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LOI MO PAU

Gido trinh “Nhap mon Tri tué nhan tao” duogc viét danh cho sinh
vién nganh Toéan — Tin, Tin hoc va Cong nghé thong tin.

Pé doc gido trinh ndy, sinh vién can c6 kién thirc co ban vé 16gic, cau
trac dit liéu va thuat toan. Noi dung gido trinh nay gom 4 chuong:

Chuong 1: Khai niém vé tri tué nhan tao

Chuong 2: Cac phuong phap giai quyét van dé

Chuong 3: Biéu dién va xtr 1y tri thirc

Chuong 4: Lap trinh 16gic

Chuong 1 gi6i thiéu tom tat lich st hinh thanh va phat trién ciing nhu
cac khai niém chung nhat, cac linh vuc nghién ctru va Gng dung chinh cua
tri tué nhan tao. Chuong 2 trinh bay cic phuong phap biéu dién va giai
quyét van dé co ban: biéu dién van dé trong khong gian trang thai bang dd
thi théng thuong, d6 thi VA/HOAC, cac phuong phap xac dinh tryc tiép 10i
gidi, cac phuong phap thtr — sai (trong dé trinh bay cadc phuong phép tim
kiém theo chiéu rong, chiéu sau, theo hudng cuc tiéu gia thanh trén cay va
dd thi, thuat giai di truyén, phwong phap GPS, ...) va cac k¥ thuét heuristic.
Chuong 3 dé cap dén cac phuwong phap biéu dién tri thirc bang: 16gic, lut
sinh, mang ngit nghia, khung va cac phwong phap xt Iy tri thirc bang suy
dién dya trén 16gic tat dinh va bat dinh. Chuong 4 giéi thiéu k¥ thuat lap
trinh 16gic thong qua ngdn ngtr 1ap tinh Prolog.

Cudi mdi chuong c6 phan bai tap nhim cung cb chic hon kién thirc
1y thuyét va rén luyén k¥ nang thuyc hanh cho hoc vién. Cac phan dugc in
chir nho danh cho hoc vién doc thém.

Chic chan tai liéu nay khong tranh khoi so sut, tic gia rat mong
nhan duoc va chin thanh biét on cac ¥ kién dong gép qui bau cua cac ban
ddng nghiép va doc gia nham lam cho gido trinh hoan chinh hon trong lan
tai ban sau.

Da lat, 04 - 2009
Tdc gia
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Chuong I )
KHAI NIEM VE TRi TUE NHAN TAO

I.1. Lwogec sir hinh thanh va phat trién

* Tri tué nhan tao (TTNT hay AI — Artificial Intelligence) 1a mot trong
nhitng nganh méi trong linh vuc cong nghé thong tin. Co nhiéu quan diém vé
tri tué nhan tao.

- Nam 1950, Alan Turing dd dwa ra cdc “trdc nghiém théng minh” dé
nhan biét may tinh co thong minh hay khong. Tuy vay, cling theo ong
ta, tuy may tinh co thé that bai trong cac tric nghiém thong minh nhung
no6 van c6 thé thong minh.

- Theo quan diém cua Minsky, tri tu¢ nhan tao la mdt nganh khoa hoc
nham nghién ciru, mé phong trén mdy tinh cdc hanh vi va tw duy thong
minh twong tw nhu con nguoi. N6 giup may tinh c6 kha ndng nhan thirc,
suy luan va phan tng. C6 hai hurdng tiép cdn tri tué nhan tao: ding may
tinh dé bat chudc qua trinh xir Iy ciia con ngudi va thiét ké nhitng may
tinh thong minh ddc 1ap vdi cach suy nghi ciia con nguoi.

- Tur dién bdch khoa toan thw Webster thi dinh nghia: “Tri tué 1a kha ning:
1. Phan vmg mot cach thich hop véi nhitng tinh huéng méi thong qua
hi¢éu chinh hanh vi mét cach thich dang;
2. Hiéu ré nhitng moi lién hé qua lai gifta cdc sw kién cua thé giéi bén
ngoai nham dua ra nhimg hanh dong phu hop dé dat téi mot muyc
dich nao d¢”.

- Theo nhitng nha tam ly hoc nhan thuc thi qua trinh hoat dong tri tué
cia con nguoi bao gom 4 thao tdc co bdn:

1. Xac dinh tap dich (goal) can dat t6i;

2. Thu thap cac sy kién (facts) va cac luat suy dién (inference rules) dé
dat to1 tap dich dat ra;

3. Thu gon (prunning) qua trinh suy luan nham xac dinh mot cach
nhanh chéng tap cac luat suy dién cé thé su dung duoc dé dat t6i
mot dich trung gian nao do;

4. Ap dung cac co ché suy dién (tién hodc Iui) cu thé (inference
mechanisms), dua trén cac thao tac thu gon qué trinh suy ludn va
nhitng sy kién trung gian méi dugc tao ra, dé dan dat tor nhitng su
kién ban dau dén nhirng dich da dat ra.

* TTNT ra doi dua trén cac thanh qua cua cac nganh tdm ly hoc nhan
thuc, 16gic hinh thdc, ... Tir trén 2000 nam trude, cac nha triet hoc va tam Iy
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hoc da c6 gang tim hi€u cdch thirc, co ché cua qua trinh nho, hoc tap, nhdn thicc

va suy ly.

Vao dau nhitng ndm 50 cua thé ky XX, nhd su ra doi va cdi tién lién tuc
vé hiéu sudt hoat dong ciia mdy tinh, d3 xuit hién xu hudng khong chi
nghién ctru tri tué vé mit 1y thuyét ma con kiém nghiém céc két qua Iy
thuyét thong minh d6 trén may tinh. Trong thoi gian dau méi hinh
thanh, nhiéu céng trinh Iy thuyét vé TTNT van chua dwoc kiém nghiém
va trién khai trén thuc té do chua c6 ngon ngir lap trinh ddc trung cho
TTNT, do han ché vé k¥ thuat may tinh, giéi han vé bd nhé dic biét 1a
tbc do thuc hién va do van dé bung nd to hop nay sinh trong nhiing
thuat toan tim kiém 161 giai cho cac bai toan kho trong TTNT.

Dua trén cac thanh qua vé ky thudt phan ciing, cung véi su Xudt hién
cac ngébn nglr 1ap trinh dac thu cho TTNT, chuyén xur b ky
hiéu hinh thirc phuc vu cho ldp trinh logic nhu IPL.V, LISP (viét tat cua
LISt Processing, do Mc Cathy tai dai hoc MIT dé xuit nam 1960),
PLANNER, PROLOG (viét tit cia PROgramming in LOGic, do Alain
Colmerauer va nhom cong sy cua Ong tai dai hoc Marseilles xay dung
nam 1972), nhiéu gia thuyét hay két qua thii vi vé Iy thuyet trong TTNT
6 diéu kién dwge kiém nghiém va tré thanh cdc san pham tin hoc cu thé
trén thi truong mang tinh thong minh, hoat dong nhw cac nhom chuyén
gia nhiéu kinh nghiém trong timg linh vic hep nao d6 nhu y hoc, dia
chat day — hoc, choi co.. . Chang han cac san pham, chuong trinh: dan
xuat két luan trong hé hll’lh thirc, chimg minh cac dinh ly hinh hoc
phéng, tinh tich phan bt dinh, giai phwong trinh dai s so cap, choi co
(Samuel), phan tich va chita bénh tam ly (ELIZA), chuyén gia ve y khoa
(MYCIN ¢ dai hoc Stanford), phan tich va tong hop tiéng noéi, diéu
khién Robot theo d6 4an “Mit - tay”, thim do khoang san
(PROSPECTOR)...

Khi sir dung nhitng san pham chuyén dung thong minh nay, dic biét
1a 1an dau tién, ta khong khoi ngac nhién vé tinh “thong minh” dén mirc
d6i khi ta c6 cam giac ching vuot tréi han kha ning cua nhitng ngudi
khong chuyén nghién ctru vé linh vyc dic thu do.

Trong nhimg nim 7990, nganh TTNT cang phat trién manh hon nira
theo cac hudng: co so tri thirc va hé chuyén gia, xwr ly ngon ngir tu
nhién, Iy thuyét nhan dang hinh dnh, tiéng néi va tmg dung vao cac ky
thuét da phuong tién, siéu van ban, mang noron, mdy hoc, ly thuyet mo
trong Idp ludn xdp xi, Idp trinh tién hod, khai théc tri thire tiv diF liéu, .

* C6 vai dau hiéu quan trong cua tri tué may la cdc kha nang:
hoc; mé phong cac hanh vi sang tao cua con nguoi; triu tugng hoa, tong quat héa
va suy dién; tw gidi thich hanh vi; thich nghi véi tinh huéng méi gom kha nang thu
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nap di liéu tich hop, rit tri thire tir dit liéu; xit Iy cdc biéu dién hinh thire (cdc ky
hiéu twong trung, danh sdach); van dung cac tri thirc heuristics san co; xir ly cac
théng tin bat dinh, khong day di, khéng chinh xdc, ...Tri tué mdy khac tri tué
nguoi & chd nod khong thé nhin trde dge mot phan hay toan thé qud trinh gidi
trong nhitng tinh hudng mdi va khéng tw sinh ra dwoc cdc heuristics cia chinh
ban than chung.

* TTNT gbém cac phuong phap va ky thuat cd ban sau: phuong
phap biéu dién va giai quyét vin d¢; ky thuat heuristics; phwong phap biéu dién va
xu ly tri thuc; phuong phap hoc va nhan dang, xtr 1y ngén ngit tu nhién va cac
ngdn ngi 1ap trinh cho TTNT. TTNT van ké thira cac k¥ thudt co ban cia tin hoc
truyén thong nhu: xir 1y danh sach, k¥ thuat dé qui va quay lui, ca phap hinh thirc,

.. Trong bat ky mot hé thong TTNT nao cling déu co 2 thanh phan co ban lién
quan mdt thiét véi nhau: cac phuong phap biéu dién van dé va tri thuc, cac
phuong phép tim kiém trong khong gian bai toan, cac chién luoc thu hep khong
gian 101 giai va suy dién.

I.2. Nhirng linh vuc nghién ctru cia tri tu¢ nhan tao

L2.1. Tir thudt todn dén thudt gidi

* Pac trung cua thudt toan (Algorithm): yéu cau théa man nghiém
ngdt 3 tinh chdt: xdac dinh, hitu han, ding dan. Uu diém: nhiing bai toan giai dugc
bang thuat toan c6 do phirc tap khong qué da thirc duoc ap dung t6t trong thuc té.
Nhuwoc diém: nhimg thuat todn c6 phiic tap trén da thirc chi duoc ap dung véi
khong gian bai toan nhd; trén thuc té, 16p cac bai toan khé chua c6 thuat todn giai
hodc chua biét duoc thuat toan giai hiéu qua rong hon rit nhiéu.

Mot hudng dé giai quyét khé khin d6 1a mé réng tinh xdc dinh, tinh diing
va dua vdo thém cdc théng tin ddc trung vé bai todn, dua vao may tinh mot kiéu
kinh nghiém va “tu duy” cua con ngudi 1a sy Udc lugng, dé thu duoc cac thuat
giai heuristic.

* Ddc trung cua thuat giai heuristic: d phirc tap bé, cho phép
nhanh chéng #im ra cac loi giai, nhung khong phai lu6n ludn tim ra ma co thé tim
thdy loi giai chi trong da s6 truong hop; va lai, cac 101 giai nay chua chdc luén
diing hay 16i wu ma thuong gan diing hay gan toi wu.

1.2.2. Phén logi cdc phwong phdp gidi quyét vin dé

* Biéu dién vdn dé: Xét vin dé: A — B.
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- Dang chudn: Cho A, B tim — (hai loai thuét toan, chuong trinh:

thuat toan can xac dinh trudc chinh 1a — va thuat toan tong quat dé tim ra
—).

- Cho A, —, tim B (suy dién tién).
- Cho B, —, tim A (suy dién /ui).

* Nhom cdc phwong phdp )(éc dinh truc tiép Igi giai: phuong phap
chinh x4c, phuong phap xap xi gan dung, phuong phap khong tuong minh, dé qui,
nguyén Iy qui hoach dong

* Nhém cac phwong phap xac dinh gian tiép I0i giai hoac tim
kiém Igi giai:

Phuwong phdp thir — sai: vét can, nguyén ly mét ludi, phuong phap
nhanh cén, sinh va thir 101 giai, phuong phap ngau nhién (phuong phap
Monte — Carlo, thuat giai di truyén GA), nguyén ly mé cung (dang d¢
qui), vét can dan (dudi dang lap) bang cach quay lui va xac dinh dan
thong tin vé bai toan trong qué trinh giai thong qua cac ciu tric khong
tuyén tinh (chéng han: cay, dd thi hodc dd thi VA/HOAC nhu céc
phuong phap tim kiém: theo chiéu rong, sdu, sau dan, cuc tiéu A"),
phuong phap GPS, ...

Phwong phdp heuristic trong tri tué nhdn tao: 13 huéng tiép can quan
trong dé xdy dung cac hé thong TTNT. N6 bao gdm cac phuong phap
va ky thuat tim kiém c6 str dung cac tri thire dac biét tir chinh ban than
16p bai toan can gidi nham rt ngan qua trinh giai va nhanh chéng di dén
két qua mong muén mac du cé thé khong chic chan d6 1a cach giai
quyét t6i wu nhung lai c6 tinh kha thi trong diéu kién thiét bi hién co6 va
thoi gian yéu cau. Trong ky thuit nay ngudi ta thuong st dung k¥ thuat
heuristis dinh lugng thong qua cdc ham danh gi4. Chiing ta s€ minh hoa
cac phuong phap heuristics thong qua cac phuong phap vét can thong
minh (tim kiém t6i uu duoc bd sung bang tri thirc dic trung vé bai toan
trén cdy hodc do thi tong quat: AX", A*), nguyén Iy tham lam, nguyén Iy
huong dich (thuét giai leo nti), nguyén ly sap thtr tu, nguyén 1y khép
nhat, ...

Nhirng thong tin heuristic nay van duoc gzan tiép dwa vao mdy tinh thong
qua con ngudi. VAy may tinh c6 thé fir tao ra cdc “tri thirc”, biét suy ludn, chimg
minh, tuw hoc qua kinh nghiém, mdy co kha nang rut ra tri thu’c va van dung chung
vdo viéc gidi quyét bai todn hay khong ?

Cac phuong phap trong tri tué nhan tgo da gip may tinh thuc hién duoc
trong mgt chirng muc nao do cac van dé dat ra ¢ trén: cdc phuong phéap biéu dién
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va xu ly tri thuce, 13p trinh tién hoa, mang neuron nhan tao, may hoc, khai thac tri
thire tur dir licu, ...

1.2.3. Biéu dién va xit Iy tri thirc

C6 4 phuong phap co ban biéu dién va xu ly tri thie - dir lidu tich hop:
phuong phap hinh thirc st dung cach tiép can logic (16gic b dlen tat dinh: 16gic
ménh d¢, 16gic vi tir; 16gic bat dinh: 16gic x4c suat, 16gic kha xuat, 16gic md), cac
luat sinh (thuong dung trong cac h¢ chuyén gia), mang ngir nghia, bd ba lién hop
OAV, cach biéu dién bang khung (hay dan - Frame),... Cac hé chuyén gia 13 nhiing
thé hién cua viéc két hop cua cic phuong phap biéu dién va phuong phéap xir 1y tri
thie (vi du: DENDRAL, MOLGEN, PROSPECTOR, MYCIN, ...).

L1.2.4. Xur ly ngon ngit tw nhién, cac ngon ngir lap trinh dwa trén viéc xw
Iy danh sach, ky hi¢u va lgp trinh logic: cac ngon ngir 1ap trinh LISP, PROLOG
c6 han ché 1a chi phi 16n va kho phat trién hé thong, con CLIPS nham biéu dién tri
thirc theo huéng dbi twong va xtr Iy cac luat suy dan. Ta c6 thé thiy sy khac nhau
co ban gitra l4p trinh truyén théng va lap trinh xir 1y ky hiéu trong TTNT qua bang
so sanh I.1.

Lap trinh truyén thong Lap trinh xir ly ky hiéu va logic

- Xu ly dit liéu - X 1y tri thuc - dir li€u tich hop

- Dit liéu trong b nhé duoc danh dia chi $0 - Tri thtrc duoc céu tric trong b nh¢ lam viéc
theo ky hi¢u

- Xur ly theo cac thuat toan - Xur Iy theo céc thuét giai heuristics va co ché
13p luan

- PBinh hudng x1r ly cac dai lugng dinh lugng s6 | - Dinh hudng xir 1y cac dai luong dinh tinh,
logic, ky hi€u tugng trung, danh sach

- Xir Iy tuan ty hodc theo 16 - Xt 1y theo ché do twong tac cao (hdi thoai,
theo ngdn ngit tu nhién,...)
- Khong giai thich trong qua trinh thuc hién - Co thé ty giai thich hanh vi hé¢ thong trong

qua trinh thyc hién

Bang 1.1

1.2.5. Ly thuyét nhin dang theo huéng thong ké, cdu tric, dai sé va
heuristics gobm: nhan dang hinh anh va am thanh (HEARSAY-I, ...).
1.2.6. Lap trinh tién hod, mang noron, mdy hoc, khai thic div liéu

- Lap trinh ti€én hoa (Revolution Programming) sir dung ¥ tuéng qui
ludt tien hod va hoc thuyeét di truyén cuia nganh sinh hoc: nhiing gi hop 1y, thich
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nghi tot véi moi truong sé co kha ning ton tai lau dai hon trong qua trinh dao thai,
sinh tdn; mot sd dic diém cua thé hé trude s& di truyén, anh huong dén thé hé sau
thong qua lai chéo; thinh thoang van xuét hién vai ca thé co dic diém khac han
(hodc ndi trdi lai cac dic diém tiém tang) v6i thé hé trude cua chung thong qua dot
bién, ... Khoi diém cua hudng nghién clru nay la thuat giai di truyen (G4 -
Genetzc Algorzthm) Uu diém cua cac thuat glal GA 14 ¢6 thé dp dung déi véi cdc
bai todn chua biét thudt todn nao hay chua cé thudt gidi nao kha di, hiéu qua dé
giai. C6 thé xem GA thudc vao 16p cac thudt todn ngdu nhién thong qua viée tao
ngau nhién quan thé ban dau ciing nhu cac vi tri lai chéo hay ti 18 lai chéo va dot
bién cta chung.

