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Chuong 1 — Gidi thi¢u
1. Tritué nhan tao la gi?

Pé hiéu tri tué nhan tao (artificial intelligence) 1a gi chung ta bat dau véi khai niém sy

bay nhan tao (flying machines), tirc 1a cai may bay.

Pa tir 1au, loai ngudi mong mudn 1am ra mot cdi may ma cé thé di chuyén duoc
trén khong trung ma khong phu thudc vao dia hinh & dudi mat dat, hay noi cach khac 1a
may c6 thé bay dugc. Khong c6 gi ngac nhién khi nhitng ¥ tudng dau tién 1am may bay 1a
tir nghién ctru cach con chim bay. Nhiing chiéc may biét bay duogc thiét ké theo nguyén Iy
“yd canh” nhu con chim chi ¢ thé bay duoc quing duong rat ngan va lich sir hang khong
thuc sy sang mot trang méi ké tir anh em nha Wright thiét ké may bay dua trén cac

nguyén 1y cua khi dong luc hoc (aerodynamics).

Cac may bay hién nay, nhu da thdy, c6 sirc trd rat 16n va bay duoc quing duong
c6 thé vong quanh thé gidi. N6 khong nhit thiét phai c6 nguyén 1y bay cua con chim

nhung van bay duogc nhu chim (dang vé), va con tot hon chim.

Quay lai cau hoi Tri tu¢ nhan tao 1a gi. Tri tu¢ nhan tao la tri thong minh cua may
do con ngudi tao ra. Ngay tur khi chiéc may tinh dién t déu tién ra doi, cac nha khoa hoc
may tinh da huéng dén phat hién hé thong may tinh (gém ca phan cting va phan mém)
sao cho né c6 kha niang thong minh nhu loai ngudi. Mic du cho dén nay, theo quan niém
clia ngudi viét, réc mo nay van con xa moi thanh hién thyc, tuy vay nhitng thanh tyu dat
duoc ciing khong hé nho: ching ta di 1am duogc cac hé théng (phan mém choi c& vua
chay trén siéu may tinh GeneBlue) c6 thé théng dugc vua cd thé gidi; chung ta da lam
duoc cac phan mém co thé ching minh dugc cic bai toan hinh hoc; v.v. Hay néi cach
khac, trong mot s6 linh vuec, may tinh co thé thuc hién tot hon hodc tuong duong con

nguoi (tat nhién khong phai tit ca cac linh vuc). D6 chinh 13 cac hé thong thong minh.

C6 nhiéu cach tiép can dé lam ra tri thong minh cua may (hay 1a tri tué nhan tao),

chang han 1a nghién ctru cadch bd ndo ngudi san sinh ra tri thong minh cta loai ngudi nhu



thé ndo roi ta bat chudc nguyén ly do, nhung cling cé nhitng cach khac stir dung nguyén 1y
hoan toan khac vé6i cach san sinh ra tri thong minh cuia loai ngudi ma van lam ra cai may
thong minh nhu hodc hon nguoi; cling giong nhu may bay hién nay bay tot hon con chim

do no c6 co ché bay khong phai 1a giéng nhu co ché bay ctia con chim.

Nhu vay, tri tué nhan tao & ddy 1a néi dén kha ning cua may khi thuc hién cac cong
viéc ma con ngudi thuong phai xtr 1y; va khi dang vé tng xtr hodc két qua thuc hién cia
may 13 tot hon hodc twong duong v6i con nguoi thi ta goi d6 1a may thong minh hay may
dé co tri thong minh. Hay noi cach khac, danh gid sy thong minh ciia may khong phai
duva trén nguyén ly n6 thyc hi¢én nhiém vu do co giéng cach con nguoi thuc hi¢n hay
khong ma dua trén két qua hodc dang vé ing xir bén ngoai cua nod co giéng véi két qua

hodc dang vé trng xu ciia con nguoi hay khong.

Céac nhiém vu ctia con ngudi thudng xuyén phai thuc hién 13: gidi bai todn (tim kiém,
chtng minh, 1ap luan), hoc, giao tiép, thé hién cam xiic, thich nghi véi méi truwong xung
quanh, v.v., va dua trén két qua thuc hién cac nhiém vu d6 dé két luan rang mot ai d6 co
1a thong minh hay khong. Mén hoc Tri tué nhén tao nhim cung cdp cac phuong phap
luan dé 1am ra hé théng c6 kha nang thuc hién cac nhiém vu do: gidi toan, hoc, giao tiép,
v.v. bt ké cach nd lam c6 nhu con nguoi hay khong ma 13 két qua dat dugc hodc dang vé

bén ngoai nhu con nguoi.

Trong mén hoc nay, chung ta s& tim hiéu cac phuwong phap dé lam cho may tinh biét

cach giai bai toan, biét cach lap luan, biét cach hoc, v.v.
2. Lich sw

Vao nam 1943, Warren McCulioch va Walter Pitts bit dau thyuc hién nghién ctru ba co s&
Iy thuyét co ban: triét hoc co ban va chirc ning ciia cac noron than kinh; phan tich cac
ménh dé logic; va Iy thuyét dy dodn ctia Turing. Céc tac gia di nghién ctru dé xuat mo
hinh noron nhan tao, mdi noron dic trung boi hai trang thai “bat”, “t3t” va phat hi¢n

mang noron c6 kha nang hoc.



Thudt ngit “Tri tué nhan tao” (Artificial Intelligence - AI) dugc thiét 1ap boi John
McCarthy tai Hoi thao dau tién vé chi dé nay vao mua hé nim 1956. Dong thoi, ong
cling dé& xuit ngdn ngit 1ap trinh Lisp — mdt trong nhitng ngdn ngit 1ap trinh ham tiéu
biéu, duogc su dung trong linh vyc Al Sau d6, Alan Turing dua ra "Turing test" nhu la

mot phuong phap kiém chimg hanh vi théng minh.

Thap ky 60, 70 Joel Moses viét chuong trinh Macsyma - chuong trinh toan hoc st dung
co s tri thire dau tién thanh cong. Marvin Minsky va Seymour Papert dua ra cac chimg
minh dau tién vé giéi han ciia cac mang no-ron don gian. Ngon ngit 1ap trinh logic Prolog
ra doi va duoc phat trién boi Alain Colmerauer. Ted Shortliffe xdy dung thanh cong mot
s6 hé chuyén gia dau tién trg giup chin doan trong y hoc, cac hé thong nay str dung ngon

ngit luat dé biéu dién tri thirc va suy dién.

Vao dau nhitng ndm 1980, nhirg nghién ctru thanh cong lién quan dén AI nhu cac hé
chuyén gia (expert systems) — mot dang cua chuong trinh AI mo6 phong tri thic va cac ky

nang phan tich ciia mot hoac nhiéu chuyén gia con nguoi

Vao nhitng nam 1990 va dau thé ky 21, Al da dat dugc nhitng thanh tuu to 16n nhat, Al
duoc 4p dung trong logic, khai pha dir liéu, chan doan y hoc va nhiéu linh vuc tng dung
khac trong cong nghiép. Su thanh cong dira vao nhiéu yéu té: ting kha ning tinh toan cia
may tinh, tap trung giai quyét cic bai toan con cu thé, xay dung cac mbi quan hé giira Al
va céc linh vuc khac giai quyét cac bai toan twong tw, va mot sy chuyén giao méi cua cac

nha nghién ctru cho cac phuong phép toan hoc viing chic va chuan khoa hoc chinh xAc.
3. Cdc linh vue cua Al

» Lap luan, suy dién tu dong: Khai niém 1ap luan (reasoning), va suy dién (reference)
dugc sir dung rat pho bién trong linh vyc Al Lap luan 14 suy dién logic, dung dé chi
mot tién trinh rat ra két luan (tri thirc moi) tir nhitng gia thiét da cho (duoc biéu dién
dudi dang co so tri thirc). Nhu vy, dé thuc hién 1ap luan ngudi ta can co cac phuong

phap luu trir co s& tri thure va cac thu tuc 1ap luan trén co sé tri thire do.



Biéu dién tri thirc: Mudn may tinh c6 thé luu trit va xt 1y tri thuc thi cdn c6 cac
phuong phap biéu dién tri thirc. Cac phuong phap biéu dién tri thirc & day bao gdbm
cac ngdn ngir biéu din va cac k¥ thuat xu 1y tri thirc. Mot ngon ngit biéu dién tri thirc
dugc danh gia 1a “tot” néu nd co tinh biéu dat cao va cac tinh hiéu qua cua thuat toan
1ap luan trén ngon ngit d6. Tinh biéu dat ciia ngdn ngit thé hién kha niang biéu dién
mot pham vi rong 16n cac thong tin trong mot mién tmg dung. Tinh hiéu qua cta cac
thuat toan 1ap luan thé hién chi phi vé thoi gian va khong gian danh cho vi¢c 1ap luan.
Tuy nhién, hai yéu t6 nay dudng nhu ddi nghich nhau, tirc 1a néu ngén ngit c6 tinh
biéu dat cao thi thuét toan lap luan trén do6 s€ co6 do phuc tap 16n (tinh hi¢u qua thép)
va nguoc lai (ngdn ngit don gian, c6 tinh biéu dat thap thi thuat toan 1ap luan trén do
s€ ¢6 hi¢u qua cao). Do d6, mot thach thuc 16n trong linh vuc Al 1a xay dung céc
ngdn ngir biéu dién tri thirc ma co thé can bang hai yéu té nay, tirc 13 ngdn ngir co tinh

biéu dat du t6t (tuy theo ting Gng dung) va co thé 1ap luan hiéu qua.

Ldp ké hoach: kha nang suy ra cac myc dich can dat dugc doi voi cac nhiém vu dua

ra, va xac dinh day cac hanh dong can thuc hién dé dat dugc muc dich do.

Hoc may: 1a mét linh vyc nghién ciru cia Al dang dugce phat trién manh mé& va co
nhidu tng dung trong cac linh vuc khac nhau nhu khai pha dir liéu, kham pha tri

thue,...

Xur [y ngon ngir tw nhién: 1la mot nhanh cta Al, tap trung vao cac tmg dung trén ngon
ngtr cua con nguoi. Cac ung dung trong nhan dang tiéng noi, nhan dang chir viét, dich

tu dong, tim kiém thong tin,...

Hé chuyén gia: cung cip cac hé thong c6 kha ning suy luan dé dua ra nhimg két
luan. Cac hé chuyén gia c6 kha ning xt 1y luong thong tin 16n va cung cap cac két
luan duwa trén nhitng théng tin d6. C6 rat nhiéu hé chuyén gia ndi tiéng nhu cac hé
chuyén gia y hoc MYCIN, doan nhan cau tric phan tor tir cong thirc héa hoc
DENDRAL, ...

Robotics



>
4. Noi dung mon hoc

Gido trinh nay dugc viét voi cac ndi dung nhdp moén vé Al cho cac sinh vién chuyén
nganh Tin hoc va Cong nghé thong tin. Cac tac gid c6 tham khdo mdt so tai li¢u, gido
trinh cta cac truong Pai hoc Quoc gia Ha ndi, Pai hoc Bach khoa Ha noi, ... Noi dung

gdm céc phan sau:

Chuong 1. Gidi thiéu: trinh bay tong quan vé Al, lich str ra doi va phat trién va céc linh

vuc ung dung cua Al

Chuong 2. Cac phuwong phap tim kiém 16i giai: trinh bay cac k¥ thuat tim kiém co ban
duoc ap dung dé giai quyét cac van dé va duoc ap dung rong rii trong cac linh vyuc cia tri

tu¢ nhan tao.

Chuong 3. Cac giai thuat tim kiém 10i giai cho trd choi: trinh bay mot s6 ki thuat tim

ki€m trong cac tro choi c6 doi thu.

Chuong 4. Cac phuong phap 1ap luan trén logic ménh dé: trinh bay cu phap, ngit nghia

cua logic ménh dé va mdt so thuat toan 1ap luén trén logic ménh de.

Chuong 5. Cac phuong phéap lap luan trén logic vi tir cAp mét: trinh bay ca phép, ngi
nghia cua logic vi tu cép mdt va mot sb thuit toan 1ap luan co ban trén logic vi tur cép

A

mot.

Chuong 6. Prolog: Gidi thiéu chung vé ngdn ngir Prolog, ¢l phap, ngit nghia va ciu tric
chuong trinh trong Prolog, mét sd phién ban méi cta Prolog nhu SWI Prolog,.. .

Chuong 7. Lap luan véi tri thitc khong chic chin: Giéi thiéu vé tri thirc khong chic chin
va mot s6 cach tiép can biéu dién va xt 1y tri thire khong chéc chan.

Chuong 8. Hoc mang noron nhén tao: Gi6i thiéu vé phuong phap va cac k¥ thuat co ban

trong lap luan str dung mang noron nhéan tao.



Chuong 2 — Bai toan va phuwong phap tim kiém lo1i giai

1. Bdi todn va cdc thanh phdn ciia bai todn

Chuong nay gidi thiéu cic giai thuat may tinh c6 thé gidi cic bai todn ma thong
thuong doi hoi tri thong minh ctia con nguo1, nhu bai toan dong nudc, bai toan 8 s6 trén
ban cd, bai toan tim dudng nhu md ta bén dudi day. Dé thiét ké giai thuat chung giai cac
bai toan ndy, ching ta nén phét biéu bai toan theo dang 5 thanh phan: Trang thai bai toan,
trang thai dau, trang thai dich, cic phép chuyén trang thai, lugc dd chi phi cac phép
chuyén trang thai (viét gon 1a chi phi).

a. Bai toan dong nudc

Str dung ba can 3 lit, 5 lit va 9 lit, [am thé nao dé dong duoc 7 lit nudc.
Bai toan nay dugc phat biéu lai theo 5 thanh phan nhu sau:

- Trang thai: Goi s6 nude ¢ trong 3 can lan luotlaa, b, ¢ (a<3,b<5,¢<9), khi do bo

ba (a, b, c¢) 1a trang thai cua bai toan
- Trang thai dau: (0,0,0) //cabacan déu r5ng
- Trang thai dich (-, -, 7)  // can thur 3 chtra 7 lit nudc

- Phép chuyén trang thai: tir trang thai (a,b,c) c6 thé chuyén sang trang thai (x,y,z) thong
qua cac thao tac nhu lam rdng 1 can, chuyén tir can ndy sang can kia dén khi hét nuéc

& can nguon hodc can dich bi day.

- Chi phi mdi phép chuyén trang thai: mdi phép chuyén trang thai c6 chi phila 1.



Mot 16 giai ciia bai toan 13 mot ddy cac phép chuyén trang thai (dudng di) tir trang thai

dau dén trang thai dich. Bang dué6i day 1a 2 10i giai ctia bai toan trén:

a b C &< bau > a b C
0 0 0 0 0 0
3 0 0 0 5 0
0 0 3 3 2 0
3 0 3 3 0 2
0 0 6 3 5 2
3 0 6 bich > 3 0 7
0 3 6 Loi giai 2 (chi phi: 5)
3 3 6

1 5 6

0 5 7 < Dich

Loi giai 1 (chi phi: 9)

b. Bai toan di chuyén 8 so trén ban co



Trang thai dau Trang thai dich
Cho ban co kich thuée 3 x 3, trén ban ¢ c6 8 quan co dénh s6 tr 1 dén 8 (hinh ve).
Trén ban cd ¢6 mot 6 trong. Chung ta cd thé chuyén mot quan cd c6 chung canh véi 6
tréng sang 6 tréng. Hay tim ddy cac phép chuyén dé tir trang thai ban dau vé trang thai
ma cac quan co dugc xép theo trat tu nhu Trang thai dich cua hinh trén.
Bai toan di chuyén 8 s6 trén ban co c6 thé phat biéu dudi dang 5 thanh phan nhu sau:
Biéu dién trang thai: mang 2 chiéu kich thuéc 3x3, phan tir cia mang luu sd hiéu quan
co (tr 0 dén 9, 0 1a vi trf trng). Ciing c6 thé biéu dién trang thai ban c& bang mang
mot chiéu gdm 9 phan ti: ba phan tir dau tién biéu dién cac 6 thudc dong dau tién cia
ban cd, ba phan tir tiép biéu dién cac quin co thudc dong thir hai, ba phan tr cudi
cling biéu dién cac quéan cd thudc dong cudi cing. O ddy chiing toi st dung mang hai
chiéu 3x3 dé cho giéng voi ban co trén thuc té.
Trang thai dau (hinh v& trén)
Trang thai dich (hinh vé& trén)
Phép chuyén trang thai: d6i chd 6 c6 s6 hiéu 0 véi mot trong cac 6 ¢6 cung canh.

Chi phi: mdi phép chuyén c6 chi phi 1.

Loi giai ctia bai toan 1a ddy cac phép chuyén tir trang thai dau dén trang thai dich. Mot 16

giai cua bai toan la: UP, UP, RIGHT, DOWN, LEFT, UP, RIGHT, RIGHT, DOWN,



LEFT, LEFT, UP, RIGHT, DOWN, RIGHT, DOWN (chu y: up, down, right, left l1a biéu

dién sy dich chuyén 6 trong I€n trén, xuong dudi, sang phai, sang trai)

c. Bai toan tim duwong di

ﬁ/:k\ Neamt

Zerind \\

\

Arad

I:I Vaslui

Timisoara
Lugoj
Mehadia

Dobreta

Cralova Eforie
Giurgiu

Mot 6t6 robot tim duong di tir thanh phd Arad dén thanh phd Bucharest. Biét rang xe
robot ndy khong c6 ban db ddy du nhu trén hinh v& trén, nhung khi né dén mot thanh phd
méi, nd c¢d bd cam bién doc duoc bién chi dudng dén cac thanh 1an can, trén bién chi

duong c6 khoang cach.
Bai toan tim dudng c6 thé phat biéu theo 5 thanh phan nhu sau:
- Trang thai: vi tri cta 6t6 robot (tén thanh phd)
- Trang thai ddu: Thanh phd Arad
- Trang théi dich: Thanh phd Bucharest
- Phép chuyén trang thai: tir thanh phd sang thanh phd 1an can

- Chi phi: khoang cach gitta 2 thanh phd trong phép chuyén trang thai



Loi giai ctia bai toan 1a ddy cac phép chuyén tir trang thai dau dén trang thai dich, hay l1a
duong di tir thanh phé dau dén thanh phéd dich. Mot vi du cua 1oi giai bai toan 13: Arad >
Sibiu - Fagaras - Bucharest.

2. Gidi thudt tong qudt tim kiém 10i gidi
a. Khong gian trang thai ctia bai toan

MBJi bai toan véi 5 thanh phan nhu mé ta & trén, ching ta c6 thé xay dung duoc mét cdu
trac do thi véi cac nut 1a cac trang thai ctia bai toan, cic cung 1a phép chuyén trang thai.
D6 thi nay duoc goi la khong gian trang thai ciia bai toan. Khong gian trang thai c6 thé 1a
vO han hoac hiru han. Vi du, voi bai toan di chuyén 8 sb trén ban c0, khong gian trang

thai c6 sb lugng 1a 8! (8 giai thira) trang thai.

Loi giai ciia bai toan 1a mot dudng di trong khong gian trang thai ¢ diém dau 1a trang
thai dau va diém cudi 1a trang thai dich. Néu khong gian trang thai cta bai toan 1 nho, cd
thé liét ké va luu vira trong bd nhd cuia may tinh thi viée tim duong di trong khong gian
trang thai c6 thé 4p dung cac thuat toan tim duong di trong 1y thuyét do thi. Tuy nhién,
trong rat nhiéu truong hop, khong gian trang thai cua bai toan 1a rat 16n, viéc duyét toan
b khong gian trang thai 1a khong thé. Trong mén hoc Tri tu€ nhén tao nady, ching ta s€
tim hiéu cac phuong phap tim kiém 10i giai trong cac bai toan c6 khong gian trang thai
16n.

b. Giai thuit tdng quat tim kiém 1oi gidi ciia bai toan

Vi cac bai toan c¢6 5 thanh phan & trén, ching ta c6 giai thudt chung dé tim kiém 101 giai
ctia bai toan. Y tudng 14 sinh ra cac 1i giai tiém niang va kiém tra chiing c6 phai 1a 10
thai cia bai toan c6 nit dau 1a trang thai dau va mdi cung cua duong di 1a mdt phép
chuyén hop 18 giita cc trang thai ké voi cung d6. Loi giai thuc sy cta bai toan 13 101 giai
cung nat dau tién va ddy cac cung 1a ddy cac phép chuyén hop 1¢ tir trang thai dau do.

Cac 101 giai tiém nang cé thé to6 chuc theo cay, gdc cua cay la trang thai dau, cay duoc



phat trién bang cach b6 sung vao céc nut lién ké voi trang thai dau, sau do lién tiép bo
sung vao cac con cua cac nut 1a, ...

e o e

Luogc d6 chung dé tim 101 giai cua bai toan 4 thanh phan trén 1a xay dung cdy 1oi giai tiém
ning (hay 1a cdy tim kiém) va kiém tra 15i giai tiém ning c6 1a 15i giai thuc sy cua bai
toan hay khong. Cac budc cia giai thuat chung 1a nhu sau: xay dung cdy tim kiém ma nut
géc la trang thai dau, 1ap lai 2 budc: kiém tra xem trang thai dang xét c6 1a trang thai dich
khong, néu 1 trang thai dich thi thong bao 151 giai, néu khong thi mé rong ciy tim kiém
bang cach b sung cac nit con 1 cac trang thai lang giéng cua trang thai dang xét. Giai

thuat chung dugc trinh bay trong bang sau:

Dau vao cua giai thuat 1a bai toan (problem) véi 5 thanh phan (biéu dién trang thai tong
quat, trang thai dau, trang thai dich, phép chuyén trang thai, chi phi phép chuyén trang
thai) va mot chién luoc tim kiém (strategy); ddu ra cta giai thuat 1a mot 1oi giai cia bai
toan hodc gia tri failure néu bai toan khong c6 10i giai. Giai thuat sinh ra ciy cac 10i giai
tiém nang, nat gdc 13 trang thai dau cta bai todn, md rong cdy theo chién lugc (strategy)

da dinh trude dén khi cay chtra nut trang thai dich hodc khong thé mo rong cay duogc nita.

