may suy dién
May suy dién OPS5 hoat dong nhu sau. Pau tién, cac sy kién vé bai toan do nguoi st
dung cung cép duoc thu nhan dé dit vao bo nhé lam viec WM. Sau do, may suy dién tu dong
so khép cac thanh phan bén trai ludt véi cac su kién luu trir trong WM dé quyét dinh luét nao
s€ str dung. Sau khi da xdc dinh duoc luat, mdy s& thuc hién cac hanh dong trong phan bén
phai luat d6. May suy dién sé& tiép tuc vong lip cua minh véi cac luat ké tlep cho dén khi
khéng con ludt nao trong chuong trinh nita. N6i cach khac, khi khong con gi dé so khop nira,
may suy dién s& ngimg va chuong trinh két thic tai do.
So d6 hoat dong cua may suy dién nhu sau :
Begin { Inference Engine }
Nhép dit liéu vao bo nhé lam viec WM
While Chua hét luit Do Begin
Lay mot luat tiép theo
So khép cac thanh phan bén trai luat v6i cac phan tir cia WM
If So khop thanh cong
Then Thuc hién cac 1énh bén phai cua luat do
EndIf
End
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End { Monitor }

I1.3.2. T4p xung ddt va cach giai quyét xung dot
Thong thuong, mot chuong trinh OPS5 chi cho phép mét luat duge sir dung trong sudt
mét vong 1dp cua may suy dien. Nhung van dé€ dat ra la khong phai luc nao may suy dién
ctng chi tim thay mét luat duy nhat. Trong mét s trudng hop, may suy dien c6 thé tim thay
nhiéu ludt ma co6 cac thanh phan bén trai so khop phu hop véi cac su kién trong WM. Khi gép
tinh hudng nhu vy, mdy suy dién phai lya chon mét luat phu hop nhat dé sir dung. C6 thé
tom tat qua trinh hoat ddng ciia may suy di€n qua bon budc 1ap sau day :
1. May suy dién loc toan b tap hop cac xung dot.
2. Néu:
e tip hop cac xung dot 1a réng, hodc néu :
® motsd luong tdi da cac chu ky da dugc thuc hién, hodc néu :
® Juit st dung trude do6 la mot diém dung hodc chua 1énh dung halt nam bén phai
luat,
Thi dung may suy dién.
3. Né’u’khéng, chon mét ludt nao dé trong tap hop cac xung dot tuy theo chién luge giai
quyeét xung dot dang ap dung.
4. Su dung luat da chon : thuc hién cac Iénh nam bén phai luat.
O bude 3, mot nhom céc ludt co cac thanh phan bén trai dwoc may suy dién so khép phu
hgp v6i WM dugc goi 1a tp xung dot (conflict set). Sau khi tap xung dot dugc tao ra, bude
tlep theo, may suy dlen can chon mot luat dé thuc hién bang cach st dung mét trong hai

chién lwoc gidi quyét xung dot (conflict resolution strategy) 1a LEX (LEXicographical
ordering) va MEA (Means-Ends Analysis).

Céc chién luoc giai quyet xung dot LEX va MEA str dung mét thé thoi gian (time tag, doi
khi con dugc goi 1a the tzep cdn, access tag) 1a mot con s6 gan cho mot phan tir cia WM. Sb
nay c6 nghia khi mot phan tir cia WM duoc tao ra hay vira méi duoc sira doi.

a. Chién lwoc gidgi quyét xung dopt LEX

LEX 14 chién luoc giai quyét xung dot mic dinh (default) cia moi trudng OPS5. Mbi lan

can goi LEX, st dung Iénh :

(strategy lex)

bang cach hodc go truc ti€p tai dau nhac 1énh, hodc dat & phan bén phai mdt luat. Chién lugc
LEX giai quyét xung dot qua bon budc nhu sau :

1. Loai bo (discard, hay refraction) cac luat trong tp xung dot da dugc chon ra trén cung
mot dir liéu. Néu chi con lai mot luat trong tap xung dot thi lay luat d6 de thuc hién,
néu khong thi thuc hién budc tiép theo.

2. Sdp xép cac thanh phan bén trai theo thir tw giam dan cia cac thé thoi gian va so sanh
tat ca cac thé thoi gian d6. Sau d6 so sanh cac thanh phan bén trai cua cac luat trong
tap xung dot dé tim ra luat c6 thanh phan vira méi lam bién doi (altered) WM. Néu tim
duoc ludt co cac diéu kién khop vdi cac phan tir cia WM c6 thé thoi gian maéi nhat thi
chon nd dé thuc hién. Néu c6 rang budc xuat hién thi loai trir tat ca céac luat khong co
rang budc tu tap xung dot va tiép tuc budc ti€p theo.

3. Dua trén cac thudc tinh vahodc cac bién, so sanh cac diéu kién cua céac luat con lai theo
nguyén tac ludt nao c6 nhi€u mau so khop hon thi luat d6 quan trong hon. Néu chi con
lai mot ludt trong tap xung dot thi chon n6. Néu co6 rang bude xuat hién thi loai trur tat
ca cac luat khong c6 rang bude trong tap xung dot va tiép tuc budc tiép theo.
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4. Néu sau khi thuc hién cac budc trén ma van con nhiéu luat trong tap xung dot thi chon
ngau nhién (selected randomly) mdt luat va thuc hién no.

b. Chién lwoc gigi quyét xung dot MEA

MEA khong phai 14 chién luge giai quyét xung dot mic dinh cia OPS5. Khi can st dung
MEA, str dung Iénh :

(strategy mea)

MEA giai quyét xung dot qua nam bude, trong d6 bude 1, bude 4 va budc 5 tuong tu
chién lugc LEX :

1. Loai bo cac luat trong tap xung dot da dugc chon ra trén cung mot dir liéu. Néu chi
con lai mot luat trong tap xung dot thi léy luat d6 dé thuc hién, néu khong thi thyc
hién budc tiép theo.