- Mang noron nh&n tao (hay van tit hon la mang noron, ANN -
Artificial Neural Networks) mo phong mé hinh va co ché hoat dong hung phin va
trc ché than kinh dé diéu khién hoat dong cua con ngudi. M6 hinh ANN c6 thé
gom nhiéu 10“p, trong d6 it nhat phai 6 16p nhép (input layer) va lop Xuat (output
layer), ngoai ra c6 thé c6 nhiéu 16p an (hidden layers) trung gian. Mbi 16p gom
nhiéu nat. Cac kich thich tir méi trudng ngoai dugc truyén vao mang thong qua
cac nut cua 16p nhap. Tong hop cac kich thich nay (phu thudc cac trong s6 ma
mang nay can hoc), néu vuot qua mot ngudng nao do, s€ gy kich thich (hung
phan hay trc ché) dén cac nut cta 16p ké tiép. Ctr thé, qua trinh tlep tuc lan truyen
dén 16p xuat. Mot m6 hinh ANN thuong dugc tmg dung nhiéu trong thyuc té 1a
mang noron lan truyén nguoc. Lap lai qua trinh nay, dua trén viéc cép nhat trong
50 qua mdi thé h¢ sao cho giam dan sai so giita gia tri that va gia tri do mang két
xuat. Qua mdt s thé hé luyén, mang s& hoc dugc bd trong sd thich hop. Uu diém
cua cac phuong phap luyén mang ANN la co thé dp dung déi véi cdc bai todn
chua biét thudt todn ndo hay chia cé thudt gidi ndo kha di, hiéu qua dé giai.

- May hoc (LM - Learning Machine) 1a qua trinh rit ra qui luat tir dit liéu,
chéng han hoc thong qua 16gic, hoc bﬁng quan sat dua trén cac do do phu hop, hoc
dua trén ciy dinh danh thong qua d6 do hon loan thong tin trung binh, ... Ta co
thé dung ANN dé tmg dung vao may hoc.

- Khai thac dii liéu (DM - Data Mining) nham rat ra tri thire tir dit lidu
thd, chang hap d() dd phu thudc cia mot 16p cac thude tinh xac dinh vao 16p cac
thudc tinh phd bién khac trong tap dir li€u tho cho trudc thong qua luat két hop, ...

L.3. Nhirng ing dung ciua TTNT
- Diéu khién hoc, Robotic, giao dién ngudi may thong minh
- Tro choi may tinh
- Thiét bi dién ttr thong minh nho sir dung logic mo
- Hé chuyén gia trong: gido duc, y khoa, dia chét, quan 1y, ...
- Xt ly ngon ngtr ty nhién
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Nhéan dang hinh anh, am thanh, ...

Céc hé thong xu 1y tri thirc va dir liéu tich hop: cho phép xir 1y dong
thoi tri thire va dit lidu (co so dit lidu suy dién, biéu dién luat ddi tuong,
hé hd trg quyét dinh)

M0 hinh hod céc giadi phap giai bai toan
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Chuwong 11 ) ) ) ]
CAC PHUONG PHAP GIAI QUYET VAN DE

II.1. Cac phwong phap xéac dinh truc tiép 10i giai

Dic diém cua cac phuong phap nay 13 xac dinh fruec tiép duoc 161 giai thong
qua mot thu tuc tinh toan hoac cac budc can ban dé co duoc 101 giai. Co ba loai
phuong phép chinh dé xac dinh truc t1ep 101 giai. Loai thtr nhat duoc ap dung dé
giai cac bai toan da biét cach giai bang cac cong thite chinh xdc (nhu cong thirc
toan hoc). Loai thit hai duoc dung cho cac bai toan da biét cach giai bang cac
cong thire xdp xi (nhu cac cong thirc xap xi trong phuong phap tinh). Loai thir ba
duogc 4p dung vao cac bai toan da biét cdch gidi khéng twong minh théng qua cdc
hé thirc truy hoi hay kj thudt d@é qui.

IL1.1. Phwong phdp gidi chinh xdc: thong qua cac cong thirc giai chinh xac.
Chang han, thuat toan giai phuong trinh bac hai.

IL1.2. Phwong phadp gidi xdp xi: thong qua cc cong thic giai gan dung.
Chang han, phuong phap 1ap tinh tich phan x4c dinh theo cong thuc hinh thang
trong hoc phan “Phuwong phadp tinh”.

I1.1.3. Phuwong phdp gidi khong twong minh: thong qua cac hé thirc truy hoi
hodc k¥ thuat d¢ qui.

* Thao tac dé qui F(x) trén 1 d6i tugng x € D nao d6. Xét hai trudng hop:

- Néu dbi tuong x thudc mot tap dic biét X, nao d6 (X, = D) ma da biét
cach gidi don gian thi thyc hién cac thao tac so cap tuong ung;

- Nguoc lai, trudce hét co thé thuc hién mét thao tac G(x) nao do, bién ddi
x thanh x’= H(x) € D rdi thuc hién thao tic twong tu F(x’) trén x’, sau
d6 c6 thé thuc hién thém mot thao tac K(x) nao doé trén x, sao cho sau
mdt s hiru han buéc nay, cac diém x"O s& roi vao tap X.

Fx)//x e D
{
if (x € Xy) ThaoTdcSoCap(x); // diéu kién dirng
else 7 G(x),
x'=Hx); //H(x) € D
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Fx'); // loi goi dé qui
K(x);

/

Céac thao tac d¢€ qui thuong gap trong tin hoc 1a: dinh nghia dé qui, ham hodac
thu tuc dé qui, thudt todan dé qui.

* Chii y: Khi thiét ké mot thao tac dé qui, ta cin c6 hai phan:

- Phan co s¢ (phan neo hay diéu kién dirng): thao tac so cAp da biét cach
thuc hién ngay trén tap con Xy < D.

- Phan goi dé qui F(x?): can phai bao dam sau mét s6 hiru han buéc bién
doi x thi ta sé gap diéu kién dimg: H(H( ... H(x))) = xo € X,.

- Trén day, ta xét d¢ qui dudi truc tiép. Cac truong hop phirc tap hon mét
chut nhu dé qui nhanh truc tiép va dé qui gian tiép (hay dé qui hd tuong)
dugc xét tuong tu.

* Vi du la (diy sb Fibonacci): O dau thang thtr 1 ¢6 1 cip tho con méi ra doi (F(0) =0
F(1)=1). Gia su:

- Cr sau moi thang mot cdp tho (tur sau hai thang tuéi) s& sinh thém mot cép tho con;

- Céc con tho khong bao gid chét.

Hoi sb cap tho F(n) sau n thang 1 bao nhiéu?

Ta c6 cong thic truy hoi dé tinh F(n) nhu sau:
F(0)=0; F(1)=1 (Xo=10; 1)
F(n) =F(n-1) + F(n-2), Vn > 2

Dé tinh F(n), ta c6 thé thuc hién theo cac cach sau:

- Thudt todn dé qui sau ddy c6 do phuc tap thuat toan véi sé phép cong 1a O(F(n)) =
O(((1+\/§ )/2)"): @6 phirc tap mil, qua 16n, khéng kha thi !
Nguyén Fibonaci_De Qui(n)
{ if (n £ 1) return n;
else return (Fibonaci_De_Qui(n-1) + Fibonaci_De_ Qui(n-2));
}

- Thudt todn lgp sau day c6 d6 phue tap thuét toan voi s6 phép cong 1a O(n): hiéu qua hon
nhiéu ! Ta c6 thé khir dé qui bang cach ding vong lap va vai bién phy hodc ding co ché ngdn xép.
Nguyén Fibonacci Lap(n)
{ if (n==0 or n==1) return n;
else {j=1;
Truoc = 0;
HienTai = 1;
while (j <n) do
{ Sau = Truoc + HienTai;
Truoc = HienTai;
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HienTai = Sau;
j=ith
}

return Sau;

}

-Tim céng thirc twong minh tir hé thirc truy hoi
1+ f 1-45

F(n) = T[ ( +( > )]

* Phuong phép téng quét tim céng thirc tudng minh cho F, tir hé thirc truy hdi tuyén tinh
(hé sb hang):
F,=b;F,;+b,F,,; , Yn>2 voicac tri {Fy, F;} cho trudc.
Goi {®q, D, } 1a 2 nghiém cua da thirc ddc trung tuong Gng:
D>~ b, D- b,=0.
Khidé: F, =¢; &+ ¢, D", (¢, ¢ s& duge xac dinh tir cac diéu kién dau cua F,
F]).

* Nhdn xét: Trong nhiéu bai toan kho, ta c6 thé dung chién luoc “Chia d@é tri” dé tach né
thanh nhiéu bai toan con co cung cach giai nhu bai toan ban dau thong qua ky thudt dé
qui.

- Vi du 1b: Tréo ddi hai phan a/1..k] va afk+1..n] cia mang a gdm n phan tir (khong nhét
thiét c6 do dai bang nhau) ma khong dung mang phy.

Néu k < n-k thi trude tién trao dbi hai phan bang nhau a[1..k] va a[n-k..n]; sau d6
trong méang con a[1..n-k], ta chi can trao d6i k phan tir diu voi phan con lai. Trudng hop
k > n-k, gidi tuong tu, ...

TraoHaiPhanBangNhau(a, Tul, Tu2, SoPTuTrao)
{ for (i=1; 1 < SoPTuTrao; i++)
DoiCho(a[Tul+i], a[Tu2+i]);

}
TraoHaiPhanBatKy(a, n, k) // k>=0
{i=Lj=n

while (k >=1)
{if (k < (i+))/2)
{ TraoHaiPhanBangNhau(a, i, i+j-k, k-i+1);

j=i+j-k-1;
}
else { TraoHaiPhanBangNhau(a, i, k+1, j-k);
i=i+j-k;
}
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11.1.4. Phwong phap qui hoach dong:

* Y twéng cia nguyén Iy qui hoach déng: nghiém ciia mot bai toan con (cta
mat bai toan) 1a su két hop cac nghiém cta cac bai toan con nho hon cia né (trong
truong hop roi rac c6 tinh dé qui thi nghiém trong n bucc sé co dwoc tir loi giai
ciia k budce trieée va 1oi gidi trong n-k budce). Ta thudng ding phuong phap nay dé
giai cac bai toan toi wu ma thoa man nguyén ly trén.

C6 thé xem nguyén ly t61 wu 12 mot sy thé hién tot ctia phuong phap chia dé
tri trong viéc giai quyét van dé. Khi thuc hién cac tinh toan trong phuong phap qui
hoach dong, dé thyc hién tinh toan tai budc tht n, nén tdn dung cdc két qua da
tinh & cdc bude trude thong qua cac hé thirc truy hdi va mot vai bién phu dé luu
cac két qua trung gian trudc d6 (chang han, xét bai tip: tinh tat ca cac sd t6 hop
C*,, v6imoi k: 0 <k <n).

* M6 hinh todn hoc ciia nguyén I t6i uu
- Dinh nghia 1.1 (ham phdn tich duoc): Cho ham f: D - R, D = R",
D, = {x; € R": 3yeR"™ & (x1,y)eD}, D(x;) = {y € R"": (x1,y) € D} V x, € D;.
Tanoi ham f 1a phén tich duoc néu ton tai hai ham g: R — R va h: R™' — R' sao cho:
(x1, y) = g(x1, h(y)), V x=(x1,y) € D, x; € Dy, y € D(x1)
. Ham g don diéu khong giam theo bién thir hai:
VxieD,Vz,2 e Riz, >z, = a(x1, z1) 2 g(x1, Z)
(that ra chi cin: V x; e D,V z,2 R 3 v1, ¥2 € D(x1): z;=h(y1), z2=h(y»),
7127, = g(Xy, 1) 2 g(X1, 22))

- Ménh dé II.1: Cho f 1a ham phan tich duoc (trong dinh nghia II.1). Khi 6, ta co:

opt f(x) = opt[g(x,, opt [A(y)])]

xeD x €Dy yeD(x)
- Nhdn xét:
. Két qua ctia ménh dé trén cho phép ta dua viéc toi wu ham nhiéu bién vé toi wu
cdc ham theo cdc bién thanh phan c6 sé chiéu bé hon.
. Ta thuong gap truong hop ham g ¢é dang tuyén tinh theo bién thir hai:
g(x1,2) =1(x1) 2
va f co dang cong tinh theo tung thanh phan:
f(x1, X, ..., Xy) = 1(X) T 1(X2) + ... +1(Xy)

* Vi du 2 (bai toan ngudi giao hang Salesman): Hang ngdy, ngudi giao hang phai chuyén
hang qua n dia diém, mdi dia diém dang mot lan, rdi quay lai dia diém xuét phat. Bai toan
dit ra 1a: 1am thé nao dé anh ta c6 dugc mot hanh trinh véi duong di ngén nhat.

Ta biéu dién bai toan bang d6 thi dinh huéng G (V, A), voi V={1, 2, . n} va
d6 dai cung C(1,]) >0, néu (i,j) € A va C(l,_]) = oo, néu (i,j) ¢ A. Khong mat t1nh tong
quét, ta c6 thé gia sir duong di cta anh ta xuét phat tir dinh 1. B4t ky duong di nao (chip
nhan duoc) cia ngudi giao hang ciing ¢ thé phan thanh: cung (1,k) véi k € V\{1} va
dudng di tir k toi 1 qua mdi dinh thudc V\{1} ding mét lan. Néu duong di cia anh ta
ngan nhat thi dudng di tir k t6i dinh 1 qua cac dinh thuée V\{1, k} phai ngin nhét. Do d6
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nguyén Iy t6i wu dwoc théa man. Goi d(j, S) 1a d6 dai duong di ngén nhat tir j dén dinh 1
quamdi dinh k € S (VS  V va S # &) ding mét 1an. Ta c6 cong thirc truy hoi:

Nghiém t6i rru can tim la:

R& rang, d(j, @) = C(j,1), V¥ j € [2, n]. Tir cong thic truy hdi trén, ta tinh dugc
d(j, S) voi moi S chi chira 1 dinh. Tu do, ta tinh dugc d(j, S) véi moi S chi chira 2 dinh, ...
Ctr thé tiép tuc, ta tinh duoc d(k, S) véi moi S = V\{1.,k}, V k e [2, n]. Tt d¢, ta tim duoc

d(LV \{1}) = min(C(L )+ d(k,V \ {1,k})

d(j,S)=min(C(j,k) +d(k,S\ik}))
nghiém t6i uu.

- Cu thé, xét d6 thi dinh huéng c6 4 dinh va d6 dai cac cung duge cho béi ma tran C nhu
sau:

10 15 20
50 9 10
130 12
8 9 0

Taco: dQ2,D)=C(2,1)=5
d3,9)=C(3,1)=6
d4, J)=C@4,1)=8
Tir cong thire truy hoi, ta tinh duoc:
d2, {3})=C(2,3)+d@3, ) =15
d2, {4})=C(2,4)+d4, D)= 18
d@3, {2})=C(3,2)+d(2, D) =18
d@3, {4})=C(3.,4)+d4, D) =20
di4, {2})=C4,2) +d(2,)=13
d@4, {3})=C4,3) +d3,9) =15
Tuong tu:
d2, {3, 4}) = min{C(2,3) + d(3, {4}), C(2.4) + d(4, {3))}
=min {29, 25} =25
d(3, {2,4})=min{C(3,2) + d(2, {4}), C(3,4) +d(4, {2})}
=min {31, 25} =25
d4, {2,3}) =min{C(4,2) +d(2, {3}, C(4,3)+d(3, {2})}
=min {23,27} =23
Cubi cung, ta co:
d(1, {2,3,4})=min{ C(1,2) + d(2, {3, 4}, C(1,3) +d(3, {2, 4}),
C(1,4) +dA, {2,3})}
] =min {35, 40,43} =35
bé tim dugc hanh trinh ngan nhat, goi K(j,S) 1a dinh k, tai d6 n6 dat min cia cong
thire truy hoi dé tinh d(j,S). Tir do, ta co:
K(1, {2,3,4})=2
K(2, {3,4})=4
K@, {3})=3
Vay duong di {1, 2, 4, 3, 1} 1a ngén nhét va dat gia tri 35.



Chutong 1I - Cdc phiong phdp gidi quyét vin dé 13

Tuong tu, c6 thé ap dung nguyén 1y qui hoach dong dé giai bai toan sau.

- Vi du 3 (bai todn sap ba 16): mjt chiéc ba 16 c6 thé chira duge mot khdi lwong w. Cé n
loai d6 vat dugc danh s 1, 2, ..., n. Mdi d6 Vat 10a1 i ¢6 khoi luong a; va co gla tri ¢; (cac tri w,
a;, ¢; déu nguyén duong,i=1, 2 , n). Can sip xép cac dd vat vao ba 16 dé ba 16 ¢6 gia tri 16n
nhit c6 thé dugc. Gi sir rang mdi loal dd vat co du nhidu dé xép (bai tap).

I1.2. Cac phwong phap thir - sai )
11.2.1. Phwong phadp vét can, nguyén ly mat lwdi, phwong phdp sinh va thir,
phwong phap nhanh cdn

* Bai todn 1: Tim tdp LoiGidi = 1x € D: tinh chdt P(x) ding } (BT1)

a. Phuong phdp vét can
* Thudt toan vét can V1.1: giai BT1
{ BI1: LoiGiai = J;

B2: Trong khi D # & thuc hién:
x < get(D); //lay khoi D mot phan tir x
if (P(x)) LoiGiai = LoiGiai U {x};

B3: if (LoiGiai == &) write(“Khong c6 101 giai™);

else XudtLoiGidi(LoiGiai);

}
* Chi ¥ - Néu han ché mién D cang bé thi thuat toan chay cang nhanh.