Function General Search(problem, strategy) returns a solution, or failure
cay-tim-kiém € trang-thai-dau;
while (1)
{
if (cay-tim-kiém khong thé mo rong duoc nita) then return failure
nat-1a4 € Chon-1-nit-1a(cay-tim-kiém, strategy)
if (node-14 13 trang-thai-dich) then return Puong-di(trang-thai-dau, nat-14)

else mo-rong(cay-tim-kiém, cac-trang-thai-ké(ntit-14))

Trong giai thuat chung nay, chién lugc tim kiém (strategy) s& quyét dinh viéc chon nut 14
nao trong s nut 14 ctia ciy dé mo rong cay tim kiém, vi du nhu nat 14 nao xuét hién trong

cdy som hon thi dugc chon trudce dé phat trién cay (day 1a chién lugc tim kiém theo chiéu



rong), hodc nit 14 nao Xuét hién sau thi duoc chon dé mo rong cay (day la chién luoc tim
kiém theo chiéu sau). Chién luoc tim kiém c6 thé dugc cai dit thong qua mot ciu trac dix
libu dé dua vao va lay ra trang thai 14 cta cay tim kiém. Hai cdu trac dit liéu co ban 1a
hang doi va ngin xép. Hang doi sé luu céc trang thai 1a cla cdy va trang thai nao dugc
dua vao hang doi trudc s& dugc 13y ra trude, con ngian xép 1a cdu trac dit liéu luu trang
thai 14 ctia cdy tim kiém va viéc chon nut 14 ciia cdy sé& theo kiéu vao trude ra sau. Bang
dudi day la chi tiét hoa thuat toan tim kiém 16i giail ¢ trén voi chién lugce tim kiém duoc
thé hién thong qua céu tric dit liéu hang doi (queue) hodc ngin xép (stack). Trong giai
thuat chi tiét hon nay, cay tim kiém duoc biéu dién bang mang mot chiéu father, trong d6
father(i) 14 chi nut cha cua nut i. Thu tuc path(node, father) dung dé 1an ngugc dudng di tir
trang thai node vé nut goc (trang thai dau) (node dugc truyén gia tri 1a trang thai dich khi

thu tuc path duoc goi).

Function General Search(problem, Queue/Stack) returns a solution, or failure
Queue/Stack € make queue/make stack(make-node(initial-state[problem]));
father(initial-state[problem]) = empty;
while (1)

if Queue/Stack is empty then return failure;

node = pop(Queue/Stack) ;

if test(node,Goal[problem]) then return path(node,father);
expand-nodes €adjacent-nodes(node, Operators[problem]);
push(Queue/Stack, expand-nodes );

foreach ex-node in expand-nodes

father(ex-node) = node;

end




Function path(node,father[]) : print the solution
n < node
while (n # empty)
cout<<n << <-- 7

n = father[n];

end

c. Cy tim kiém:

Trong qué trinh tim kiém 15i giai, chiing ta thudng ap dung mét chién luoc dé sinh ra cac
ctia bai todn, cac muc tiép theo ctia cdy 1 cac nut ké véi cac nit & muc trude. Thong
thudng thi cdy tim kiém duoc mo rong dén né chira trang thai dich 1a dimg.

3. Danh gia gidgi thudt tim kiém

Mot giai thuat tim kiém 101 giai ctia bai toan phu thudc rat nhiéu vao chién luge tim kiém
(hay 13 cdu trac dit liéu dé luu cac nut 14 cia cdy trong qua trinh tim kiém). Dé danh gia
giai thuat tim kiém nguoi ta dua ra 4 tiéu chi sau:

1. Tinh day du: giai thut c6 tim duoc 101 giai cta bai toan khong néu bai toan ton tai
101 giai?

2. Do phirc tap thoi gian: thoi gian cua giai thuét ¢6 kich ¢& nhu thé nao d6i véi bai
toan?

3. Do phirc tap khong gian: Kich ¢& cia bd nhd can cho giai thuat? Trong giai thuat
tdng quat & trén, kich ¢& bo nhé chi yéu phu thude vao ciu trac dir lidu luu cac
trang thai 4 cua cay tim kiém

4. Tinh t6i vu: Giai thut c6 tim ra 16i giai c¢6 chi phi t6i vu (nho nhat hodc 16n nhat

tuy theo ngit canh cta bai toan)?



Do phirc tap thoi gian va d6 phire tap khong gian cia giai thuat tim kiém 10 giai cua bai
toan c6 thé danh gia dwa trén kich thude dau vao cia giai thuat. Cac tham sd kich thudc
dau vao c6 thé 1a:

- b — nhén t6 nhanh cia cdy tim kiém: s6 nhanh t6i da cia mot nat, hay 1a s6 phép

chuyén trang thai tdi da cia mot trang thai tong quat
- d—d0 sau cta 10i giai c6 chi phi nhé nhat
- m—do sau tbi da ctia cdy tim kiém (m c6 thé 14 v han)

Trong cac giai thuat tim kiém 10i giai dé cap dén & chuong nay, chung ta s& danh gia uu,

nhuoc diém cua tung giai thuat dya trén 4 ti€u chi trén.
4. Cac gidi thudt tim kiém khong co thong tin phan hoi (tim kiém mu)

Céc giai thuat tim kiém khong st dung thong tin phan hoi (hay 1a giai thuat tim kiém mu)
1a cac giai thuat chi sir dung thong tin tir 5 thanh phan co ban cua bai toan (trang thai tong
quat, trang thai dau, trang thai dich, phép chuyén trang thai, chi phi). Y tuéng chung co
ban cta cac giai thuat nay 1a sinh ra cay 10i giai tiém nang (cdy tim kiém) mot cach c6 hé
thong (khong bo sot va khong 1ap lai). Phan nay s& gidi thiéu cac giai thuat tim kiém theo
chiéu rong, tim kiém theo chiéu sau, tim kiém theo chiéu sau co gidi han, tim kiém sau
dan. Cac giai thuat nay déu theo giai thuat chung da gi6i thiéu bén trén, chi khic nhau ¢
chién lugc tim kiém hay 1a cdu trac dir liéu dé luu giit va 1ay ra cac nat 14 cua ciy tim
kiém.

a. Tim kiém theo chiéu rong

Giai thuat tim kiém 1oi giai theo chiéu rong 1a cai dat cu thé cua giai thuat chung tim
kiém 101 giai, trong d6 c6 str dung cdu tric dir liéu kiéu hang doi (queue) dé luu giit cac
trang thai niit 14 cta cdy tim kiém. Cac nut 14 sinh ra trong qua trinh thyc thi giai thuat s&
dugc cap nhat vao mgt hang doi theo nguyén tdc nat nao duge dua vao hang do1 trude sé
duoc 14y ra trude trong qua trinh mé rong cy. Chi tiét cua giai thudt duoc cho trong bang

bén dudi.



Chung ta s& minh hoa viéc tim kiém 10i giai bang giai thuat tim kiém theo chiéu rong
bang vi du cu thé nhu sau. Gia sir bai toan c6 khong gian céc trang thai day di nhu hinh
v& ngay sau bang giai thudt (trang sau), voi trang thai ddu 1a S, trang thai dich 1a G va cac
phép chuyén trang thai 13 cac cung ndi giira cac trang thai. Giai thut bat dau xét v6i hang
doi chua trang thai dau S, ldy trang thai ¢ dau hang doi ra kiém tra xem nd c6 1a trang
thai dich, néu 1a dich thi in 10i giai, néu khong thi bd sung cac trang thai con ctia nd vao

hang doi.

Function Breadth-Search(problem, Queue) returns a solution, or failure
Queue € make-queue(make-node(initial-state[problem]));
father(initial-state[problem]) = empty;
while (1)

if Queue is empty then return failure;
node = pop(Queue) ;
if test(node,Goal[problem]) then return path(node,father);
expand-nodes <adjacent-nodes(node, Operators[problem]);
push(Queue, expand-nodes );
foreach ex-node in expand-nodes

father(ex-node) = node;

end

Khong gian diy di cac trang thai cuaa bai toan



Béng phia dudi 1a dién bién cac bién chinh cua giai thuét: bién trang thai dang xét — node,

bién hang doi — Queue, bién luu thong tin vé cy tim kiém — Father. Giai thuat két thuc

vo1 8 vong 1dp khi trang thai dang xét node = G va khi d6 101 giai ctia bai todn la duong di

G<B<S.

Panh

v

S
S A,B,C Father[A,B,C]=S
A B,C,D,E  Father[D,E]=A
B C,D.E,G Father[G]=B
C D,E,G,F Father[F]=C
D E,G, F,H Father[H]=D
E G,F, H
G F,H
] Cay tim kiém ciia giai thuit theo chiéu rong
Gia trj cac bién trong
gidi thuat theo chiéu rong
gi4 giai thuat tim kiém theo chiéu rong:

Tinh day du: giai thuat s& cho 101 giai ctia bai toan néu bai toan ton tai 101 giai va
nhan t6 nhanh b 13 hiru han

Do phirc tap thoi gian: 1+b+b*+...+b® (s6 vong lip khi gap trang thai dich) = O(b*)
Do phirc tap khong gian: s6 lwong 6 nhd téi da st dung trong giai thuat (cha yéu 1a
bién Queue, xem hinh v& dudi): b*

Tinh tdi uu: giai thuat tim kiém theo chiéu rong sé tim ra 15i giai véi it trang thai

trung gian nhat.
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Hang doi trong giai thuat tim kiém theo chiéu rong chi chira cic nit 14 ciia ciy tim

kiém, vi vy co kich thugc 1a b,

b. Tim kiém theo chiéu sau

Giai thuat tim kiém theo chiéu sau hoan toan twong tu nhu giai thuat tim kiém theo chiéu
rong, chi khic ¢ chd thay vi str dung céu trac dir liéu hang doi, ta sir dung cdu tric dit liéu
ngan xép (Stack) dé luu giit cac trang thai 14 cua cdy tim kiém. D6i véi cau trac dir lidu
ngin xép, cac trang thai dua vao sau cung s& duoc 13y ra trude dé mo rong cay tim kiém.
Giai thuat va dién bién cac bién chinh trong giai thut duogc trinh bay trong cic bang va

hinh v& dudi day. Két qua ciia giai thuat 13 10i giai G € E € A € S.



Function Depth-Search(problem, Stack) returns a solution, or failure
Stack € make-queue(make-node(initial-state[problem]));
father(initial-state[ problem]) = empty;
while (1)

if Stack is empty then return failure;

node = pop(Stack) ;

if test(node,Goal[problem]) then return path(node,father);
expand-nodes €adjacent-nodes(node, Operators[problem]);
push(Stack, expand-nodes );

foreach ex-node in expand-nodes

father(ex-node) = node;

end
| nede | Stk || father |
S
S A, B, C Father[A,B,C]=S
A D,E,B,C Father[D,E]=A
D H,E,B,C Father[H]=D
H E,B,C
E G,B,C Father[G]=E
G

Gi tri cac bién trong ) .
gidi thuit theo chiéu siu Cay tim kiém cuia giai thuit theo chieu

Panh gia giai thuat tim kiém theo chiéu sau:
v Tinh day du: giai thuat khong chic chin cho 101 giai cua bai toan trong trudng hop

khong gian trang thai cta bai toan 1a vo han



v D0 phirc tap thoi gian: O(b™)

v" Do phure tap khong gian: O(b.m)

14
.....

v Tinh tbi vu: giai thuat tim kiém theo chiéu sau khong cho 15 giai ti vu.

c¢. Tim kiém theo chiéu siu c6 giéi han

Giai thuat tim kiém theo chiéu sau ¢ trén c6 wu diém 14 né c6 thé sinh ra 101 giai nhanh
chong ma khong tén kém bo nhd ciia may tinh. Tuy nhién néu khong gian trang thai ciia
bai toan 1a v6 han thi rat c6 thé né khong tim duoc 10i gidi clia bai toan khi hudng tim
kiém khong chtra trang thai dich. Dé khic phuc nhugc diém nay, ching ta c6 thé dat gidi
han d6 siu trong giai thuat: néu d6 sdu cua trang thai dang xét vuot qua ngudng nao do
thi chung ta khong bo sung cac nat ké véi trang thai ndy nita ma chuyén sang huéng tim
kiém khéc. Chi tiét cta giai thuat dugc cho trong bang dudi day, trong d6 chung ta dua

thém bién mang mot chiu depth[i] luu d6 sdu cua trang théi i.

Function Depth-Limitted-Search(problem, maxDepth)

returns a solution, or failure

Stack € make-queue(make-node(initial-state[problem]));
father(initial-state[problem]) = empty;
depth(initial-state[problem]) = 0;
while (1)
if Stack is empty then return failure;
node = pop(Stack) ;
if test(node,Goal[problem]) then return path(node,father);
if (depth(node) < maxDepth)
expand-nodes €adjacent-nodes(node, Operators[problem]);
push(Stack, expand-nodes );
foreach ex-node in expand-nodes
father(ex-node) = node;

end




d. Tim kiém siu dan

Giai thuat tim kiém vé&i chiéu siu c6 gi61 han ¢ trén phu thudc vao gidi han do sau lya
chon ban dau. Néu biét trude trang thai dich sé xuét hién trong pham vi do sau nao dé cua
cay tim kiém thi chung ta dat gidi han d sau do6 cho giai thuat. Tuy nhién néu chon do
sau toi da khong phu hop, giai thuat tim kiém theo chiéu sdu c6 gi6i han s& khong tim
duoc 10 giai ctia bai toan. Chung ta c6 thé goi thuc hién giai thuat tim kiém 10 giai ¢ 4o

sau khac nhau, tir bé dén 16n. Giai thuat bd sung nhu sau:

Function Iterative-deepening-Search(problem) returns a solution, or failure
for depth =0 to o« do
result < Depth-Limited-Search(problem, depth)
if result succeeds then return result
end

return failure




Chwong 3 —Cac phwong phap tim kiém heuristic
1. Gidi thudt tim kiém tét nhdt ddu tién (best first search)

Céc giai thuat trong muc 4 & trén c6 chung dic diém 1a tim kiém 10i giai mot cach co hé
thong: x4y dung tt ca khong gian 101 giai tiém ning theo cach vét can, khong bo sot va
khong 1ap lai. Trong rat nhiéu trudng hop, cac giai thuat nhu vay khong kha thi vi khong
gian trang thai bai toan qua 16n, toc d6 xir 1y va bd nhd ctia may tinh khong cho phép
duyét cac 101 giai tiém nang. D& han ché khong gian cay cac 10i giai tiém ning, chung ta
dua ra mgt ham dinh hudng viéc md rong cay tim kiém. Theo cach nay, ching ta s€ mo

rong cdy theo cac nit 14 ¢6 nhiéu tiém ning chira trang thai dich hon cac nut 14 khac.

Vi du, d6i véi bai toan 8 s6, chung ta dua ra mot ham dinh huéng mé rong cdy nhu sau:
gia str n 12 mot trang thai ban c& (mot su sip xép 8 quan cd trén ban cd 3x3), ham dinh
hudéng h dinh nghia nhu sau:

h(n) = tong khoang cach Manhatan cac vi tri cia tirng quan cd trén ban cd n véi vi tri ctia
no trén ban co dich.

Chang han, néu n 14 trang thai dau nhu trong hinh ctia muc 1.b, h(n) c6 thé x4c dinh nhu

Sau:

Quanco | Vitritrénn Vi tri trén ban Khodng cdch (s6 lan dich
co dich chuyén khi ban co khéng cé

quan co khac)

Trang thai n 13 trang thai dau cua bai toan 8 sb trong muc 1.b

1 3,3) (1,3) 2

2 (2,3) (2,3) 0

3 (3.2) (3.3) 1




4 (1,1) (1,2) 1
5 (1,3) (2,2) 2
6 (3,1) (3.2) 1
7 (1,2) (1,1) I
8 (2,1) (2,1) 0

h(n)=2+0+1+1+2+1+1+0=8

Ham h(n) nhu mo ta ¢ trén phan anh sy “khac nhau” gitra trang thai n véi trang thai dich,
h(n) cang nho thi n cang “giéng” véi trang thai dich, khi n tring véi trang thai dich thi

h(n) = 0.

Khi khdong gian bai toan qua 16n, viéc mé rong cdy theo chién luogc theo chiéu rong hodc
theo chiéu sdu dan dén cay tim kiém qué 16n ma khong chtra 10i giai cta bai toan. Khi d6
chung ta cdn mé rong cdy theo hudng cac nut 14 ¢ nhiéu trién vong chira trang thai dich,
va ham h(n) s€ giup chung ta mé rong cay. Ching ta s& mo rong cay theo hudng cac nat
14 ¢6 ham h(n) nho nhat. Khi d6 h duogc goi 1a thong tin phan hdi ctia qua trinh mo rong
cay 1a co hop 1y hay khong (vi thé ma cac phuong phép tim kiém trong muyc nay goi 1a
tim kiém c6 phan hoi - informed search, ching ciing c6 tén 1 tim kiém heuristic - dya
trén ham danh gia hgp 1y h).

Pé mo rong cdy theo nut 14 c6 gia tri h nho nhat, chung ta st dung mot ciu trac dit liéu 1a
danh sach (list) c6 sap xép theo gia tri h. Giai thuat chi tiét dugc trinh bay trong bang sau
(duoc goi la giai thuat Best-First-Search):



Function Best-First-Search(problem, list, h) returns a solution, or failure
list € make-list(make-node(initial-state[problem]));
father(initial-state[problem]) = empty;
while (1)

if list is empty then return failure;
node = pop(list) ; // node with max/min h
if test(node,Goal[problem]) then return path(node,father);
expand-nodes <-adjacent-nodes(node, Operators[problem]);
push(list, expand-nodes ,h);
foreach ex-node in expand-nodes

father(ex-node) = node;

end

Function push(list, expand-nodes ,h);
Chén cac nodes trong expand-nodes vao list sao cho mang list sip theo thir tu

tang/giam theo ham h

Chu y rang, ciu trac giai thuat nay gidng véi cac giai thuat tim kiém theo chiéu rong hay
theo chiéu sdu, chi khac & chd, thay vi sir dung hang doi hay ngin xép dé luu giit cac
trang thai 14 cua cdy tim kiém, chung ta st dung danh sach sip xép theo gid tri ham h.
Danh sach sip xép ting hay giam phu thudc vao ham h va ngit canh cua bai toan, vi du
bai toan 8 s6 va ham h dinh nghia & trén, danh sach can sip xép theo thr ty ting dan dé

khi 1iy phan tir & ddu danh sach ta c& duoc nat 14 “gan” véi dich nhat.

Hinh v€ sau minh hoa viéc mé rong cdy tim kiém khi str dung gidi thuat trén:
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Cay c6 gbc la trang thai dau voi gia tri h(dau) = 8. Tir trang thai gdc c6 hai phép chuyén:
chuyén 6 tréng ddi vi tri cho 6 s6 7 (ham h giam di 1) va d6i vi tri 6 tréng cho 6 s6 8
(ham h tang 1én 1). Luc nay danh sach sip xép c6 2 nut 14 trong tng voi hai trang thai ¢6
ham h=7 va h=9. Trong 2 nlt 14 nay, giai thuat s€ chon nut c6 gia tri ham h nhdé hon
(h=7) d& mo rong ciy. Tiép tuc mo rong ciy theo hudng nat 14 ¢ gia tri h nho nhat
(trong trudng hop c6 nhiéu nit 14 cung c6 gia tri nho nhét thi chon nut 14 nao xuét hién

trude) thi ta dwge mot phan cua cdy nhu trong hinh vé trén.
2. Cac bién thé cua gidi thudt best first search
Y tudng cua giai thuat tim kiém t6t nhat dau tién (best first search) 1a mé rong ciy tim

kiém theo huéng uu tién cac nat 14 c6 trién vong chira trang thai dich (dwa trén ham danh

gia h). Giai thuat best-first-search ¢ cac bién thé sau:

- Khi ham h(n) 14 chi phi cta diy phép chuyén tir trang thai dau dén trang thai n thi giai

thudt best-first-search c6 tén goi khac 1a giai thuat tim kiém déu (uniform search). Trong



truong hop ndy, cdy tim kiém s& mo rong déu vé tit ca cac hudng theo vét dau loang tir
trang thai dau. Khi ham chi phi ctia diy phép chuyén 1a s6 cic dinh trung gian thi giai
thuat uniform search tr& thanh giai thudt tim kiém theo chiéu rong. Giai thudt uniform
search s& cho 10i giai v&i chi phi nho nhat, tuy nhién ciy tim kiém sinh ra trong giai thuat

nay thuong c6 kich thuéde rat 16n.

- Khi h(n) 1a wéc luong chi phi/khoang cach tir n dén dich (vi du nhu khoang cach
Manhatan trong bai toan 8 $6 & trén) thi gidi thuat best-first-search dugc goi 1a giai thuat
tham #n (greedy search). Giai thuat tham an s& chon nut 14 n “gan” dén dich nhat trong
sd cac nut 14 cia cdy tim kiém dé mé rong cdy, va nd khong quan tdm dén chi phi tir
trang thai dau dén n. Do viy giai thuat c6 xu huéng cho ra két qua trong thoi gian nhanh

nhat, nhung khong phai liic nio ciing 12 16i giai ngan nhat.

- Khi h(n) = f(n) + g(n), trong d6 f(n) 1a ham chi phi/khoang cach tir trang thai ddu dén n
va g(n) 12 ham wdc luong chi phi/khoang cach tir n dén trang thai dich, va néu g(n) 1a udc
luong dudi ctia ham chi phi/khoang cach thuc sy tir n dén trang thai dich thi giai thuat
best-first-search dugc goi 1a gidi thuat A*. Giai thudt A* 1a gidi thuat trung hoa gitra hai
giai thuat uniform va giai thuat greedy & trén. A* cho 10i giai c¢6 chi phi nhé nhat (ban
doc ¢6 thé tim hiéu chimg minh diéu ndy & cac tai liéu khac) va cay tim kiém co kich

thudc vira phai.