2. Chi so sanh diéu kién dau tién cua cac luat trong tap xung dot dé tim xem luét ndo c6
dong diéu kién dau tién vira 1am thay d6i WM. Viéc so sanh duoc tién hanh cho tat ca
cac thé thoi gian cua cac phan tir trong WM dé so khop véi diéu kién dau tién. Néu
tim duoc luat c6 diéu kién dau tién khép véi cac phan tir cia WM c6 thé thoi gian
méi nhit thi chon no dé thuc hién. Néu ¢ rang budc xuét hién thi loai trir tAt ca céc
luat khong c6 rang budc tir tip xung dot va tiép tuc budc tiép theo.

3. So sanh tir diéu kién thir hai tré di cia cac lut trong tap xung dot dé tim xem luét nao
lam thay d6i WM c6 thé thoi gian moi nhit. Viéc so sanh dya theo thir tr giam dan
clia cac thé thoi gian ddi voi diéu kién thir hai. Ludt ndo co thé thoi gian méi nhat
duoc chon ra. Néu co rang budc xuét hién thi loai trir tit ca cac luat khong c6 rang
budc tir tap xung dot va thyc hién budce tiép theo.

4. Dua trén cac thudc tinh vahodc cac bién, so sanh cac diéu kién cua cac luat con lai
theo nguyén tic luat nao c6 nhiéu mau so khép hon thi luat d6 quan trong hon. Néu
chi con lai mét luat trong tap xung dot thi chon no. Néu co rang budc xuét hién thi
loai trir tat ca cac luat khong c6 rang budc trong tap xung dot va tiép tuc bude tiép
theo.

5. Néu sau khi thuc hién cdc bude trén ma van con nhiéu lut trong tap xung dot thi chon
ngau nhién mot luat va thuc hién noé.

¢. Lwa chon chién lwoc gidgi quyét xung dot

Chién lugc LEX don gian hon chién lugc MEA vi LEX khong chu trong dén thir ty cac
diéu kién trong phén trai luat, trong khi do, chién lugc MEA cho phép nhom cac ludt thanh
cac don thé (modules). Cac don thé giup giam bét tinh phirc tap cia mét chwong trinh va do
d6 duoc sir dung dé lap trinh OPS5. Chién lugc MEA cho phép diéu khién bén trong nho
cach thao tac gian tiép trén luit.

Chién lugc MEA ciing cho phép ngudi 1ap trinh so khép mot nhom cac ludt véi cac phan
tr WM tai nhimng thoi diém xac dinh. Noi cach khac thi mot chuwong trinh c6 thé kich hoat
mot nhom céc luat thong qua viée truy cap cac phan tt WME, tao ra thé thoi gian cua thanh
phan dugc truy cdp méi nhat. Chién lwoc MEA gitp cho viéc lam giam bét dung luong cua
tap xung dot va thoi gian can thiét dé thyuc hién luét.

Thong thuong khi xdy dung mét chuong trinh OPSS, ngudi ta hay sir dung chién lugc
LEX mic dinh dé giai quyét xung dot. Tuy nhién, ddi véi cac chuong trinh ¢6 tap xung dot
lon, ky thuét chuong trinh phirc tap thi ngudi ta hay st dung chién lugc MEA dé 1am cho
chuong trinh chay nhanh hon, giai quyét cac van dé co tinh quy mé hon.
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11.3.3. Lénh va phép toan cia OPS5

a. Mgt sé lénh OPS5
Sau khi khai bao kiéu dit liéu, dinh nghia cac co s¢ luat rb va co s¢ su kién fb, nguoi st
dung co6 thé viet cac dong Iénh chuong trinh dé khai thac cac luat trong ché dd tuong tac. Sau
day la mot so 1énh thong dung :
(run k) khéi dong méy suy dién hoat dong tdi da k chu ky,
(run 1) cho phép chay ting budc,
(run) chay khong han ché s6 chu ky.
(back k) cho phép tim lai trang thai cua co s¢ su kién fb trude k chu ky
so voi chu ky hién hanh, k < 32 va mot trong k luét trude do
da duoc chon ra khong goi dén cac ham tir bén ngoai.
(watch 1) néui=1, liét ké két qua céc luat da dugc chon ra,
néu i =2, liét ké tat ca cac thay doi trong co sé su kién fb.
(break rl..tN) tao diém dung tai cac luatrl, ..., tN : sau khi mot trong
cac luat nay dugc chon ra, may suy dién dung lai cho dén khi
¢6 su can thiép, bdi (run k) chang han. Lénh nay ¢6 tac dung
tuong tu 1énh halt ddt bén trong vé phai luat.

(excise rl1...tN) loai bo cac luatrl, ..., rN khoi co s& luat rb.

(pm), (wm), (cs) xem ndi dung cua fb, rb, wm va tap xung dot trong ing.

b. Cac phép toan cua OPSS5

OPSS5 thuc hién cac phép toan s6 hoc nhu cong (+), trur (-), nhan (*), chia (/) va 1ay phan
du (\\) nh¢ 1énh compute dat & phan bén phai luat. Lénh compute can co t6i thiéu hai d6i s va
mot phép toan. Cac dbi sb co thé 1a cac sb (cac hiang) hodc cac bién. Két qua cua cac phép
tinh toan sb hoc dugce luu trix trong WM.