* Vi du 4: Cho trude cac s6 M, K nguyén duong. Tim cac bd s6 nguyén duong x, y, z sao
cho:
Thay vi chon D = {(x,y,2) € N° N [1;M-2]*} (N 1a tap cac sb tu nhién), ta ldy: D =
xX+y+z=M
¥ +y +z2’ =K

{(x,y,2) € N° N [1; min{M-2; ¥k -2 }]*}.

Khi 1ap trinh, ta thé hién mién D béi 3 vong for theo x, y, z:
Tim xyz(M, K)
{ Max = min(M-2, pow(K-2,1.0/3));

for (x = 1; x < Max; x++)
for (y = 1; y £ Max; y++)
for (z=1; z < Max; z++)
if (xty+z==M && pow(x,3)+ pow(y,3)+ pow(z,3) == K)
XuatLoiGiai(x,y,z);

Thét ra, van c6 thé cai tién chuong trinh trén dé thu hep mién D hon nita (bai tdp) !
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- Duya vao thuat toan trén, ta c6 thé stura doi chut it d€ gidi bai todn tim
kiém chi mdt 1o1 giai sau:

* Bai todn 2: Tim mét 10i gidi xye D: ménh dé P(x,) ding. (BT2)

Thudt toan tim mot loi giai V1.2: giai BT2
{  Trong khi D # & thyc hién:
{  x<« get(D); //lay khoi D mot phan tir x
if (P(x))
{ XuAtLoiGiai(x);
Dung; /) diém chinh khdc véi thudt todn V1

}

b
write(“Khong co6 101 giai”);

}

* POi v6i mot 16p bai toan ndo d6 ma co thé tim duge mot diéu kién di
O(x) cho loi giai x, ta c6 thé dung thudt giai sau: voi méi x € D ma [0/69]
diing thi xudt 1oi gidi. Chi y rang, ngoai cac 101 giai trén, trong D con co thé
chita cdc 1oi gidi khdc ma khéong théa diéu kién di nay ! Nguyén 1y mat lui
sau ddy 1a mot thé hién ciia y twong trén.

b. Neuyén Iy mit ludi:
* Y twéng: Nhitng con ca 16n hon kich thudc mat ludi 10n nhét s& con lai
trong ludi !
Pé giai bai toan (1), néu chimg minh duoc:
“néu tim duogc diéu kién Q(x) dung voi mot vai x thudc mot mién
con ciia D ¢6 kich thuéc nho hon € thi P(y) ding vi moi y € mién
con do”
thi: Chia lu6i D thanh n mién con D; (mdi mién D; c6 kich thudc nho hon €).
V&imdii=1 .. n,xétnéu ton tai xe D; ma Q(x) ding thi P(x) dung.

* Vidu 5: Tim nghiém gan dung (v6i d chinh xéac eps > 0) ctia phuwong trinh f(x) = 0 trén
mién [a, b], véi f la ham lién tuc.

Ta d3 biét néu f(x;).f(xi11) < 0, vOi [X;, Xi+1] < [a, b] va abs(Xj+-X;) < eps thi xy =(X;++x;)/2

sai khac vo1 mot nghiém chinh xac cua phuong trinh f(x) = 0 khong qua eps/2 (mgt diéu kién di
dé tim nghiém cua phuong trinh lién tuc).

- Thudt gidi tim nghiém gan ding:
Nghiem_Gan_Dung(a, b, eps)
{ Sai_so = le-3;

n = (b-a)/eps;

Xi=a;
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for i=1 ton do
{xi_l=xi+eps;
if (f(xi)*f(xi_1) <- Sai_so) writeln((xi + xi_1)/2);
xi=xi_1;
}
h

c. Phuwong phap sinh va thw
* Y tuéng: Sinh dir liéu (cdu triic cia loi gidi ¢6 thé khong xac dinh trude
khi giai ma chi dwoc tao ra dan trong qua trinh tim kiém 10i giai), sau dé
kiém tra né cé théa diéu kién dimg hay khéng ?

- Thudt toan sinh va thu:
Sinh_Thu
{ Init; // khéi tao dir liéu xuat phat
Stop = False;
While not Stop do
{ if (Accept(C)) Show(C); // néu phuong an C 1a chép nhan thi xuat C
if (Generate(C)=False) Stop = True;

// néu khong sinh dugc thém phuong an C nao nita thi dimng

}
}

* Vi du 6: bai toan chinh hop ldp chap k ciian phﬁn tr X=<O,1, ...,n-1 b %xl, X2, ...
xkF,Vérixi e X, 1<i<k.

B

Thu tuc Init s€ khéi tao 0 cho vecto 101 giai x = 1X1, Xay ey Xil Trong vi dy nay
khong can dén diéu kién kiém tra Accept: ta luén cho n6é nhan tri dung. Thu tuc
Generate(x, k) s& ting dan x[j] mot don vi, j bat ddu tir k dén 1, cho dén khi x[j]=n-1 thi
khoi dong lai 0 cho x[j], rdi giam j di mot. Khi nao j=0 thi dimg viéc sinh dit liéu.
Boolean Generate(x, k)

{j =k; // sinh chinh hop ké tiép
while (>0 and x[j] ==n-1) do
{ x[j]1=0;
j=J-1I
}
if j==0) return False;
else { x[j]=x[j]+1;
return True;
}
} : :
(Ngoai ra, ta co thé giai bai toan nay bang cach nay su dung thudt todn dé qui
TryRoiRac(i) trong 11.2.3 v6i diéu kién két thiic nghiém 14 i = k).
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Pé cac thuat toan vét can khdng bi bung né té hop vé thoi gian va khong
gian nhé, ta cin: gidm dé phikc tap tinh todn (khong tinh lai cdc hang trong vong
ldp, can tan dung lai cdc két qud tinh todn & cdc bude trude, ding ky thudt linh
canh d,é don gian cac biéu thirc diéu kién cta vong lap, ...); thu gon khéng gian
tim kiém.

* Chién lwoc thu hep khéng gian tim kiém: Trong cac thuat toan vét can
dé tim kiém 10i giai trong khong gian D, dbi voi mot 16p cac bai toan nao do, dya
trén cac danh gia toan cuc (vi du: duyét cac bo t6 hop), cuc b6 (vi du: bai toan sap
ba-16), néu ta tim ra dwoc cac diéu kién can cho 1oi gidi, khi d6 ta c6 thé cdi tién
thudt todn bang cdch loai b6 ngay cdc phwong dn trong D khéng théa diéu kién
can nay ! Khi d6:

. hodc xét tdp D (néu c6 thé) chi chira nhitng trang thdi thod mén diéu kién
can cho 10i giai ma théi, do 46 D duwge thu hep ngay;

. hodc xét tap D nhu thong thuong, nhung trong cac thuét toan vét can, ta
hiéu get(D) la ldy ra khéi D phan ti x: néu x khéng théa diéu kién can cho loi gidi
thi logi ngay n6 (va thuc hi¢n viéc nay cang som toi mirc ¢o thé dé tranh cdc thao
tac thira) réi ldy ngay phan tir x tiép theo ciia D, ngugc lai méi kiém tra tinh chét
P(x).

Phwong phdp nhénh cdn la mét thé hién cta chién lugc nay.

d. Phwong phap nhanh cdn
* Y twong: nhdanh cé chiva qua phdi ndng hon trong lrong qua. Khi xay
dung thém thanh phan cho 101 giai, dung cac phép kiém tra don gian dé xdc dinh
chi phi 10i thiéu dén 1oi giai (dzeu kién can cho loi giai). Loai bo ngay cdc huong
di tiép theo ma chi phi ti thiéu nday con Ién hon cd chi phi thap nhdt hién thoi
(hweomg khong théa diéu kién can).

* Vi dy 7 (Bai toan ngudi du lich): Co n thanh phd (dwoc danh sb tir 1 dén n). Mot nguoi
du lich xuat phat tir mot thanh phd, mudn di thim cac thanh phd khac, méi thanh phd
dung mot 1an rdi lai quay vé noi xut phat. Gia thiét giita hai thanh phd j, k khac nhau bat
ky déu c6 duong di véi chi phi c(j,k). Hay tim mot hanh trinh c6 tong chi phi nho nhat.

Mot hanh trinh x[1], x[2], ..., X[n] 1a m{t hoan vi cta {1, 2, ..., n}. Dung mang
16gic Chwabén dé danh dau cac thanh phd da di qua: Chuabén[k] = True nghia 1a ngudi
du lich chua dén thanh phd k. Néu viéc dén thanh phd k co tong chi phi dy doan thap nhat
dé hoan thanh toan bd hanh trinh 16n hon chi phi thap nht hién thoi thi ta khong chon di
tiép k, nguoc lai thi chon k.

Gia st ta d3 di qua j-1 thanh phd x[1], ..., x[j-1] v&i chi phi 1a S. Néu di tiép dén
thanh pho x[j] = k thi chi phi tir x[1] dén x[j] 1a T = S + ¢[x[j-1].k]. Poan con lai ciia
hanh trinh gom (n-j+1) doan nira, v6i chi phi trén mdi doan khong it hon Cmin (14 chi phi
truc tlep thap nhat gita hai thanh phd khac nhau trong ma tran chi phi). Téng chi phi thip
nhit dé hoan thanh hanh trinh la:

T+ (n-j+1) * Cmin = S + ¢[x[j-1].k] + (n-j+1)*Cmin



Chutong 1I - Cdc phiong phdp gidi quyét vin dé 17

Dé giai bai toan nay, ta s& goi thu tuc chinh TryRoiRac(0, 2).
TryRoiRac(S, j)
{ for k=1tondo
if (Chuabén[k])
{ T=S+c[x[j-1].k];
if (T + (n-j+1)*Cmin < Min) // Min = MaxInt trudc thu tuc Try
{ x[j] = k; Chuabén[k] = False;

if (j==n)
{ if (T + c[k, xp] < Min) // xp 1a thanh phd xuét phat
{y=x; // mang y luu trit 101 giai tot nhat tam thoi
Min =T + c[k, xp];
}
}

else Try(T, j+1);
Chuabén[k] = True;
}
}

I1.2.2. Phwong phdp ngdu nhién

Phuwong phdp nay dwoc st dung khi chwa biét thudt todn nao hi¢u qud
hay chuwa c¢é nhiéu théng tin dé gidi bai todn.

a. Phuong phap Monte - Carlo

* Y twomg: Cho hai hinh S © Q = [a, b]™  R™, gia st d biét cong thic

tinh do do S() ciia S phu thudc vao tham sd nao dé can tinh. Tung ngiu

nhién n lan (doc lap) vecto x = {Xy, Xz, ..., Xn} € Q (c6 phan phéi déu trén

Q), going 1a s6 1an x € S. Khi d6, v6in du 16n, ta co:  S() = (b-a)™.ng/n.

T d6 rat ra tham sb can tinh theo sb liéu thuc nghiém ng, n:

~ S ((b-a)™.ng/n)

* Thudt todn ngdu nhién:
{ =nS=0;
for (j=1;j <n; j++)
{ for (k=1; k <m; k++)
X[k] = random(a,b); // tao cdc s6 ngau nhién € [a; b)
if(x e S) nS=nS + 1;

}
~ S™((b-a)™.nS/n);

}

* Vi du 8: Dya vao phuong phap trén, véim =2,a=0,b =1 va S 1a hinh tron ban kinh R=/3,
ta 6 thé tinh s6 7 nhu sau:

n=S/R*> ~ 4*nS/n

XeS<—> (X—%) + (x-%) <%
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Xo A

0 =2 =Xl

- Trong mdt s truong hop, ta co thé ding PP thir ngdu nhién dé kiém tra
mot tinh chat hay gia thuyét nao do.

. Vidu 9: Kiém tra gia thuyét Fermat bang thuc nghiém: N > 2 (N kha 16n) 1a nguyén t6
néu: x™' mod N = 1, Vx nguyén duong <N ?
Dé phu hop véi diéu kién thuc nghiém trén may tinh, ta xét N va s6 lan lap n 16n
vira phai. Ta c6 thuat todn sau:

{ for G=1;j<n;j++)
{x=1+random(N-1); /1 <x<N
y= xV! mod N; // hdy cdi tién cach tinh nay hiéu qud hon trén may tinh !
if (y # 1) {cout << N << “ khéng la s6 nguyén t6”; Ding; }
§

’\”

cout << N << “ 14 s§ nguyén to

* Lap trinh tién hoa:

Chwong trinh Tién héa = CTDL + GA

* Cac ddc trung co ban cia GA
. Ngau nhién;
. Duyét toan bo giai phap (10i giai), sau d6 chon giai phap t6t nhat dwa trén dé thich
nghi cia ching;
. Khong quan tdm dén chi tiét van d& ma chi quan tdm dén giai phap va phuong
phap biéu dién no.

* Cdc budce tién hanh chinh cia thudt gidi dl' truyén GA
- Buéc 1: Chon mé hinh dé bleu dién van dé thong qua cac day ky hiéu (sb, chit hodc
hdn hop) dé biéu dlen cho mdi giai phap cua van dé va so cd thé (sb 151 giai chép
nhén dugc) trong quan thé biéu dién van dé.
- Budc 2: Tim ham s thich nghi (Fitness function) va tinh s thich nghi cho ting
giai phap.
- Bué6c 3: Dya trén cac sd thich nghi, thyc hién viéc sinh san va tién hod (gém: lai
ghép va dgt bién) cac giai phap.
- Budc 4: Tinh sb thich nghi cho cac giai phap moi sinh san, loai bo giai phap kém
nhat, chi gitk lai mot s6 nhat dinh cdc gidi  phap (c6 d6 thich nghi cao).
- Bugce 5: Néu chua tim dwoc gidi phdp t6i wu hodc chua dén thoi han (hay s6 thé hé)
an dinh thi tro lai bude 3 dé tim giai phap moi.
- Budc 6: Néu tim duoc gidi phép 16i wu hay hét thoi han én dinh thi dimg va xudt
két qua.
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* Cdc phwong phdp tién hod ciia GA: sinh san (Reproduction), lai ghép (hay lai chéo,
Crossover), dét bién (Mutation). So véi lai ghép, tan suat dot bién xay ra it hon nhiéu
vi qua trinh nay tao ra thong tin hoan toan moi.

* Thudt giai GA
Thudt Giai Di_ Truyén
{ t=0;
Khai tao 16p P(t);
Panh gia lop P(t);
while (not(Piéu kién két thiic)) do
{ t=t+1;
Chon loc P(t) tir P(t-1);
Két hop cac ca thé cua P(t);
Danh gia 16p P(t);
H
}

* Vi du 10: Giai phuong trinh sau trén tap s6 tu nhién: x* = 64.
. Budc 1: - Xéc dinh sb lugng ca thé (giai phap, bién x): 4
- Dung déy ky hiéu nhi phan {0, 1} dé biéu dién mdi bién
.Buéc2: - Chi dinh céc ca thé: 4, 21, 10, 24
- Biéu dién dap sb: dung 5 bits
STT Thép phan Nhi phan

1 4 00100
2 21 10101
3 10 01010
4 24 11000
. Buéc 3: - Chon ham sb thich nghi: F(x) = 1000 — [x* — 64[>0, Vxe[-32..31]

- Tinh d6 thich nghi phu hop cho dap sé ~ 1000

STT Thép phan Nhi phén HS thich nghi | Chon
1 4 00100 1048 X
2 21 10101 623
3 10 01010 964 X
4 24 11000 488
. Budc 4: - Chon céac dap so (c6 d9 thich nghi gan phu hgp): 4, 10
- Tién hoa: lai ghép ¢ vi tri thu 3:
4 - 0010 6 - 00110
10 - 01010 8 - 01000

. Budc 5: Tinh d6 thich nghi cho gidi phap méi:
STT Thép phan Nhi phén HS thich nghi | Chon

1 6 00110 1028
2 21 10101 623
3 8 01000 1000 X
4 24 11000 488
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. Budc 6: x = 8 ¢6 d0 thich nghi 1000: pht hop — Dung.
. Buéc 7: Bap s6: x = 8.

11.2.3. Nguyén ly mé cung

* Vét can bang cdch quay lui: Dé tranh tran bd nhé vi khong gian D qua 16,

ta co thé xdc dinh dan cdc thanh phan cia 107 gidi bai toan miac du cac 10i giai co
cau truc khong tuyén tinh phuc tap. Loi gidi x;¢ = (X, X}, ...) dwoc xdy dung dan
(xudt phat tw xy € X,) trong qua trinh giai cho den khi gap diéu kién ket thuc

Cdc thanh phan ciia loi gidi diege lvu dan vao tdp DONG (c6 cdu triic stack).

Khi d6, tai mdi thoi diém dang xét, phan tit & dink ciia DONG chinh la phan tir
cuoi cua dwong di c6 kha nang dan dén 161 gidi. Vi vay, ta c6 thé kiém tra diéu
kién két thiic P(DONG) béi Top(DONG) e DICH.

Dudi dang d¢ qui, ta c6 céac thuat toan sau dé giai BT1 va BT2.
* Thudt toan vét can V2.1 (duoi dang dé qui giai BT1)
{ foreachx e X, do
{DONG = {x}; Try_1(DONG);
b

}

Try 1(DONQ)
{ // diéu kién nhdn biét trang thdi két thiic ciia mét 16i gidi (*)
if (P(DONG)) // hay (Top(DONG) € DICH)
XudtLoiGiai(DONG);
else for each x € B(Top(DONG))
if (Q(X)) // néu c6 yéu cau thém vé tinh chdt ciia loi gidi, chang han
// (x@DONG) khi doi hoi cac thanh phan ciia 16i gidi khéng trimg Iqp
{ Push (x, DONG);
Try 1(DONG);
Pop(y, DONG); // Trd lgi trang thdi truée dé quay lui
b
}
trong do: Push(x, DONG), Pop(x, DONG) va x = Top (DONG) lan luot 1a
cac thao tac dua vao, 1y ra va xem mot phan tor x ¢ dinh ngan xép DONG;
B(x) (c D) la tap cac trang thai ké tiép co the lay tir x dé xét tiép.
Néu tap xuat phat X, trong bai toan chi gdm mét diém x, thi dé thi hanh
thudt toan, ta chi can goi Try 1({xy}).
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, bé dua ra thudt toan V2.2 giai BT2, ta chi can thay diéu kién nhdn
biét trang thai két thuc mot loi giai (*) boi diéu kién dung chwong trinh sau
day:

if (P(DONG)) // hay (Top(DONG) € DICH)
{ XuatLoiGiai(DONGQG);
Dirng; /] diéu kién dirng

}

Thuat toan vét can kiéu dé qui trén day vét hét moi kha nang nhung
tai méi bude chi heu mét kha nang, nhitng kha nang con lai duoc luu dan
trong ngan xép thong qua co ché dé qui. Néu biéu dién khong gian tim kiém
cua bai todn duwoi dang do thi hay cdy thi thudt toan vét can trén day thuc
chat 1a thi tuc tim kiém theo chiéu sdu.