Khodng cich Oclit dén dich

Arad 366
Bucharest 0

Craiova 160

Dobreta 242

Eforie 161

Fagaras 178

Gliurgiu 77

Hirsova 151

Lasi 226

Lugoj 244
Mehadia 241

Meamt 234

Oradea IR0

Pitesti 9%

] Hirsova Rimnicu Vilcea 193
Sibiu 253
Timisoarsa 329

Urziceni &0

Eforie Vaslui 199
Lerind 374

Vi du, ddi vé6i bai toan tim duong di tir thanh phd Arad dén thanh phd Bucharest d3 mé ta
trong 1.b, néu chung ta sir dung khoang cach Oclit (khoang cach theo duong chim bay) tir
mdi thanh phd dén dich (xem hinh vé& trén) thi cac giai thuat uniform, greedy va A* s&

cho céc cay tim kiém nhu sau:
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Mot phéan cay tim kiém cia giai thuat Uniform search



Rimnicu
Vilcea
1
<>,
253 0

93

140 99 151 80

CIARIRL KIS

Oradea ‘i“tﬂ,ﬂﬁ ‘,P%'“'._* Eﬁ""
RS LV

646 526 .Sk TN T %43
99 211 148
SRR
G ), Gy, o
591 450 526 %‘:—--“‘-'r"" 553

e

o7 138 101
Rimnicu Craiova Bucharest
Vilcea
607 615 418

Cay tim kiém cua giai thuat A*

80

3. Cdc gidi thugt khdc

* Tim kiém leo doi:



Y tuong: Tim kiém theo chiéu sau két hop v61 ham dénh gid. Mo rong trang thai hién tai
va danh gia cac trang thai con cua nd bang ham danh gia heuristic. Tai mdi budc, nit 14

“tdt nhat” s& dugc chon dé di tiép.

Procedure Hill-Climbing_search;
Begin
1. Khéi tao ngin xép S chi chira trang thai dau;
2. Loop do
2.1 If S rOng then {thong bao that bai; stop};
2.2 LAy trang thai u & dau ngin xép S;
2.3 If u 1a trang thai két thiic then
{thong bao thanh cong; stop};
2.4 For mdi trang thai v ké u do dit v vao danh sach L;
2.5 Sap xép L theo tht ty ting dan cia ham danh gia sao cho trang
thai t6t nhat & dau danh sach L;
2.6 Chuyén danh sach Lvao ngin xép S;
End;

Vidu : Vé6i vi du @6 thi khong gian trang thai nhu hinh 2.2 thi cay tim kiém leo d6i
tuong tmg nhu hinh 2.4 :



Cay tim kiém leo doi

Han ché cua thuét toan :
- Giai thuat c6 khuynh hudng bi sa lﬁy ¢ nhirng cuc dai cuc bo:

+ Loi giai tim dugc khong toi vu

+ Khong tim duoc 101 giai mac du c6 ton tai 101 giai
- Giai thuat c6 thé gip vong lip v6 han do khong luu gitt thong tin vé cac trang thai da
duyét.

* Tim kiém Beam

Pé han ché khong gian tim kiém, ngudi ta dua ra phuong phap tim kiém Beam. Day
1a phuwong phap tim kiém theo chiéu rong nhung c¢6 han ché sé dinh phat trién ¢ mdi
murc. Trong tim kiém theo chiéu rong, tai mdi mirc ta phat trién tit ca cac dinh, con
tim kiém Beam thi chon & dinh tot nhat dé phat trién. Cac dinh nay dugc xac dinh boi
ham danh gia. Vi dy, v6i do thi khong gian trang thai nhu hinh 2.2 va lay &=2 thi cay
tim kiém Beam nhu hinh 2.5. C4c dinh duoc chon & mdi muc 1a cic dinh duoc t6 mau

do:



20

10

0

Cay tim kiém Beam

* Tim kiem nhanh cin

Y tudng : thudt toan tim kiém leo d6i két hop v6i ham dénh gia f{u). Tai mdi budc,

khi phat trién trang thai u, chon trang thai con v tot nhat (f{v) nhé nhat) cta u dé phat

trién ¢ budc sau. Qua trinh tiép tuc nhu vdy cho dén khi gip trang thai w 13 dich, hoic

w khong c6 dinh ké, hoic w ¢ f{w) 16n hon d6 dai duong di ti wu tam thoi (dudng di

day du ngin nhét trong sé nhimg dudng di day du di tim dugc). Trong cac truong hop

nay, ching ta khong phat trién dinh w nita, tirc 1a cit bo nhitng nhanh xuat phat tir w,

va quay 1én cha ctua w dé tiép tuc di xudng trang thai tot nhit trong sb nhiing trang

thai con lai chua dugc phat trién.

Procedure Branch-and-Bound;

Begin

1. Khoi tao ngdn xép S chi chira trang thai dau;

Gén gia tri ban dau cho cost; /*cost ld gia tri duwong di 16i wu tam thoi*/

2. Loop do

2.1 If S rdng then {thong bao thit bai; stop};

2.2 Lay trang thai u & dau ngan xép S;



End;

2.3 If u 1 trang thai két thic then

if g(u)<=cost then {cost<—g(u); quay lai 2.1};

2.4 if f(u)>cost then quay lai 2.1;

2.5 For mdi trang thai v ké u do

{g(v) «g(u)+k(u,v);
f(v) «=g(v) +h(v);
dat v vao danh sach L1};

2.6 Sap xép L theo tht ty ting dan cta ham f;

2.7 Chuyén danh sach Lvao ngin xép S;

Vi du : Véi d6 thi khong gian trang thai nhu hinh 2.7, dinh xuat phat A va dinh dich

B. Ap dung thudt toan nhanh — can, ta xay dung dugc cay tim kiém nhu hinh 2.9 va

gia tri cua ham f'tai cac dinh dugc tinh nhu bang 2.2:

DPinh phat Pinh con g(v) f(v) Pinh
trién (u) V) chon
A C 9 9+15=24
D 7 7+6=13 D
E 13 13+8=21
F 20 20+7=27
D H 7+8=15 15+10=25
E 7+4=11 11+8=19
E K 11+4=15 15+2=17
I 11+3=14 14+4=18
K B 15+6=21 21+0=21
B cost :=21
I K 14+9=23 23+2=25
B 14+5=19 19+0=19
B cost := 19

Tinh gia tri ham f cho thudt toan

nhanh-can

Cay tim kiéem nhanh-cdn



Nhén xét : Thuat toan nhadnh-cén ciing 1a thuat toan déy du va toi wu néu h(u) 1a ham

danh gia thap va c6 d6 dai cac cung khong nho hon mot sé duong & nao d6



Chuong 4 — Cac giai thuat tim kiém 10i gidi cho tro choi

Chuong trinh choi co dau tién duoc viét boi Claude Shannon vao nim 1950 di 13 mot
minh chtng cho kha ning mdy tinh c6 thé lam dugc nhitng viéc doi hoi tri thong minh
ctia con ngudi. Tir d6 nguoi ta nghién ctru cac chién luge choi cho mdy tinh véi céc tro
choi c6 d6i thu (c6 hai ngudi tham gia). Viée giai quyét bai toan nay c6 thé dua vé bai
toan tim kiém trong khong gian trang thai, tirc 1a tim mot chién luge chon cic nudc di
hop 1é cho may tinh. Tuy nhién, van dé tim kiém ¢ ddy phuc tap hon so v6i van dé tim
kiém trong chuwong trudc, vi ngudi choi khong biét trude ddi thu s& chon nude di nao tiép
theo. Chuong ndy s& trinh bay mot so chién luoc tim kiém phd bién nhu Minimax,

phuong phép cit cut o-p.
1. Cay tro choi ddy dii

Céc tro choi c6 d6i thu c6 cac dic diém: hai nguoi thay phién nhau dua ra cac nuéc di
tuan theo cac lut cta tro choi (cac nudce di hop 18), cac luat nay 1a nhu nhau dbi véi ca
hai nguoi choi, chang han cac trd choi cd: co vua, ¢ tudng, cd ca 16 (tic-tic-toe), .... Vi
duy, trong choi co vua, mdt nguoi diéu khién quan Tréng va mot nguoi diéu khién quan
Pen. Nguoi choi co thé Iya chon cac nude di theo cac ludt voi cac quan tbt, xe, ma, ...
Luat di quéan t6t Trang, xe Tring, mi Trang,... gidng luat di quan tot Pen, xe Pen, ma
Pen,...Hon nita, ca hai ngudi choi déu biét day du cac thong tin vé tinh thé cudc choi.
Thuyc hién trd choi 14 ngudi choi tim kiém nudc di 6t nhdt trong s rat nhiéu nuée di hop
1¢, tai mdi luot choi ctia minh, sao cho sau mot day nudc di da thuc hién nguoi choi phai

thang cudc.

Vén dé choi co ¢6 thé dugc biéu dién trong khong gian trang thai, & ¢, mdi trang thai 1a

mot tinh thé cua cude choi (su sap x€p cac quan co trén ban co):

- Trang thai xuat phat 1a sy sdp x€p cac quan co cua hai bén khi bat dau cudc choi

(chua ai dua ra nudce di)

- Céc toan tir bién doi trang thai 1a cac nude di hop 18



- Céc trang thai két thic 1a cac tinh thé ma cudc choi dung, thuong dugc xac dinh bdi
mot sd didu kién dimg (chang han, quan Trang thang hodc quan Den thang hodc hai

bén hoa nhau)

- Ham két cudc: mang gia tri twong ing véi mdi trang thai két thiic. Chang han, trong
cd vua, ham két cudc co gia tri la 1 tai cac trang thai ma Tréng théng, -1 tai céc trang
thai ma Trang thua va 0 tai cac trang thai hai bén hoa nhau. Trong céc trd choi tinh
diém khac thi ham két cudc co thé nhan cic gia tri nguyén trong doan [-m, m], véi m

la mot s6 nguyén duong nao do.

Nhu vay, trong cac trd choi c¢6 dbi thu, nguoi choi (diéu khién quan Trang — goi tat 1a
Trang) ludén tim mot diy cac nude di xen k& v6i cac nudce di cuia dbi thu (diéu khién quan
Pen — goi tat 1a Pen) d¢ tao thanh mot dudng di tir trang thai ban dau dén trang thai két
thac 1a thang cho Tring.

Khong gian tim kiém ddi véi cac tro choi nay c6 thé duge biéu dién béi cdy tro choi nhu
sau: gbc cla cdy tng voi trang thai xuat phat, cac dinh trén ciy tuong (mg véi cc trang
thai ctia ban co, cac cung (u, v) néu c6 bién ddi tir trang thai u dén trang thai v. Cac dinh
trén cay duoc gan nhin 1a dinh Tring (Pen) Gmg véi trang thai ma quan Tring (Pen) dua
ra nude di. Néu mot dinh u duge gan nhan 1a Tring (Pen) thi cac dinh con v ctia n6 13 tat
ca cac trang thai nhan duoc tir u do Tréng (Pen) thuc hién mdt nude di hop 1¢ nao d6. Do
d6, cac dinh trén cling mot muc cia cdy déu c6 nhan 1a Tring hodc déu c6 nhén 13 Pen,

cac 1a ciia ciy ung voi trang thai két thuc.

Vi du: tro choi Dodgem:

C6 hai quan Trang va hai quan Pen dugc xép vao ban co

3x3. Ban dau céc quan co dugc xép nhu hinh bén. Quéan

Den c6 thé di dén 6 trong bén phai, & trén hodc ¢ dudi. g’ o

Quan Trang co6 thé di dén 6 trong bén trén, bén trai hodc o o

bén phai. Quan Pen néu & cot ngoai cing bén phai co thé .
di ra khoi ban cd, quin Tring néu & hang trén cing c6 thé

di ra khoi ban co. Ai dua dugc cd hai quan ctia minh ra Tro chot Dodgem
khoi ban co hoic tao ra tinh thé ma déi phuong khéng di

duoc la théng cuoc.
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Cay tro choi Dodgem vé1 Pen di trudce
2. Gidi thudt Minimax
Qua trinh choi ¢ 12 qué trinh ma Trang va Pen thay phién nhau dua ra cac nudc di hop
1& cho dén khi din dén trang thai két thuc cudc choi. Qua trinh nay biéu dién boi dudng
di tir nat gbe t6i nat 14 trén cay tro choi. Gia sir tai mot dinh u nao d6 trén dudng di, néu u
1a dinh Trang (Pen) thi cin chon mot nude di nao d6 dén mot trong cac dinh con Pen

(Trang) v cua u. Tai dinh Pen (Tring) v s& chon di tiép dén mot dinh con Tring (Pen) w

ctia v. Qua trinh nay tiép tuc cho dén khi dat dén mot dinh 14 cua cay.

Chién lugc tim nudc di cua Tring hay Pen 14 ludn tim nhimg nudc di dan toi trang thai
tdt nhat cho minh va tdi nhat cho ddi thu. Gia sir Tréng can tim nude di tai dinh u, nuée
di t6i wu cho Trang 1a nudc di dan téi dinh con v sao cho v 13 tét nhit trong sb cac dinh
con cua u. Pén lugt Pen chon nudc di tir v, Pen cling chon nudc di tdt nhat cho minh. Bé
chon nuéc di tdi wu cho Tréng tai dinh u, can xé4c dinh gia tri cac dinh cua cay tro choi
gbc u. Gia tri ciia cac dinh 14 Gmg v&i gia tri ciia ham két cudc. Pinh ¢ gia tri cang 16n
cang tot cho Trang, dinh c6 gia tri cang nho cang tot cho Pen. Pé xac dinh gia tri cac
dinh cua cay tro choi gdc u, ta di tir mire thp nhét (cac dinh 14) 1én gbc u. Gia sir can xac

dinh gid tri ctia dinh v ma cac dinh con cua n6 da xac dinh. Khi d6, néu v la dinh Trang



thi gia tri ctia n6 14 gié tri 16n nhét trong cac dinh con, néu v 1a dinh Pen thi gia tri ctia nd
1a gi4 tri nho nhat trong cac dinh con.
Sau day 1a thi tuc chon nudc di cho Tring tai dinh u Minimax(u, v), trong d6 v 1a dinh

con duoc chon cua u:

Procedure Minimax(u, v);

begin
val <—-oc;
for mdi w 1a dinh con ciau do
if val(u) <= MinVal(w) then

{val <~ MinVal(w); v« w}

Function MinVal(u); {ham xdc dinh gia tri cho cac dinh Den}
begin
if ula dinh két thuc then MinVal(u) < f(u)

else MinVal(u) < min{MaxVal(v) | v 1a dinh con cua u}

Function MaxVal(u); { hdm xdc dinh gid tri cho cdc dinh Trdng}
begin

if u 1a dinh két thuc then MaxVal(u) < f(u)

else MaxVal(u) «~ max{MinVal(v) | v 1a dinh con cua u}

end;
Trong cac thi tyc va ham trén, f(u) 1a gia tri ctia ham két cudc tai dinh két thuc u.

Thuat toan Minimax 13 thudt toan tim kiém theo chiéu sau. V& 1y thuyét, chién lugc
Minimax cho phép tim nudc di t6i uvu cho Trang. Tuy nhién trong thuc té, ta khong c6 du

thoi gian dé tinh toan nude di tdi wu nay. Boi vi thuat toan tinh toan trén toan bd cay trd



choi (xem xét tt ca cac dinh cua ciy theo kiéu vét can). Trong céc tro choi hay thi kich
thudc cua cay tro choi la cuc 16n. Chéng han, trong c¢ vua, chi tinh dén do sau 40 thi cay
trd choi da c6 dén 10'® dinh. Néu cdy c6 do cao m va tai mdi dinh c6 b nudc di thi do

phirc tap vé thoi gian ciia thuat toan Minimax 1a O(b™).

Trong thyc té, cac tro choi déu ¢ gidi han vé thoi gian. Do dé, dé c6 thé tim nhanh nudc
di t6t (khong phai toi wu) thay vi sir dung ham két cudc va xét tat ca cac dinh cua cay trd

choi, ta st dung ham danh gid va chi xem xét mdt bo phan cua cay tro choi.
3. Gidi thuat Minimax voi do sau han ché
a) Ham danh gia

Ham danh gia eval cho mdi dinh u 1a danh gia “mutc do loi thé” cua trang thai u. Gia tri
ctia eval(u) 12 s6 duong cang 16n thi trang thai u cang c6 loi cho Tring, gia trj cia eval(u)
1a s6 duong cang nho thi trang thai u cang c6 loi cho Pen, eval(u)=0 thi trang thai u
khong c6 loi cho d6i thii nao, eval(u)=+cc thi u la trang thai thing cudc cho Tring,

eval(u)=-cc thi u 12 trang thai thang cudc cho Pen.

Ham danh gia déng vai tro rit quan trong trong cac tro choi, néu ham danh gia tot s& dinh
huéng chinh xéac viéc lya chon cac nudc di tot. Viéc thiét ké ham danh gia phy thudc vao
nhiéu yéu t6: cac quan co con lai cta hai bén, su bd tri cac quan co ndy,... Dé dua ra ham
danh gia chinh x4c doi hoi nhiéu thoi gian tinh toan, tuy nhién, trong thuc té ngudi choi
bi gi61 han thoi gian dua ra nude di. Vi vay, viéc dua ra ham danh gia phu thude vao kinh

nghiém cua nguoi choi. Sau day 1a mot s6 vi du vé cach xay dyng ham danh gia:

Vi du 1: Ham danh gia cho c& vua. Mdi loai quan duogc gan mot gid tri s6 phu hop véi
“sttc manh” cua nd. Chang han, quan t6t Tring (Pen) duoc gan gia tri 1 (-1), mi hodc
tugng Trang (Pen) dugc gan gia tri 3 (-3), xe Trang (Pen) dugc gan gia tri 5 (-5) va hau
Trang (Pen) duoc gan gid tri 9 (-9). Ham danh gia ciia mot trang thai dugc tinh bang cach
liy tong gia tri cla tit ca cac quin co trong trang thai d6. Ham danh gia nay duogc goi la

ham tuyén tinh c6 trong s0, vi c6 thé biéu dien dudi dang:



SiW1 + Sowy + ... + s, W,
Trong do, w; 1a gia tri ciia quan co loai 1, s; 1a s6 quan loai do.
bay 1a cach danh gia don gian, vi n6 khong tinh dén sy bo tri ctia cac quan co, cac moi
tuong quan gitra chung.

Vi du 2: Ham danh gia trang théi trong trd choi Dodgem. Mdi quan Tring duoc gan gia
tri twong tmg véi cac vi tri trén ban co nhu trong hinh bén trai. Mdi quan Den dugc gan

gia tr1 ¢ cac vi tri tuong mg nhu hinh bén phai:

30 35 40 -10 | -25 |-40
15 (20 |25 -5 -20 | -35
0 5 10 0 -15 | -30

Ngoai ra, néu quan Trang can truc tiép mdt quan Pen, n6 dugc thém 40 di€m, néu can
gian tiép dugc thém 30 diém (xem hinh dudi). Tuong tu, néu quan Pen can truc ti€p quan

Trang n6 dugc thém -40 diém, can gian tiép duoc thém -30 diém.

o O
o O
Trdng can truc tiép Pen Trdng cdn gidn tiép Pen
duwgce thém 40 diém dwgc thém 30 diém

Ap dung cach tinh ham danh gia néu trén, ta tinh dugc gia tri ciia cac trang thai ¢ cac

hinh dudi nhu sau:




L O O L O

Gia tri ham danh gia:75= Gia tri ham danh gia:-5=
(-10+0+5+10)+(40+30) (-25+0+20+10)+(-40+30)
b) Thuat toan
Dé han ché khong gian tim kiém, khi xac dinh nuéc di cho Tréng tai u, ta chi xem xét cay
géc u tai @0 cao h nao do. Ap dung thu tuc Minimax cho cay tro choi géc u, d0 cao h va
str dung ham danh gia dé xac dinh gia tri cho cac 14 cua cay.
Procedure Minimax(u, v, h);
begin
val <—-o;
for mdi w 1a dinh con ciau do
if val(u) <= MinVal(w, h-1) then

{val <~ MinVal(w, h-1); v < w}

Function MinVal(u, h); {ham xac dinh gia tri cho cac dinh Den}
begin
if u 1a dinh két thuc or h =0 then MinVal(u, h) < eval(u)

else MinVal(u, h) <~ min{MaxVal(v, h-1) | v 1a dinh con ctua u}

Function MaxVal(u, h); { ham xdc dinh gid tri cho cdc dinh Trdng}
begin
if ula dinh két thic or h=0 then MaxVal(u, h) < eval(u)
else MaxVal(u, h) «~ max{MinVal(v, h-1) | v 1 dinh con cta u}

end;



4. Gidai thuat Minimax voi cit tia alpha-beta

Trong chién lugc Minimax v&i d6 sdu han ché thi sé dinh cua cdy tro choi phai xét van
con rat 16n v6i £>=3. Khi danh gia dinh u toi d6 siu 4, thuat toan Minimax doi hoi phai
danh gia tit ca cac dinh cta cdy gdc u voi d6 sau 4. Tuy nhién, phuong phéap cét cut
alpha-beta cho phép cit bo nhitng nhanh khong can thiét cho viéc danh gia dinh w.
Phuong phap nay lam giam bét sé dinh phai xét ma khong anh hudng dén két qua danh
gia dinh u.

Y tudng: Gia su tai thoi diém hién tai dang ¢ dinh Tréng a, dinh a c6 anh em la v da duoc
danh gia. Gia str cha cua dinh a 1a b, b ¢6 anh em la u da dugc danh gia, va chacua b la c

nhu hinh sau;

0 max

>E)
@

E

=]

0 e max
/\ /\

Cit bo cay con gdc a néu eval(u)>eval(v)

Khi d6 ta c6 gia tri dinh Trang c it nhat 1a gia tri cua u, gia tri ciia dinh Pen b nhiéu nhat
1a gia tri caa v. Do d6, néu eval(u) > eval(v) ta khong can di xudng dé dénh gia dinh a
nita ma van khong anh huéng dén danh gia dinh c. Hay ndi cach khéc, ta co thé cit bo
cdy con goc a.

Lap luan tuwong tu cho truong hop a 13 dinh Pen, truong hop nay néu eval(u)<eval(v) ta
ciing cit bo cay con gc a.