Vi du, diém trung binh cho ba moén thi Todn, Ly va Hoa ciia mot hoc sinh ¢ tén 1a Minh
duoc tinh toan nho cac cau 1énh OPS5 nhu sau :

( literalize ketquathi tenhs lop toan ly hoa diemtb )

( make ketquathi T tenhs minh
T lop 10d
7 toan 8
Ty771
T hoa 8
T diemtb ( compute (( toan+ly-+hoa )//3))))

Gia tri cia phép toan dugc tinh toan va dugc luu trit trong WM trudce khi thuc hién 1€nh
make. Nhitng 1ap trinh vién OPS5 nhiéu kinh nghiém c6 thé thuc hién cac phép toan phirc tap
bing cach goi cac thu tuc tir bén ngoai OPS3, chiang han goi cac ham viét trong C. Két qua tra
vé ¢6 thé 1a cac tham dbi ciia chwong trinh hodc cac tép dit liéu két qua.

c. Yéu té chic chin

Hau hét cac hé chuyén gia cho 101 khuyén hodc giai quyét mot van dé nao do véi két qua
¢6 d6 chinh xac dugc do béi dg chac chan CF. Gia tri ciia CF thay doi tir -1, img vdi “sai chac
chan”, d&én +1, tmg v6i “dung chic chin”. Gia tri CF=0 cho biét “khong biét”, gia tri am thé
hién d¢ khong tin cdy vao gia thuyét trong khi dé gia tri duong thé hién tinh chic chan sy tin
cdy vao gia thuyét.
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C6 thé sai CF C6 thé dung
< i )
ST 0 o
Sai chac chan Khong biét Dung chac chan

Hinh 4.5. Pham vi gid tri cua nhdn 16 chdn chdn CF

Trong OPS5, d6 t6 chic chin khong phai la xac suat, ma la cac do do khong hinh thirc vé
su tin tuong hay d¢ tin cdy vao mot van de. be the hién do tin cay nay, nguoi thiet ké chuong
trinh thuong thém vao mét sy kién mot gia tri CF phu hop. Vi du, hai sy kién “hém nay co
kha nang troi s mua” va “hoém nay troi mua, CF=0.6" ¢4 y nghia nhu nhau. Gia tri CF=0.6
duoc hiu 1a “co khd nang”.

Nguoi ta ciing dung hé sd CF trong luat dé thé‘ hién quan hé khong chéic chin giita diéu
kién trong phan bén trai ludt va hanh dong trong phan bén phai luat.

Vidu: néu  c6 may den

thi troi s€ mua CF=0.8
duogc hiéu 13 “néu c¢6 may den thi gan nhw chan chdn troi sé mua”.

I1.4. Panh gia va phat trién ciia OPS5

I1.4.1. Panh gia
OPS5 1a mot ngdn ngit xay dung hé chuyén gia kha tiéu biéu. OPS5 mang day du nhitng
uwu diém cia mot ngdn nglr dua trén luét khi thiét k& mot chuong trinh hé chuyén gia :

«  MBoi truong thiét ké cho cac ngdn ngit dwa trén luat khong phtic tap do ciu triic ludt IF-
THEN don gian, d¢ hiéu va de stir dung, d¢€ quan 1y cac su kién dugc luu trit trong bo nhé
lam viéc.

«  MBJi luat biéu dién doc 1ap mot lwong kién thire riéng, thuan tién trong viéc kiém tra, cap
nhét va st dung.

« Sutach biét gilta cac luat cho phép bod sung cac luat moi, tao diéu kién mo rong dé dang
cac tri thirc trong h¢ thong tri thirc dang xét .

« May suy dién dugc nhiing va an trong hé thong, ngudi str dung khong thé lam thay doi
may suy dien.

Tuy nhién, bén canh nhiing wu diém trén day, cac ngdn ngit dua trén luat cling c6 nhiing
han ché nhu :

. Céc luat thuong theo mot huéng duy nhét : theo hudng suy luan tién hodc theo hudng suy
luan Iui.

. Hé thong van hanh ning né do phai so khép miu va giai quyét xung dot. Cung giai quyét
mdt van de, OPS5 thyc hién cham hon so voi ngdn nglt C hoac ngdén ngir Pascal.

. Heé chuyén gia cang 16n cang nhanh chong tré nén phirc tap : véi mot hé théng 6 nhiéu
luat, su gia tang di€u khién dan dén chuong trinh dé bi hu hong va kho theo doi.

I1.4.2. Phit trién ciia ngdn ngir OPS5

OPS5 da dugc sir dung thanh cong dé xay dung nhiéu hé chuyén gia. Tuy nhién, nhugc
diém ctia OPS5 1a khong c6 tinh két hop giita chuong trinh dya trén luat véi mot chuong
trinh theo dang ménh 1énh. Dé khic phuc, Tién si Charles Forgy, tac gia ciia OPS5, di phat
trién OPS5 thanh mot ngdn ngir méi 1a OPSS.
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~ Khac vai trinh dién dich OPSS, OPS83 1a mot trinh bién dich (compiler), cho phep giao
tiép voi cac ngdn ngir khac mot cach d€ dang, chang han ngén ngir C. Vi vay, tri thire cua hé
chuyén gia va giao dién nguoi dung dugc thiét ké thuén tién va hiéu qua.

Tuong ty ngdén ngtr C, Pascal,trong mdt chuong trinh OPS83, nguoi st dung khong
nhimg c6 thé thyc hién cac vong lap FOR, WHILE, ma con c6 thé goi ham va thu tuc. Tuy
nhién, khac véi C, Pascal, ..., OPS83 1a mdt ngon ngit thiét ké hé chuyén gia dua trén luat,
nén OPS83 con cho phép xay dung cac luat.

OPS83 1a phién ban hoan thién ctia OPS5, vira cho phép thiét ké hé chuyén gia duya trén

luat, vira cho phép xay dung mot giao dién dd hoa linh dong tao diéu kién thuan loi trong viéc
giao tiép gilta ngudi st dung va hé chuyén gia.
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Phu luc A Huwéng din sir dung OPS5

Using the Workbench
Copyright (C) Inference Engine Technologies 1988,89. All rights reserved.

Tools in the Workbench

The Workbench has been designed to make the development of OPS5 programs easier. The
Workbench display consists of a top line displaying the product name and version, and the
current active rule set name. The top line also functions as a message display line.