Trong truong hop 101 giai 1a vecto hitu han chiéu (chang han, kich thudc dugc
biet trude 1a ¢o6 dinh hiru han), ta cé phién ban don gian va hi€u qua sau day thuong gap
trong cac tai liéu tin hoc trudc day.

Thii tuc vét can Try trong truong hop cdu triic roi rac tuyén tinh don gidn
TryRoiRac(j: integer)
{ for (k thudc tap cac kha nang) do
if (chap nhan kha nang thir k)
{ Xac dinh x; theo kha nang thtr k;
Danh dau (di xét) trang thai moi;
if (x; 1a trang thai két thac)  // hay thoa diéu kién két thiic
XuAtLoiGiai(x);
else TryRoiRac(j+1);
Tra lai trang thai cii; // B6 viéc danh ddu trang thai cii

}

* Vidu 11: Tim cac dudng di tur diém X}lét phat dén ctra ra cua mé cung trén hinh I1.1. Ta
biéu dién mé cung dudi dang ma tran k& a[j,k] =1 hay 0 néu co hay khong c6 duong di tir
j dén k twong rng, véi s6 dinh n=20.

Goi thu tuc TryRoiRacMéCung(1) sau day dé giai bai toan mé cung.
TryRoiRacMéCung (SoDinh)  // tru6e d@6 gan x[1] = XudtPhat = 1
{ intk;
for (k=1; k <=n; k++)
// néu c6 duong di tir dinh x[SoDinh] dén dinh k va chua di qua k
if (a[x[SoDinh], k]==1 && DaDiQua[k]==0)
{ x[SoDinh+1]=k;
DaDiQua[k] = 1; // Panh dau d3 di qua k
if (x[SoDinh+1] == Ctra_ra)
XuAtLoiGiai(x, SoDinh+1);
else TryRoiRacMéCung (SoDinh+1);
DaDiQua[k] = 0; // Bé viéc danh dau trang thai cii
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15 Cwa ra=20
16 17 | 19
14 13 10 11

12 9 18

8 5 2 Xuit phat=1

6
7 4 3
(Hinh 11.1)

11.2.4. Cac phwong phdp biéu dién va gidai quyét vin dé trong khéng gian
trang thai bang cdy va do thi

a. Biédu dién vin dé trong khong gian trang thdi

Trudc tién, ta xét hai vi du.

- Vi du 12 (bai todn Toci hay tro choi n’ - 1 s6, n la sb tu nhién, n > 2):
Trong bang 6 vudng n hang, n cot, mdi 6 chira mot sé nguyén tir 1 dén n” -1 sao
cho khong c6 hai 6 c6 cung gia tri. Chi dugc c6 mot 6 trong bang bi tréng (ta co
thé gan tri 0). Xuat phat tir mot cach sap xép xp nao do cac so trong bang, hay dich
chuyén 6 trong sang phai, trai, 1én, xudng (néu c6 thé duoc) dé dua vé bang muc

ti€u x* nhu sau:
X0 x*
2] 8] 3 1] 2

3
1| 6| 4 3 2
7 5 71 6] 5

(Tro choi 8 56, khi n=3)

Pé giai bai toan nay, ta biéu dién né trong khéng gian trang thaz S. Mbi
trang thai 1a mot ma tran cap » x n nhan cac gia tri nguyén tr 0 dénn’ -1 (tri 0
thay cho vi tri trong trén bang) sao cho khong c6 hai phan tir khac nhau cé cing
tri, mdi toan tr o 12 mot phép dich chuyén hop 1é tir bang nay sang bang khac. S6
trang thai chip nhan duoc kha 16n: khoang (1/2)*16! ~ 10,5%10'* (khi n=4). Mot
cach biéu dién truc quan doi véi khong gian trang thdi va cdc toan tir la A0 thi.
Trong do thi dinh huéng nay cdc dinh twong ung voi cdc trang thdi, con cdc cung
twrong ung voi cdc todn tir. Ta can xdy dung dan cdc todn tir, bat dau tir cac toan tir
c6 thé ap dung cho trang thai dau, sau d6 & mdi budc thém vao mét toan tir hop 16
nao d6 cho dén khi dat duoc trang thai dich.
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Diém mau chét khi gidi quyét bai toan trong khong gian trang thai 1a lya
chon mot dang mé ta nao d6 ciia cac trang thai phu hop véi ban chat vat 1y cia bai
toan. Ta cdn biéu dién cdc trang thdi sao cho viéc dp dung cdc todn tir bién doi
trang thdi tro nén don gian hon.

* C6 hai cdch biéu dién: tip O céc todn ti bién déi trang thdi
hodc tip P nhiing ludt sinh dé chuyén trang thai:
- Goi O la tap cac ham o xac dinh va nhan tri trén khong gian trang thai S:
o0.:S—>S
Véi vi du trén, tip cac toan tir chuyén dbi trang thai O gdm 4 toan tur
O={0icn> Oxuong> Otrai> Ophai - Chéng han, toan tir dich chuyén Vi tri O tréng lén trén
O1en duoc xac dinh nhu sau:
Olen(A) =B
trong do:
. B =[by], A =[ay], gia sir 0 trong trong ma tran A & vi trf (io, jo )
aio-l,jo l'lé:lu (19.]) = (iOajo) > i0 >1
bijzliaio,jo n,éu(i’j):(io'lajo) 9i0 >1
aj | néu nguoc lai

- Goi Pla tap cac ludt sinh (production rules) py: S; = S dé chuyén tir trang
thai S; dén trang thai Sy
V61 vi du trén (véi n=3), ta c6 céac luat sinh sau:

xl | x2 |x3 x1l | x2 |x3

x4 X5 —> x4 |x5

x6 | x7 [x8 x6 | x7 [x8 Pl
xl | x2 |x3 xl | x2 |x3

x4 X5 —» (x4 | x7 |x5

x6 | x7 [x8 x6 x8 P2
xl | x2 |x3 xl | x2 3

x4 x5 —> [x4 [ x5

x6 | x7 [x8 x6 | x7 [x8 P3
x1l | x2 |x3 x1 x3

x4 x5 —> x4 | x2 |x5

x6 | x7 [x8 x6 | x7 [x8 P4
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x1l | x2 |x3 x2 |x3
x4 x5 —> x1 | x4 |x5
x6 | x7 [x8 x6 | x7 [x8 P5
xl | x2 |x3 x1l | x2 |x3
x4 x5 —> [x6 | x4 |x5
x6 [ x7 [x8 x7 |x8 P6
- Nhan xét:

. V6i cach biéu dién dung cac todn tir ¢é biéu dién tong qudt: sé cdc todn
tir it (4, v6i bai todn n° — 1 s6) , rt gon va dé cai dat.

. V61 céach liét ké duoi dang cdc ludt sinh tuy truc quan nhung 56 lwong
qud 16n (4(n° — n), véi bai todn n° — 1 sé). Ta thuong dung cach liét ké nay
v6i cac bai toan ma phép chuyén di trang thai rat kho khai quat.

- Vi du 13 (bai toan thap Ha Ngi): Cho 3 coc 1,2, 3. O coc 1 ban dau c6 n
dia sap xép theo th ty dia 1on & dudi va dia nhé & trén. Hiy dich chuyén n dia do
sang coc 3 sao cho: mdi 1an chi chuyén 1 dia, trong mbi coc khong chip nhén dia
16n nam trén dia nhé. Véi n=3, ta co:

1 2 3 1 2 3
AT 1T A
AL . A

Vi bai toan ndy, ta c6 thé bicu dién mdi trang théi 1a bg ba (i, j, k) dé mo ta
dia A, ¢ coc 1, dia A, & coc j, dia A; & coc k. Khi do, céc toan tir dich chuyén trang
thai sau 1a hop 1¢:

1Lk = 1)), k#]

4,k - @G, i), k=i

* D& biéu dién bai todn trong khéng gian trang thdi, can xdc dinh ré:
- Khéng gian S biéu dién cdc trang thdi.
-Tap O cac toan tr bién doi trang thai hodc tdp P cac ludt sinh.
- Trang thai dau x, € Sva tdp cac trang thdi dich DICH c S
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* Mot cach hinh thic, ta ¢ thé phdt biéu bai todn tim kiém trong khéng
gian trang thai dudéi 3 dang tuong duong nhu sau: Cho trang thai dau x, € S
va tdp cdc trang thdi dich DICH c S.

Dang [ (toan tw): Problem(S, O, x,, DICH)
Hay tim:
. ddy trang théi x,,,..., X,sa0 cho x, € DICH va c6 thé ap dung diy cac toan
tir bién ddi trang thai o; € O nao do dé chuyén tir x;.; dén x;
0i: Xj.1 72X Vi= 1,2,...,n
. hodc day toan tr 0y ,...,0, € O I 0, (0p (...01 (X, )...)) € DICH

Dang 2 (ludt sinh): Problem(S, P, x,, DICH)
Hay tim:
. day trang thai x,,..., X, sao cho x, € DICH va cé thé ap dung day céac luat
sinh p; € P nao do dé chuyén tr x;; dén x;
pbi: Xi_1:>XiVi: 1,2,..,n
. hoac day luat sinh py ..., p, € Psao cho:

Pi Pn
Xo=> X = ... =X, € DICH

Néu khong gy ra nham 14n ta c6 thé dung ky hiéu Problem(x,, DICH).

Dang 3 (do thi):
Do thi dinh hwémg G lacip G = (S, A), trong d6 S 1a tap cac dinh, A 13
tap cac cung: A = {(a,b)/ a,be S} < SxS.
Voéi mdi n e S, ta ky hiéu tip cac dinh con cua n la: B(n) = {con € S:
(n,con) € A}. Mot cach tong quat, ta dinh nghia:
B'(n) = B(n)
B*(n)=B(B"'(n))= U B(m)k>1

meB* ' (n)

Khi do:
B(m) = UB'(n)

duoc goi 14 tdp cde dinh hdu dué cuan vanéu m e B(n) thi n duoc goi 1a 16 tién
cua m. Day cac dinh p ={ny,..., ni} sao cho: V i=1,..., k-1, a;= (n; , njx; )€ A duoc
goi 14 dwong di tir n; dén ny hay con c6 thé biéu dién boi: p ={a; ..., aq}, voi a;
= (n;, nj; ). Néu ton tai mot duong di tir dinh 7 dén dinh m thi m e B(n) va
nguoc lai. Khi d6 ta con néi rang m c6 thé dat duoc tir n.
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Khi 6 thi G ¢6 dinh gbc n,eS va V n € S\{n,} ton tai duy nhat dudng di tir
no,dén n(V n e S\{n,}, neB(n,) va 3! me S, ne B(m)) thi G dugc goi la cdy voi
goc n,.

Thong thuong, ngudi ta thém vao mdi cung mot dai luong thé hién y nghia
dwoc lwong hoa cuia n6 thong qua ham gia c: 4 — R, ¢(n;, n) € R, V(n;, ny) €A.
Khi do, ta dinh nghia gia cua duong di p = {ny, ..., n.}:

k-1
c(p)= Zc(ni:nm)
i=1
Truong hop ¢ =1 thi c(p) duoc goi la do dai duong di cua p.

Theo ngdn ngit d6 thi, khdng gian trang thdi twong g véi do thi dinh
hwong trong do: cdc trang thdi twong ing voi cdc dinh trong do thi va c6 mot
cung noz twr trang thadi s dén trang thdi t néu ton tai toan tir 0 sao cho o(s) =t
(hoic ton tai ludt sinh p sao cho p: s= 1).

* Bai toan tim kiém trong khong gian trang thai c6 thé phat bicu dudi dang
do thi nhu sau:

- Bai toan 3: Problem 3(G = (S, A), x4 DICH) (BT3)
Cho do thi G = (S, A), v6i dinh xudt phat x€ S, tap dich DICH < .
Hay tim mgt duong di tu x) dén mot dinh nao do thuoc tap DICH.

- Bai todn 3*: (bai todn tim kiém t6i weu)
Problem 3*(G = (S, A), xy, DICH, ¢) (BT3%)
Cho dé thi G = (S, A), v6i ham gid c: A — R., dinh xudt phat x,€ S
va tdp dich DICH — S. Hay tim mét dwong di tir xy dén mét dinh nao dé
thuée tdp DICH va 1am 16 wu ham gid.

Tir tap cac cung A, ta co thé xdy dung cdc thudt todn tim kiém 1oi giai dua
trén toan tr B(x), Vx € S. Trong nhiéu bai toan thuc té, B(x) chinh la tdp cdc
trang thdi ké tiép hop 1é tir x. Khi khong gian trang thai S qua [6n, 161 gidi x;c =
X0, X1, oo f thudng diroc xdy dung dan trong qud trinh gidi cho dén khi gdp diéu
kién két thic P(x,c) (hay P’(x*): khi tim dwoc trang thdi muc tiéu x* =
TmngThdiCuo”'i(xLG) € DICH ung voi BT3 hodc théem mot diéu kién ndo do, chéng
han t6i wu mot ham muc tiéu hay ham gid vmg véi BT3%).

* Hai phuong phap xdy dung dé thi G = (S, A)
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- PP twong minh: tdp cdc mit S va tdp cac cung A da biét va dwoc xdy dung
trieée. Thong thuong, ddi véi cac do thi hivu han iing véi cdc bai todn don gidn va
¢6 kich thuée nhé méi co thé biéu dién tudng minh ching duéi dang bang.

- PP khéng tuwong minh: xuht phat tir dinh ban dau Xg, trong qud trinh tim
kiém 1oi gidi, xdy dwng dan cdc dinh con dwa trén todn tir B(n) dé tao ra cac dinh
con cua n. Nghia 13 chi khi ndo xét dén dinh n, tap cic dinh con #n méi dugc xay
dung. Phuong phap niy rat co y nghia, dic biét 1a dbi v6i cac do thi biéu dién
nhitng bai toan phuee tap va co kich thuoc lon.

Néu xét BT3 dudi dang BTI thi D la mét tdp con cia tap U,»S". Trong
nhimg bai toan Ién va phikc tap, do khé xdc dinh tdp D ngay tir ddu hodc cé thé
xac dinh D nhung kich thudc cua no qua lon, viéc dung cac thudt toan veét can
Vl.a hay V1.b la khong hiéu qua. Doi v6i 16p cac bai todn ma cdc thanh phan ciia
loi gidi ¢é thé xdc dinh dan trong qud trinh gidi, ta s& cdi bién cdc thudt todn don
so VI dé thu dwoc dan cdac thudt todn hiéu qua hon trong phﬁn tiép theo nhu:
TimKiém, AT, AXT, A% ..

Trong céc thuat toan hay thuat giai tim kiém 10i giai sau ddy, ta dung tap
DONG dé luu céc trang thai da xét, tap MO dung dé€ luu cac trang thai du dinh sé
xét trong cac budc ke ti€p.

b. Phwong phdp tim kiém 16i gidi cho BT3 (dudi dang lap)

Trong phan nay, khong c¢6 gi kho khan, ta dua ra thuat toan tim kiém 1oi
giai cho bai todn m¢ rong cia B73 nhu sau: Cho X, (< S) 1a tdp nhiing trang thai
c6 thé xuat phat. Thay vi tim dudng di tir x, dén DICH, ta tim dudng di ma c6 thé
xuét phat tir mot trong céc trang thai x € X, dén DICH. Khi d6, dé giai BT3 ta chi
can goi: TimKiém( {x,}, DICH).

* Thudt todn tim kiém: (Giai BT3": Problem_3'(G = (S, A), X,, DICH))

TimKiém(X,, DICH)
{ MO = Xy; DONG = &; // tap DONG ¢6 c4u tric stack
if Ay € Xo: P’(y)) // hay if (3y € MO n DICH)
{ XudtLoiGiai(y, DONG); Dimg; !
while (MO = &)
{x= get(MO); // 14y mot phan tr x ra khoi tap MO

DONG =DONG U1{xf;  // dwa x vao tip DONG
if @y e B(x): P’(y) dung) // hay if 3y € B(x)"DICH)
{ XudtLoiGiai(y, DONG); Dimg; !
else MO = MO U B(x); // dua tap dinh con B(x) cta x vao tip MO

'

write (“Khong c6 161 giai”);
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Tir day vé sau, dé gan hon v&i dang cai dit thanh chuong trinh may tinh, ta
qui wéc: Remove(x, MO) 14 thao tac rat phan tir x khoi dau hang doi MO, Add(x,
MO) 14 thao tac thém phan tir x vao dudi hang doi MO, AddSet(B(x),MO) 1a thao
tac thém tap B(x) vao dudi hang dgi MO; Push(x, MO) 1a thao tac thém phan tir x
vao dau (hay dinh) ngan xép MO, PushSet(B(x), MO) 14 thao tac thém tap B(x) vao
dinh ngan xép MO, Pop(x, MO) 1a thao tac rat x khoi dinh ngin xép MO, x =
Top(MO) 14 ham tra lai (nhung khong 13y ra khoi) phéan tir & dau danh sach MO.