Dé cai dat k¥ thuat nay, ddi voi cac dinh nam trén duong di tir ge téi dinh hién thoi, ta

str dung tham sb o dé ghi lai gi4 tri 16n nhat trong cac gia tri cta cac dinh con dd danh gia



ctia mot dinh Trang, tham s6 B dé ghi lai gia tri nho nhat trong cac gia tri cua cac dinh
con da danh gia ciia mot dinh Den.
Thuat toan:
Procedure Alpha beta(u, v);
begin
040 Peot;
for mdi w 1 dinh con ctia u do
if o <=MinVal(w, a, ) then

{o <~ MinVal(w, a, B); v« w}

Function MinVal(u, a, B); {ham xdc dinh gid tri cho cac dinh Den}
begin

if 13 dinh két thuc or u 13 14 cta cdy han ché then

MinVal(u, a, B) < eval(u)
else for mdi dinh v 1a con cua u do
{B < min{B, MaxVal(v, a, B)} ;
If o >= then exit};
/*cét bo cac cdy con tir cac dinh v con lai */

MinVal(u, a, B) < B;

Function MaxVal(u, a, B); { hdm xdc dinh gid tri cho cdc dinh Trdng}
begin
if u 1a dinh két thuc or 1 14 cua cdy han ché then
MaxVal(u, a, B) < eval(u)

Else for mdi dinh v 1a con cua u do



o < max{a, MinVal(v, a, B)} ;

If o >= [ then exit};
/*cét bo cac cy con tir cac dinh v con lai */
MaxVal(u, a, B) < a

end;



Chwong 5 — Cac phwong phap tim kiém 10 giai théa man
cac rang buoc
1. Cac bai todan thoa man cdc rang bugc

a. Bai toan 8 quan hiu

Hay dat trén ban co 8 quan hau sao cho khong c6 hai quan hau nao cung hang hoac cung

cot hodc cung duong chéo.

Bai toan 8 quan hau c6 thé biéu dién bsi 5 thanh phan nhu sau:

Trang thai: mang mot chiéu 8 phan tir HAUJO, 1,...,7], phan tit HAU[i] biéu dién dong
dat con hau c6t 1. Vi du HAU[1]=j c6 nghia 1a con hau cgt I ddt & dong j.

- Trang thai dau: Mot mang ngau nhién 8 phan tir, mdi phan tir nhan gié tri tir 0 dén 7

- Trang thai dich: Gan cac gia tri khac nhau pham vi tir 0 dén 7 cho cac phan tir cia
mang sao cho i-HAU[i] # j-HAU[j] (khong nim trén cing duong chéo phu) va
i+HAU[i] # j + HAU[j] (khong nam trén cung dudng chéo chinh).

- Chi phi: khong xac dinh



Trong bai toan nay, trang thai dich 1a khong tudong minh ma dugce xac dinh bdi tap cac
rang bugc. Khac véi cac bai todn trude, 101 gidi cia bai todn nay khong phai la duong di
tir trang thai dau dén trang thai dich ma 13 mot phép gan céc gia tri cho cac bién mo ta
trong trang thai ctia bai toan sao cho phép gan thoa man céc rang budc cua trang thai
dich.

Dé giai cac bai toan thoa man cac rang budc, chiing ta khong can xac dinh 5 thanh phan

nhu cac bai toan trong cac chuong trudc, ma ching ta can quan tdm dén cc thanh phan

sau:

- Tap cac bién mé ta trang thai ctia bai toan: HAU[0], HAU[1], .., HAU[7] trong bai
toan 8 quan hau (HAUJi] la s6 hiéu dong dét con hau ¢ cot I, vi du HAU[0]=0 c6
nghia 13 con hau cot dau tién (cot 0) s& dat & dong dau tién (dong 0).

- Mién gi4 tri cho céc bién: HAUJi] € {0, 1,2, 3,4, 5, 6,7}

- Téap rang budc: véi i#) thi HAU[i] #HAU[j] (khong c6 hai con hau cung hang ngang),
1-HAUTJ1] # J-HAU[j] (khong c6 hai con hau nao cung duong chéo phu); i+tHAU[1] #
J+HAUJj] (khong c6 hai con hau nao cung duong chéo chinh)

Loi giai ciia bai toan 1a mot phép gan gia tri trong mién gia tri cho céc bién sao cho thoa

man cac rang budc cua bai toan.

b. Bai toan t6 mau d thi

Str dung ba mau dé t6 ban d6 cac tinh cia mdt nude sao cho cac tinh ké nhau thi ¢c6 mau

khac nhau. Vi dy, nudc Australia c6 7 bang nhu hinh v€, chi sit dung ba mau: do, xanh lo

va xanh da troi dé t6 mau 7 bang ctia nudc Australia sao cho khéng c6 hai bang nao ké
nhau lai c6 mau giéng nhau. Bai toan nay ¢ thé mé ta bang 3 thanh phan nhu sau:

- Tap cac bién: WA, NT, Q, NSW, V, SA, T (céc bién 1a cac ky tu ddu cua tén cac
bang)

- Mién gia tri: 7 bién c6 thé nhan céc gia tri trong tap {do, xanh l4 cdy, xanh da troi}



- Téaprang budc: WAENT, WA#SA, NTASA, NT#Q, SA#Q, SANSW, SA+£V,
QANSW, NSW#V

- W

Tasm"a
Loi giai cta bai toan t6 mau db thi 1a phép gan cac gia tri {do, xanh da troi, xanh 14 ciy}
cho tap 7 bién thoa man tap cac rang budc.
c. Bai toan giai ma cac ky tw

Tim céc chir s6 thich hop cho cac ky tur dé phép tinh sau 1a ding:

Do O

W
W
L

ol+ -

+
F
Bai toan giai ma cac ky ty duoc mé ta bang 3 thanh phan sau:
- Tap cac bién: T, W, O, F, U, R, N1, N2, N3 (N1, N2, N3 13 3 s6 nhé cua phép cong &
cac vi tri hang don vi, hang chuc, hang tram)
- Mién gié tri: Céc bién c6 thé nhan cac gia tri: {0, 1, .., 9}
- Rangbuoc: T, W, O, F, U, R phai khac nhau d61i mgt; O + O = X +10.N1; N1 + W +
W=U+10N2; N2+ T+ T =0 + 10.N3; F=N3; T#0; F£0
Loi giai cta bai toan 1a mot phép gan cac chir sd tir 0 dén 9 cho céc bién va thoa mén tap

cac rang budc.



2. Gidi thudt quay lui vét can

Viéc giai bai toan thoa mén cac rang budc 13 tim ra mot phép gan gia trj cho tip cac bién
cua bai toan sao cho tap cac rang budc dugc thoa man. Gia sur bai toan can gan gia tri cho
n bién, chiing ta c6 thé tim 10 giai cua bai toan bang cac budc mo ta nhu sau:

- Bit dau bang phép gan rdng, chua gan gia tri cho bién nao ca { }.

- Néu tit ca cac bién di duoc gan gid tri, in ra 101 giai va thoat khoi chuong trinh

- Tim gia tri dé gan cho bién chua c6 gia tri ma khong xung dot véi cic cac bién da duoc
gan trude do (xung dot hay khong 1a dwa trén tap rang budc). Néu khong tim duoc gia tri
thoa mén cac rang budc cho bién dang xét thi huy bo phép gan gia tri cho bién lién trude
do va tim gia tri méi cho no.

- Néu bién dau tién khong con gia tri ph hop dé gan thi bai toan khong c6 1o giai.

Giai thudt gan gia tri cho n bién nhu trén goi 14 giai thuat quay lui vét can hay thir va sai
(backtracking). Trong giai thuit, mdi budc thuc hién mot phép gan véi cach 1am gidng
nhau va 10i giai ctia bai ton chi xuét hién & budc gan cho bién cudi cing. Giai thuét trén

c6 thé cai dit dé quy nhu sau:

Function Backtracking-Search(problem) returns a solution, or failure

Return RescusiveBacktracking({},problem);

Function RescusiveBacktracking(assignment, problem) returns a solution, or failure

if (length(assignment)==n) return assignment ;

var € Chon bién chua gan(problem, assignment);

for each value in Mién_gia_tri(var,problem)

if Kiem TraNhatQuén(assignment U {var=value}, problem)

assignment= assignment U {var=value}
RescusiveBacktracking(assignment, problem);
assignment= assignment - {var=value}

return failure;




Baén chat cua giai thuat RescusiveBacktracking 1a phép duyét theo chi€u sau c6 thém
budc kiém tra sy thoa man cua cac rang budc & moi budce. Thir tu viéc gan gia tri cho cac

bién trong bai toan t6 mau dd thi c6 thé biéu dién bang d6 thi sau:

RD

— ]

o o o

/\

<o P

— T~

¢r o

Mot phan do thi biéu dién thir ti phép gan gid tri

cho cdc bién ciia gidi thudt Backtracking
3. Cdc cdi tién cua giai thudt quay lui

Trong gii thuat RescusiveBacktracking & trén, thir tu cac bién c6 thé anh hudng dén thoi
gian va khong gian bo nhd cta giai thuat. Chiing ta c6 thé thay doi thir tw cac bién dé gan
gia tri, va khi bién duoc chon, ching ta c6 thé chon gia tri nao trudc cac gia tri khac trong
cac gia tri hop 1& dé gan cho bién d6. Poi khi thtr ty cac bién va thi tu cac gia tri gan cho
cac bién 1am ting dang ké hiéu qua cua giai thuat.

a) Nguyén tic chon bién tiép theo

Vi 101 gidi cua bai toan chi xudt hién & mic d6 sdu n trong giai thuat d¢ qui, vi vay
ResicusiveBacktracking uu tién phat trién theo chiéu sau dé tim ra phép gan day du (ttrc
la 101 giai) cua bai toan trong thoi gian nhanh nhat. Khi mot sb bién duoc gan gia tri,

mién gia tri cia cac bién con lai cling s€ bi co hep lai do tap cac rang budc chi phoi. Vi



thé, dé co thé tim kiém duogc phép gan c6 d6 sau n nhanh nhat ma khéng bi huy bo dé gan

lai gi tri cho bién thi c6 2 nguyén tic sau:

- Nguyén tac 1: Lwa chon bién ma mién gia tri hop 1€ con lai 1a it nhét (bién co it lua

chon nhét nén duge chon trudc dé lam giam do phic tap cia cay tim kiém)

- Nguyén tic 2: Lya chon bién tham gia vao nhiéu rang budc nhét (gan cho bién kho

thoa man nhat)

Trong hai nguyén tic trén, nguyén tic thtr nhat duoc vu tién cao hon va duoc ap dung
trong sudt qua trinh thuc hién cta giai thuat. Di v6i phép chon biéu dau tién hoic trong
truong hop c6 nhiéu bién c6 cing sd gia tri it nhat thi nguyén tic tht hai s& duoc sir dung

dé lua chon bién tiép theo.

Vi du, d6i véi bai toan t6 mau do thi, ban dau ching ta chon bién SA dé gan gia tri vi SA
tham gia vao nhiéu mdi rang budc hon (nguyén tic 2). Khi chon mau bién cho SA thi cac
bién WA, NT, Q, NSW,V s¢€ dugc chon ¢ budc gan tiép theo do chi con 2 lya chon 1a hai
mau con lai (nguyén tic 1), trong 5 bién nay ta lai 14y bién NT, Q hodc NSW vi nd tham
gia vao nhiéu rang budc hon (c6 thé chon 1 trong ba bién ndy ngau nhién). Ctr nhu vay
ching ta s€ chon thir ty céc bién con lai dva trén Nguyén tdc 1, néu c6 nhiéu bién cung

thoa min nguyén tic 1 thi chon trong ching bién théa man Nguyén tic 2.
b) Nguyén tic chon thi tw gia tri gan cho bién

M6t khi mét bién duge lya chon dé gan gia tri thi s€ co nhiéu gia tri co thé gan cho bién
d6. Viéc lya chon thur ty gid tri gan cho bién co tac dong khong nho trong viéc tim ra 101
giai dau tién. Trong trudng hop bai toan can tim tat ca 10i giai hodc bai toan khong co 101
giai thi thir tw cac gia tri gan cho bién khong c6 tac dung.

Trong trudng hop bai todn yéu cau tim ra mot 101 giai va ching ta mong mudn tim ra 101
gii trong thoi gian nhanh nhat thi ching ta s& lya chon gia tri cho bién dang xét sao cho
no it rang budc dén cac bién con lai nhét. Vi du: néu ta d3 chon WA=d6, NT=xanh da troi
va ching ta dang xem xét gan gid tri cho bién Q. C6 2 gia trj c6 thé gan cho Q ma khéng

bi xung dot v6i hai phép gan trudc: do va xanh da troi. Trong 2 cach nay thi néu gan xanh



da troi thi lam cho bién SA khong con gia tri dé gan, con néu gan mau do thi s& ¢6 1 gia
tri c6 thé gan cho bién SA. Vay trong trudng hop ndy ta s& gan mau do cho bién Q dé

tang kha ning tim duoc 101 giai dau tién.

‘ Cho phép 1 gia tri cho SA
A

‘ }: ‘ Cho phép 0 gia tri cho SA
\ EA &-

c) Kiém tra tién (kiém tra truéc — forward checking)

Trong nguyén tic chon thir ty gia tri gan cho mot bién, chung ta can phai kiém tra xem
gi tri dinh gan s& tic dong thé nao d6i v4i cac bién chua gan théng qua cac rang budc.
Vi¢c han xac dinh tac dong trude nhu vay goi la forward checking. Forward checking con
c6 tac dung han ché khong gian tim kiém (han ché mién gia tri cho cac bién con lai khi
bién hién tai dugc gan mot gia tri cu thé). Vi du, néu ban dau chung ta gan WA mau do
thi mién gia trj ctia cac bang 1an cin (NT va SA) s& khong thé 1a mau d6 duogc nita. Néu
gan tiép Q 1a mau xanh 14 ciy thi NT va SA chi con nhan gi4 tri 1a xanh da trdi va NSW
chi con mién gid tri 1d mau d6 (xem dién bién mién gia tri cac bién thu hep dan trong qua

trinh gan gia tri cho bién WA va Q)

SSEA SSha Sl S

WA NT Q NSW v SA T
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d) Lan truyén rang bugc (constraint propagation)



Trong qua trinh gan gia tri cho bién, néu mot bién c6 ma mién gia tri ctia nd khong con
gia tri nao hop 1¢ dé gan thi ching ta phai hily bo viéc gan gia tri cho bién ngay trude d6
va gan bang gid tri khic. Néu mot trong cac bién con lai ma mién gia tri chi 1 gia tri hop
1y thi chiing ta ¢ thé ap dung tap cac rang budc lién quan dén bién d6 dé giam mién gia
tri cho bién con lai khac. Chéng han, béng forward checking ching ta da xac dinh duoc
bién SA chi c6 gia tri mau xanh da troi thi chiing ta 4p dung cac rang budc lién quan dén
SA dé suy ra rang bién NSW khong thé nhan gia tri mau xanh da troi. Khi 6 NSW chi
con mau do va ap dung cac rang budc lién quan dén NSW suy ra V khong thé nhan mau
do, v.v. Qua trinh loai bo mién gia tri cho céc bién con lai dua trén cac rang budc goi la

lan truyén rang budc nhim giam b6t khong gian tim kiém phép gan hop 16.
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WA NT Q NSW v SA T
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4. Cdc gidi thudt téi wu dia phwong



Chuong 6 — Cac phuwong phap lip luin trén logic ménh dé
1. Ldp luan va Logic

Loai ngudi thong minh vi biét 1ap luan. Liéu may tinh c6 kha ning Idp Iudn duogc
(nhu con ngudi) khong? Pé tra 11 cau hoi ndy, chiing ta trude hét hiy cho biét thé nao 1a

1ap luan.

Lap luan 1a hanh dong sinh ra mot phat biéu ding méi tir cac phat biéu dang c6
truée. Hay néi cach khic, mot nguoi hodc mot hé thong duoc goi 1a biét 1ap luan néu nd
chi ra rang mot phat biéu nao d6 co ding (true) khi cho trudc mot tap cac phat biéu dung
hay khong? Cac phét biéu phai tuan theo mét tp cic qui tic nhat dinh (ngit phap) va
cach xac dinh mot phat biéu 1a dung (true) hay 1a sai (false). Mot tap cac qui tic qui dinh
ngir phap va cach xac dinh ngit nghia ding/sai ctia cac phat biéu goi 1a logic. Nhu vay
logic 1a mot ngdn ngir ma mdi cau trong ngdn ngir d6 co ngit nghia (gia tri) 1a ding hodc
sai, va vi vay co thé cho phép ching ta 1ap luan, tirc 1a mot cdu maéi co gia tri dung khong
khi cho céac cau trude do la dung hay khong. Céac cau cho trude duge goi 1a co s tri thuc
(Knowledge base - KB), cdu can chirng minh 1a dung khi biét KB dung goi 14 cau truy
van (query - q). Néu q 1a dung khi KB 1a dtng thi ta n6i rang KB suy dién ra q (k¥ hiéu 1a
KB q).

Trong chuong nay va cac chuong tiép theo, ching ta s& xay dung cac thuat giai cho
phép 1ap luan tu dong trén cac logic khac nhau. Cac thuat giai ndy giup may tinh c6 thé

1ap ludn, rat ra phat biéu méi tir cac phét biéu cho trudc.
2. Logic ménh dé: cu phadp, ngit nghia

Logic don gian nhat 13 logic ménh dé. Cac phat biéu (cau) trong logic ménh dé duoc
hinh thanh tir cc ky hiéu ménh d& (mdi ky hiéu c6 nghia 1a mot ménh dé va vi vay co thé

nhan gia tri ding hodc sai tiiy theo ménh dé d6 1a dung hay sai trong thé gidi thuc) va cac



ky hiéu lién két — (v6i ngit nghia 1a phu dinh), A (va), v (hoic), = (kéo theo), < (tuong

duong). Ch phéap va ngit nghia cta logic ménh dé nhu sau:
2.1 Cu phap:
» Cac ky hiéu:
v’ Hing: true, false
v Ky hiéu: P, Q, ... Mbi ky hiéu goi 1a ky hiéu ménh dé hoic ménh dé
v Cac két ndi logic: —, A, v
v Cac ky hiéu “(“va”)”
> Qui tic xay dung cAu: C6 hai loai cau: cAu don va cau phirc
v’ true va false 1a cac ciu (true 1a cau don hang dung, false 13 cau hang sai).
v’ Mbi ky hi¢u ménh dé 1a mot cau, vi du P, Q 1a céc cau (Cau don)
v' Néu A va B 1a céc cau thi cac cong thirc sau ciing 14 cdu (cac cau phic):
—A
(A AB)
(A v B)
(A =B)
(A<= B)

(1313

» Cac khai niém va qui udc khac: Sau nay, dé cho gon, ta bd di cac dau “, Yy
khong can thiét. Néu cau chi c6 mot ky hiéu ménh dé thi ta goi cdu d6 1a cAu don
hodc cau phan tir. Cac cau khong phai 1 cau don thi goi 14 cAu phirc. Néu P 1a ky
hiéu ménh dé thi P va —P goi la céc literal, P 1a literal duong con —P la literal am.
Céc cau phuc dang Al v A2 v...vAn, trong do cac Ai la cac literal, dugc goi la

cac cau tuyén (clause).



2.2 Ngit nghia: Qui dinh cach dién dich va cach xac dinh tinh dung (true) hay sai (false)

cho cac cau.
» true la cau ludn c6 gia tri dung, false la cau ludn co gia tri sai

> MBOi ky hi¢u biéu dién (4nh xa véi) mot phat biéu/ménh dé trong thé gisi thuc; ky
hiéu ménh dé c6 gia tri 1a dang (true) néu phat biéu/ménh dé d6 13 dung, co gia tri
1a sai (false) néu phat biéu/ménh dé d6 1a sai, hodc co gid tri chua xac dinh (true

hodc false)

> Cac cau phuc bicu dién (4nh xa véi) mot phu dinh, moi quan hé hoic moi lién két
gifra cac ménh dé/phat bi€u/cau phuc trong thé gidgi thuc. Ngit nghia va gia tri cia
cac cau phtrc nay duogc xac dinh dya trén cac cau con thanh phan cia no, chang

han:
v' —A ¢6 nghia 1a phu dinh ménh dé/ cau A, nhan gia tri true néu A 1a false va
nguoc lai
v' A A B ¢6 nghia la mbi lién két “A va B”, nhan gid tri true khi cd A va B la
true, va nhan gia tri false trong céc trudong hop con lai.
v’ A v B biéu dién méi lién két “A hodc B”, nhan gia tri true khi hoac A hodc
B 1a true, va nhan gia tri false chi khi ca A va B 1a false.

v (A = B) biéu dién mdi quan hé “A kéo theo B”, chi nhén gia trj false khi A

1a true va B 1a false; nhan gia tri true trong cac truong hop khac
v (A < B) biéu dién mbi quan hé “A kéo theo B” va “B kéo theo A”

Nhu véy, viéc xac dinh tinh dung/sai ciia mot ky hiéu ménh dé (ménh dé don) 1a
dua trén tinh ding sai ctua sy kién hodc thong tin ma ndé am chi, con vi¢c xac dinh
tinh dang sai cia ménh d& phirc phai tudn theo cac qui tic trén. Trong nhiéu
truong hop, chung ta (cAn chi) biét tinh dung/sai ctia cic cau phirc, con tinh

ding/sai cua cac cau don la khong can biét hodc co6 thé 1ap luan ra tir cac cac cau



phuc da biét dung/sai va cac qui tdc chuyén doi tinh ding/sai gitta cac cau don va

ciu phtc theo cac qui tic trén.
2.3 Cac vi du:

Goi A 1a ménh dé “t6i cham hoc”, B 1a ménh dé “t6i thong minh”, C 1a m¢nh dé “t6i
thi dat diém cao mon Tri tu¢ nhan tao”; Ta co6 thé bi€u dién cac cau sau trong logic ménh

dé:
- “Néu t6i cham hoc thi t6i thi dat diém cao mon Tri tué nhan tao”™: A = C
- “T6i vira cham hoc lai vira thong minh”: A A B

- “Néu t6i cham hoc hoac t6i thong minh thi to1 thi dat diém cao mén Tri tué nhan

taoc”: AvB = C

2.4 Cic cdu hang diing:

Trong logic ménh d¢, ta co:
v’ ——A < A (luat phu dinh kép)
v A v —A (luitloai trir)
v (A< B) < (A=B) A (B=A)
v (A=>B) ©—-AVB
v = (AvB) & —A A —B (luat DeMorgan d6i véi phép v)
v — (AAB) & —A v —B (luat DeMorgan d6i véi phép A)
v Cv (AAB) & (CvA) A (CvB) (luét phan phdi phép v ddi v6i phép A)
v C A(AVB) < (CAA) v (CAB) (luét phan phdi phép A d6i voi phép v)
v (A A (A=B)) =B (Tam doan luan)
v" Luit phan giai (xem muc 4)

3. Bai todn lgp ludn va cdc gidi thudt ldp ludn trén logic ménh dé



Nhu d3 ndi trong phan 1 ctia Chwong ndy, lap luan 13 tra 101 cau hoi mot cau g c6 1a
ding khi cho co so tri thire (Ia mgt cau phirc 1a hoi cua tap cac cau cho trude) 1a ding
hay khong (KB |= ¢)? Mot cach don gian nhit 13 chung ta 1ap bang gi tri chan 1y cho
KB va cho ¢ va kiém tra xem tat ca cac truong hop lam cho KB nhan gi4 tri true ciing
lam cho q nhan gia tri true khong? Néu c6 thi ta két luan KB |= g, nguoc lai thi két luan
1a khong. Phuong phap suy luan ndy goi 1 phuong phap liét ké va co thé thuat toan

hoa duoc (chi tiét xem trong muc 6 ctia Chuong nay).