The second line on the screen is the main choice list. The choice list allows easy selection of
one of the built in tools. When the Workbench is first entered, the Interp choice is
highlighted. To select a choice, use either the left or right cursor keys to move the highlight to
the desired choice. Then type enter, and the highlighted choice will be activated. To exit from
any active choice, simply type Esc. You are then free to select another choice.

All choices may also be selected from within the active interpreter by typing cntl and the
capitalized letter in the desired choice. For instance, to get help, type Ctrl-1. Choice list
options prefixed by an exclamation point are 'Alt' commands and may be executed from
within the interpreter by typing alt and the capitalized letter of the desired choice.

The following is a list of the possible choices:

Interp The main Sienna OPSS5 interpreter
Edit The Sienna Editor
heLp Sienna OPS5 language summary
Wm Pop-up window to display =~ working memory
Cs Pop-up window to display the conflict set
Options Pop-up window to display and alter options
!Run Alt command to run OPS5
!Step Alt command to single step OPS5
!Halt Alt command to abort a running program
!Back Alt command to back up 1 rule firing
Pbreak Pop-up window to display all current break points
Rules Pop-up window to display active rules and operators
exit Exit the Sienna OPS5 Workbench

1. The Two Sections of the Screen.

In addition to the top two workbench lines, the main window is divided into upper and lower
sections, separated by a double horizontal line. The upper window is where all screen output
from a running program is displayed (via WRITE), and where all input to the program (via
ACCEPT or ACCEPTLINE) is read from. The lower window is where all interaction with
the interpreter occurs. This is where top-level commands are entered and where trace and
debugging information is displayed.

Each window is actually the full size of a screen, with only a portion being displayed at any
one time. The position of the double horizontal line may be adjusted at any time that input
can be entered. To move the line up, type ctrlAu, and to move the line down, type Ctrl-D
Function key F-2 will swap the position of the line about the center of the screen.

To display the entire program output screen (upper window) with nothing else displayed, type
F-4. To display the entire lower window, type F-5.
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Key Summary:
Ctrl-L Display the HELP screen

Ctrl-E Invoke the full screen editor
Ctrl-W Pop-up the working memory brouse window
Ctrl-C Pop-up the conflict set browser

Ctrl-O Pop-up the Options window

Ctrl-P Pop-up the Breakpoint window
Ctrl-R Pop-up the Rules window

ALT-R Run the rules

ALT-S Single step

ALT-H Halt rule firings

ALT-B Back the interpreter up one rule firing
Ctrl-D Move the double dividing line down
Ctrl-U Move the double dividing line up

F1 Display the OPSS5 help window

F2 Flip the dividing line about the center of the screen
F4 Display the upper screen only

F5 Display the lower screen only

2. Interp: The OPSS Interpreter

The OPSS5 interpreter is where you will spend most of your time. It can be entered only by
moving the highlight to the Interp choice and typing enter.

If you have had experience with LISP implementations of OPSS5, then you should feel
comfortable in the Sienna OPSS5 interpreter environment, since all of the same top-level
commands are available, and work the same way. In addition to the standard commands are a
few that are unique to Sienna OPSS5, and among the standard commands are some that are
additionally available through pop-up windows.

Choice list functions which are preceded by an exclamation point -- !Run !Step !Halt !Back;
are top level 'Alt' commands, and produce an immediate action. To invoke one of these
commands, type alt and the first letter of the desired 'alt' command. The other entries on the
choice list are 'Ctrl' commands (except for Interp and exit) which can be invoked by typing
ctrl followed by the capitalized letter in the command name. The ctrl commands cause a pop-
up window to be displayed containing information specific to the command. alt and ctrl
commands are dispatched immediately. Even if an OPS5 command has been entered at the
command prompt, if a ctrl/alt command is invoked, it is immediately executed. The command
that was typed at the OPS5 prompt will not be evaluated until the enter key is pressed. Both
alt and ctrl commands are further described below.

3. Edit: How and When to Enter the Editor

The editor may be invoked by any one of four methods:

1. By moving the choice menu highlight to Edit and typing enter.

2. When in the interpreter, by typing Ctrl-E.

3. When in the Rules window, by selecting the Edit option, selecting a rule, and typing enter.

4. When loading a file into the interpreter, if a syntax error is found and the second
parameter of the load function is 'T", the editor is invoked automatically with the cursor
placed on the line where the error was detected.

When the first two methods are used, the editor buffer which was last displayed, or last
loaded, will be the active buffer. If no files have been loaded into the system, then the default
scratch buffer will be active.
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When the third method is used to invoke the editor, the buffer containing the selected rule is
made active and the top of the screen is positioned at the beginning of the selected rule. The
editor can be exited at any time by pressing esc.

4. Help: Using the Help Screen

The help screen provides one screen of help, which is available either by selecting the help
option on the choice list and pressing enter, or, when the interpreter is active, by typing Ctrl-L.
Information on the Help screen is divided into three categories: commands, actions, and RHS
functions. The commands category includes commands that can be entered at the top-level. In
addition to those listed, any action preceded by an asterisk in the actions list can also be
entered at the top level. The actions category are those actions that can be entered in the right
hand side of a rule. The RHS function category are functions which can be placed within
most RHS actions. The notational conventions of the help screen are as follows:

n an integer number

pl the name of a production

s a symbol

v a variable

<XX..> optional arguments

/ select one of the listed

[.] one of the included options is required.

The heLp screen is meant to be a reminder of the most-used language elements and gives an
indication of the syntax.
Press any key to exit the help window.

5. Options: Setting OPSS Options

The Options window may be selected by either moving the choice list highlight to Options
and pressing enter, or, when in the interpreter, by typing Ctrl-O. The Options window
displays the current settings of the strategy, watch level, delay level, echo status, and the
default file settings.