- Thuat toan XudtLoiGidi(y, DONG) cho cay G (tong qudt hon cho do thi ma mdi nat cé
khong qua mgt mit cha), voi tap DONG c6 cau trac stack, dudi dang duong di tir xo dén y duoc luu
trong ngan x¢&p LoiGidi nhu sau:

XudtLoiGidi(y, DONG)

{ LoiGiai = {y};

while (not(EmptyStack(DONG)))
{ Pop(x, DONG);
// néu c¢6 cung ndi tir x dén phan tir & dinh ngin xép LoiGiai thi dua // x vao thanh
phan LoiGiai
if ((x, Top(LoiGiai)) € A) // hay Top(LoiGiai) € B(x)
Push(x, LoiGiai);
}
ShowStack(LoiGiai); // xuat cac phan tir ctia stack LoiGiai

}

Dua trén thuét toan 7imKiém nham tim 16i giai dau tién cho bai toan
BT3, ta co thé cai bién d€ thu dugc thuat toan vét can dudi dang lap VerCan
dé tim moi loi gidi cua bai toan sau (bai tap):

- Bai toan 4: Problem 4(G = (S, A), x4 DICH) (BT4)
Cho do thi G = (S, A), v6i dinh xudt phat x€ S, tap dich DICH < .
Hay tim moi duong di tu x) dén mot dinh nao do thuoc tap DICH.

c. Cic dang dic bigt thwong gdp: Cdc thudt todn tim kiém 10 giai trong
khong gian trang thai theo chiéu réng, chiéu sau, chiéu sau dan, tim
kiém cuc tiéu gid thanh A”.

Dé gidgi BT3 trén cdy G, trong thuat toan TimKiém, voi cac cdch chon cdu
triic dit liéu khac nhau cua tdp MO, ta sé co cac phuong phdp tim kiém khdc nhau.
Sau day, ta luén xem x = Get(MO) 1a thao tac ldy phan tit x ra khéi dau danh sach
MO.
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* Phwong phdp tim’kié'm theo chiéu rong (TKR): chinh 1 thudt todn
TimKiéem, voi tap MO co cau truc hang doi (queue) hay thay MO = MO U B(x)
bo1 phép toan AddSet(B(x),MO).

- Nhdn xét: Khi G 1a cay véi gbe x,,

. néu ton tai it nhat mot duong di tir x, t6i tap DICH thi thuét toan
TKR ding va cho ta duong di p c6 do dai ngin nhét (tham chi khi G 1 cay
vO han);

. néu khéng t6n tai dudng di nhu vay thi thuat toan dimg néu va chi
néu cay G 14 hiru han.

- Vidu 14: Xet cay nhu hinh dudi day voi tap DICH = {H}. Thu tuc TKR
cho két qua la duong di ADH theo hanh trinh duyét cac dinh ABCDEFGH.

o S

* Phwong phap tim kiém theo c[ziéu sdu (TKS): chinh 1a thudt toan
TimKiem, v&i tap MO co cau truc ngan xép (stack), hay thay MO = MO U B(x)
bo1 phép toan PushSet(B(x),MO).

- Nhdn xét: Khi G 1a cay véi gbe x,,

. néu cdy G hiru han thi thi tuc TKS sé dirng va néu ton tai duong di
tir xo dén DICH thi s& cho két qua 1a mot dudng di tir x, t6i tap DICH, khi
d6 dwong di nhan duoc trong thu tuc TKS khéng nhat thiét la dwong di
ngcfn nhat. Hon nita, néu cay G vo han, thu tuc TKS co thé lap dén vé han,
thdm chi trong truong hop ton tai dwong di tir x, dén tdgp DICH.

. néu khéng ton tai dwong di tir x, dén DICH thi thu tuc TKS chi
dung khi cay G hitu han.

- Vidu 15: Xét cay nhu hinh dudi day voi tap DICH = {D, H}. Thu tuc
TKS cho két qua 1a duong di AD theo hanh trinh duyét cac dinh ABCEFD.

A

S)
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Dé khdc phuc tinh trang khéng dirng ciia thudt todn TKS ngay ca khi ton tai
duong di tir gbc cua cdy dén DICH, ta dua vao dai luong DS dic trung cho gidi
han sau va dung khai niém do sdu d(x) cua dinh x trong cdy G = (S, A) dugc dinh
nghia d¢ qui nhu sau:

d(x,) =0

d(con) = d(cha) + 1, néu con e B(cha) hay (cha, con) € A.

* Phwong phdp tim kiém sau dan (TKSD) giai BT3 véi do siu DS = k> 1:
diéu chinh lai thudt todan Ti lszem voi tap MO duoc trang bi cac phép toan co
ban cia cd hang doi lan ngan xép.

TKSD(xy, DICH, k)
% MO = % Xo >,
DONG = &; // chon DONG c¢6 céu tric stack
DS =k
if (P’(x)) // hay if (xo € DICH)
{ XudtLoiGidi(xo, DONG); Dung; ¢
while (MO = &)
{ x = get(MO); // 1y phan tir x tir dau danh sach MO
Push(x, DONG); // dua x vao tap DONG

if 3y e B(x)NDICH) 4 XudtLoiGidi(y, DONG); Dung;

if (d(x) > DS) DS =DS + k; // khi d6 d(x) <= DS
if (d(x) < DS) PushSet(B(x), MO),// tim theo chiéu sau .
else AddSet(B(x), MO); //d(x) = DS: viéc tim dwoc lan theo chiéu rong

write (“Khong c6 101 giai”);

'

- Nhdn xét: Khi G 1a cay voi gde xq,

. V6i k = 1, thi tuc TKSD tré thanh thi tuc TKR. Khi k rdt I6n
(ching han k> chiéu cao cua cay G hay k — oo d6i v6i cay vo han) thi tuc
TKSD sé giong hay gan giong twong u’ng nhuw thu tuc TKS;

. vo1 k 2 2 thu tuc TKSD tim kiém theo chiéu sdu dbi Voi cac dinh co
do sdu nam trong khoang twr tk dén (t+1)k voit=0,1,2,.

. néu ton tai it nhat mét dwong di tr gde t6i DICH th1 thu tuc TKSD
s& dirng va cho két qua 1a duong di ¢6 do dai khdc dwong di ngdn nhdt
khong qua k-1;

. néu trong cdy khéng ton tai dwong di nhu vay thi thu tuc TKSD
dung khi va chi khi cdy G la hitu han.
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- Vi du 16: Xét thu tuc TKSD trén cay nhu hinh dudi day, véi do sau k = 2,
thr tu duyét cac dinh 1a : ABDECFG HQRKSTLMUVNXYOP

.ﬂl'#ﬁ‘ﬁﬁ\':
CHnX

* Phwong phdp tim kiém cwc tiéu A" Giai bai toan t6i wu BT3* trén cay G
- Problem_3*(G = (S, A), x,, DICH, c) - v6i tiéu chuan toi wu: tim mot duvng di tu
Xo dén mot trong cac trang thal thudc tap DICH ¢6 ham gid duwong di g° cuc tiéu.
Trong d6, ham gia dudng di g° duoc xac dinh theo kiéu dé qui nhu sau:

gO(XO) =0

g’(con) = g’(cha) + c(cha, con), V (cha, con) € 4.

Thuat toan sau day tuong ty nhu thuat toan T imKiém, trong d6: tip DONG
c6 cdu trac stack va tdp MO chua cac phan tir (x, g'(x)), thao tac ldy ra mét phan
twr dugce thuc hién 0’ ddu danh sach MO, viéc dua mot phan tr x vao danh sach
MO ChenT ang((x g (x)) MO) dugc thuc hién theo kiéu chen (x, g’(x)) vao MO
tang dan theo g°() tir dau dén cudi danh sach MO.

A" (x,, DICH)

{ DONG = g; // DONG ¢6 c4u trac stack
gO(Xo):(); MO =1 (Xos gO(Xo)) r;
while (MO = @)
{ Pop((x, g%(x)), MO); // trong MO, x & dinh va co g°(x) nhé nhét !
if (x € DICH) { XuAtLoiGiai(x, DONG); Dimng; ¢
Push(x, DONG); // dua x vao dinh stack DONG

//ChénTang(y,MO) VyeB(x)={(con,g’(con)):(x,con)e A & g’(con)=g’(x)+c(x, con)}
ChenTangTap(B(x), MO);

write (“Khong co 101 giai”);

'

- Nhdn xét:

. Thu tuc TKR la trwong hop riéng ciia thi tuc A" khi ham gia c=1.

. Thii tuc TKS ciing la triong hop riéng ciia thii tuc A” khi: hodc thay
thao tac ChenTangTdap(B(x), MO) béi ChenGiamTap(B(x), MO); hoac xem
ham gidc: A—> R vac=-1.
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. Néu trong cay G ton tai dwong di p: x, — DICH thi thii tuc A" sé dirng
va cho két qua 1a duong di p, sao cho c(p,) — min, néu: hoic ciy G hitu
han, hoac cay G v6 han nhung tong gid theo moi nhanh vé han phai phin
ky hodic héi tu vé mot gid tri 16m hon gid t6i wu |

- Vidu 17: Xét cay va gia cac cung dugc cho nhu hinh dudi day va tap
DICH = {D, H}. Thu tuc tim kiém cuc tiéu A" cho két qua 1a duong di AFH.

(Thudt toan A”)

- Chii y: Trong thuat toan A", ta chon phwong dn t6i wu nhdt trong tdt cd
nhitng phwong dan da di qua (dwoc luu lai dé quay lui khi lac hwéng). Chinh vi thé,
véi cac bai toan 16n, co thé xdy ra tinh trang nhanh tran bé nhé néu cac bude ké
tiép can luu qua nhiéu; khi d6 ta co thé ding heuristic sau: thay vi luu hét 100%
cdc phan tir B(x) vao tdp MO, ta chi can luu p%, 1<p< 100, ma thoi ! Gid tri ciia
p phu thuéc vao tirng bai todn cu thé va tai nguyén mady tinh hién co.

I1.2.5. Quy bai todn vé bai todn con va cdc chién licoc fim kiém trén dé thi
VA/HOAC

a. Qui bai todn vé bai toin con
* Y twong: dya trén y tudng ctia phuong phap chia dé tri, tich bai toan 16n
va phirc tap ban dau thanh nhitng bai toan con nho, don gian t6i muc so cap (1o
giai cua chiing d3 biét).

- Vi du 18: Xét bai toan thap Ha ndi v6i n = 3 va dung cach biéu dién nhu
trong vi du 2 phan 2.2.4.a. Ta qui bai toan vé cac bai toan con dang VA nhu sau:

(111)>(333)
— —
— e .
| (111)—(122) (122)—>(322) (322)—>(333)
(Chuyén 2 dia A,B prdped sang coc 2) /<>\
rg b
(111)—>(113)| [(113)>(123) | |(123)-(122) (322)->(321)| | (321)=>@331)| |(331)>(333)

(Hinh 11.2.5.1)
Lién két nhiing 101 giai so cp trén tir trai sang phai, ta c6 10i giai cia bai
toan ban dau:
(111)—(113)—>(123)— (122)—>(322) —(321)—(331)—>(333).
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Cdy binh thuong la cay HOAC, dang déc biét cua cay VA/HOAC. Cay
VA/HOAC thuong dugc dung dé bleu dién qud trinh chia bai todn I6n thanh
nhiéu nhém cdc bai todn con dwege néi két 16gic véi nhau boi diy cdc phép todn
logic: and, or.

b. Bi€u dién bai todn dwéi dang do thi VA/HOAC

Do thi dinh huéng VA/HOAC 1a do thi dinh huéng thong thuong G = (S,
A) va thém vao tinh chat: vdi mdi dinh n € S tat ca cac dinh con cua né B(n) ciing
thudc vao mot trong 2 kiéu: dinh VA hay dinh HOAC. Khi cac dinh con m cta n
1a dinh VA thi cac cung ndi cac dinh con ctia né6 m € B(n) dugc ndi véi nhau boi
ngodc tron (nhu dau goc tron trong hinh hoc phang). Su twong ung giita qua trinh
qui bai toan vé bai toan con v&i d6 thi VA/HOAC duoc cho trong bang sau:

Qui bai toan vé bai toan con

Do thi VA/HOAC

Bai toan binh

Toén tir qui bai toan vé bai toan con Cung

Bai toan ban dau Dinh gbc (dinh xuét phat)
Bai toan so cap binh 14

Cac bai toan con phy thude Dbinh con dang VA

Céc bai toan con ddc lap Dinh con dang HOAC
Loi giai bai toan Db thi con 10 giai

Giai bai toan Tim db thi con 1o giai
Dinh nghia dinh giai duwoc (dinh gd):

- Céc dinh 14 twong Umg véi bai toan con so cdp gidi dwoc (hay dinh két
thuc) 1a dinh giai duoc.

- Néu dinh n c6 cac dinh con la dinh HOAC thi nd giai dugc khi va chi khi
t6n tai mdt dinh con cta nd giai dugc.

- Néu dinh n c6 cac dinh con 1a dinh VA thi n6 giai duoc khi va chi khi moi
dinh con cta n6 giai dugc.

D6 thi 101 giai 1a d0 thi con ciia do thi VA/HOAC chi bao gém dinh xuat
phat va cac dinh giai dugc lién quan dén noé.

Dinh nghia dinh khong giai dwoc (dinh kgd):

- Céc dinh 1a twong Gng véi bai toan con so cdp khéng gidi dwoc 1a dinh
khong giai dugc.

- Néu dinh c6 céac dinh con 1a dinh VA thi n6 1a khong giai dugc khi va chi
khi f6n tai mot dinh con cia n6 khong giai dugc.

- Néu dinh c6 cac dinh con 1a dinh HOAC thi n6 1a khong giai duoc khi va
chi khi moi dinh con cia n6 khong giai dugc.

- Vi du 19: Trén hinh 11.2.5.2 1a cac d6 thi VA/HOAC, trong d6 cac dinh
giai dugc tuong ung voi cac hinh tron t6 dam va cac cung trong do thi con 161 giai
cling dugc t6 dam, cac dinh khong giai dugc dugce danh dau baoi vong tron.
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- Nhdn xét: Khi @6 thi VA/HOAC khéng c6 dinh VA thi né tré thanh do thi
théng thirong. Luc 36 do thi loi gidi suy bién thanh mét dwong di tr dinh xuat phat
dén mot dinh két thuc nao d6. Muc dich ciia qud trinh tim kiém trén do thi
VA/HOAC la chimg t6 dinh xudt phdt cé thé gidi dwoc hay khong gidi dwoc theo
huéng nguoe tir cac dinh 1d dén dinh xudt phat va trong truong hop khing dinh thi
chi ra do thi con 16i gidi (c6 thé thda man thém mot tinh cht nao do).

N/

(Hinh 11.2.5.2)

¢. Cic phwong phip tim kiém trén cidy VA/HOAC (theo chiéu réng,
chiéu sdu, cire tiéu gid thanh)

Dé don gian, ta chi xét cdc phwong phdp tim kiém trén cdy VA/HOAC. Tuy
theo phuong phap (PP) lua chon thir tw cdc dinh sé xét ma ta c6 cac phuong phap
tim kiém khac nhau theo: chiéu sau, chiéu rong, tim kiém cay 10i giai c¢6 gia thanh
nho nhit, .

Su khac biét chii yéu ciia cdc PP tim kiém trén do thi hay cdy VA/HOAC
véi cdc PP tim kiém trong khong gian trang thai ¢ myc trude la viée kiém tra tinh
gidi dwoc ciia dinh xudt phdt (xem n6 giai duoc hay khong giai duoc) va cac PP
sap xép, Iira chon dinh dé m¢ phirc tap hon nhidu. V&i mdi dinh n, ta s& can dung
dén 2 thu tyc gan nhan giai dugc gd(n € S) hay gan nhin khong giai dugc Kgd(n
e S).
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Véi mdi dinh n e S, ta dung céc ky hiéu:
- Néu n 1a dinh két thuc thi kt(n) = true, nguoc lai kt(n) = false.
“od” , khin la dinh giai dugc
“kgd” , khin 1a dinh khong giai dugc
-Nhan(n) =| “kxd” , (khong xac dinh) néu n chua dii thong tin d&é quyét dinh
hodc n chua duogc xét to1
Chu ¥ rangl-mét dinh khéng phdi la gidi dwoc khong nhat thiét 1a khong
giai dugc ma con co thé 1a khong xac dinh !
- KiéuVA(n)=true néu cic dinh con cta n 1a dinh VA va nhan tri false néu
ngugc lai.
- Pé don gian hoa trong cac thudt toan s& trinh bay sau day, ngay tir dau, ta
s€ gan nhan:

. “gd” :d01 véi cac dinh 14 giai dugc
. “kgd” : d61 v6i cac dinh 14 khong giai duoc

. “kxd” : d61 v61 moi dinh con lai

* Thu tuc gan nhan giadai dwwoc

gd(n €8)
{1 if (nhan(n) = “kxd”) then // do d6 B(n) = &
if (n € MO U DONG) then // néun ¢ MO U DONG: chua xét n
if (KiéuVA(n))
then {, bien = true;
while (B(n) #J and bien) do
{ con <« get(B(n));
gd(con); bien = (nhan(con) == “gd”);
}
if (bien) then  // moi dinh con dang VA cuia n déu gd
nhan(n) = “gd”
}2
else {;bien = false;
repeat { con <« get(B(n));
gd(con); bien = (nhan(con) == “gd”)
}
until (bien or B(n) == ©);
if (bien) then // c6 mot dinh con dang HOAC cua n gd
nhan(n) = “gd”
}3
fi

Tuong tu, c6 thé viét thi tuc khdng gidi dwoc Kgd(x € S) (bai tp).



Chutong 1I - Cdc phiong phdp gidi quyét vin dé 36

* Dang chung ciia cdc thii tuc tim kiém trén cdy VA/HOAC
Input : Cay VA/HOAC G = (S,A) véi gbc .
Output: Thong bao “Khong thanh céng” néu x, khéng gidi dwoc va
“thanh cong” néu x, gidi dwrgc va khi d6 xuét cay 10 giai.

Tinh gd hay kgd cua goc dwoc lan truyén nguoc tir ld. Trong cac thuat toan
cua phan nay, ta st dung tdp DONG c6 cau trac stack.