Mot cach tiép can khac dé tra 1oi cho cau hoi KB |= g 1a sir dung cac luat hiang dang
cta logic ménh dé (xem trong muc 2.4). Ban dau KB bao gdm tap cac cau (hdi cua
cac cau), chung ta ap dung cac luat cia logic ménh dé trén tip cac ciu ndy dé sinh ra
cAu méi, roi bo sung cau méi nay vao KB, 1ap lai ap dung luat cua logic va sinh ra cau
méi, v.v., d&én khi nao xuét hién cau q trong KB thi dung lai (khi d6 KB F ¢) hoic
khong thé sinh ra cdu méi nio nita tir KB (khi nay ta két luan KB khong suy ra dugc
g) Loi giai cho bai toan suy dién theo cach nay 1a mot duong di tir trang thai ddu dén

trang thai dich cua bai todn tim dudng sau:
v’ Trang thdi dau: KB

v’ Cdc phép chuyén trang thdi: cac luat trong logic ménh dé, mdi luat x 4p dung
cho KB sinh ra cau méi x(KB), bo sung cdu méi nay vao KB dugc trang thai

md&i KB A x(KB)
v’ Trang thdi dich: trang thai KB chira g
v’ Chi phi cho méi phép chuyén: 1

Vi s6 lut hang ding trong logic ménh 1a twong ddi 16n nén nhan t6 nhanh cia bai
toan trén ciing 13 16n (tit ca cac cach 4p dung cac luat trén tap con tit ca cac ciu
ctia KB), vi vay khong gian tim kiém 101 giai ctia bai toan trén 1a rat 16n. Dé han
ché khong gian tim kiém 10i giai ciia bai toan, chiing ta biéu dién KB va q bang chi
cac cau dang chuin hoi (xem muc 4), khi d6 ching ta chi can 4p dung mot loai

luat 1a luat phan giai trén KB va mdi phép chuyén 1a mot phép phan giai hai cau co



chtra it nhat mot literal 1 pha dinh ctia nhau trong KB, két qua cua phép phan giai
hai cau dang chuan hdi lai 1a mot cau dang chudn hoi va dugc bd sung vao KB, lip
lai ap dung luat phan giai trén KB dén khi nao KB chtra cdu ¢ thi ding. Chi tiét
thuat toan suy dién dua trén luat phan giai KB |= g dugc trinh bay trong muc 7 cua
Chuong nay (thuc té thi thuat toan suy dién phan giai tra 1i bai toan tuong dwong
(KB A=) E1])

Giai thuat suy dién phan giai 1 giai thuat day du trong logic ménh dé, tic 13 véi
moi cau q ma kéo theo dugc tir KB (q dung khi KB dung) thi sir dung giai thuat
suy dién phan giai déu c6 thé suy dién dugc KB F ¢ (ttc 1a khong ¢6 cau nao kéo
duogc tir KB 1a khong suy dién phan giai duoc); bai vi bit cir cau trong logic ménh

deé déu co the bicu dién dugc bang cau dang chuan hoi (xem muc 4).

Do lién tuc phai bd sung cac cdu moi vao KB va lip lai tim kiém céc cip cau c6
thé phan giai v6i nhau dugc nén nhan t6 nhanh cta cay tim kiém 10i gidi ting dan
theo d6 sdu cua cdy tim kiém. Vi vay khong gian va thoi gian cua giai thuat s&
tang rat nhanh, giai thuat phan giai lam viéc khong hiéu qua. Dé khic phuc nhugc
diém nay, nguoi ta tim cach biéu dién KB dang cac cau Horn va ap dung chi mot
loai luat (tam doan luan, xem muc 5) dé suy dién (tam doan luan ap dung trén 2
cau dang Horn va sinh ra ciu méi ciing 1a cau dang Horn). Thuat giai suy dién
tién/I0i trén co sé tri thirc dang Horn trinh bay chi tiét trong muc 8, n6 c6 do phirc
tap tuyén tinh d6i véi sb cau trong KB. Tuy nhién thuat giai suy dién tién/lui lai 1a
khong day du trong logic ménh dé, bai vi c6 nhitng cau trong logic ménh dé khong
thé biéu dién duoc dudi dang Horn dé c6 thé ap dung dugc giai thuat suy dién
tién/Ii.

4. Cdu dang chudn héi va ludt phin gidi

> Cau dang chuin hoi 13 cu hoi cta cic cau tuyén (clause). Nhu trén di noi, cau
tuyén 1a cau dang A1 v A2 v...vAn, trong d6 cac Ai 1a cac ky hiéu ménh dé hoic

phu dinh cta ky hiéu ménh dé. Vay cau dang chuan hoi c6 dang:
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clause clause clause
V6i A 1a cac literal (1a ky hidu ménh @& hodc phii dinh ctia ky hi¢u ménh dé).

Véi mot cau bat ky trong logic ménh dé, liéu co thé biéu dién dudi dang chuan hoi
nhu trén dugc khong? Cau tra 101 12 co. Vi cdu s, ching ta liét ké tit ca cac ky
hiéu ménh dé xuét hién trong no, 1ap bang gia tri chan 1y dé danh gid s, khi d6 s 1a
hoi cac tuyén ma mdi tuyén s& tuong tmg v6i dong 1am cho s bang true false. Vi
mdi tuyén (twong tng vi mot dong), néu cot ciia ky hiéu ménh dé trén dong do
co gia tri true thi ky hi¢u ménh dé s& 1a literal dwong am, con néu gia tri 1a false thi
ky hiéu ménh dé s& 1a literal 4m duong trong cau tuyén. Vi du, chung ta mudn biét

dang chuén hoi cua cau sau:
—-C = AAB

Trong cau trén, c¢6 3 ky hiéu ménh dé 13 A, B, C. Ta lap bang gia tri chan Iy va

chuyén sang dang chuan hoi nhu bang sau:

A B C —C = AAB | Clause Dang chuén hi:

-C = AAB
F F F F AvBvC

=(AvBVvC) A (Av—BVvC) A (—AVBVC)

F T F F Av—BvC

T F F F —AvBvC




> V6i cach chuyén mot cau sang dang chuan hoi nhu dung bang gi4 tri chan 1y &
trén, chung ta khang dinh bat ky cdu nao ciing ¢ thé chuyén sang dang chuan hoi
duoc. Ngoai phuong phap st dung bang chan 1y, chiing ta c6 thé ap dung 4 qui tic
sau day (theo thir ty duoc liét k&) dé chuyén bat ky cau nao sang dang chuan hoi

duoc.
v QTI: Loai bé < thay thé a < B bang (a = P)AP = a).
v' QT2: Loai bo =: Thay thé o = B bang —a v B
v QT3: chuyén hoic loai bo diu — dit trude cac ky hiéu bang cac luat
deMorgan va ludt phu dinh kép —(avp)= —a A —f; —(arB)= —a v —f;
——0= 0.
v' QT4: Ap dung luat phan phdi ctia phép A ddi voi phép v

Ching han, chiing ta can chuyén cau trong vi du trén sang dang chuan hoi, bang

cach ap dung 1an luot cac qui tic trén:

—C = AAB
==(~C) v (AAB) (QT2)
= Cv (AnB) (QT3)
= (CvA) A (CVv B) (QT4)

Chung ta c6 thé dimg lai dang chuan hoi nay, hodc ciing c6 thé ching minh tiép
rang cong thirc nay va cong thic thu duoc tir phuong phap 1ap bang ¢ trén 1a

tuong duong.
» Luat phan giai (resolution):
v Luét phan giai:
Néu chiing ta co hai clause sau 1a dtng;

(PyvPyv...Pv...vP) A
(QivQyv...QjVv...vQy)



va P;,Q; 1a cac literal phu dinh cua nhau (Pi=—Q;)
thi chung ta cling c6 clause sau la dung

(PivPyv. Py v Py v vPVvQ v Qa v Qi Qi V. VQn)
(Clause méi la tuyén cdc literal trong hai clause ban dau nhung bo di P; va 0)

v' Két qua cua phép phan giai ciing 1a mét clause (tuyén cac literal), hay noi
cach khac phép phan gidi c6d tinh dong, phan giai cua céac clause 1a mdt
clause. Pay 1a tinh chét rit quan trong trong viéc xay dung giai thuat suy
dién ty dong trinh bay phia dudi.

> Cau dang chuan tuyén (tham khao thém): Cau dang chuan tuyén 1a cau tuyén cia
cac hoi. Gibng nhu cdu trac cua cAu dang chudn hoi, cdu dang chuan tuyén ciing
c6 cdu trac nhu vay, nhung chung ta d6i chd ddu v bdi dau A va nguoc lai. Vi bat
ky mét cau trong logic ménh dé, chung ta ciing c6 thé biéu dién né dudi dang
chuan tuyén. Tuy nhién ching ta khong co luat dong lién quan dén tuyén cua hai
cau hoi dé sinh ra cAu hdi mai nhu luat phan giai cua hai cau tuyén.
5. Cau dang Horn va tam doan ludn

> Cau dang Horn: Nhu trén ta dé chi ra rang tit ca cc cau trong logic ménh dé déu
6 thé biéu dién duoc dudi dang chuan hdi, tirc 1a hdi cua cac clause, mdi clause
c6 dang: Py v P, v... P; v...vP,, v&i P; 1a cac literal. Néu trong clause ma co nhiéu
nhat mét literal duong (tirc 1a khong c6 ky hiéu phu dinh dang trude) thi clause d6
goi la cau dang Horn. Nhu vay cau dang Horn la cau c6 mdt trong ba dang:
—P; v =P, v... v7P, (khong co literal duong nao)

hodac P (c6 mot literal duong va khong c6 literal am nao)

hoic —P; v =P, v... v7P,vQ (c6 mdt literal duong la Q va it nhat mot

literal am)

v6i Py, Py,...,P, va Q 1a cac ky hiéu ménh dé.



Néu chuyén cac cau dang Horn sang dang ludt thi chung c6 dang nhu sau:
(P APy A... AP))

hoac P

hoic P; AP, A... AP, = Q (c6 mdt literal duong 1a Q)
Trong d6 cau dang thr hai va cau ba goi 1a cau Horn duong (c6 ding 1 literal
duong) thuong dugc sit dung biéu dién tri thirc trong co so tri thirc KB, ciu dang
thr nhat chi xuét hién trong biéu dién cac cau truy van.
Tam doan luan (hay luat Modus ponens):
Néu chiing ta c6 cac cdu Horn duong sau 1a dung:

P,

PZ:

P,va
PiAPyA... AP, =Q
thi cau Q la dung

Két qua ludt Modus ponens tir hai cau dang Horn duong sinh ra cau Q ciing c6
dang Horn duong. Vi vy phép suy dién tam doan lusn 1a dong trong cac ciu dang
Horn, két qua tam doan luén tir hai cau dang Horn 1a cau dang Horn. Tuong ty nhu
tinh chat dong ciia phép phan giai trong trong cac cau dang chuan hoi, tinh chat
dong ctia phép suy luan nay 1a rit quan trong trong viéc thiét ké cac giai thuat suy

dién tu dong dé dua trén tam doan ludn va cac cau Horn (xem phan phia du6i).

Khong gidng nhu cu dang chuan hoi, khong phai cau nao trong logic ménh dé
déu co thé biéu dién dang Horn dugc. Chinh vi thé ma thuat giai suy dién dua trén
tam doan luan chi 1a day du trong ngdn ngit cac cdu Horn chir khong day du trong

logic ménh dé.



6. Thudt todn suy dién dwa trén bang gid tri chén Iy

Trong céc phan con lai cia Chuong ndy, chung ta s& xdy dung cac giai thuat cai dat
cho méy tinh dé no biét 1ap luan. Giai thuat lap luan tu dong 1a giai thuat chi ra rang
néu KB (co so tri thirc) 1a ding thi cau truy van q c6 ding hay khong?

Phuong phéap lap luan dau tién 1a dya liét ké cac tat ca cac trudng hop cé thé co cua
tap cac ky hiéu ménh dé, roi kiém tra xem liéu tit ca cac trudng hop 1am cho KB ding

xem q c6 dung khong. Chi tiét thuat giai nhu bang sau:

Function Suydien_Lietke(KB, q) refurn true or false
symbols=get list of symbols(KB,q);
n=symbols.size();
int bo_gia_tri[n]; /dung dé luu bd cac gia tri logic (true:1, false:0)
Sor (i=1;i2%; i++) {
bd gia tri[l,..,n]=generate(i); // sinh ra bd thr i
if (evaluate(KB, bo gid tri)==true && evaluate(q, bd gid tri)=false)

return false

return true;

Thuat giai trén 13 sinh ra toan bd bang gia tri chan 1y dé danh gia KB va q, néu chi can

mot truong hop KB ding ma q sai thi q sé két luan KB khong suy dién dugc ra q.

Giai thudt trén c6 d6 phirc tap thoi gian 13 2" * m, v6i n 13 s6 ky hiéu c6 trong KB,q va

m do dai cau trong KB.
7. Thudt todn suy dién dwa trén ludt phan gidi

Pé khic phuc nhuoc diém d6 phuc tap thoi gian cua giai thudt suy dién dua trén liét

ké & trén, chiing ta dua ra thuat giai nhanh hon, thoi gian thuc hién nhanh hon.



Giai thuat dua trén thuc hién lién tiép cac luat phan giai trén cac cau dang chuén hoi.
Dé ching minh KB |= g ta s& ching minh diéu trong duong 1a (KB A —q |= []), tac la
nhu chiing ta van goi 1a chimg minh bang phan chimg: gia sir q khong dung (—g), khi
d6 KB A —q s& dan dén mau thuln, tic 13 (KB A —q) |= [].

Chung ta s& chuyén (KB A —g) vé dang chudn hoi, tirc 1a hoi cac clause, hay chung ta
chuyén KB va —q thanh hoi cac clause, sau d6 ap dung lién tiép luat phan giai (muc
4) trén cac cdp clause ma co it nhat mot literal d6i ctia nhau dé sinh ra mot clause moi,
clause méi nay lai bd sung vao danh sach cac clause dd c6 roi lap lai 4p dung luat
phan giai. Giai thuét ding khi c¢6 cau [] duoc sinh ra (khi d6 ta két luan KB |= q) hoac
khong c6 clause nao duogc sinh ra (khi d6 ta két luan KB khong suy dién dugc ra g).
Chi tiét thuat giai cho trong hinh ¢ trang sau.

Giai thut phan giai 1a giai thuat day du vi tat ca cic cau trong logic ménh dé déu c6
thé biéu dién dugc dudi dang hoi cua cac clauses (dang chuan hoi). Tuy nhién mdi lan
phan giai sinh ra clause mdi thi lai bo sung vao danh sach céac clauses dé thuc hién tim
kiém cac cip clauses phan giai dugc v6i nhau; vi vay sb luong clauses & 1an lip sau
lai tdng 1€n so voi lan lap trude, dan dén viéc tim kiém cac clauses phan giai dugc voi
nhau la kho6 khan hon.

“ o .

trang thai ddu KB A —q thuc hién cac thao tic chuyén trang thai (4p dung luat phan
giai trén cip cac clauses dé sinh ra clauses médi va bd sung vao danh sach céc clauses
hién co) dé sinh ra trang thai mai, dén khi nao trang thai mdi chtra cau [] (trang thai

dich) thi dung hoac khong sinh ra trang thai mdi dugc nira.

Mot cach khac dé thuc hién suy dién phan giai KB |= g 1 xuat phét tir clause —g (coi
nhu trang thai dich) ta thyc hién phan giai véi cac clauses khac trong KB dé sinh ra
clauses m&i, rdi tir cac clauses méi nay thuc hién tiép véi cac clauses khac ciia KB dé
sinh ra clauses méi hon, dén khi nao [] dugc sinh ra hodc khong sinh ra dugc clause

moi thi dimg. No6i cach khac 1a chi thuc hién phéan giai cac clauses lién quan dén q.
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dat coi nhu la bai tap).

Function Resolution(KB, q) return true or false
clauses=get list of clauses(KB A —q);

new={};

do
for each Ci, Cj in clauses
new_clause= resol(Ci,Cj);
if new_clause=[] return true;

new=new Y new_clause;

if new c clauses return false;

clauses=clauses Y new;

8. Thuat toan suy dién tién, lui dwa trén cdc cau Horn

Nhu ta di thay trong muc 5, ludt Modus ponens 1a dong trong cic cau dang Horn
duong, c6 nghia 12 néu hai cu dang Horn duong théa mén céc diéu kién cua luét
Modus ponens thi s& sinh ra cdu dang Horn dwong méi. Néu chung ta biéu dién duoc
KB va q bang cac cau dang Horn duong thi c¢6 thé sir dung luat Modus ponens dé suy
dién.

Khi KB biéu dién bang hoi cac cau Horn dwong, chung ta cac cdu Horn duong nay
thanh 2 loai: (1) cau c6 ding mot literal dwong ma khong co literal am nao, day la cac
cau don hay la cac ky hiéu m¢nh dé: (2) cau c6 dung mot literal duong va co it nhat
mot literal Am, ddy 13 cac cdu kéo theo ma phan than cta phép kéo theo chi 1a mot ky

hiéu ménh deé.

C6 hai cach cai dat thuat giai suy dién dua trén luat Modus ponens trén cac cau Horn

duong. Cach thtr nhét 13 bat dau tir cac ky hiéu ménh dé dugc cho 1a dung trong KB,



ap dung lién tiép cac luat Modus ponens trén cac cau kéo theo trong KB dé suy dién
ra cac ky hi¢u mai, dén khi nao danh sach cac hiéu duoc suy dién ra chta ky hi¢u
dich q thi dimg va thong béo suy dién thanh céng. Néu danh sach cac ky hiéu suy dién
khong chira q va cling khong thé sinh tiép dugc nita thi thong bao suy dién thét bai.

Cach suy dién nay goi 1 suy dién tién (hay suy dién tam doan luin tién dé phan biét

.....

Chi tiét giai thuat cho trong bang & phia dudi. Giai thuat st dung danh sach cac ky
hiéu ménh dé duoc xac dinh 1a true, true_symbols , danh sach nay khaoi tao tir cac ky
hi¢u doc 1ap trong KB, sau do bod sung khi mot ky hi¢u m¢nh dé dugc suy dién ra la
true, dén khi nao danh sach chua ky hiéu truy van q thi dimg hodc khéng bd sung

duoc ky hi¢u nao nira vao danh sach nay.

Cach cai dat tht hai 13 xuét phat tir dich q, chung ta xem c6 bao nhiéu cau Horn kéo
theo nao trong KB ¢ q 1a phan dau cia luat kéo theo, chung ta lai kiém tra xem cac
ky hiéu ménh dé nam trong phan diéu kién cua cac ludt ndy (cac dich trung gian) xem
c6 suy dién duoc tir KB khong, ctr 4p dung nguoc cac luat dén khi nao céc dich trung
gian duoc xac nhan 1a dung trong KB thi két luan suy dién thanh cong, hodc két luan
khong thanh cong khi c6 tat ca cac nhanh déu khong ching minh duoc cac dich trung
gian khong suy dién duoc tir KB. Giai thuat nay goi 13 giai that suy dién lui (hodc 1a

giai thuat suy dién tam doan luan 1ui).



Function Forward Horn(KB, q) return true or false

Input: - KB tap cac cau Horn duong, danh s6 clausey, .., clause,

- q: cAu truy van dang cau don (ky hiéu ménh dé)
Output: true or false
Céc bién dia phuong:

- Int count[0.. n], count[i] 14 s6 ky hiéu xuat hién trong phan diéu kién cua

clause;.

- Bool proved[danhsach_kyhieu]: proved[kyhieu]=1 néu kyhieu da dugc
chirng minh la suy dién dugc tir KB, nguoc lai =0; ban dau khoi tao=0
vo1 moi ky hiéu

- working_symbols: danh sach ky hiéu dang xem xét, khoi dau bang danh
sach cac ky hiéu doc 1ap trong KB

while working_symbols is not empty
p= pop(working symbols);
if (tproved[p])

proved[p]=1;
for each clause; whose p appears
count[clause;] = count[clause;] -1;
if count|clause;]==0
if head[clause;|==q return true;
push (head[clause;], working symbols);

return false;




9. Két chwong

Logic ménh dé 1a ngdn ngit dé biéu dién cac ménh d¢. C6 hai loai ménh dé: ménh dé
don va ménh dé phtrc. Ménh dé don tuong img véi mot phat biéu nao do6 (mot su kién
hodc thong tin) va c6 thé phan xét xem né ding hay sai dya trén phat biéu d6 1a dung
hay sai. Ménh dé phirc biéu dién méi quan hé hodc mébi lién két (phu dinh, hoi, tuyén,
kéo theo, twong dwong) giita cac ménh dé con cia né. Logic qui dinh tinh ding hay
sai ciia ménh dé phtrc dya trén tinh ding/sai cua cac ménh dé con va dya trén kiéu cua
moi quan hé/lién két d6 (1a —, A, v, =, hay 13 <). Chinh vi viéc gan cho cac cau
(ménh dé don hodc ménh dé phirc) hodc gia tri ding (true) hodc gia tri sai (false) theo
cac qui tic cua logic giup chung ta phan xét dugc rang mot ménh dé nay 1a dung khi
cho biét tap cac ménh dé cho trude 1a dung, hay 1a KB |= g. Lap luan la trd 101 cho cau

hoi: cho KB dung thi g c6 diing khong?.