The strategy, watch, delay and echo status may be changed in the options window. You can
select the item to change by pressing either the cursor up or cursor down keys. When you
have selected the item to change, one of the allowable values for that item may be selected by
pressing the left or right cursor keys. The strategy, watch and delay options are also top level
commands.

The default files section displays the currently active files for the trace, accept and write files.
To change these values you must use the OPENFILE and DEFAULT actions at the top-level.
To leave the Options window, press the esc or enter key.

6. Wm: Displaying the Contents of Working Memory

The Wm (Working Memory) window may be displayed by selecting the Wm option from the
choice list and pressing enter, or by typing Ctrl-W whenever text input can be entered, when
the Cs window is displayed, or when the Rules window (but no other) is displayed.

The current contents of working memory are displayed in order of recency, with the latest
addition to, or change of, working memory being displayed first.

The bottom of the window lists the active keys for the window. If there are more WMEs in
working memory than can be displayed in the window, the cursor up, cursor down, page up,
page down, home and end keys can be used to move through the rest of working memory. If
the WME:s are too long to be displayed in the window, the left cursor and right cursor keys
can be used to shift the window contents left and right.

To exit the window press esc.
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7. Cs:  Displaying the Conflict Set Entries

The Cs window is invoked by selecting the CS option from the choice list, by typing ctrl-c
whenever text input can be entered, or when the Wm or Rules window, but no other are
displayed. The Cs window displays the contents of the current conflict set, sorted in the order
in which the rule instantiations would fire. Displayed with the name of the instantiated rule is
the list of time tags of instantiating WME:s for the rule. Given the instantiating WME time
tags, the Wm window can be invoked to look up the actual working memory elements.

If there are more conflict set entries than can be displayed in the window at one time, the
cursor up, cursor down, page up, page down, home and end keys may be used to view the rest
of the entries. The cursor left and cursor right keys can be used to scroll the window to the
left and right as needed.

To exit the window, press esc.

8. !Run -- Using the Run Choice

The !'Run choice can be selected with the choice list highlight, or can be invoked by typing
Alt-R from within the interpreter. This has the same effect as typing "(RUN)" at the OPS5
prompt. The interpreter begins running and continues until no productions are instantiated or
a halt action or break point is encountered.

Note that, when within the interpreter, typing alt-R causes the interpreter to be run
immediately. Commands which may have been entered at the OPS5 prompt are not evaluated
unless enter has been first pressed from within the interpreter.

9. ISTEP -- Single Stepping Through Your Program

The !Step commands can be invoked by moving the highlight to that option and pressing
enter, or by typing alt-s from within the interpreter.

The action of the !Step command is to fire 1 production from the conflict set. It is
functionally equivalent to typing (RUN 1) at the OPSS5 prompt, but somewhat more
convenient.

Commands entered but not evaluated are not evaluated by the !Step command.

10. 'HALT: How to Stop a Runaway Program

The 'Halt commands can be invoked either by selecting it in the choice list menu, or by typing
Alt-H while a program is running. However, since the !Halt commands is useful only while the
interpreter is running, and it is not possible to select an option with the highlight during that
time, the only meaningful way that the command can be invoked is by typing Alt-H.

The 'Halt command is functionally equivalent to the evaluation of a Halt action in the RHS of
a production. When the 'Halt command is executed the interpreter is halted immediately after
the current rule has completed firing, and control returns to the top level.

11. !BACK: Running Backwards -- Undoing Rule Firings

The !'Back commands can be selected from the choice list by moving the highlight to the
option and pressing enter, or by typing alt-b from within the interpreter.

The !Back command is functionally equivalent to typing (BACK 1) at the OPS5 prompt. The
interpreter is backed up one rule firing and the system is restored to the state prior to the last
rule firing.

The action of this command is immediate. Any commands entered at the OPS5 prompt but
not yet evaluated by typing enter are not evaluated by invoking this command.
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12. PBREAK: Listing Break Points

The Pbreak option opens a window which displays all currently set break points. The option
can be selected from the menu by highlighting the option and pressing enter, or by typing
CNTl-p from within the interpreter.

Break points cannot be set or cleared with this option, use the Rule window instead. If no
break points have been set then the message "** no break points set **" is displayed in the
window. To close the window and exit, press Esc. To set or clear break points use either the
rules window or the pbreak command.

13. RULES: Displaying and Manipulating Rules

1 How to use the Rules screen

The Rules window can be invoked by selecting the Rules choice with the highlight and
pressing enter, or by typing Ctrl-R whenever text input can be entered or while the Wm or
Cs windows are displayed.

The Rules window displays a list of the compiled rules and allows one r of four operations:
Edit, Matches, Pbreak, and Excise, to be applied r to the selected rule. To select a rule, use
the cursor up and cursor r down keys to highlight the desired rule. When there are more rules
r than can fit on one rules screen, you can also use the page up, page r down, home and end
keys to view the rest of the rules. If rule names r are too long to fit within the window, the
Ctrl-Cursor-Left and r Ctrl-Cursor-Right keys can be used to view the truncated portion of r
the rule names.

To select one of the four operations to apply to the selected rule, r uses the Cursor-Left and
Cursor-Right keys to make you choice, and r then press enter.

To summarize the Rules window keys and their actions:

Cursor up move rules highlight bar up
Cursor down move rules highlight down
Page up scroll up one window

Page down scroll down one window
Home to top of rules

End to bottom of rules

Ctrl cursor left scroll window left

Ctrl cursor right scroll window right

2. EDIT: Editing a rule

A rule may be edited by selecting the edit option along with a r particular rule. When enter is
pressed Sienna Edit is entered. The r buffer that contains the rule is made the active buffer,
and the top r of the buffer window is placed at the top of the selected rule. If r the rule cannot
be found, then an error message is displayed.

A rule will not be found if the edit buffer containing the rule does r not exist, or if the rule
text has been deleted.