TimKiém VA _HOAC(x,, DONG)
{1 MO = {x,}; DONG = J;
while (MO = &) do
{0 < get(MO); // 14y n ra khoi dau danh sach MO
Push(n, DONG);
if (B(n) #Y) /I dinh n co6 con
then {; MO <« MO U B(n);
bool = false;
while (B(n) # & and not bool) do
{ con < get(B(n)); bool = (nhan(con) == “gd”);

J
if (bool) then // néu c6 it nhit 1 con gd thi xem lai gdc c6 gd khong ?
{ gd(x,);
if (nhan(x,) == “gd”)
then { write(“Thanh cong”™);
XuatCayLoiGiai(xy, DONG); exit;
}
else Loai khoi MO cac dinh co to tién la dinh gidi duoc
}
13
else //nla dinh la
if (kt(n)) // n 13 dinh 14 gd, xem lai gbc c6 gd khong ?

then { gd(x,);
if (nhan(x,) == “gd”)
then { write(“Thanh cong”);
XudtCayLoiGidi(xo, DONG); exit;

J
else Logai khéi MO cdc dinh ¢6 t6 tién la dinh gidi duoc
}
else // n 1a dinh 14 kgd, xem lai gbc c6 kgd khong ?
{ Kgd(x,);

if (nhan(x,) == “Kgd”)
then exit(“Khong thanh cong”)
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else Loai khoi MO cac dinh co 16 tién la dinh khong giai dwoc
}
|3
I3

* Thuét todn tim kiém theo chiéu réng trén cdy VA/HOAC

Chinh 1a thuat toan TimKiém VA HOAC(x,, DONG), véi cau tric tap MO 1a
hang doi.

Néu cay 10i giai ton tai thi thu tyc tim kiém theo chiéu rong s& dimg va cho
két qua 1a cay 10i giai c6 d6 cao nho nhét.

- Vi du 20: Xét cay VA/HOAC nhu trén hinh 77.2.5.3. Thir ty dwa cac nit vao
danh sach DONG duoc chi ra bdi cac s6 ¢ bén canh cac dinh. Cac dinh t6 dam la
cac dinh giai dugc. Cay o1 giai duge phan biét boi cac cung to dam.

Qua trinh dua cac dinh vao tap MO va DONG nhu sau:

MO DONG

1

23 1

3;4,5 1,2

4,5:6,7 1,2,3

5,6,7;8,9 1,2,3,4

6,7;8,9;12,13 1,2,3,4,5

7:8,9;12,13;10,11 1,2,3,4,5,6 (dinh 2,3: “gd”)
(Dinh gbc 1 : “gd” — Két thuc)

./oé%mm

5
9913 o o11
200 2 =" 023
(Hinh 11.2.5.3)

4 18
08—
T—ol5 1
* Thudt todn tim kiém theo chiéu séu trén cdy VA/HOAC

Chinh 1a thuat todn TimKiém VA _HOAC(x, DONG), v6i chu tric tip MO
1a ngan xép.

* Thudt todn tim kiém cuc tiéu gid thanh trén cdy VA/HOAC
Cho cay VA/HOAC G = (S, A) v6i gdc xo va ham gid c: A — R.. Dé tim céy 1oi giai c6
gia cuc tiéu, ta can dén khai niém ham gia t6i wu A(n) cua cay 1oi giai co géc 1a dinh n bat ky va
ham gia udc luong 4’(n) cua no.
Pinh nghia: ham gid téi wu h(n) cia cdy 1o gidi c¢6 goc n duge xay dung nhu sau:
- Néun 1a dinh 14 va
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. giai duoc (dinh két thuc) thi h(n) = 0.
. khong giai dugc thi ham h(n) khéng xac dinh
- Néu n ¢6 cac dinh con ny, ..., . 1a:
. dinh HOAC thi: h(n) = min (c(n, n;) + h(n;)).
. dinh VA thi: X
h(n) = z (c(n, n;) + h(ny)), vai kiéu gia tong cong

h(n) = max (c(n, n;) + h(n)), véi kiéu gia cuc dai
1<i<n
(Luu ¥ rang h(n) khong xac dinh dbi voi cac dinh khong giai dugc)
Muc dich cua viéc tim kiém 1a xay dung cay 10 giai co gia cuc tiéu h’(n,).

- Trén thuc té, trong thuat toan ta can xdc dinh va sir dung ham woc luong heuristics h°
doi voi cac dinh khéng phdi la dinh khéng gidi dweoe. Cay 1oi gidi dwoe xdy dung dan trong qua
trinh mé rong cdy luya chon, tai mdi thoi diém cac nit 14 ciia n6 thudc mot trong 3 dang sau:

a. Cac dinh 14 giai duoc (dinh két thuc).

b. Céc dinh 14 khong giai dugc (dinh khong két thiic va khong co con).

c. Cac dinh chua duogc thao (chua dugc xir 1y).

Moi dinh nay cua cay lua chon goi 1a dink muit.

- Ta xdy dung woc luwong h® chia h nhu sau: €))

1. n 1a dinh mut

- Néu n 1a dinh 14 giai dwoc thi h°(n)=0.

- Néu n 1a dinh 14 khong giai dugc thi h°(n) khong xac dinh.

-Néun chua dugc xtr 1y thi d& 1am gia tri h°(n) c6 thé ldy mot udc lugng heuristic nao
do cua h(n). Udc lugng nay dya trén cac thong tin heuristics vé bai toan.

2. n khong la dinh mut: néu n c6 cac dinh con ny,..., n, la:

- dinh HOAC thi:  h°(n) = min (c(n, n;) + h° (ni)).
- dinh VA thi: K
h°(n) = z (c(n, m;) + h°(ny)), véi kiéu gia tong cong

h°(n) = max (c(n, n;) + h° (ny)), véi kiéu gia cuc dai

1<i<n

- Trong cay t1m klem or m01 bu'orc co the chu:a mot tap cac cay con co goc X, $a0 cho
x,. Dua vao h° c6 thé xay dung mot cdy [oi giai tzem tang T, gbc x, c6 nhiéu trién vong trd thanh
phan trén cua cy 10i giai that su gbe x, nhu sau:
@)
1. Pinh xuat phat x, € T,,.
2.Néun e T, c6 cac dinh con ny,..., ng la dinh :
a. HOAC thi chon mot con nj, dua vao T, sao cho: c¢(n,n;,)+h°(njo)—> min va nhdn(n;,) #
“kgd”.
b. VA thi dua tit ca n,,..., n, vao T, néu nhan(n) # “kgd” Vi=1, ..,k

TimKiém VA HOAC CucTiéu
{1 MO = {x,}; ToXo;
while (MO =) do

{> n < Get(MO); // 14y n ra khoi ddu danh sach MO
DONG « {n} U DONG;
if (kt(n)) // n1a dinh 1a gd

then {  gd(x,);
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if (nhan(xo) == “gd" )

.....

}

else Loai khoi MO céc dinh ¢6 tb tién 1a dinh giai dugc

else if (B(n) =J) // n khong la dinh 14
then { for each m € B(n) do Tinh h°(m); // theo (1)
for each m € MO U DONG do Tinh h°(m);
MO<«MO U B(n); // ChénTangTap(B(n), MO) theo h’(n)
xd(T,); // Xay dung cdy T, dua trén n va B(n) theo (2)

H
else // nla dinh 14 Kgd

{ Kgd(xo);
if (nhan(x,) == “kgd”)
then exit(“Khong thanh cong”)
else Loai khoi MO céc dinh c6 6 tién 14 dinh khong giai dugc

f2
b

- Vi du 21: Xét cdy VA/HOAC nhu hinh 77.2.5.4.

no 0, p2 g2 ro so t3 u?2 v,3 w2 x2 vy,2
(Hinh 11.2.5.4)

Céc s6 bén canh dinh 1a gia tri h va h°. Ddi v6i cac nat mut trong qua trinh tim kiém céac
gid tri h® 1a cac danh gia heuristics gi tong cong cua bai toan twong tmg. Lay h° = h d6i véi cac
nat & d6 sau 3, 4 (cac nut tir h d&én y), h°(d) = 3, h°(e) = 3, h°(f) = 3, h°(g) = 2, h°(b) =7, h°(c) = 8,
h°(a) = 9. Qua trinh tim kiém duoc chi ra trén hinh 17.2.5.5 va 11.2.5.6. Cay 10i giai tiém tang chi ra
bdi cac cung t6 dam.

a. b. c.
(Hinh 11.2.5.5)
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Van dé can dit ra 1a chon dinh nao trong cac dinh VA ciia T, dé xir ly. Co thé chon cac
dinh mut trong T, c6 xac suat 16n nhit sao cho co thé dan dén bac bo gia thuyet rang T, s& la phan
trén cua cay 10i giai co gia toi wu. Voi gia tong cong thi dinh co6 xac sudt 1on nhit chung to sy
khong phu hop ctia T, 1a dinh ¢6 gia tri h° 16n nhat. Vi gia cuc dai ta chon dinh MO trong T,
nhu sau: Xuat phat tir x, di trong cay T,, néu gip mot dinh n nao d6 cé dinh con la dinh VA thi
chon cung tir n tGi dinh con n; sao cho ¢(n,n; ) + h°(n;) — max.

Qua trinh dua cac dinh vao tap MO va DONG nhu sau:

T, MO DONG

(a,9) /* (a,h®) */(a,9) (a,9)

(b,7) (b,7),(c,8); min (b,7)
(d,3) ,(e,3) (d,3) ,(e,3)(c.8); vV 1(d.3)
(h,2) (h,2),(1,6);(e,3);(c,8); min (h,2)
(n,0),(0,0) (n50),(0,0:(1,6);¢e,3):(¢,8)V (n,0),(0,0)
(e,3) (e,3),(c,8) (e,3)

g.2) (,2),(k,7)5(c,8) min | (j,2)
(1,0),(s,0) (1,0),(5,0)5(k, 7);(¢c,8) (1,0),(s,0)

(— Két thuc)
(Hinh 11.2.5.6)

11.2.6. Phuong phap GPS (General Problem Solving)

Phuong phap nay con goi 1a phuong phap muc dich - phuong ti¢n (Ends-
Means). PP GPS la sy tong qudt héa cua nhimg PP giai quyét vin dé dbi véi bai
toan biéu dién van dé trong khong gian trang thai da trinh bay.

- Y twong: Gia st bai toan duge biéu dién trong khong gian trang thal S va
can phai dua ra cach bién doi tir trang thai ban dau x, € S vé trang thai cudi x* e
S. Trong cac PP dua trén 16gic hinh thirc qué trinh mé rong cdy tim kiém dya trén
cac thong tin dinh luong: s6 phép bién d6i da st dung va udc luong heuristics h°
phan anh mbi lién hé giita x, va x*. Trong khi d6 , GPS quan tAm dén sir khdc biét
8 gitta x, va x* (theo nghia dinh tinh lan dinh lwong) va mdi lién hé giita ching
v6i cac phép bién doi trang thai o, Nhu vay, gia sit xuat phat tir x, ta di di t6i
trang thai x. Xem xét mot khdc biét “quan trong nhdt” & giita x va x*, dya vao d6
xac dinh phép bién d6i o; nao do “hiéu qua nhat” dé bién doi x sao cho giam sy
khdc biét 5, nhiéu nhat. Két qua nhan duogc trang thai mai o; (x) va cu nhu vay tiép
tuc cho dén khi x = x*.

- Ba yéu t6 co ban trong PP GPS:

a. Xac dinh khdng gian trang thdi S, trang thdi dau x, € S, trang thdi cudi

x* € Sva tdp cdc phép bién doi O tir trang thai ndy sang trang thai khéc:

O ={o foj:S—> S,j=1.n}
b. Xac dinh #dp A cac kiéu khdc biét gifra cac trang thai trong khong gian
A=1{8| 8:8> R,i=1.m}
c. Xay dung ma trdn M v&i cac cft ung véi cac toan tur, cac hang tmg véi
cdc s khdc biét cé thé cé
M =(mjj ) mxn , trong do:
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( 1, néu phép bién d6i o; lam gidm sy khac bigt § ;
m ij =

_ 0, néu nguoc lai
(C6 thé cho my; nhitng tri khac dé phadn dnh tot hon tac dung cua todn tir o;
den sy khac biét o).

Bai todn

Input: - Tap S céc trang thai, trang thai dau x,, trang thai cubi x*
-Tap A={ 0, ..., 0y} cac su khac biét
-TapO = { o0y,..., 0, } cac toan tu
-Matran M = (m1J )mxn

Output: Ra thong bao “Thanh cong” néu dua duoc x, vé x*

Thuat gidi GPS
{x=X,, OP =;
while (x #x*) do
{ D = match(x, x*) ; /D= { &, ..., di} 1a tap su khac biét gitra x va x*
0 <« get(D); // chon ra su khac biét quan trong nhitd =8, € D
for j=1 ton do
if (m;; = 1) then OP =OP U {o;}; // OP ={o;| m =1}
0 < get(OP); // chon toan tir 0 = o; € OP lam giam sy khac biét &; nhiéu nhat
X = 0(x);
; ,
if (x = x*) Xuat loi giai;

}

O day thu tuc match(x, x*) cho phép xdac dinh nhirng diém khac biét giita x
va x*. Chang han, sy khac biét gitra dinh x va x* trong do thi biéu dién khong gian
trang thai S c¢o thé 1a dd dai duong di tur x to1 x°*.

- Vi du 22: Can phai ching minh su trong duong logic giira hai biéu thuc
ménh dé:
RAEP= Q) =(QV P)AR
Ap dung phuong phap GPS dé giai bai toan trén.
. Trong khong gian bleu dién cac ménh dé 16gic xét 4 kiéu khdc biét sau:

AT: C6 sy khac biét vé ddu — (phua dinh) trong biéu thirc.
AC: Khéc nhau vé sb cac phép toan (A,v,=>).
AG: Khac nhau vé phuong phap nhém cac ménh dé.
AP: Khéc nhau vé vi tri cac thanh phan trong hai biéu thirc.

. Trong bai toan nay, ta ldy cdc todn tir bién doi trang thdi la 3 phép bién doi
twong duong sau:
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R1: AvB< BVvA; AAB < BAA
R2:A—-B < —-AvB

. Xét ma tran M sao cho cac cot twong tmg voi cac phép bién doi : R1-R3.
R1 R2 R3

AT 1 1
AC 1

AG

AP 1

bat: LI=RA(=P= Q), Lo=(QV P)AR

Pich 1: Bién dbi L1 vé Lo
Su khac biét: D = {AT, AP, AC}. V61 AP (AP = get(D)), OP = {R1}: chon
Rl dp dung vao Ll tadugc: L2= (=P = Q) AR.

Pich 2: Bién d6i L2 vé Lo
Su khéc biét: D = {AT, AC, AP}. V61 AC (AC = get(D)), OP = {R2}: chon
R2 4p dung vao L2 ta dugc: L3= (w—=Pv Q) AR.

Dich 3: Bién d6i L3 vé Lo
Su khac biét: D = {AT, AP}. V&i AP (AP = get(D)), OP = {R1}: chon R1 4p
dung vao L3 ta dugc: L4= (Qv —-—=P) AR

Pich 4: Bién d6i L4 vé Lo
Su khéc biét: D = {AT}. V61 AT (AT = get(D)), OP = {R2, R3}: ta chon R3
moi lam gidm sy khac bi¢t AT cua L4, ta dugce: LS = (QvP)AR = Lo.

Bai toan dugc chiing minh.

- Ngoai ra, néu qui bai toan vé dang:
[RA(=P—>Q)] = [(QV P)AR]
va [(QV P)AR] = [RA(=P= Q)]
thi ta co6 theé giai bai toan bang: thu tuc tach Wong hay thu tuc hop giai
Robinson s& dugc trinh bay trong chuong 3.

I1.3. Ky thuat Heuristic

Nhitng bai toan, dac biét la khi chung c6 kich thudce 16n va céd cAu trac phtrc
tap, dé co thuat toan kha thi voi do phire tap khong qua da thire, thuong rat hep.

- Han ché cia thudt todn: Trén thyc té, ta thuong gap nhiéu bai toan:

. hodc cho dén nay chura c¢é thudt todn nao dé gidi;

. hodc d3 ¢6 thudt todn dé gidi nhung khéng kha thi vé khong gian nhd va thoi
gian do d6 phirc tap ciia né ¢ cap vuot qua da thirc;
. hodc ¢ cdc phirong phdp gidi mdc di dwoe thuc té chdp nhan nhung lai vi
pham mét sé tinh chdt cia thudt toan nhw tinh xdc dinh hay tinh ding. Chang
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han, dé chuyén tir budc so cip nay dén budc so cip sau dbi khi lai can bod
sung thém thong tin kinh nghiém (rat ra trong qua trinh tim kiém 15i giai thyuc
té) dic thu cua bai toan méi quyét dinh dugc. Nhitng bai toan lién quan dén sd
thue dugc giai trén may tinh, néu chip nhan 16i giai gan ding hodc gan tdi vu
thi c6 thé t6n tai nhiéu cach giai don gian va hiéu qua hon.

Dé giai quyét kho khin nay nguoi ta da md réng tinh xdc dinh, tinh diing cua
thudt todn va bo sung thém cac tri thuc kinh nghiém dac thu hay meo giai dé cé
duoc cac thuat giai heuristics.

- Cdc dac trung cua thudt giai heuristic: thuong tim dugc 101 gidi 16t
(khong chic ludn ludn 1a tot nhat) hay gdn tét mot cach don gian, nhanh chéng va
do1 khi doc ddo (so véi nhitng thuat todn tuong ing gidi cung mot bai toan). Co 2
cdch dwa cdc thong tin heuristics dac td vao cdc thu tuc tim kiém:

. cdc tri thire dwoc nap ngay trong biéu dién cia bdi todn;
. cdc ham danh gid heuristics nham heong hod cdp d¢ ciia kha nang lya
chon viéc thuc hién.

- Cdc ky thuat heuristics lién hé chat ché voi chién luwoc diéu khién cdc
hudng tim kiém 1oi gidi va xir 1y canh tranh; chung dugc chia thanh 2 16p chinh:

. Dinh tinh: duéi dang cac luat néu ... thi

. Dinh luwong: dudi dang cac ham udc lugng heuristics h°. Cac ham danh
gid duwoc xem la cong cu ¢é rdt hiéu qud khi st dung k¥ thuat heuristic. Hai
van dé quan trong trong l4p trinh heuristic ¢6 st dung cac ham danh gia 1a:
tach nhitng ddu hiéu c6 ich va té hop cdc dau hiéu ndy dé thé hién thanh
nhitng ham danh gid tot. Mot ky thuat heuristics dugc coi 1a hop 1y khi nd
cho phép tién hanh danh gid cdc kha ndng dé lam ré kha ndng nao tot hon
cdc kha nang con lai.