Trong Chuong nay ching ta da tim hiéu mdt sb thuat giai 1ap luan (input 1a KB va q,
output la true hoac false). Céac giai thuat 1ap luan gém: 1ap luan béng ligt ke, 1ap ludn
dua trén luat phan giai, 1ap ludn dya trén luat Modus ponens. Giai thuét 1ap luén bﬁng
liét ké cac gia tri chan Iy cua cac ky hiéu ménh dé xuat hién trong KB va q ¢6 uu diém
l1a khong doi hoi dang cAu trac dic biét ndo cho cac cau KB va q, nhung lai c6 do
phirc tap thoi gian 1a ham mii ddi v6i s6 cac ky hiéu ménh dé. Giai thuat dya trén luat
phan giai thi yéu cau KB va —q phai c¢6 dang chudn hoi, ttc 1 chung ta phai thuc hién
chuyén KB va —q thanh dang chuan hoi rdi méi ap dung giai thuat. May thay, tat ca
cac cau trong logic m¢nh dé déu co thé chuyén duoc vé dang chuén hoi. Con giai
thuat 1ap luan dua trén ludt Modus ponens thi yéu cau KB va q phai c6 dang cau
Horn. Khong phai tit ca cac cau trong logic ménh dé déu chuyén vé dang Horn duoc.
Tuy nhién néu KB va q & dang Horn thi c4c giai thuat suy dién tién hogc lui dya trén

Modus ponens lai lam viéc rat hi¢u qua.



Céc giai thuat 1ap luan ¢ trén khi cai dat cho may tinh s€ gitip may tinh c6 kha nang

12p luan duogc.



Chwong 7 — Cac phwong phap lap luén trén logic cip mjt

Trong Chuong trudc ching ta di tim hiéu logic ménh dé, mot ngdn ngir dua ra cac qui
tic xac dinh ngit phap va ngir nghia (tinh dung/sai) cac cAu. Cau don gian nhit trong
logic ménh dé 1a cac ky hi¢u ménh dé, n6 biéu dién cho cac su kién hodc thong tin trong
thé gidi thuc. Cau phic tap hon lién két cac cau don bang cac phép ndi logic (—, A, v, =,
<) biéu dién ménh dé phirc, md ta quan hé hodc lién két cac ménh dé don. Nhu vy,
logic ménh dé chi c6 thé biéu dién duoc cac MENH DE va céc lién két hodc quan h¢ gitra
cac MENH DE. Vi vay sitc manh biéu dién cua logic ménh dé chi gii han trong thé gidi
cac ménh dé. N6 khong quan tdm dén ndi dung cac ménh dé nhu thé nao. Vi thé ma logic
ménh d& ¢6 nhiing han ché trong viéc biéu dién va suy dién. Vi du, néu chung ta cho co
s tri thirc phat biéu trong ngdn ngit t nhién nhu sau:

An 1a sinh vién.

Moi sinh vién déu hoc gioi.
Véi co sé tri thire nhu vay ta c6 thé suy dién ra rang “An hoc gi6i”. Tuy nhién néu st
dung logic ménh dé thi ciu “An 1a sinh vién” c6 thé biéu dién bang mot ky hiéu ménh dé
P1; con ciu “Moi sinh vién déu hoc gi6i” thi thong thuong biéu dién bang mot ky hiéu
ménh dé, chéng han Q. Ménh dé ma ching ta can suy dién “An hoc gi61” ky hi¢u béi T1.
Khi d6 co s¢ tri thic c6 dang:

P1

Q
va ménh dé can truy van 1a T1. Vi logic ménh dé khong quan tdm dén ndi dung bén trong
cac ménh dé nén chiing ta khong thé thuc hién suy dién {P1AQ} |= T1 dugc vi chung
chang lién quan gi v6i nhau. Néu ching ta biét duoc danh sach tit ca cac sinh vién, chiang
han {An, Binh, ..., Yén} thi ching ta c6 thé chuyén cau “Moi sinh vién déu hoc gioi”

thanh cau phic “[An 14 sinh vién thi An hoc giéi] VA [Binh 1 sinh vién thi Binh hoc



gidi] VA ...VA [Yén 1a sinh vién thi Yén hoc gioi]” thi cau d6 sé& biéu dién duoc thanh
ciu phtrc trong logic ménh dé dang:
PI=THAMP2=>T2)A ... A(Pn = Tn)

Véi P1,T1 1a ky hi¢u ménh dé d3 noi ¢ trén; P2 1a ménh dé “Binh 1a sinh vién”, T2 la

“Binh hoc gi161”, ..., Pn 1a “Yén la sinh vién” va Tn 1a “Yén hoc gidéi”.

Khi @6, str dung ménh dé P1 da biét 1a dung thi ta ap dung luat Modus ponens trong logic

ménh dé thi suy dién ra dugc T1.

Véi cach biéu dién cau “Moi sinh vién déu hoc giéi” bang (P1 = T1) A (P2 = T2) A ...
A (Pn = Tn) trong logic ménh dé ta c6 thé “Modus ponens” véi cau trude d6 1a P1 dé
sinh ra T1. Tuy nhién khi d6 s6 ciu co trong co sé tri thic s& 1 rat 16n (c6 bao nhiéu sinh
vién thi c6 bay nhiéu cau Pi = Ti), va khi d6 cac thuat toan suy dién ty dong sé tré nén
khong hiéu qua. Va quan trong hon cau cé tinh chat pho bién “Moi sinh vién déu hoc
g101” khong thé nao biéu dién thanh dang li¢t k€ cho tung sinh vién dugc. Logic ménh dé
thiéu cac cadu mo ta ddc trung cho mot 16p cac ddi twong (ciing gidng nhu néu mot ngdn
ngir 1ap trinh ma thiéu céc cau lénh 13p nhu for, while ma chi co céc kiéu 1énh don 1é va

r€ nhénh), vi thé ma strc manh bi€u dién cua né rat han ché.

Trong chuong nay, ching ta s€ xem xét logic cép mot, hay logic vi tir, m0t m¢d rong cua
logic ménh d& ma cho phép biéu dién nhitng ménh d& mang tinh phd quat (“v6i moi”) va
nhitng ménh dé mang tinh dac thu (“t6n tai”’) mot cach dé dang. Pé lam duoc diéu do,
chung ta phan tich ménh dé thanh dang (cha ngir - vi tir) hodc (chi ngit - vi tir - tAn ngi)
va chuyén chil ngit va tin ngit thanh dbi twong (hodc bién) cua vi tir. Vi vy ma cdu don
cta logic cAp mot c6 dang Vi tir(cht_ngir) hodc Vi tir(chi ngit, tin ngir); ching han
“An 1a sinh vién” biéu dién 1a Sinhvien(An); “An yéu Binh” biéu dién Ia Yeu(An,Binh).
Chinh vi thé ma ta goi no 1a logic vi tir. Tir cic cau don nhu vay ta xdy dung cac ciu
phuc st dung cac ky hi€u (—, A, v, =, <) va V,3 (hai ky hiéu nay khong co6 trong logic
ménh dé). Quan trong hon, lam thé nao chung ta xay dung cac thuat giai 1ap luan ty dong,

giai thudt cai dit cho may tinh dé né c6 thé chimg minh dugc KB |= g, v61 KB va q la céac



cau trong logic vi tu cép mot, tuong ty nhu cac gidi thudt phan giai, giai thuat suy dién

tién, 1ui trong logic ménh de.

1. Cu phdp — ngii nghia

1.1 Cu phap

» Cac ky hiéu:

v

v

v

Ky hiéu hing:

= Hang ciia ngdn ngii: true, false

. Hé“lng do nguoi st dung dat cho tén doi tuong cu thé: An, Binh,...,

a,b,c, ... (d6i twong 1a cac chu ngit hoic tAn ngit trong ménh dé).

Ky hi¢u bién (thuong la bién dbi tuong, dai dién cho chu ngir hodc tan
ngit): x,y,zt,u, ...
Ky hiéu vi tir: P, Q, ... hodc Sinhvien, Yeu, father, ...(mdi ky hiéu tuong
{mg vi tir trong ménh d&). Mdi ky hiéu vi tir 13 cau don trong logic cap mot
va c¢6 ngilt nghia true hay false.
Ky hi¢u ham: sin, cos, log, father, ... Chi y ham father (father(An)=Binh)
khac véi vi tir father (father(An,Binh)) & chd ham thi tra vé gia tri con vi tir
thi tra vé true/false. Viéc xac dinh mot cai tén 1a ham hay vi tur tuy vao sy
xuét hién ctia né trong cau va cac tham s caa né.

Ky hiéu két ndi logic: —, A, v, =, <

Ky hiéu luong tu: Vv, 3

99 99 9

Céac ky hi¢u “(“va™)”,”,

> Qui tic xay dung cu: C6 2 loai cdu: cau don va cau phirc. Chung duoc dinh nghia

dé€ qui nhu sau:

v

Cau don: true va false 13 cc cau (true 13 cAu don hiang ding, false 14 ciu

hang sai).



v' Cau don: Ky _hiéu vi_tic(hang thicc 1, hang thirc 2, ..., hang thirc_k)
la mot cdu (cdu don), trong A6 hang thire i 13 biéu thic cua cac ddi tuong,
cl phap cua hang thirc duoc xay dung tir cac ky hiéu hang, bién va ham

nhu sau:
= Cac ky hiéu hang va cac ky hiéu bién 1a mot hang thirc

= Néut, t,, ...t, 1a cac hang thirc va f 1 mot ky hiéu ham gom n tham

s thi f(ty, b, ...t,) cling 13 mot hang thirc
Vi du vé cac cau don la:

love(An,Binh)

father(An,Nhan)

sinhvien(Hoa)

v' Cau phirc: Néu A, B 14 cac ciu va x 1a mot ky hiéu bién thi cac cong thirc

sau cling la cau:
—-A
(A AB)
(A v B)
(A= B)
(A< B)
Vx, A
ax, A

» Cac khai niém va qui udc khac:
v' Néu mot hang thirc khong chira bién thi goi 1a hang thirc nén

v" Mot céu don ciing c6 tén goi la cau phan tir hay cong thirc phan tu



v' Mot cau don hodc phu dinh cia mot cau don thi goi 1a literal

v' Trong cong thirc ¢6 ky hiéu luong tir (Vx, A hodc 3x, A) cac bién x trong A
goi 12 bién budc (bién lugng tir), bién nao trong A khong phai 14 bién luong
tir thi goi 1a bién ty do. Cac cAu ma khong c6 bién tu do goi la cau dong.
Trong mén hoc nady, ching ta chi quan tdm dén cac cau dong (chi cac cau
dong méi xac dinh dugc tinh dung/sai ctia nd, xem phan ngit nghia bén
duoi)

v' Mién gia trj ctia mot bién 13 tap hop cac gia tri/ddi twong ma bién do co thé

nhan.
1.2 Ngir nghia (qui dinh cach dién dich va xac dinh tinh dung/sai cho cac cau)

v' Mot cau don dong (khong chtra bién) 13 twong tmg v6i mot ménh dé (phat
biéu, su kién, thong tin) ndo d6 trong thé gidi thyc, cdu don co gia tri chan
1y true hay false tiy theo ménh dé (phét biéu, su kién, thong tin) ma né am
chi 13 ding hay sai trong thuc té.

v' Cau phic 1a cau biéu dién (anh xa v6i) mot phu dinh, mbi quan hé hodc
moi lién két gitra cac ménh dé/phat biéu/cau con hodc mot su phd bién hoic
dic thu cia ménh dé/phat biéu trong thé gidi thyc. Ngit nghia va gia tri
chan 1y cua cac cau phirc nay dugc xac dinh dya trén cac cau con thanh

phan ctia nd, chiang han:
"= —A c6 nghia la phtu dinh ménh dé/ cau A, nhéan gia tri true néu A 1a
false va nguoc lai
= A A B c6 nghia 1a mbi lién két “A va B”, nhan gi tri true khi ca A
va B 1a true, va nhan gi tr1 false trong cac truong hop con lai.
= A v B biéu dién mdi lién két “A hodc B”, nhan gia trj true khi hozc

A hoac B la true, va nhan gia tri false chi khi ca A va B 1a false.



= (A = B) biéu dién mbi quan hé “A kéo theo B”, chi nhan gia tri
false khi A la true va B 1a false; nhan gia tri true trong cac truong

hop khéc
= (A < B) biéu dién mdi quan hé “A kéo theo B” va “B kéo theo A”

» VX A biéu dién su phé bién ctia A, nhan gia tri true tat ca cac ciu
sinh ra tir A bang cach thay x boi mot gia tri/ddi twong cu thé thude
mién gia tri bién x déu 1a true, nguoc lai thi cau phé bién nay nhan

gia tri false

= Jx A bi€u dién su ton tai cua A, nhan gia tri true khi c6 mdt gia tri
x0 trong mién gid tri cua bién x lam cho A true, false trong céc

truong hop con lai.

Nhu vay, viéc xac dinh tinh ding/sai cua mdt cau don (vi tr) 1a dua trén
tinh dung sai cua su kién hodc thong tin ma né am chi, con vi¢c xac dinh
tinh ding sai ctia cAu phirc phai tuan theo cic qui tic trén. Trong nhiéu
truong hop, chung ta (can chi) biét tinh dung/sai cta cac ciu phirc, con tinh
ding/sai ctua cac cau don la khong can biét hodc co thé 1ap luan ra tir cac
cac cau phirc da biét dung/sai va cac qui tic chuyén doi tinh ding/sai giita

cac cau don va cau phuc theo cac qui tac trén.
1.3 Cac vi du:

Céc cau trong ngdn ngilr ty nhién c6 thé bicu dién trong logic vi tir cap mot:

v' “An la sinh vién” Sinhvien(An)
v' “Nam la cha ciia Hoan” Cha(Nam,Hoan)
v' “Moi sinh vién déu hoc giodi” Vx Sinhvien(x) = Hocgioi(x)

(chu y V thuong di véi1 =. Khéc voi Vx Sinhvien(x) A Hocgioi(x))

v “Trong sinh vién ¢ ban hoc gi6i” Ix Sinhvien(x) A Hocgioi(x)

(cht y 3 thuong di véi A. Khac véi 3x Sinhvien(x) = Hocgioi(x).



1.4 Cac cau hing dung (c6 gia tri chan 1y luén bang true)

Ngoai cac cong cau hang dang trong logic ménh dé, chung ta thém cac cau hang dung

lién quan dén céc lugng tir nhu sau:

>

>

>

vV VvV Vv VvV ¥V V VY

NV VvV VvV

Vx P(x) & Vy P(y) (qui tic ddi tén)

Ix P(x) < Jy P(y) (qui tic ddi tén)

VxVy P(x,y) & VyVx P(x,y) (qui tac giao hoan)

Ix3dy P(x,y) < Jy3Ix P(x,y) (qui tic giao hoan)

Vx P(x) < —3x —P(x) (chuyén dbi gitta V va 3)
Ix P(x) & —Vx —P(x) (chuyén d6i giita V va 3)
—(Vx P(x)) < Ix —P(x) (DeMorgan)

—(Ix P(x)) & —Vx —P(x) (DeMorgan)

Vx P(x) = P(a), v6i a la gia tri thudc mién gia tri cua X (loai bo V)

Jx P(x) = P(e), voi e 1a mot gia tri vo danh, khong c6 trong co sé tri thure

(loai bo 3)
P(a) = 3x P(x) (dua ky hiéu 3 vao)
Luat phan giai tong quat (xem muc 3 ciia Chuong nay)
Modus Ponens tong quat (xem muc 4 ciia Chuong nay)
Lap ludn trong logic vi tiv cip mét
Vi du: Xem xét bai toan 1ap ludn (hay chting minh) duoc phat biéu trong ngén ngi
tu nhién nhu sau:
Cho:

“An 1a con trai. Thuy la con gai. Toc cta con gai dai hon toc cua con trai”

Hay ching minh:



“Téc cua Thuy dai hon téc ciia An”
Bai toan nay c6 thé biéu dién trong logic vi tir cap mot nhu sau:

Cho cac cau sau (co s¢ tri thue - KB) 1a dung:

Contrai(An) (1)
Congai(Thuy) (2)
VxVy Contrai(x) A Congai(y) = Tocdaihon(y,x) 3)

Chung ta cAn chimg minh (cau truy van q):
Tocdaihon(Thuy,An).

Day 1a mot 101 giai ctia bai todn trén (101 giai 1a ddy cac budce ap dung luat logic vi
tir cAp mot dé dwa co so tri thire vé diéu can ching minh):
Buoce 1: Tu (1) va (2) ta ap dung luat dua A vao (A,B = A A B):

Contrai(An) A Congai(Thuy) 4)
Buée 2: Ap dung luat loai bo V trong (3) v6i {x/An, y/Thuy} ta duoc:

Contrai(An) A Congai(Thuy) = Tocdaihon(Thuy,An) (5)
Buée 3: Ap dung luat Modus ponens cho (4) va (5) ta c6:

Tocdaihon(Thuy,An) (6)
Pén day ta dugc diéu phai chimg minh.

Ciing gidng nhu trong logic ménh dé&, bai toan 1ap luan (ching minh KB |= q) co

thé xem 1 bai toan tim duong di nhu sau:

v’ Trang thdi dau: KB

v’ Cdc phép chuyén trang thdi: mdi phép chuyén trang thai 1a mot lan ap dung
luat trong logic vi tir cAp mot (nhiéu hon cac luat cua logic ménh dé) trén tap
cau trong KB. Mdi luat / ap dung cho KB sinh ra ciu méi /(KB), bd sung cau
moi nay vao KB duogc trang thai mdi KB A [(KB)



v' Trang thdi dich: trang thai KB chua g
v’ Chi phi cho méi phép chuyén: 1

> Bai toan trén c6 thé tim duogc 101 giai bang cach ap dung cac thuat toan tim kiém
nhu d3 trinh bay trong cac chwong dau ciia gi4o trinh nay vé tim kiém. Tuy nhién
khong gian tim kiém 101 giai ctia bai toan nay 1a rt 16n. Ciing giéng nhu trong
logic ménh dé, néu co so tri thitc (KB) va cau truy van (q) dugc biéu dién bang
(hoic ¢ thé chuyén dugc sang) cac cdu co dang thich hop, thi ching ta ¢ thé chi
can ap dung mot loai luat ctia logic ménh dé dé ching minh réng KB |= q.Cu thé
1a néu KB va q biéu dién duoc bang cic cau Horn thi chi can ap dung lién tiép cac
luat Modus ponens la ching minh dugc KB |= g (xem muc 5,7,8); con néu KB va
q biéu dién bang cac cau dang chuan hai thi ta chi can lién tiép ap dung cac luat

phan giai 1a thuc hién duoc viéc suy dién KB |= g (xem muc 4,6).
3. Phép dong nhit hai vi tiv, thudt gidai dong nhit

> Phép dong nhdt la gi? Khi ap dung ludt trong logic vi tir, ta thuong xuyén gip phai
viéc ddi sach cac vi tir trong hai cau xem ching c6 thé dong nhat duoc véi nhau
khong (turc 1a ching s€ hoan toan nhu nhau trén mot bd gié tri nao do. Chéng han
o budc 2 trong chung minh vi du trén, khi ap dung Luat loai bo ky hi¢u V trong
cdu co tinh phd bién (3) dé dugc cau cu thé trén bo gia tri (x=An, y=Thuy), ta phai
db6i sanh cac cip vi tir <Contrai(An) va Contrai(x)>, <Congai(Thuy) va
Congai(y)> dé tim ra gia tri x=An, y=Thuy dé cho cac cip vi tir d6 1a hoan toan
nhu nhau (dé c6 ap dung cac luat tiép theo). Viéc d6i sanh hai vi tir dé tim ra mot
bd gid tri cho cac bién sao cho hai vi tir 1 dong nhét dugc goi 1a phép dong nhit.
Viy phép dong nhét 1a thao tac thyc hién trén hai vi tir (hodc phu dinh cia vi tir)
va cho két qua 1a sy thay thé cac bién xuat hién trong céc vi tir bang cac hang thirc

(cac gia tri) dé hai vi tir 6 1a nhu nhau.
> Viduy:

v' Ddng nhat (Contrai(An), Contrai(y)) = {y/An}



v' Pong nhét (Yéu(An,x), Yéu(y,Binh)) = {x/Binh; y/An}

v' Pong nhat (Yéu(An,x), Yéu(y, Emgai(Hoa)) = {x/Emgai(Hoa); y/An} (cht
y: trong truong hop nay Emgai(x) 1a mét ham — em gai cua x, khong phai la
vi tir)

DPong nhat (Yeu(An,x), Yeu(An,y)) = {x, y/x }

Pong nhat (Ban(An,x), Ban(y, Emgai(y))={x/Emgai(An); y/An}

Péng nhét (P(a,X), P(X,b)) = failure

<N X X

Déng nhét[parents(x, father(x), mother(Jane)), parents(Bill, father(y),
mother(y))|= failure

> Giai thuat dong nhét:
v Input: hai literal p va q.

v Output: Su thay thé gan gia thay thé cac bién theta

Procedure Dong_nhat(p, q, theta) return true or false
(r,s)=hang thirc dau tién khong nhét quan giira (p,q);
if ((r,s)=empty) return theta; thanh cong
if (1a_bién(r))
theta = theta Y {r/s}
Pong_nhat(thaythe(theta,p), thaythe(theta,q), theta)
elseif (1a_bién(s))
theta = theta Y {s/r}
DPong_nhat(thaythe(theta,p), thaythe(theta,q), theta)

else return failure




4.
a)

b)

Ciu dang chudn hi, ludt phan gidi tong qudt

Cau dang chuan hoi: Ciing giéng nhu trong logic ménh dé, cau dang chuan hoi

trong logic vi tir cAp mot co dang sau (13 hdi cua cac tuyén)

(é“ v A v...vAlnj) ANAy VAR V.. VAL A A (AR VA V. VAL

~— ~

clause clause clause

vo1 Ajj 1a cac literal (1a ky hiéu vi tir hodc phu dinh cua ky hiéu vi tur).