3. MATCHES: Displaying WMEs that match a rule

The Matches option performs the same task as the matches command r from the OPS5
prompt. When the Matches option is used from the rules r window is used, however, a
window is opened and the matches for the r rule are displayed in the window. If there is more
information than r can be displayed at one time in the window, then any of the special r keys
listed at the bottom of the window can be used to browse through r the display.

Some care should be exercised when using the Matches option. The r matches information,
when displayed in the window, must be formatted r into a data structure in order to allow
browsing through the list. If r the matches of a rule which creates large cross products of
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objects is r displayed, the resulting space needed to preformat the information r could exceed
available memory. If you suspect that this will be the r case, then use the matches command
at the OPSS5 prompt instead.

To close the Matches window, press esc.

4. PBREAK:  Setting and clearing break points

The Pbreak option allows you to easily set and clear break points r on rules. To set or clear a
break point, select Pbreak with the r highlight, select the rule you want to set/clear, and press
the enter r key. A message will be displayed at the top of the screen.

When a rule has a break point set on it, an asterisk is visible to the r left of the rule name.
When the break point is cleared, the asterisk ris cleared also.

5. EXCISE: Purging rules from the Knowledge Base

The Excise option can be used to purge a rule from the RETE network. To excise a rule,
select the rule in the Rules window, select the Excise option, and press enter. A window will
appear to verify that you want the rule excised. If you do, then type 'Y". If not, just press enter
or esc to cancel the operation.

Excising a rule from the RETE network does NOT delete the rule text from the edit buffer, if
it exists in one.

14. EXIT: Leaving the Workbench

To exit the workbench you must select the exit option on the main choice list, and then press
enter. If you are in the interpreter, the editor, or any other selection, then you must first return
to the choice list by pressing esc.

Upon exit, if any edit buffers have been altered since being last saved, a warning is given
along with the chance to abort the exit. You may then enter the editor and save the modified
buffers by pressing F-4 within each buffer.

http://www.haley.com/3173193312476179/ReteAlgorithm.html
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Historical Projects
A number of major projects are now considered completed work; their goals have been met,
and our research attention has moved on to new areas.

DENDRAL (1965-83)

The DENDRAL Project was one of the earliest expert systems. DENDRAL began as an
effort to explore the mechanization of scientific reasoning and the formalization of scientific
knowledge by working within a specific domain of science, organic chemistry. Another
concern was to use Al methodology to understand better some fundamental questions in the
philosophy of science, including the process by which explanatory hypotheses are discovered
or judged adequate. After more than a decade of collaboration among chemists, geneticists,
and computer scientists, DENDRAL had become not only a successful demonstration of the
power of rule-based expert systems but also a significant tool for molecular structure
analysis, in use in both academic and industrial research labs. Using a plan-generate-test
search paradigm and data from mass spectrometry and other sources, DENDRAL proposes
plausible candidate structures for new or unknown chemical compounds. Its performance
rivals that of human experts for certain classes of organic compounds and has resulted in a
number of papers that were published in the chemical literature. Although no longer a topic
of academic research, the most recent version of the interactive structure generator, GENOA,
has been licensed by Stanford University for commercial use.

META-DENDRAL (1970-76)

META-DENDRAL is an inductive prograrn that automatically formulates new rules for
DENDRAL to use in explaining data about unknown chemical compounds. Using the plan-
generate-test paradigm, META-DENDRAL has successfully formulated rules of mass
spectrometry, both by rediscovering existing rules and by proposing entirely new rules.
Although META-DENDRAL is no longer an active program, its contributions to ideas about
learning and discovery are being applied to new domains. Among these ideas are that
induction can be automated as heuristic search; that, for efflciency, search can be broken into
two steps--approximate and refined; that learning must be able to cope with noisy and
incomplete data; and that learning multiple concepts at the same time is sometimes
inescapable.

MYCIN (1972-80)

MYCIN is an interactive program that diagnoses certain infectious diseases, prescribes
antimicrobial therapy, and can explain its reasoning in detail. In a controlled test, its
performance equalled that of specialists. In addition, the MYCIN program incorporated
several important Al developments. MYCIN extended the notion that the knowledge base
should be separate from the inference engine, and its rule-based inference engine was built on
a backward-chaining, or goal-directed, control strategy. Since it was designed as a consultant
for physicians, MYCIN was given the ability to explain both its line of reasoning and its
knowledge. Because of the rapid pace of developments in medicine, the knowledge base was
designed for easy augmentation. And because medical diagnosis often involves a degree of
uncertainty, MYCIN's rules incorporated certainty factors to indicate the importance (i.e.,
likelihood and risk) of a conclusion. Although MYCIN was never used routinely by
physicians, it has substantially influenced other Al research. At the HPP, MYCIN led to work
in TEIRESIAS, EMYCIN, PUFF, CENTAUR, VM, GUIDON, and SACON, all described
below, and to ONCOCIN and ROGET. The book Rule-Based Expert Sytem: The MYCIN
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Experiment at the Stanford Heuristic Programming Project describes the decade of research
on MYCIN and its descendants.

TEIRESIAS (1974-77)

The knowledge acquisition program TEIRESIAS was built to assist domain experts in
refining the MYCIN knowledge base. TEIRESIAS developed the concept of metalevel
knowledge, i.e., knowledge by which a program can not only use its knowledge directly, but
can examine it, reason about it, and direct its use. TEIRESIAS makes clear the line of
reasoning used in making a diagnosis and aids physician experts in modifying or adding to
the knowledge base. Much of this was incorporated into the EMYCIN framework. The
flexibility and understandability that TEIRESIAS introduced into the knowledge base
debugging process have been models for the design of many expert systems.