- Ham s6 heuristics
Dang tong quat cta cac ham danh gia: f(p) = f(t,, ..., t,), trong do6 ung voi modi kha ning
p, dang giai tich ctiia ham danh gia f phu thudc vao cac tham sé ti, ... , t, va tra vé mot gia tri f(t,,
, t) déc trung cho kha nang p.
. Trudng hop don gian nhét (dang afin): f(ts, .. , t) = X aut;, véi a; 1a cac hé sb dic
trung cho trong s6 cua cac tham sd t;.
. Phtic tap hon la dang toan phuong:

n

f(tl, cee g ) Z al t + Z b t + Z Cij .ti.tj
=1 i#=1
- Qud trinh xdy dung ham heuristic gom 3 van dé chinh sau:

. Xdc dinh cac déau hiéu ddc ta s; ctia bai toan;

. Vé&i méi kha nang p, cdac déu hiéu dac td s; duwoc lwong hoa boi cac gia tri t. Xdc
dinh dang cua ham danh gia f(p) = f(t,, ... , t,) dwa trén cac gia tri dac trung cho cac
thuoc tinh t; va cac tham 56;
. Xdc dinh gia tri cua cdc tham 56 cho tueng bai toan cu thé.
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I1.3.1. Cdc thudt gidi tim kiém t6i wu trén cdy va dé thi véi tri thivc heuristic
Problem 3**(G (S, A), xyo, DICH, c, h) (BT3**)
a. Thudt gidi A* (Algorithm for Knowledge Tree search) giai bai todn téi
wu BT3** véi tri thirc b sung heuristic trén cdy
Tuong ty thuat todn A" tim kiém cuc tiéu trén cay G = (S, A) ¢6 gbc X,
(phan 11.2.4.c), nhung thay ham g°(x) boi °(x) = g’(x) + h’(x).
- Y nghia:
. g%(x): gid chi phi thét sw tir xo dén x, cach tinh g’(x) theo cong thuc dé
qui: g°(x0) = 0 & g’(con) = g°(cha) + c(cha, con) V (cha, con) € A.
 W'(x): wée lwong chi phi tir x dén tdp DICH, hay 1a ham wéc lwong kha
nang dan dén 1oi gidi
. Viéc dung ham f (x) = g’(x) + h’(x) khi chon lwa phuwong dn ké tiép,
khong chi quan tém dén chi phi da tra tir diém xudt phat x, dén trang thdi
hién tai x, ma con tham khao thém ca thong tin heuristic dac trung cho kha
nang nhanh dan dén dich cudi cing tir trang thdi hién tai. C thé xem cac
phuong phép nay 1a céac thudt giai vét can thong minh. Pay la cach giai
thong minh va doc ddo ma con nguoi thuong st dung khi gap cac bai toan
kho trong thue té nhu chting minh dinh 1y, giai cac bai toan suy luan logic,
choi co, ...
- Nhdn xét: C6 thé xem A" 1a tong quat hod cua 4 khi xét A = 0. Dé tim
duoc duong di tdi vy, ta cin chon ham udc lwong h’(x) < h'(x) Vx €S, v6i h'(x)
1 ham gia t6i wu that sy tir x dén DICH.

b. Thudt gidi A* giai bdi todn téi wu BT3** véi tri thirc b6 sung heuristic trén do thi
tong quat
Tap MO, DONG chtra cac phan tr E ¢6 dang (x, cha(x), g’(x), f'(x)), voi qui udc: Ey =x,
Ecna = cha(x), Ego g"(x), Ep = fo(x) ChenTang(E, MO) la thao tac cheén E vao MO theo thir tu
tang cua f'(x) = g’(x) + h(x) tir dau dén cudi danh sach MO.
A*(x,, DICH)
{1 2°(Xo) = 0; Tinh £°(x,) = h°(X,); MO < {(X,, rong, 0, £>(x,))};
DONG « ;
while (MO = &) do
{2 E <« get(MO); // trong MO, E & dinh va c6 f°(E,) nhé nhét !
Push(DONG, E);
if (E, € DICH) then { XuatLoiGiai(E, DONG); Dimng;}
for each con € B(E,) do
{3 g°(con) = g°(E,) + c(E,, con); f°(con) = g°(con) + h°(con);
if (con ¢ (MO U DONG),)
then ChenTang((con, Ey, g°(con), f°(con)), MO);
else {; if (3y € MO and con ==y, and g°(con) < g°(yyx))
{ Logi(y, MO); // 1oai y khéi tap MO
CheénTang((con, E,, g°(con), f°(con)), MO);
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if (3y € DONG and con ==y, and g°(con) < g°(yx))
{ Logi(y, DONG);  //loaiy khéi tip DONG
Push((con, E,, g°(con), f°(con)), DONG);

Cap nhat lai g° va f° cho cac hau dué cua con da luu

}4
}3

b
write(“Khong thanh céng”);

i

c. Cac vidu

- Vi du 23: Xét bai toan tro choi 8 sb nhu trong vi du 1 (hinh 113.1).

Ta xéac dinh ham g°(x) 1a d6 dai duong di hién tai tir x, dén x (s6 phép dich
chuyén vi tri trong dé dua trang thai x, vé trang thai x), con ddi véi h°(x), ta ¢ thé
tinh it nhat theo hai cach sau day.

. Cach 1: 1°;(x) 1a s6 luong chit s6 (khac trong) trong trang thai x khong
nam & dung vi tri ctia chung trong trang thai dich. Ching han, véi dinh gbc x,,
2°(Xo) = 0, h%1(x,) = 4, do d6 £71(xo) = g°(X,) + h°1(X,) = 4. Trén hinh 11.3.1, ta c6 két
qua ap dung thu tuc 4* voi tri thuc bo sung /°;(n) dugc cho ¢ goc trén bén trai
mdi trang thai, gia tri ctia £°, d6i vdi mdi nut duoc cho & goc trén bén phai ctia no.
Céc s6 nam ¢ dinh trén m5i trang thai 1a thu tu xét chung trong thu tuc. Véi cach
chon ham udc luong heuristic khong tbt nhu A°,, ta c6 thé di nham mét budc
(budc 3).

. Cdch 2: h°y(x) 1a téng sb cac phep di chuyen it nhat twong tmg voi mdi
chir s6 (khac trong) trong trang thai x can di chuyen dén dung vi tri cia né trong
trang thai dich. Chang han, v6i dinh gbc x,, g ®(Xo) = 0, h%(x,) = 5, do do °5(x,) =
g (xo) + h°(x,) = 5. Trén hinh I11.3.1, ta co két qua ap dung thu tuc A* voi tri thire
bd ) sung h°5(n) dugc cho & goc dudi bén trai moi trang thai, gia tri cua £, d6i véi
moi nut dugc cho & goc dudi bén phai ciia nd. Voi cach chon ham uwéc luong
heuristic 4%, tbt hon A°;, ta di khong nham budc nao, do 4%, phdn dnh si khdc nhau
giita hai trang thdi tét hon. Ta n6i heuristic h°, chira nhiéu théng tin hon heuristic
Wy néu: hy’(n) > h’(n).

Qua do, ta thiy viéc sir dung tri thirc b sung théng qua ham h dong vai tro
mt quan trong. N6 cho phép gat bo nhitng thong tin khong co trién vong, nhiung
néu h° vwot qud gici han h that sy thi co thé thudt todn nhanh dung song khong
cho két qua mong muén. Ham h° va g° c6 anh huong kha 16n dén stcc manh
heuristics cta thuat giai 4*.
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g=2:

g=3:

- Vi du 24: Xét bai toan thap Ha ndi v6i n = 2 (hinh 11.3.2). Ham f°(n) =

h=1
f=4
(Hinh I1.3.2)
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g°(n) + h°(n), v6i g°(n) 1a sb dia da di chuyén, h°(n) 1a thong tin vé mdi lién hé
giita n va trang thai dich, ching han:
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-Néu & coc C co6 2 dia, dia nho trén dia to thi h® = 0.
-NéudcocCcod 1 diato thi h° =1.

- Néu & coc C chua c6 dia nao thi h® =2.

-Néu ¢ coc Cc6 1 dianho thi h® =3.

Loi giai toi vu cho bai toan thap Ha Noi duogc trinh bay qua cdy 1oi giai in
dam trong hinh 11.3.2.

Mot cach tong qudt, ta c6 thé layf (n) = g°(n) + h°(n), véi h°(n) la tri thirc
b6 sung chi ra trién vong ciia dinh nam trén dwong t6i wu. Do dé c6 the xem °(n)
la woc lwong cua ham f(n) = g(n) + h(n) voi g(n) la gia dwong di 16i 1u tir n, 107
n, h(n) la gia duong di t6i wu tir n t6i tdp DICH. Néi cdch khdc f° (n) la xdp xi gia
dwong di toi wu tie n, t6i tdp DICH va di qua dinh n. Gid tri g °(n) doz Véi n c6 thé
tinh dwoc dya trén y twong thudt giai A* (gia dwong di ‘gdn cue tiéu tir n, tGi n),
con wée lwong h°(n) dwea trén théng tin heuristics gdn lién véi bai todn.

Nhirng két qua sau bao dam tinh diing dén va tinh t6i wu cua giai thuat A*.

- (Tinh diing dan): Néu doi véi méi dinhn € N ta cé6 0 < h°(n) < h(n) va ton tai s6 A>
0 sao cho doi véi moi cung ae A, c(a) > A thi thii tuc A* dirng va cho két qiia la dwong di p tir
n, toin* € DICH sao cho g(n*) — min.

- Gia su cac thu tuc A;* sit dung ham danh gia:

fi’(n)= g’(n) +h’(n), i=1,2

Them vao do6, h,° thoa mén diéu kién h,° (m) - h,° (n) < h(m, n), trong d6 h(m, n) la d¢ dai duong
di ngan nhat thr m téin va véimoin e N: 0 < hl (n) < hy° (n) < h(n). Khi d6: s6 nit dua vao tap
DONG cuia thu tuc A,* bao gid cling nho hon sb nut dbi véi thi tuc A, *.

- Ba nhan té anh huéng dén strc manh heuristics 1a: gia ctia duong di nhan duoc, sé dinh
phai thao trong qua trinh xtr 1y, chi phi tinh toan gia tri ham h°.

- Nhdn xét:

. Trong sd céac thu tuc tim kiém str dung tri thitrc b sung heuristic 4°, thii
tuc sir dung triét dé cdc théng tin vé cac dinh (h° = hva f =g + h) la tot
nhdt va thi tuc A* (° = g°, h° = 0) la toi nhat.

. Néu chi can tim mét dwong di nao dé t6i dinh dich thi ¢ thé khong can
tinh dén g°, tirc 12 f° =h° . Trong mot sb trudng hop, néu khong sir dung g°
thi s6 nat phai thao co thé ting dang ké so véi khi sir dung g°.

- M4t 56 heuristics

. Lua chon theo giai dogn: Qua trinh tim kiém co thé tién hanh theo tung
giai doan, & mdi giai doan chi giit lai mot tp con nao d6 cac dinh trong tap
MO, chang han céc dinh véi gia tri £ gan nhé nhat.

. Han ché sé dinh con: Mbi 1an thio mot dinh n, chi giit lai nhitng dinh m
e B(n) sao cho f°(m) thudc 14n cin cua f° nho nhat.
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. Xdy dung dan cac dinh con: Moi lan thdo dinh con chi xét t61 mot vai
dinh c6 trién vong nhat, dau tién chi chu y dén dinh con quan trong nhat,
con cac dinh khac khi nao can méi dua ra.

11.3.2. Nguyen ly tham lam

Vi thuét giai sir dung nguyén Iy tham lam giai bai todan 161 wu BT3* ta su
dung cac thuét toan 7 imKiém véi mot it diéu chinh: chi chon 161 gidi tot nhdt trong
mét budc ké tiép (chit chua chic tot nhét trong ca qua trinh), 'do d6 khong cai dat
co ché quay lui. Uu diém cia nguyén ly nay la trong mot s6 trudng hop, c6 thé
nhanh thay 1oi gidi. Nhung nhuoc diém cta no6 1a trong cac truong hop khac, ¢é
thé ton tai loi gidi t6i wu nhung thudt todn ndy khéng tim ra. Khi o, do khong du
phong co ché quay lui nén co thé khong tim ra 101 giai, mdc du no von ton tai !
(Tham cdi loi trude mdt ma khong dé y dén cai loi toan cuc va khdng duw phong
lwew lai dwong di dd qua dé quay Iui khi lac hudng!)

ThamLam(x,, DICH)

{ DONG = g; // ¢6 thé chon DONG c6 cAu tric stack
MO = % X0 },
if (xo € DICH) { XuAtLoiGiai(x,, @); Dimg; !
while (MO = &)
{ x = get(MO); // 14y mot phin tir x ra khoi tip MO
Push(x, DONG); // dua x vao tap DONG

if (Fphan tiv y “tot nhdt” trong B(x))  // luén ton tai néu B(x) =D |
{if (v € DICH)
{ XuAtLoiGiai(y, DONG); Dimg; b
MO = MO Uy} // dwa y vao tdgp MO
}
F ,
write (“Khong tim thay 161 giai”);

'

That ra MO chi gom khong qué 1 phan tir | Vi vay, c6 thé thay thuat toan
trén boi:
ThamLam2(x,, DICH)
{ DONG = R // ¢6 thé chon DONG c6 cAu tric stack
if (P(xy)) // hay if (xo € DICH)
{ XuAtLoiGidi(xo, @); Dimg; f

X =Xy,
while (Fphan tir y “tot nhdt” trong B(x)) // ludn ton tai néu B(x) =2 !
{ Push (x, DONG); // dua x vao tap DONG

if (P(y) // hay if (y € DICH)
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{ Xu4tLoiGii(y, DONG); Dung; f
X =y,
F ,
write (“Khong tim thay 161 giai”);

'

- Vidu 25: (Traveling Saleman)

X4y dyng mot hanh trinh TOUR c¢6 chi phi nhé nhat COST cho bai
toan di qua n thanh phd, véi ma tran chi phi C, sao cho bét du tir thanh phd
u va di qua mdi thanh phé ding mot 1an.

Bién thé ctia thuat giai ThamLam?2 1a thudt giai GTS giai bai toan nguoi ban hang
du lich trén day.

Thudt giai GTS
{ // Khdi tao
TOUR =; COST =0;
v=u;
// tham tat ca cac thanh phd
for k=2tondo
{ // Chon canh ké tiép <v, w> la canh c¢6 chi phi nhé nhét tir v dén
// cac dinh chua duoc str dung w:
TOUR =TOUR + <v, w>;
COST =COST + C(v, w);
V=W, // khi d6 w da dugc str dung

}
// Chuyén di hoan thanh
TOUR = TOUR + <v, u>;
COST = COST + C(v, u);

}

Minh hoa viéc thuc hién:

[S—

@]
Il
N S
w A~ K~ 8
N o= 8 AN
W 8 =
8 W N W W
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1. TOUR = J; COST=0;u=1; 1

=w=2; T
2. TOUR =<1,2>; COST = l;u=2;

3. TOUR = {<1,2>, <2,5>}; COST =4;u=>5;

4. TOUR = {<1,2>, <2,5>, <53>! \3
COST =6; u=3;

5. TOUR = {<1,2>, <2,5>, <5,3>,<3,4>}; COST =7,
u=1;
TOUR = {<1,2>, <2,5>,<5,3>, <3,4>, <4,1>}; COST = 14;

Tim min trong cc phan tir con lai cia hang. Xuat phéat & cot ndo thi bo cot d6

I 2 4 5 3

»
R

W W

Y E | o
w 8 = Rl
8 w

&~ 8| =
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Do khong quay lui nén 101 giai vira tim chua chac 1a duong di ngan nhat.
That vay, 101 giai vira tim c6 chi€u dai 16n hon duong di:
TOUR2 = {<1, 3>, <3, 4>, <4, 5>, <5, 2>, <2, 1>} voi COST2 = 10.

11.3.3. Nguyén ly huwong dich, phwong phdp leo nui (Hill-Climbing)

- Vi thuat giai sir dung nguyén Iy hudng dich hay leo doi (Hill climbing)
giai bai todn téi wu BT3* ta st dung cac thuat toan T imKiém voi mot it diéu
chinh, trong do khong cai dat co ché quay lui ! Uu diém cua nguyén ly nay la
trong mot s6 truong hop, co thé fim thdy rat nhanh loi giai. Nhung nhuoc diém
ctia né 1a trong nhiéu truong hop khéc, ¢ thé ton tai loi gidi 161 wu nhung thudt
giai nay khong tim ra, hodc no chi tim thdy loi gidi t6i wu dia phwong! (Chi chi y
dén t6i wu dia phwong trude mdt, khong du phong luu lai dwong da di qua dé quay
lui khi lac hudéng, khéng biét liii mét bude dé tién nhiéu buée hon!)

LeoDéi(x), DICH)

{ DONG = &; // tap DONG ¢6 cAu triic stack
MO = % X0 },
if (P(x)) // hay if (x, € DICH)
{ XuAtLoiGidi(x,, &); Dung;
while (MO # @)
{x= get(MO); // 14y mot phan tr x ra khoi tip MO
Push(x, DONG); // dua x vao tap DONG

if (3phan tir ot nhdt y € B(x) ma “tot hon” x)
// chwa chac ton tai du B(x) =

{if (P(v) diing) // hay if (v € DICH)
{ XuAtLoiGiai(y, DONG); Dimg; b
MO = MO Uty / // dwa y vao tdp MO

/
F ,
write (“Khong tim thay 101 giai”);

'

That ra MO chi gdm khong qué 1 phan tir ! Vi vdy, ¢ thé thay thuat toan
trén boi:
LeoDéi2(x,, DICH)
{ DONG = &; // tap DONG ¢6 cau tric stack
x = xy, Push(x, DONG);
if (P(x,)) 1 XuAtLoiGiai(DONG); Ding; ¢
while (B(x) =& and Fphdn tir t6t nhdty € B(x) ma “t6t hon” x)
//chwa chdc ton tai dit B(x) #Q |
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{ Push(y, DONG);
if (P(y)

// dua x vao tap DONG
// hay if (v € DICH)
{ XuAtLoiGiai(DONG); Dung; ¢
xX=y;
F ,
write (“Khong tim thay 101 giai”);

- Mot bién thé ciia thudt gidi LeoPaoi 2 1a thii tyc sau:

Hill Climbing
{
- Budc 1: n = Dinh xuét phat;
- Buoc 2: if (n € DICH) then Dung;
- Buéc 3: else Chon h°(n;) bé nhdt trong s6 moi dinh con n; € B(n)
(goi dinh nay 1a Next(n));
- Budc 4: if (h°(n) < h’(Next(n)) then Ding;
else n = Next(n);
- Buoc 5: Goto 2;

}

- Nhén xét: Dé khdc phuc nhwoc diém cla thuat toan: nhanh roi vdo lan cén cia t6i vu dia
phuong ma khong thoat ra dugc, ta c¢6 thé két hop thém thudr gidi di truyén GA.