(chinh xé4c hon phai c6 thém cac lugng tir V cho tit ca cic bién trong ciu)

Chuyén cau bat ky sang dang chuan hdi: mot cau bat ky trong logic vi tir cap mot

déu co thé biéu dién sang dang chuin hoi. Bé chuyén mot cdu sang dang chuin

hoi, ta 4p dung cac qui tic sau day:

v QT1: Loai bé < thay thé a < B bang (¢ = P)AP = a).

v' QT2: Loai bé =: Thay thé o = B bang —a v B

v QT3: chuyén hodc loai bo ddu — dit trude cac ky hi¢u béng cac luat deMorgan
va ludt phu dinh kép —(avB)= —a A —f; =(aAB)= —a v —f; =—o= a;
—VxP(x)= Ix—P(x); =3IxP(x)= Vx—P(x)

v' QT4: Chuan hoa céc bién: cac bién luong tir khong dugce tring tén, vi du
VxP(x) v 3xQ(x) chuyén thanh VxP(x) v 3yQ(y)

v' QT5: chuyén cac luong tir vé dau cau, vi du VxP(x) v 3yQ(y) chuyén thanh
vx3y P(x) v Q(y)

v QT6: loai bo 3 bang gia tri vo danh: vi du 3x Rich(x) trd thanh Rich(c) véi c 1a
ky hiéu hing v6 danh, khéng tring vé6i cac ky hiéu c6 trong co sd tri thirc. Cha

v khi 3 dét bén trong V, phai sit dung ham v6 danh; vi du: Vx3yVz P(x,y,z) tr&



thanh VxVz P(x,f(x),z) voi f 1a ky hi€éu ham v6 danh, khong trung véi ky hi¢u
ham khac trong co sé tri thirc.

v" QT7: b6 qua cac ky hiéu lugng tir V

v QT8: Ap dung luat phan phdi ciia phép A d6i voi phép v

Vi du: Bi€u dién céc cau sau thanh cac ciu trong logic vi tir va chuyén ching vé

dang chuan hoi:

“T4ét ca con cho déu stia vé ban dém. H& nha ai c6 meo thi nha nguoi d6 déu khong

c6 chudt. Nhitng ai kho nga thi déu khong nudi bat cir con gi ma sta vé ban dém.

Ba Binh ¢6 meo hoac c¢6 cho”

Vx (La_Ché(x) = Sua_vé dém(x)) (1)
VxVy (Co(x,y) A La Meo(y) = —3z (Co(x,z) A La_Chudt(z))) (2)
Vx (Kho nga(x) = — 3z(Co(x,z) A Sta_vé_dém(z)) (3)
Ix (C6(BBinh,x) A (La Me¢o(x) v La_Chod(x)) (4)

Ap dung céc qui tic (QT) & trén, ta chuyén sang cac cau dang clause nhu sau:

(1) Tuong duong véi: —La_Cho(x) v Sua_vé dém(x)

(2)  VxVy (= (Co(x,y) A La Meo(y)) v (—=3z (Co(x,z) A La_Chuot(z))))
VxVy (—Co(x,y) v —La Meo(y) v (Vz (—Co(x,z) v —mLa_Chudt(z))))
VxVyVz (-Co(x,y) v —La Meo(y) v (—=Co(x,z) v —La Chudt(z)))
—Co(x,y) v —La Méo(y) v —Co(x,z) v —La_ Chuot(z)

(3)  Vx (=Kho ngu(x) v (= 3z(Co(x,z) A Stia_vé dém(z)))

Vx (—Khé ngu(x) v (Vz(—Co(x,z) v —Sta vé dém(z)))
VxVz (—wKho ngu(x) v =Co(x,z) v —Sua vé dém(z))

—Khé ngu(x) v =Cé(x,z) v —Sta_vé dém(z)



d)

(4) 3Ix (Co(BBinh,x) A (La Meo(x) v La Cho(x))
C6(BBinh,a) A (La Me¢o(a) v La_Cho(a)) (tach ra thanh hai clause)

Luét phan giai:
Néu ching ta c6 hai clause sau la ding:
(PyvPyv...Piv...WvP) A
(Q] Y4 Qz V... QJ V...VQm)
va c6 phép thay thé theta sao cho
thaythe(theta,P;)= —thaythe(theta,Q;)
thi ching ta ciing c6 clause sau la dung
thaythe(theta, Py v Py v... Piy v Py v .vPVvQr v Qv Qv Qi V... VQr)
(Clause méi la tuyén cdc literal trong hai clause ban dau nhung bé di P; va 0)
Két qua cua phép phan giai ciing 14 mot clause (tuyén céc literal), hay noi cach
khéac phép phan giai co6 tinh dong, phan giai cta cac clause la mdt clause. Pay la
tinh chat rat quan trong trong viéc xay dung giai thuat suy dién tu dong trinh bay
phia dudi.
Ciu dang Horn va tam doan ludn tong qudt trong logic cdp 1

Cau dang Horn: Tt c4 cac cau trong logic vi tir cip mot déu c6 thé bicu dién duoc
dudi dang chuén hdi, tirc 13 hoi cta céc clause, mdi clause cd dang: P, v P, v... P;
v...vP,, v6i P; 1a cac literal. Néu trong clause ma cé nhiéu nhat mot literal duong
(ttre 13 khong 6 ky hiéu phu dinh ding trude) thi clause d6 goi 1 cau dang Horn.

Nhu vay cau dang Horn 1a cau c6 mot trong ba dang:
—P; v =P, v... v7P, (khong co literal duong nao)

hodac P (c6 mot literal duong va khdng c6 literal am nao)



hoac —P; v =P, v... v7P,vQ (c6 mot literal duong 1a Q va it nhat mot

literal am)
voi Py, Py,...,P, va Q la cac ky hi€uvi tir.
Néu chuyén cac cau dang Horn sang dang luat thi chiing c6 dang nhu sau:
(P APy A... AP))
hoac P
hoac P; APy A... AP, = Q (c6 mét literal duong 1a Q)

Trong d6 cau dang tht hai va cau ba goi 1a cau Horn duong (c6 dung 1 literal
duong) va thudng duogc sir dung dé biéu dién tri thirc trong co s& tri thire KB. Cau
dang thir nhat dugc goi 1 cAu dang Horn am (khong c6 literal duong ndo), va phu
dinh cau dang Horn am nay s€ 1a hoi cac cau Horn duong. Cau dang Horn am chi
xuét hién trong biéu dién cac cdu truy van (q) vi khi d6 —q s& 1a cac cau Horn
duong va thay vi chung minh KB suy dién ra q thi ta chimg minh KB A —q suy

dién ra [], khi nay co so tri thirc KB A —q 12 hoi cac cau dang Horn duong.
Tam doan luan (hay luat Modus ponens tong quat):
Néu chung ta c6 cac cau Horn duong sau 1a dung:

Py,

b
PZ)

P’y

PiAPyA... AP, =Q

va c6 phép thay thé theta sao cho
thaythe(theta,P’;)= thaythe(theta, P;)

thi cau thaythe(theta,Q) 1a dung



>

Két qua ludt Modus ponens tir hai ciu dang Horn duong sinh ra céu
thaythe(theta,Q) ciing c6 dang Horn duong. Vi vy phép suy dién tam doan luan la
dong trong cac cau dang Horn, két qua tam doan luén tir hai cau dang Horn 13 cau
dang Horn. Tuong tu nhu tinh chat dong ctia phép phéan giai trong trong cac cu
dang chuén hoi, tinh chat dong cua phép suy luan nay 13 rit quan trong trong viéc
thiét ké cac giai thuat suy dién tu dong dé dya trén tam doan luan va cac cau Horn

(xem phan phia dudi).

Khong gidng nhu ciu dang chuan hoi, khong phai cau nao trong logic ménh dé
déu co thé biéu dién dang Horn duge. Chinh vi thé ma thuat giai suy dién dua trén
tam doan luan chi 1a day du trong ngdn ngit cac cdu Horn chir khong day du trong
logic ménh dé.

Gidi thudt suy dién phan gidi

Giai thuat suy dién phan giai dya trén luat phan giai: hai cdu tuyén (clause) c6 mot
literal dwong va mot literal 4&m ma dong nhat v6i nhau duoc thi s& sinh ra cau
tuyén méi 1a tuyén cac literal con lai cia ca hai cdu sau khi bo di hai literal dong
nhit ndy. Cau mdi (1a két qua ctia phép phan giai) ciing 1a cau dang tuyén (clause)
va khi bb sung vao KB (ttrc 12 KB A cau_clause moi) thi két qua KB ciing 1 dang
chuan hoi (hoi cac cau tuyén). Vi vy ma trude khi 4p dung giai thuat phan giai ta

phai chuyén KB A —q sang dang chuan hoi.

Gidng nhu giai thuat phan giai trong logic ménh dé, giai thuat phan giai trong loc
vi tir cp mdt cling thuc hién lién tiép cac phép phan giai hai clause trong biéu dién
dang chuan hoi cua KB A —q, bd sung clause mai vao KB va lap lai dén khi hoac
sinh ra cau rong ([]) hoic khong két qua phan giai khong bo sung thém clause nio

vao KB duoc nira.



Function Resolution(KB, q) return true or false
KB =KB A —q
clauses=get list of clauses(KB);

while ([] not in KB)
(Ci,Cj)=get_resolvable pair(KB); // 1y hai cdu ma chta cip literals
//c6 thé ddng nhét véi nhau duoc,
//nhung dau nguoc nhau

if (Ci,Cj)=empty return "failure*
else
resolvent = resolution-rule(S1, S2);

KB = KB A resolvent;

return “success’’;

> MBOi lan thuc hién phép phéan giai 1d mot phép chuyén trang thai tir KB sang trang
thai mdi KB A resolvent (voi resolvent 1a két qua ciia phép phan giai). O mot trang
thai bat ky, c6 nhiéu cip clause c6 thé phan giai dugc voi nhau, hay noi cach khac
c¢6 nhiéu phép chuyén trang thai; viéc Iya chon phép chuyén trang thai nao 13 dwa
trén chién lugc lua chon, chung ta cé thé chon theo chiéu rong, hoac chon theo
chiéu sau nhu céc chién lugc tim kiém theo chiéu rong hodc theo chiéu sau nhu da

trinh bay trong Chuong Cac phuong phép tim kiém 1oi giai.

» Viéc chung minh KBA—g |=[ '] cling co thé thyc hién bang chién lugc ching minh
I (tim kiém 10i), xuét phat tir —q (14 dich cta bai toan gbc KB Fg chtt khong phai
dich []) ta tim cac cau trong KB c6 thé phan giai duoc véi —g, ap dung luat phan

giai theo chiéu rong, dén khi nao [] dugc sinh ra thi dimg. Giai thuat phan giai

.....



» Vi du minh hoa: Gia sir chung ta ¢6 co so tri thitc nhu cho trong vi du 6 muc 4
trong Chuong nay, hiy chimg minh “Néu ba Binh 13 nguoi kho nga thi nha ba 4y
khong c6 chudt”. Cau can chimg minh nay twong duong vdi ciu sau trong logic vi

tir cdp mot (q):

Khé ngu(BBinh) = —3z(C6(BBinh,z) A La_Chudt(z))
Va —q la cau:

—(Khé ngu(BBinh) = —3z(C6(BBinh,z) A La Chudt(z)))
Hay céac cau twong duong sau:

—[-Khé ngu(BBinh) v (=3z(C6(BBinh,z) A La_Chudt(z)))]
[Khé ngu(BBinh) A 3z(Co6(BBinh,z) A La Chudt(z)))]
Khé ngu(BBinh) A Co(BBinh,b) A La Chudt(b)

(v6i b 1a ky hiéu hing vo danh)

Khi d6 KB A —q gdm céc clause sau (dang chuan hoi):

—La_Ché(x) v Sua_vé_dém(x) (1)
—Co(x,y) v —La Méo(y) v —Co(x,z) v —La_ Chuot(z) 2)
—Khé ngu(x) v —=Cé(x,z) v —Sua vé dém(z) (3)
C6(BBinh,a) (4)
La Mco(a) v La Cho(a) (%)
Khé6 ngu(BBinh) (6)
C6(BBinh,b) (7)
La_Chuot(b) (8)

KB A —q |= [] theo cac budc phan giai nhu sau:



(1) va(5) {x/a}
La Méo(a) v Sua_vé dém(a) 9)

(2) va (8) {z/b}
—Co(x,y)v—La Meo(y)v—Co(x,b) (10)

(7) va (10) {x/BBinh}

—C6(BBinh,y)v—La_Méo(y) (11)
- (9 va(ll) {y/a}
—C6(BBinh,a) v Sua_vé_dém(a) (12)
- (4)va(12)
Sta vé dém(a) (13)

(3) va (13) {z/a}
—Khé ngi(x) v —Co(x,a) (14)

(4) va (14) {x/BBinh}
—Khé_ngi(BBinh) (15)

(6) va (15)
[]
Day cac budc ching minh ¢ trén chi 1a mot 101 giai cua bai toan chirng minh

KBA—q E[]. Ban doc c6 thé dua ra 15i gidi khac.
7. Thudt todn suy dién tién dwa trén cau Horn

Giai thuat suy dién phan giai ¢ trén 1 day du trong logic vi tir cAp mot, c6 nghia 1a
gidi thuat s€ cho phép chirng minh dugc KB |=q chi bang ap dung mdi loai luat phan
giai néu q chimg minh dugc tir KB trong logic vi tir cap mot (vi ta ludn ¢ thé chuyén
KBA—q vé dang chuén hoi cac cdu tuyén va vi thé chi can 4p dung luat phan giai).
Tuy nhién, giai thut phan giai phai duyét tat ca cac cip cau tuyén co trong KB ma co

thé phan giai duoc v6i nhau va chon cach phan giai theo mot chién luge (tim kiém)



nao do, sau d6 bd sung két qua phan giai vao KB va lap lai thyc hién tim kiém cac
cau tuyén c6 thé phan giai dugc. Giai thuat nay thuong khong hiéu qua vi sb luong

ciu tuyén trong KB s& ting 1én sau mdi 1an lip.

Trong muc nay, ching ta s€ xem xét cic giai thuat chimg minh hiéu qua hon. Nhu da
xét trong muc 5, luat Modus ponens (hay tam doan luén) c6 tinh chit dong trong céac
cdu Horn duong (cau tuyén c6 dung mot literal duong), vi thé néu ca KB va q (hodc
—q) ¢c6 thé biéu dién duoc dang cau Horn duong thi ching ta c6 thé chimg minh

KB |=q (hoac KBAa—gq |=[ 7) chi bang céac ludt Modus ponens.

Pé chimg minh KB |=q (khi KB biéu dién bang hdi cac cdu Horn duong), ta chia KB
thanh 2 loai cau: (1) cau c6 mdt literal duong va khong co literal am nao (hay goi la
cac cau don hodc cac cau su kién) va (2) cau c6 mot literal duong va co it nhat mot
literal 4m (hay goi 1a cAu luat). Giai thuat suy dién tién thuc hién nhu sau: bit dau véi
tap cac cau su kién trong KB, 1dp lai viéc &p dung cac luadt Modus ponens téng quat
(xem muc 5) dé sinh ra cac cau su kién méi, néu cau su kién méi nay 1a q thi ding va
thong bao suy dién thanh céng, néu khong thi bd sung cac cau sy kién méi nay vao
tap cac cau su kién da biét va ap dung cac luat Modus ponens tong quat; néu khong
c6 cau sy kién méi nao duge sinh ra thi viéc chimg minh KB g 14 that bai. Chi tiét
giai thuat suy dién tién dya trén cac cdu Horn duong va ludt Modus ponens tong quat
nhu trang sau.

Giai thuat suy dién tién c6 mét sd nhuge diém, trong do c6 nhugc diém 13 n6 s& sinh
ra rat nhiéu su kién ma khéng lién quan gi dén cau truy van (vi ban chat cua giai

thuat nay 13 tim kiém theo chiéu rong).



Function FOL_Forward Horn(KB, q) return true or false

Input: - KB tap cac cau Horn duong (cau su ki¢n, cau kéo theo)

- q: cAu truy van dang ciu don (ky hiéu vi tir)
Output: true or false
while new is not empty
new <« {};
for each r in {cau kéo theo trong KB}
(P; APy A... AP, = Q) « Phantichcau(r);
for some P’1, P’,,... P’ in {cau su ki¢n trong KB}
if (BSng_nhét(PlAPzA. APy, PPYAP AL AP, 0)
Q’ « thaythe(4,Q);
if (Pong_nhat (Q’,q)) return true
else new «<—new YQ’;
KB < KB Y new;

return false;

8. Thuat toan suy dién liii dwa trén cau Horn



Chuong 8 — Prolog

Trong Chuong 4 va 5 chung ta da tim hiéu logic ménh dé va logic vi tir cdp mot. Chung
ta cling dd tim hiéu cac thuét toan 1ap luan tu dong, chimg minh cau truy van q tir co s
tri thirc KB. C6 hai loai thuét todn 1ap luan co ban: (1) Lap luan trong cac cau dang chuan
hoi voi ludt phan gidi, va (2) Lap luan trong cac cau Horn véi luat Modus ponens (hay
tam doan ludn). Trong Chuong nay, chiing ta s& tim hiéu mot ngdn ngit con cua Logic vi
tir cap mot, prolog — programming in logic, ngdén ngir gdom cac cAu Horn trong Logic
vi tir cAp mét c6 bo sung mot sé thanh phan phi logic giip cho sitc manh biéu dién
ciia ngdn ngir Prolog tot hon va giip cho viéc cai diit cac giai thuit suy dién dé dang
va hiéu qua hon. R4t nhiéu thuat toan 1ap luan tu dong trong Prolog da duoc cai dat cho
may tinh, vi du nhu SWI Prolog phat trién bai J. Wielemaker, SICS Prolog phat trién boi
Vién Khoa hoc may tinh Thuy Dién, v.v.. Ngbn ngit Prolog ma céc san phdm nay cung
cap 1a tuong dbi gidng nhau (c6 sai khac khong dang ké). Ngoai chirc nang co ban la
cung cdp trinh bién dich (thuat toan 1ap luan KB [g) thi hdu hét cac san pham déu cung

cip bo soan thao chuong trinh (co sd tri thirc).

Trong Chuong nay, chung ta s& tim hiéu ngdn ngit Prolog, Phan mém SWI Prolog, va lap

trinh Prolog.
1. Lap trinh logic, moi trwong lap trinh SWI Prolog
Lap trinh logic:

Khac véi cac 1ap trinh tha tuc (1ap trinh C, Pasal, Fortran, v.v.) la chi ra th ty cac cau
1énh xir 1y trén tip cac cau trac dir liéu dé giai quyét bai toan sinh ra output tir input; lap
trinh logic 13 khai bdo cac su kién, tri thirc (luat) da biét (hodc di ding) va st dung may
tinh (c6 trang bi thuat giai suy dién) dé truy vdn mot sy kién méi hodc tri thirc moi tir cac
su kién va tri thirc dd cho (xem so dd bén dudi). Céc loai tri thirc truy van c6 thé kiém tra
mot su kién hodc tri thirc nao dé c6 dung hay khong, hodc li¢t ké cac bg gia tri cua cac
bién sao cho théa mén diéu kién logic nao do (tic 13 lam cho mét biéu thirc logic nao d6

nhan gia tri true).



Co s6 tri thire

(KB)

Thu tyuc suy dién

(SWI Prolog)

[ Tri thire truy van? }

Lap trinh logic = Khai bao Co s tri thirc + Truy vin

Pé tra 10i cac cau truy van, ching ta can tha tuc suy dién (Iap ludn) nhu da trinh bay
trong cac chuong trude. Ching ta da biét, khi co sé tri thire biéu dién dugc thanh hoi cac
cau Horn thi thuat toan suy dién sé rat hiéu qua (c6 d6 phtc tap thoi gian 13 tuyén tinh d6i
v6i s6 cau Horn trong co s& tri thirc). Vi thé ma hau hét cac san pham cai dit trén may
tinh déu han ché ngon ngit biéu dién tri thirc dang cic cau Horn. Trong tai liéu nay,

chung ta s& tim hiéu mot cai dit mién phi, SWI Prolog.



Moi trwong lap trinh SWI Prolog:

SWI Prolog 1a mot cai dat thu tuc suy dién hd tro cac cau Horn c6 bd sung thém mot sb
thanh phan phi logic (cac phép toan input/output, cac phép toan ting sitc manh biéu dién
hodc ting tinh hiéu qua cta thuit toan suy dién). B9 suy dién cia SWI Prolog sir dung
gidi thuat phan giai SLD (Selective Linear Definite clause resolution), y tudng chinh la
biéu dién cac cau Horn dang cic ciu tuyén (clause) c6 mot literal duong, roi ap dung giai
thuat phan giai loi. Giai thuat phan giai SLD nay s& dugc mo ta chi tiét trong phan cubi

ctia Chuong nay. SWI Prolog c6 thé download mién phi tai dia chi sau:
http://www.swi-prolog.org/download/stable.

Sauk khi cai dit va chay chuong trinh SW Prolog, Hé thdng hién thi du nhic yéu cau

nhép vao cau truy van nhu sau:
le- |

T4t nhién, trude khi nhap cu truy van, chung ta phai cho Hé théng biét chung ta s& truy
van trén co s& tri thirc ndo. Mot co sé tri thirc 1a mdt khai bao cac su kién va cac luat vé
moét linh vyc nao d6, va dugc luu trong mot file. Dé load mot file co so tri thuc, ta st
dung menu File - Consult = Chon file. Cac mo ta cac su kién va luat (cac cau Horn)
trong cac file co so tri thirc dugc goi 1a chuong trinh prolog. Nhiém vu cia nguoi 1ap

trinh logic 1a viét cac chuong trinh prolog nay va cac cau truy van.

Vi du, ta soan thdo mot file chuong trinh prolog (co s& tri thic) co tén file 1a giapha.pl
(co thé su dung bat cr bd soan thao van ban nao, hodc si chinh bo soan thao do SWI
Prolog cung cdp bang cach st dung menu > File > New/Edit > Nhap tén file), noi

dung cua file nhu sau:

cha( hoan, nam ). % cha cua hoan la nam
cha( duong, hoan ).

me( duong, hoa ).

chame( X, Y ):-cha(X,Y).

chame( X, Y ):-me( X, Y).



ongba( X, Y ):-chame(X,Z), chame(Z, Y ).
Trong moi truong SWI, ching ta load file chuong trinh nay (File = Consult 2>
giapha.pl), sau d6 chiing ta nhap cac ciu truy van tir diu nhic cia SWI Prolog. Vi du céc
ciu truy van va tra 1oi truy van nhu sau:

12-chame(duong,hoaq).

true

22-ongba(X,nam).
X=duong

Trong cac phan tiép theo, chiing ta s& tim hiéu cac cau khai bao trong file chuwong trinh va
cac loai cdu truy vén.