EMYCIN (1974-79)

The core inference engine of MYCIN, together with a knowledge engineering interface, was
developed under the name EMYCIN, or "Essential MYCIN." It is a domain-independent
framework that can be used to build rule-based expert systems for consultation problems such
as those encountered in diagnosis or troubleshooting. EMYCIN continues to be a primary
example of software that can facilitate building expert systems and has been used in a variety
of domains, both medical (e.g., PUFF) and nonmedical (e.g., SACON). The system has been
widely distributed in the U.S. and abroad and is the basis for the Texas Instruments software
system called Personal Consultant.

PUFF (1977-79)

The PUFF system was the first program built using EMYCIN. PUFF's domain is the
interpretation of pulmonary function tests for patients with lung disease. The program can
diagnose the presence and severity of lung disease and produce reports for the patient's file.
Once the rule set for this domain had been developed and debugged, PUFF was transferred to
a minicomputer at Pacific Medical Center in San Francisco, where it is used routinely to aid
with interpretation of pulmonary function tests. A version of PUFF has been licensed for
commercial use.

CENTAUR (1977-80)

The CENTAUR system was designed to experiment with an expert system that combines
both rule- and frame-based approaches to represent and use knowledge about medicine and
medical diagnostic strategies. For purposes of comparison, CENTAUR was developed for the
same task domain as PUFF, interpretation of pulmonary function tests. CENTAUR
performed well, demonstrating the effectiveness of this representation and control
methodology.

VM (1977-81)

The Ventilator Manager (VM) program interprets online quantitative data in the intensive
care unit (ICU) and advises physicians on the management of post-surgical patients needing a
mechanical ventilator to help them breathe. While based on the MYCIN architecture, VM
was redesigned to allow for the description of events that change over time. Thus, it can
monitor the progress of a patient, interpret data in the context of the patient's present and past
condition, and suggest adjustments to therapy. VM was tested in the surgical ICU at Pacific
Medical Center in San Francisco. Some of the program's concepts have been built directly
into more recent respiratory monitoring devices.
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GUIDON (1977-81)

GUIDON is an experimental program intended to make available to students the expertise
contained in EMYCIN-based systems. GUIDON incorporates separate knowledge bases for
the domain itself and for tutoring, and engages the student in a dialogue that presents dornain
knowledge in an organized way over a number of sessions. Using the MYCIN knowledge
base as the domain to be taught, work in GUIDON explored several issues in intelligent
computer-assisted instruction (ICAI), including means for structuring and planning a
dialogue, generating teaching material, constructing and verifying a model of what the
student knows, and explaining expert reasoning. Although GUIDON was successful in many
respects, it also revealed that the diagnostic strategies and some of the medical knowledge
that were contained implicitly in the MYCIN rules had to be made explicit in order for
students to understand and remember them easily. As a result, a new expert system,
NEOMYCIN, has been developed.

SACON (1977-78)

SACON (for Structural Analysis CONsultant) was implemented as a test of the EMYCIN
framework in an engineering context. SACON advised structural engineers on the use of
MARC, a large structural analysis program, and has served as a prototype of many advisory
systems.

MOLGEN (1975-84)

The MOLGEN project has applied Al methods to research in molecular biology. Initial work
focused on acquiring and representing the expert knowledge needed to design and simulate
experiments in the domain. This led to the development of UNITS, described below. The
second phase of research resulted in two expert systems, representing distinct approaches to
the design of genetic experiments. One system used "skeletal plans," which are abstracted
outlines of experiment designs that can be applied to specific experimental goals and
environments. The other system was based on planning with constraints, in which planning
decisions are made in the spaces of overall strategy, domain-independent decisions, and
domain-dependent laboratory decisions, and the interaction of separate steps or subproblems
of an experiment constitute constraints on the overall problem. These two systems were later
synthesized into a third system, called SPEX. Current work, known as MOLGEN-II (see the
section "The Heuristic Programming Project"), is investigating the process of theory
formation in molecular biology.

UNITS (1975-81)

The frame-based UNITS system was developed in the MOLGEN project as a general-
purpose knowledge representation, acquisition, and manipulation tool. Designed for use by
domain experts with little previous knowledge of computers, it provides an interface that
allows the expert to describe both factual and heuristic knowledge. It contains both domain-
independent and domain-specific components, including modified English rules for
describing the procedural knowledge. UNITS has been licensed by Stanford University for
commercial development.

AM (1974-80)

The AM program explored machine learning by discovery in the domain of elementary
mathematics. Using a framework of 243 heuristic rules, AM successfully proposed plausible new
mathematical concepts, gathered data about them, noticed regularities, and, completing this cycle,
found ways of shortening the statement of those hypotheses by making new definitions.
However, AM was not able to generate new heuristics. This failing was found to be inherent in
the design of AM; related work on discovering new heuristics was done as part of EURISKO.
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EURISKO (1978-84)

A successor to AM, EURISKO has also investigated automatic discovery, with a particular
emphasis on heuristics, their representation, and the part played by analogy in their discovery.
Several hundred heuristics, mostly related to functions, design, and simulation, guide
EURISKO in applying its knowledge in several domains. In each domain, the program has
three levels of task to perform: working at the domain level to solve problems; inventing new
domain concepts; and synthesizing new heuristics that are specific and powerful enough to
aid in handling tasks in the domain. EURISKO has been applied to elementary mathematics;
programming, where it has uncovered several Lisp bugs; naval fleet design, where it has
reigned undefeated in the Traveller Trillion Credit Squadron tournament; VLSI design, where
it has come up with some novel and potentially useful three-dimensional devices; oil-spill
cleanup; and a few other domains.

RLL (1978-80)

RLL (for Representation Language Language) is a prototype tool for building customized
representation languages. RLL is self-descriptive, i.e., it is itself described in terms of RLL
units. It has been used as the underlying language for EURISKO and other systems.

Contract Nets (1976-79)

The Contract Nets architecture is an early contribution to work on computer architectures for
parallel computation. Recently, it has received much attention in the emerging literature on
multiprocessor architectures for symbolic computation. In the Contract Nets architecture,
problem solving is distributed among decentralized and loosely coupled processors. These
processors communicate about task distribution and answers to subproblems through an
interactive negotiation analogous to contract negotiation in the building trades: the "contract"
is given to the processor that can handle the task at the lowest system cost, and failure to
complete a task results in its reassignment to another processor.

CRYSALIS (1976-83)

The CRYSALIS project explored the power of the blackboard model in interpreting X-ray
data from crystallized proteins. The overall strategy was to piece together the three-
dimensional molecular structure of a protein by successively refining descriptions of the
structure. Although the knowledge base was developed for only a small part of the problem,
the blackboard model with its hierarchical control structure was shown to be very powerful
for solving such highly complex problems. Results from CRYSALIS are currently being
incorporated in other KSL work and have contributed to improved models of control.

AGE (1976-82)

The AGE (for Attempt to GEneralize) project sought to develop a software laboratory for
building knowledge-based programs. AGE-1, the knowledge engineering tool that resulted, is
designed for building programs that use the blackboard problem-solving framework. It can
aid in the construction, debugging, and running of a program. AGE-1 has been used in a
number of academic laboratories and for various applications in industry and the defense
community.

QUIST (1978-81)

QUIST combines Al and conventional database technology in a system that optimizes queries
to large relational databases. QUIST uses heuristics embodying semantic knowledge about
the contents of the database to make inferences about the meanings of the terms in a query. It
reformultes the original query into an equivalent one whose answer can be found in the
database more efficiently. Then conventional query optimization techniques are used to plan
an efflcient sequence of retrieval operations.
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GLisp (1982-83)

GLisp is a programming language that allows programs to be written in terms of objects and
their properties and behavior. The GLisp compiler converts such programs into efficient Lisp
code. The compiler has been released to outside users, along with the GEV window-based
data inspector, which displays data according to their GLisp description. GLisp is now being
distributed from the University of Texas.

Model of Endorsement (1982-85)

The model of endorsement represents and reasons with heuristic knowledge under
uncertainty. Instead of associating numerical weights with evidence, the model of
endorsement discriminates kinds of evidence and distinguishes the importance of different
evidence-gathering situations. Thus, this model's significance is that it examines the question
of how to reason about uncertainty, as well as with it. in expert systems.

Al Handbook (1975-82)

The Handbook of Artificial Intelligence was a community effort by KSL (formerly HPP)
students and researchers plus collaborators around the country. It describes the fundamental
ideas, useful techniques, and exemplary programs from the first 25 years of Al research.
Designed for scientists and engineers with no Al background. the three-volume Handbook
book contains some 200 articles organized into 15 chapters. Chapters cover such topics as
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Phu luc C Tham khao

Une nouvelle ére qui s'ouvre...

11 est difficile de parler du Systéme Expert sans parler d'Intelligence Artificielle, ou TA en
abréviation. L’TA est une combinaison/association de la science des ordinateurs (informatique),
de la physiologie et de la philosophie. Elle comprend de multitudes disciplines, depuis la vision
artificielle jusqu'au systéme expert en passant par la programmation des jeux. L'élément en
commun de toutes les disciplines de I'TA est la création des machines qui "pensent".

Pour qu'une machine soit classée "pensante", il est nécessaire de définir ce qu'est
"intelligence". A quel degré d'intelligence est associ¢ a la résolution des probleémes
complexes, a la création des liens entre les faits ou encore a la généralisation d'une régle ? Et
la perception, la compréhension ? Des recherches dans le domaine d'apprentissage, de
langage, de la perception sensorielle ont énormément contribué a la conception des machines
intelligentes.

L'un des plus grands défis d'un expert IA est de concevoir un systéme qui imite le
comportement humain, composé de milliards de neurones, capable d'entretenir les affaires les
plus complexes du monde. Le début de I'Intelligence Artificielle remonte bien avant
I'électronique, a I'époque des philosophes et des mathématiciens (George BOOLE) et bien
d'autres théories ou principes qui ont été utilisés comme fondement de I'TA.

Elle intriguait les chercheurs avec 1'invention de 1'ordinateur en 1943. La technologie est
finalement disponible et apte (semble-t-il) a simuler un comportement "intelligent". Quarante
ans plus tard et aprés quelques marches trébuchantes, 1'Intelligence Artificielle grandissait
d'une dizaine de chercheurs a des milliers d'ingénieurs et de spécialistes, de programmes
d'ordinateur capable de jouer aux échecs aux systémes capables de diagnostiquer les
maladies.

Un réseau neuronal

Le cerveau humain est constitué d'une toile de milliards de cellules appelées neurones,
comprendre ses complexités semble I'une des derniéres frontieres des recherches
scientifiques. Une des voies de recherche en Intelligence Artificielle consiste a construire des
circuits électroniques qui sont capables de réagir comme des neurones dans un cerveau
humain. Mais, la plupart des activités neuronales restent inconnues, la complexité du réseau
neuronal constitue précisément ce que l'on appelle l'intelligence humaine. De par lui-méme
une neurone n'est pas intelligente, mais une fois assemblée les neurones sont capables de de
passer les signaux électriques au travers de ses réseaux.

Systéme Expert, une approche descendante

Grace aux énormes capacités de stockage d'information, un systéme expert est capable
d'interpréter les statistiques et en déduire des régles. Un systéme expert fonctionne comme un
détective qui cherche a résoudre une énigme. En utilisant les informations, les régles et la
logique, il parvient & trouver la solution au probléme.Ainsi, un systéme expert congu pour
identifier les oiseaux pourrait avoir un raisonnement suivant.
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Un diagramme de ce type représente la logique des systémes experts. En utilisant un jeu
de régles similaires, les systémes experts peuvent avoir des applications diverses et variées.
Avec une interface homme machine améliorée, les ordinateurs trouvent encore une place plus

large dans la société.
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