2. Ngon ngir Prolog co ban, chwong trinh Prolog
Qui woc dit tén bién va tén hing:
Prolog 14 ngdn ngir cho may tinh, vi vdy né can mdt qui udc rat quan trong trong viéc dat
tén bién va tén hang, theo d6, tén mot bién phai bat dau bang ky ty in hoa (chiang han X,
Sinhvien, v.v.), con tén hing phai bat dau bang ky tw in thuong (vi du: an, binh,
lasinhvien, v.v.). Vi Prolog 1a ngon ngit cac cau Horn trong logic vi tir cip mot nén cac
bién chi xuat hién trong cac hang thtrc 1a tham s6 ctia cac vi ti.
Chuwong trinh Prolog, cac ciu Horn dwong:

Chuong trinh prolog vé co ban 1a diy (hoi) cac cau Horn duong (cau tuyén c6 dung 1

literal dwong). Cac cAu nay c6 dang Horn duong trong prolog c6 dang tong quat nhu sau:

head:- p1, P2, ..., Pn.
{nghia Ia: if (p1 and p2 and ... and pn) then head}

O day head, P1, p2, ..., Pn 12 cic vi tir (c6 thé co cac tham sd); vi tir head goi 1a phan
dau cta luat, con P1, P2, ..., Pn goi phan than (phan diéu kién) cia luat. Néu n>0 thi cau
Horn duong trén 14 cau dang luat; con néu #n=0 thi cau khong c6 phan diéu kién, khi nay

ta co cau mo ta su kién va c6 thé viét don gian la:



head.

€C 9

Chu y: cac cdu trong chuong trinh prolog déu két thiic bai dau cham (“.”). T4t ca cac cau
déu 1a cau dong, néu co ky hiéu bién xuat hién trong cau thi ta ngdm hiéu rang bién d6 la
bién budc, dat dudi luong tir v, trir cac bién chi xut hién trong phan diéu kién cta cau
thi bién d6 dugc hiéu 1a dat dudi luong tir 3 (thuc chét thi néu chuyén dang cau tuyén thi
3 s& chuyén sang Vv do chuyén vé va lay phu dinh)
Vi twr, hang thirc:
Nhu d3 gi6i thiéu ¢ trén, chuong trinh prolog bao gdm hai loai cau: cdu sy kién (cAu don)
va cau luat (cau phirc). Cac cau nay dugc xay dung tir cac vi tr (head, P1, p2, ..., pn),
mdi vi tir ¢ ¢t phap nhu sau:
tén _vi_tu(hang_thuci, hang_thucy, ..., hang_thuch)
trong d6 tén_vi_tir tun theo qui tac dat tén hang; cac hang thirc; c6 thé 1a:
v' Gia tri:

O tén héng ky hiéu, vi du nhu an, x, mauxanh, v.v.

o héng xau, vi du ‘Xin chao’

0 hiang s6 nguyén hodc sb thuc, vi du nhu 5, 3.1416, v.v.

v tén bién, vi du nhu X, Sinhvien, v.v. (cha : tén bién bat dau bang ky tu viét hoa;
cac bién déu khong co kiéu bién, nd co6 thé nhan bit ctr mot gia tri nao; tat ca cac
bién déu 1a bién dia phuong trong cau nd xuat hién)

v céu triic (nhom cac hang thirc lai thanh ciu trac), vi du nhu: mau[red, green, blue],
[march, 17, 2011], v.v. Hai trudng hop dic biét cta cau tric 1a list va string s&
duoc tim hiéu siu hon & cic phan sau cia Chuong nay.

Vi dy vé chuong trinh Prolog: chwong trinh luu trong file giapha.pl cia vi du trudc bao
gdm ba cdu dau 13 cac cau su kién va 2 cau cudi 13 cau luat; c6 4 ky hiéu vi tir 13: cha, me,

chame, ongba; c6 4 tén héing: nam, hoan, hoa, duong; c6 3 bién: X,Y,Z.



3. Cau truy van
Cau truy van tong quat c6 dang tong quat nhu sau:

p]: p21 ceey pn.
Chung ta chia cau truy van thanh hai loai:

v' Cau truy van khong chtra bién: khi d6 cdu truy van c6 nghia 13 “biéu thirc logic (p;
and p; and ...and p,) c6 1a ding (c6 gid tri true) trong co s tri thue (chuong trinh
prolog) da cho hay khong?”. Chang han, cau truy van chame(duong, hoa) trong vi
du & Phan 1 13 hoi: “c6 phai hoa 1a chame cua duong khong?”. Trong truong hop

nay, SWI Prolog s€ tra 101 1a true hoac false.

v' Ciu truy van c6 chtra tap cac bién (vi du X,Y, ...): khac véi cac ciu trong co so tri
thirc (chuong trinh prolog) ma ¢ dé mac dinh hiéu rﬁng cac bién 1a di v6i luong tir
vV, cac bién trong cdu truy véan lai ngdm dinh di v6i lugng tir 3, khi d6 cdu truy
van ¢ nghia 1a: “c6 3X, Y, ... sao cho biéu thirc logic (p; and p; and ...and p,) c6
1a dung (c6 gia tri true) khong?”. Chang han, cau truy van ongba(X,nam) trong vi
du & Phan 1 13 hoi: “c6 t6n tai X ma c6 nam 1a ongba ctia X khong?”. Trong trudng
hop nay SWI Prolog s€ tim mdt gia tri X sao cho ongba(X,nam) co6 gia tri 1a true.
Néu chiing ta muén SWI Prolog tim tit ca cac gia tri X théa man ongba(X,nam),

[T3%D)

sau mdi tra 101 cia Hé thong, chiing ta 4n phim “;” thay vi 4n phim “enter”.
Chu ¥: cAu truy van ¢ trong Prolog c6 dang nhu trén sé& twong duong —g 13 cau dang
Horn 4m VY X,Y,... (~P1v —=P2 v...v —Pn). (cdu tuyén khong co literal dwong nio).
4. Vi tor phi logic (cdu phi logic)

Chuong trinh 1a day (thr tu 1a quan trong!) cac cau su kién va cau luat cé cu phap
nhu dinh nghia nhu ¢ trén. Ngoai cac cAu chuan Horn trong logic vi tir cap mot nay
(cac cau khai bao tri thirc), Prolog con c6 cac vi tir phi logic dé diéu khién viéc thuc

hién suy dién hoac dé vao/ra dir li¢u nhu trong cac ngon ngir thu tuc. Vi du vé céc



cau phi logic 12 (mic du 13 cac cau phi logic, nhung Prolog van gan gia tri hing dang
cho ching):

write(hang_thuc). % lénh nay in hang_thuc ra man hinh

nl. % dua con trd man hinh xudng dong mai
read(ten_bien). % nhap gia tri tr ban phim vao bién
X is bieu-thuc. % géan gia trj bieu-thuc cho bién X

Vi dy, chuong trinh Hello.pl ¢6 ndi dung nhu sau:
xinchao:-write('What is your name?'), nl, read(X), write('Hello '),
write(X).
Sau khi load chuong trinh Hello.pl va chay chuong trinh (ciu truy van) thi duoc két
qua sau:

1 2- xinchao.

What is your name?
| : hoan. % chi y: két thuc nhap dit liéu bang dau chim (“.”)

Hello hoan

true.
Trong cac phan sau ciia Chuong nay, chung ta s& gip thém maot sb cau phi logic khac

nita nhu ciu lénh cat (!).
5. Trd loi truy van, quay lui, cdt, phii dinh
Trd 1o truy vin — quay lui:

Pé tim hiéu cac chuong trinh Prolog duoc thuc thi nhu thé nao (trinh bién dich

Prolog tra 101 céc cau truy van thé nao), chiing ta tim hiéu vi du sau:

Bai toan 14 viét chuong trinh Prolog tim s 16n nhat trong hai s6. Chiing ta soan thao

file chuong trinh timsolonnhat.pl véi vi tir bigger(N,M) d¢ in ra s6 16n nhit nhu sau:



bigger(N,M):- N <M, write(‘The bigger number s ), write(M).
bigger(N,M):- N > M, write(‘The bigger numberis ‘), write(N).
bigger(N,M):- N =:= M, write(‘Numbers are the same’).

Sau khi load chuong trinh, chung ta nhap cac cdu truy van sau (cau tra 10i truy van

xuat hién sau mdi truy van):
1 2- bigger(3,5).

The biggeris 5
true.b
2 2- bigger(8,7).

The biggeris 8
frue.
3 2- bigger(10,10).

Numbers are the same

true.
Pé tra 101 cac cau truy van & trén, SWI Prolog s€ thuc hién déng nhat cau truy van
v6i cac vi tir 1a phan dau cac ludt theo thir tu tir trén xudng dudi. Khi gip luat co thé
d6ng nhit duoc, SWI Prolog s& thuc hién dong nhét cdu truy van v6i phan dau cua
luat va thuc hién cac 1énh trong phan than cta luat. Néu tat ca cac bién trong luét (sau
khi déng nhit) déu da xac dinh duoc gia tri thi SWI Prolog sé tra vé cho ngudi dung
két qua true va doi tuong tac voi ngudi dung. Khi nguoi dung mudn tim két qua tiép
theo, nhan phim “;”, SWI Prolog s& chuyén sang tim, d@)ng nhét va thuc hién cac luat
tiép theo.
Khi cau truy van déng nhat duogc véi mot luat ma cé mot bién nao do van con chua
xac dinh dugc gia tri, SWI Prolog sé& hinh thanh cac cau truy van méi 1a céc vi tir con

chura bién; sau do6 thyuc hi¢n d€ qui viéc tim, dong nhat va thuc hién céc luat trong co



sO tri thirc theo thir tu tir trén ddi v6i cac ciu truy van trung gian ndy (dich trung

gian). Viéc thuc hién suy dién Iui nhu thé nay con goi 13 quay lui.

Mot diém lwu ¥ nita, sau khi tim duoc ludt ddng nhét véi cau truy van, SWI Prolog s&
thuc hién phan than cia ludt theo thi ty tir trai qua phai. Vi phan than cta ludt co
dang hoi céc vi tir, nén khi thyc hién, néu gap mat vi tr ma cd gia tri chan 1y 1a false

thi SWI Prolog s€& khong thuc hién céc vi tir sau do.
Vi tir Cit (!):

Khi thyc hién chuong trinh, SWI Prolog thyc hién tir trén xuéng, tur trai qua phai, va
ching minh cau truy van bang quay lui (Iii). Khi tim duoc mot 1i giai cua cau truy
van, SWI Prolog s& thuc hién quay lui vét can dé tim 1oi giai tiép theo. Trong truong
hop chung ta chi can tim 1 10i giai, hodc trong trudng hop chung ta biét chac chan
khong c6 101 giai khi thyc hién quay lui, ta c6 thé dit vi tir cit (1) ¢ sau danh sach céac
vi tir mong muon. Khi ¢6 vi tir cat xuat hién trong mot cau thi SWI Prolog s& khong
thue hién quay lui d6i véi cac vi tir dit trude nd. Pé hiéu co ché ngat quay lui cta vi

tir cat (1), ta ldy vi du sau:

a(X, Y) - b(X), c(Y).

a(4,4). a(X,Y)
b(1).
b(2). b(X) c(Y) a(4,4)
b(3). X[l ’\\
0 c(l) <@ <)
C .
c(2). / \
b(l)  b2) b(3)
c(3).
Khi thuc hién truy van: a(X,Y) :- b(X), c(Y).
1?2-a(X,Y). a(4,4).




thi dugc két qua nhu sau:

1 ?-a(X,)Y).
X=1,
Y=1;
X=1,
Y=2;
X=1,
Y=3;
X=2,
Y=1;
X=12,
Y=2;
X=12,
Y=3;
X =3,
Y=1;
X =3,
Y=2;
X =3,
Y =3.

Bay gio chung ta s& thay thé ciu 1énh dau tién trong chuong trinh
a(X,Y) :- b(X), c(Y).

bang mdt trong cac cau 1énh dudi day (cheén vi tir ngat ! vao cac vi tri khac nhau):



a(X,Y) :- 1, b(X), c(Y).
a(X,Y) :- b(X),!, c(Y).

a(X,Y) :- b(X), c(Y),!.

% khong quay lui d6i véi vi tir a
% khong quay lui d6i voi vi tir a,b

% khong quay lui d6i véi vi tir a,b,c

Va thuc hién lai cau truy van thi ta s& duogc cac két qué khéac nhau nhu trong cac

hinh vé sau.

a(X,Y)
b(X) c(Y) a(4,4)
it m ()
/
b(1)  b(2) \b(S)

a(X,Y) :- !, b(X), c(Y).

a(4,4).
a(X.,yY)
b(X) c(Y) a(4,4)
(X1 ’\\

o(l) 2 <)

/1N

b(1)  b(2) b(3)

a(X, Y) - b(X),!, c(Y).

a(4,4).




a(X.,yY)

b(X) c(Y) a(4,4)

Xl () 2 ()

/1N

b(l)  b(2) b(3)

a(X, Y) :- b(X), c(Y), !.

a(4,4).

Vi tor phui dinh:

Trong SWI Prolog, vi tir not(X) c6 gia tri true khi SWI khong chimg minh dugc X.
Hay no6i cach khac, nhitng sy kién ma SWI khong ching minh duoc 1a true thi SWI
s& cho 1a su kién d6 1a false (gia thuyét dong). Vi du, cho chuong trinh logic nhu
sau:

lacontrai( binh). % binh la con trai

lacontrai( an).

khonglacontrai( X) :- not (lacontrai(X)).

N¢éu ta thyc hién cac cau truy van:

1 ¢ - khonglacontrai(X).



false
vi SWI khong tim dugce ddi tugng nao lam cho vi tir khonglacontrai(X) 1a dang.

Nhung khi chung ta thyc hién truy van sau:

2 2 - khonglaconftrai(thanh).

frue
két qua cho 14 true vi SWI khong chirng minh duoc lacontrai( thanh).

Vi tir not ¢6 tac dung trong mdt so truong hop, chang han bai todn kiém tra xem mot
s0 c6 1a s6 nguyén to khong, tirc 1a s6 ma khong chia hét cho cac s6 nho hon né (trir

sd 1 va chinh no). Bai toan nay doc gia co thé xem & phan cudi chuong nay.
6. Vi tir dé qui

Vi tir dé quy 14 vi tir xuat hién trong ca phan dau va phan than cua luat, hay néi cach
khac, vi tir goi chinh né. Pinh nghia vi tir d¢ qui bao gid ciing c¢6 2 phan, phan su
kién va phén dé qui. Vi dy, chuong trinh sau dinh nghia vi tir fibonaci(N,X) dé tinh
phan tir th N trong ddy fibonaci, két qua dwa vao bién X (diy Fibonaci 1a ddy c6
phan tir thtr nhét bang 0, phan tir thir hai bang 1, phan tir thi ba trd di sé& 13 tong cta

hai phan ttr lién ngay trudc).

fibonaci( 1,0). % phan tir du tién 13 0
fibonaci( 2,1). % phan tir thir dau tién 1a 1

fibonaci( N,F) :- N>2, N1 is N-1, N2 is N-2, fioonaci(N1,F1), fioonaci(N2,F2), F
is F1+F2.

Truy van chuong trinh logic ndy voi cac tham sé N khac nhau ta s& duoc két qua luu

trén bién F 1a phan tir thir N ctia day. Vi dy:

1 ¢ - fibonaci(3,F).

F=1

2 2 - fibonaci(4,F).

F=2

3 ¢ - fibonaci(10,F).
F=34



Chu ¥: Vi tir fibonaci(N,F) & trén la dé dinh nghia phan tir tht N cua diy Fibonaci va
két qua luu trong F, vi vay ma SWI chi c6 thé thuc hién cac ciu truy van ma & d6

tham sd thtr nhét 13 hang sd, vi du cdu truy van nhu fibonaci(10,F) dé tim phan ttr thtr
10 ctia ddy; cau truy van nhu fibonaci(10,34) dé kiém tra xem phan tir thir 10 ctia day

c6 1a 34 khong; cau truy van fibonaci(N,34) s& khong thyc hién duoc trén SWI!

7. Céu triic dir ligu trong Prolog
Danh sdach:

Danh sach 1a mot cdu tric dit liéu duge tao dyng san trong SWI Prolog va ciing da co
san cac phép toan dé lay phan tir diu va phan dudi danh sach. Danh sach 1a nhom bét
ky cac hang thirc véi nhau bang dau “[“ va “]” va phan cach bai dau «,”. Vi du
[a,b,c,d] 1a danh sach gém 4 phén tr. Thao tac co ban dé thao tac v6i danh sach 1a

tach phan tir dau cta danh sach. Vi du:

1 2 - [X]Y]=[a,b,c,d].
X=q,
Y=[b,c.d]
2 2 —[X,Y|Z]=[a,b,c,d].
X=q,
Y=Db,
Z=[c.d]
3 2 - [X,[Y|Z]]=[a,b,c,d].
X=q,
Y=Db,
/=[c,d]
Ngoai thao tac co ban ¢ trén, SWI cling da xay dung mot sb thao tac khac, vi du:
4 2 —member(b,[a,b,c,d]). % b c6 phai 1a phan tr coa danh sach [a,b,c,d]
khong?

frue



52 —append([a,b,c].[d.e.f].X). % nbi hai danh sach
X=[a, b, c d e, f]
Pé hiéu rd thém vé danh sach, chiing ta xét vi du sau: hdy viét chuong trinh dao

nguoc danh sach.

my_reverse([].[]).

my_reverse([H | T].L):- my_reverse(T,R),append(R,[H].L).
Cau truy van c6 thé 1a:

1 2 —my_reverse([a,b,c,d],Y).
Y=[d,c,b,a]

Vi du tiép theo 1a sap xép danh sach theo thir tu ting dan. Dé giai bai toan nay, chiing
ta s& xdy dung vi tir c6 hai tham s6 sapxep(X,Y), voi X 1a danh sach can sap xép, Y
1a két qua danh sach da sap xép. Trong vi du dudi ddy, ta st dung giai thuat sip xép

theo kiéu chén, sir dung bién trung gian
sapxep (X,Y):-i_sort(X,[].Y).
i_sort([],Y.Y).
i_sort([H|T],Z,)Y):-insert(H,Z,Y1),i_sort(T,Y1,Y).
insert(X,[Y | TI.[Y | NT]):-X>Y insert (X, T,NT).
insert(X,[Y | TLL[X.Y | T]):-X=<Y.
insert(X,[].[X]).

8. Thudt todn suy dién trong Prolog



Chwong 9 — Lap luan véi tri thire khong chic chin

Trong cac chuong trude, chung ta da tim hiéu logic m¢nh dé, logic vi tur cép mot, va
prolog. Ngbén nglt va nglt nghia cua cac logic nay chi giéi han cho cdc cau dung/sai.
Trong thyc té, nhiéu thong tin/tri thire chiing ta khong hoan toan biét dugc né 1a ding hay
sai va chung ta van co6 thé rat ra (1ap luin ra) cac thong tin/tri thic tir nhitng diéu ta
khong chic chin d6 mic du cac thong tin/tri thirc rat ra cling 1a nhiing cai khong chic

chan.

Mot vi du vé viéc 1ap ludn véi céc thong tin khong chic ding va véi két luan cling khong
chac dung nhu sau. Gia st chung ta da biét (qua quan sat 100 ngay gan day) vé cac hoat
dong cua anh A véi cac didu kién thoi tiét khac nhau. Trong sé 100 ngay, c6 70 ngdy troi
nang va khong co gid. Anh ay khong di choi golf vao cac ngay c6 gié hodc khong ning.
Trong 70 ngay nang va khong c6 gié thi anh 4y chi di choi golf trong 50 ngay. Viéc di
choi golf hay khong phu thudc vao thoi tiét, doi khi don gian ciing chi vi hém dé anh c6
thich hay khong. Bay gio dua vao nhiéu diéu da biét nay, chung ta phai tra 1i cac cau hoi
nhu: “ngdy mai anh 4y c6 di choi golf khong néu biét rang du bao thoi thiét ngay mai troi
c6 thé c6 mua?”, hodc “kha ning ngdy mai anh dy di choi golf 1a bao nhiéu?”, hoic 1a
néu biét anh Ay khong di choi golf thi thoi tiét hom d6 thé nao?”, v.v. RS rang cac thong
tin/tri thirc da biét 1a khong chac chan va cau truy vén thi tra 10i ciing c6 thé khong phai

1a dang chéc chic.

Vay 1am thé ndo ma may tinh c6 thé biéu dién duoc cac thong tin/tri thirc khong chic
chan va 1ap luan dé tra 101 cac cu truy van nhu trén. C6 ba cach tiép can dé giai quyét
van dé biéu dién va suy dién cac thong tin va tri thic khong chic chan: logic mo, 1y
thuyét kha ning va 1y thuyét xac suit. Trong chuong ndy, ching ta chi tim hiéu vé Iy
thuyét xac suit, mot ngdn ngit dé biéu dién cac thong tin, tri thire khong chic chin va Iy

thuyét x4c suat cho phép chung ta 1ap luan dé rat ra cac thong tin va tri thirc méi.



Chuong 10 — Hoc mang noron nhan tao

Hé thong duoc goi 1a c6 kha ning hoc (c6 dang vé hoc nhu con ngudi) 1a hé théng c6
kha nang tim ra mot sy khai quat hodc mo hinh cho céc dir liéu huén luyén (dir li€u co
gan nhan nhan dién hodc phan loai). Pac trung khai quat hodac mo hinh do6 cé thé duoc sir
dung dé nhan dién hoic phan loai dir li¢u méi. H¢ théng hoc thong minh 1a hé théng co
dang vé tng xur (hodc két qua nhan dién hoac két qua dy doan) nhu dtra tré con hoc;
ching quan sat cac hinh anh cua céc ky tu da dugc phan loai (thong qua vi¢c ndi véi
chung ddy 1a ky tu gi - dit liéu huan luyén), va khai quat cac dic trung cua cac loai ky tu;
khi dua hinh anh cua ky tg maéi (dir ligu kiém tra) vao thi chung nhén di¢n hodc phan loai
dugc ky tu d6 thudc loai nao. H¢ théng thong minh 1a h¢ théng nhan di¢n dang hoac phan
loai dung dir li€u kiém tra, va khi d6 hé théng duoc goi la c6 kha nang hoc (hay cé dang

vé hoc).