I1.3.4. Nguyén Iy sdp thiv tw, nguyén Iy triing khop nhit
Ta minh hoa céc nguyén 1y trén qua bai toan phan cong cong viéc trén cac
may va bai toan x€p hang vao container.

- Vi du 26: (Bai todn phdn cong cong viéc)

Gid su ¢c6 n may: Py, ..., P, vam cong viéc: Jy, . . ., J,. Cac cong viéc dugc
tién hanh déng thoi va c6 thé duge thuc hién trén bat ky mdy nao. Mdi lan mot
cong viéc duoc dua vao may, may chi dimg khi cong viéc hoan tat. Thoi gian hoan
tat cong viéc J; 13 t,. Thoi gian nap coéng viéc vao may 1a 0.

Van dé dat ra la: Bo tri cong viéc vao cdc may sao cho tong thoi gian xu 1y
hét moi cong viéc 1a bé nhat.

Mo hinh I:
.3 méy Pl, Pz, P3.
. 6 cong viéc

Ji

1

2

3

ti

2

5

8

1

Chon phuong an: (J,, Js, Ji, J4, Jg, J3 ); T=12.
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P I 5|

P: Js 5]

Ps: Jy | Jal Jgl I3 |
2 3 4 12

* Nguyén Iy sdp thir tw: Scp xép cong viéc theo thir tw thoi gian gidm dan.
Bo tri cong Viec theo tha tu trén: L = (J5, ), Js,J1, J4, J6 ); T=28.

.....

Pli J3 8|
Pzi J2 | Jl |

5 7
Py:  Js | Jal Jd

5 6 7

Mo hinh 2(Phan vi dy vé nguyén Iy sdp thiv tw khéng cho 1o gidi toi wu)
.2 méy Pl, Pz.
. 5 cOng viéc
J; 1 2 3 4 5
t; 3 3 2 2 2

Phuong an:(J I 12, J3, J4, J5 ) khong t6i wu (sép giam dén theo thoi gian): T=7.
Phuong an téiwu la: L* = (J, J5, J4, Jp, J5); T =6.

- Vi du 27.1: Bai toan dong goi (xép hdng vdo container)
Cho day cac goi hang:1, 2, 3, 4, 6, 7, 7, 9; kich thudc container: 13.
Van dé dit ra: can xac dinh s container it nhat dé chira hét hang.

- Cdc cdch (heuristics) xép thung khdc nhau vao container:
H1: -Thuty:tuyy

- Cach xép tuy .
H2: - Th tu: Giam dan theo kich thuéc

- Cach xép: Lén trudce, nho sau.

Nguyén I tring khdp nhit
H3: -Thtutu:tuyy
- Uu tién xép trung khit.
H4: - Uu tién xép tring khit.
- Sau d6 xép theo Thit tie: Gidm dan ciia kich thudc
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Ap dung nguyén 1y nay vao vi du trén, ta duoc phuong an tbi wu: (9, 7, 7; 4,
6,3;,,2;,,1;) chtra trong 3 container.

4

N W=

- Vi du 27.2: (Phuong dn thu dwoc tir nguyén 1y tring khit nhat khéong la
phirong an t6i weu 1)
Cho day cac goi hang:2, 2, 5, 6, 8, 9; kich thudc container: 16.
. Phuong an thu dugc tir nguyén 1y trung khit nhat: can 3 thing
. Phuong 4n t6i vu chi can 2 thang ! (Bai tdp)

- Nhdn xét: Dbi voi cac bai toan phirc tap va da dang trong thyc té, néu chi dp
dung riéng mot phuong phap, y tuong hay mot nguyén ly heuristic riéng 1€
thi khéng thé gidi quyét néi. Khi d6 ta can ap dung chién lwoc lai nhiéu
phuong phap, y tuong va nguyén ly giai mot cach phu hop.
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Bai tip

1. Tim biéu thirc gidi tich twong minh tir cdc hé thirc truy hoi sau:
a.[a,=a,; +2", Vn>1
ap = 1
b.{an=2an_1 +1, Vn>1
ap = 1

c. *F,=b,F,;+b,F,, ¥Yn>2 voi{F, Fi}, by, b, cho trudc (truong hop tong
quat)
d. "Day s6 Fibonacci:

0=0, F1: 1
Fn:Fn_1 +Fn_2, Yn=>2

e. (*u,—4u,; +4u,,=2n, Vn=>2
Ug = 0, u = 1
f. {*T(n) =2T(n/2)+n—-1,Vn=>2

T(1)=1
g (U =Uyg-U, Uy, V=1
{UO: 1

h. >F*COZ O, C1= 0
{C 2n—1
) :n+1+—20k,Vn22

k=1

2. Thé hién phuong phap “chia dé tri”bang cdc thudt todan dé qui dé giai cac bai
toan sau:
+ra : \ 7 A ~ A
a. Tim min va max cia mdt day so.
b. *Trdo doi hai phan cia mang (khong nhat thiét c6 d§ dai bang nhau) ma
khong dung mang phu.

Viét thudt todn (bang nhiéu phuwong phdp khdc nhau, néu co thé) va cai dat
chuong trinh d€ giai cac bai toan sau (trong dé c6 cac vi du da duogc gidi thiéu
trong ly thuyét):

(Nguyén ly qui hoach dong)

3. "Vidu 2: bai toan ngudi giao hang.

4. Vi du 3 (bai toan sap ba I6 c6 gid tri lén nhat): C6 n logi d6 vét c6 khoi lugng
{a;} va gia tri {c;} vao mot ba 16 co khéi luong w (nguyén du:ong) Gid st moi
loai d6 vat c6 dua nhleu dé xép. Hiy tim cach xép sao cho dat gid tri cao nhat.

5. Tim day cac h¢ sd cta nhj thre.

6. Bai toan doi tlen C6 n loai tién Ay, Ay, ..., Ay (nguyén duong). Hay tim cach
dung cac loai tién nay dé co dugc 80 tlen L cho trude (nguyén duong va khong
bé hon loai tién nho nhit) sao cho tong s to 14 it nhét.
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(Phuong phap vét can don gian hodc vét can co quay lui)

7. "Vidu4.

8. Bai toan 8 quan hau.

9. 'Bai todn ma di tudn (chu y c6 thé st dung phan tir cam canh).

10. *Tim cac tap con ctia ddy A cac sb6 nguyén duong sao cho ¢o tong bang mot sb
nguyén duong M cho trude (sdp vira khit cac d6 vat vao ba I6).

(Nguyén Iy mdt luwéi) ‘
11."Vi du 5: tim nghiém gan ding cua phuong trinh f(x) = 0 trén [a, b], véi f(x)
lién tuc trén [a,b].

(Phuwong phap sinh va thu)
12."Vi du 6: bai toan tim cac bd chinh hop 1ap.
13. Tim cac bo t6 hop, chinh hop (khong 1ap).

(Phwong phap nhanh cdn)
14."Vi du 7: bai toan ngudi du lich.

(Phuwong phap Monte-Carlo)

15."Vidu 8: tim s6 7 t cong thtrc tinh di¢n tich hinh tron hoac thé tich hinh cu.

16."Vi du 9: Kiém tra gid thuyét Fermat bang thuc nghiém.

17." Tinh gin ding dién tich hinh phang gidi han giita truc hoanh va do thi ham sé
lién tuc khong am trén doan [a, b].

(Thudt gidi di truyén - GA)
18.*Vi du 10: giai phwong trinh x* = 25.

(Nguyén ly mé cung )
19."Vi du 11: bai todn mé cung.

20. Dua trén thuat toan TimKiém nham tim 16i giai dau tién cho bai toan BT3, ta
c6 thé cai bién dé thu duoc thuat toan vét can dudi dang lap VétCan dé tim moi
loi giai cua bai toan sau (bai tap):

- Bai toan 4: Problem 4(G = (S, A), x,, DICH) (BT4)
Cho do thi G = (S, A), véi dinh xudt phat x€ S, tap dich DICH < .
Hay tim_moi dwong di tw x, dén mot dinh nao do thuoc tap DICH.

(Cac phwong phap tim kiém trong khéng gian trang thdi theo chiéu rong, chiéu
sdu, sdu dan, cuec tiéu) ,
21.7Vi duy 12: bai toan Toci hay n’ — I sé.
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(Cac phwong phdp tim kiém trén do thi VA/HOAC theo: chiéu réng, chiéu sdu, sdu
dan, cuc tiéu)

22.%Vi du 13: bai toan thap Ha N¢i véin = 2, 3.

(Phuong phdap GPS) ‘ 7
23.Bai toan chting minh tinh hang ding cta cac biéu thirc 16gic sau:

"Ta>(b-oo)]e

[C\/—|b\/—|a]

b. *[aa(avc > Db) A(anb > cad)] = d

(Phuong phap heuristic)

24. Tim thudt gidi heuristics dé giai bai toan thdp Ha Noi voi:

a.
b.

=3
*n > 2 batky.

25.7Bai toan Toci hay n’ — I s6

26. Tim duong di ngdn nhdt tir thanh phd A dén thanh phd B dua trén ban dd céc
thanh phd sau day, trong do ngoai cac khoang cach that su gitta hai thanh phd
duogc chi ra boi cac s trén cac cung, con co diy A’ chia chiéu dai woc lugng tur
mot thanh phd bat ky dén B 1a khoang cach dudng chim bay tir thanh phd d6

dén thanh phé B.
A|/B|C|D|F|G|L|M|O|P|R|S|T|Z
366 | 0 | 160|242 | 178 | 77 | 244|241 ]380 98 | 193 | 253 [ 329 | 374

Diy 4’ chira khoang cach udc lugng tir cac dinh dén B

(Ban do thanh pho)
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(Nguyén ly tham lam)
27."Vi du 25: bai toan nguoi du lich.
28.*Bai toan t6 mau (trén do thi).

(Nguyén Iy leo doi)
29.Tim duong di tir dinh 1 dén mot trong cac dinh thudc tap DICH = {5} trén do
thi sau v6i gia thanh 16n nhat:

(Nguyen Iy sdp thir tir va nguyén 1y tring khép nhat )
30. Vi du 26: bai toan phan cong cong viéc.
31."Vi du 27: bai toan sap xép vao container.
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Chuong I11 ) ) .
BIEU DIEN VA XU LY TRI THUC

I11.1. Khai niém vé biéu dién va xir Iy tri thirc

NL1.1. Tir di ligu dén tri thive
Dit lieu — Thong tin — Tri thue — Siéu tri thirc va Co so tri thurc

s \ Siéu tri thirc /

Muc do|trou tuong
\ Tri thirc /

\ Thong tin /

AY

\ Dit licu /

N\ Dit liéu thé, chua duge xitly — //

- Dit liéu (Data): dugc biéu dién dudi dang chudi sb, ky tu hay hdn hop ca
hai loai ma ty ban than n6 khong cé y nghia ddc 1ap.

- Théng tin (Information): 1a dit liéu duoc t6 chirc co day du y nghia dbi véi
nguoi nhan no.

- Tri thire (Knowledge): 1a nhiing thong tin lién quan dén mot van dé nao do
dugc t0 chitc dé co thé giai quyét dugc van dé. Siéu tri thirc (Meta
Knowledge) 1a loai tri thirc & muc cao, n6 cé tinh khai quat va triru tugng
hon tri thurc.

- Co so tri thire (CSTT, Knowledge Base): 1a tap hop cac tri thuce lién quan
dén mot Van dé duoc str dung trong mot hé thng tri tué nhan tao. N6 Kkhong
chi bao gom cac sy kién ma con chtra cac ludt suy dién va no co thé duoc
sdp xép lai khi c6 thém mot tri thic moi lam thay d6i moi lién hé gitra
chung. Hé chuyén gia (Expert system) 1a mét h¢ co sd tri thirc (Knowledge-
based system) dugc xay dung tur tri thirc ciia cac chuyén gia trong mét linh
vuc nao do.

Chuwong Trinh = Ciu Triic Dir Liéu + Thuét Toan

HE CHUYEN GIA = CSTT + SUY LUAN
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H1.1.2. Mgt so dic trung cia tri thice: tu giai thich ni dung, co cau trac
(su phén cép gitta cac khai niém va mdi quan hé gitta chung), c6 tinh lién hé
gifra cac tri thirc, tinh chu dong.

H1.1.3. Phén logi tri thirc
C6 thé phan loai tri thirc theo cac quan niém sau:

* Tri thike tat dinh va bat dinh:
- Tri thitc tién dinh (hay tdt dinh) : doc 1ap véi cam giac, c6 tinh phd quat
va phi mau thuan
- Tri thte tdt yéu (hay bdt dinh): thu duoc tir kinh nghiém ma tinh dung —
sai cia n6 chi c6 thé kiém tra bang cam giac hay kinh nghiém véi d6 tin
cay nao do va cé thé c6 mot “murc d6 mau thuan” nao do.

* Tri thikc ton tai dudi hai dang co ban:

- Tri thire dinh lwong: thudng gan voi cac loai heuristics khac nhau, n6 phu
thudc vao chat luong cac ham danh gia heuristic va c6 thé duoc dung 1am
co s& dé chon cac chién luge diéu khién.

- Tri thikc dinh tinh gom 3 dang chinh:

. Tri thurc mo ta (hay khai bao): cho nhitng thong tin vé mot sy kién,
hién tuong hay qué trinh ma khéng duwa ra théng tin vé cdu triic bén trong
ciing nhw phuwong phap sw dung bén trong tri thirc 6. N6 cho phép mo ta
cdc moi lién hé, rang budc gitra cac d6i tuong.

. Tri thikc thii tuc: cung cap cac phuong phap cdu tric tri thire, ghép néi,
suy dién va tong hop cdc tri thirc méi tiv cdc tri thirc dd c¢é. N6 tao co s&
cho cong nghé xtr 1y tri thirc: suy dién, qui dién, qui nap, hoc tri thire.

. Tri thire diéu khién: ding d¢ diéu khién, phoi hop cdc nguon tri thire
thu tuc va tri thirc mo ta khac nhau.

I1.1.4. Cdac phwong phap biéu dién tri thirc: thong qua logic (16gic co dién
hay tat dinh: 16gic ménh dé hay vi tir; 1ogic bat dinh: 16gic tinh hudng, 16gic
xac sudt, 16gic kha xuat, 16gic mo), ludt sinh, mang ngit nghia, khung

(frame), ...

1.1.5. Cdc phwong phdp xi ly tri thicc: chuyen doi, suy lugn (chimg
minh ty dong, cac phuong phap giai quyét van de¢, ...), tong hop tri thirc
(lién két, sap xép, khai quat hoa, ...).
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Trong bat ky mot hé thong biéu dién tri thirc déu cé chiva 3 yéu to: ngén
ngit biéu dién, co ché suy dan va cong cu tao lap co so tri thirc cho tung linh vuc
cu the.

II1.2. Mot s6 phwong phap biéu dién tri thirc

II1.2.1. Biéu dién tri thirc nho logic

a. Légic cé dién (hay tit dinh) gom : 16gic ménh dé, 16gic vi tir

* Logic ménh dé:

- Xét cac ménh dé p chi ¢ thé nhdn mét trong hai gid tri 1égic: ding
(True, 1) hoac sai (False, 0).

- Cdc phép todn lgic ndi két cac ménh dé: phép hoi (and, A, va),
phép tuyén (or, v, hodc), phu dinh (not, — , khong), kéo theo (=, —),
tuong duong (<, <>, =), ...

- Vai phép bién doi twong dirong:
(aeb)=((a—>b) A(b—a))
.(a—>b)e (—-av b)) (b = —a)
~(A @)=V (~a);~(V a)= A (~a,):(DeMorgan)

1<i<n - 1<i<n
.an(bve)yes(aanb)v(anc)avi(bac)e (avb)Aa(avc): phin phoi
. Cac phép toan A, v c6 tinh giao hodn , két hop, lily dang.

- Céac phép toan logic dugc thuc hién theo thir tw wu tién giam dan
sau: phu dinh, hdi, tuyén, kéo theo, tuong duong.

- Moi biéu thirc logic ménh d& déu co thé dwa vé dang biéu thirc
twong dwong chi chira cac phép A, v va — dudi dang:
. chudn héi:
EASRAL)
. chudn tuyén:
V(A ay)

I<i<n 1<ki<my

trong do: ay; = py; hodc a; = —pyi, Vo1 pi; 1a ménh dé don.

- Gid tri chan Iy ciia mot biéu thirc c6 thé duoc tinh dya trén bang
chan 1y. Néu biéu thirc c6 n bién ménh dé khac nhau thi dé xac dinh
gia tri chan 1y ciia no ta phai xét dén 2" bo gi trj ciia cac bién ménh dé
(han ché 1a sé& bi bung nd to hop).
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- Dé chitng minh mét biéu thirc 16gic ménh dé la dong nhat ding, ta
c6 thé dung: bang chin 1y, cac phép bién d6i twong duong, sb 16gic,
phuong phap GPS, cac thuat toan: Robinson, Wong Havard (Vuong
Hao), suy dién tién, suy dién lui ma ta s& xét trong phan sau.

- Mot ludt suy dién & dang chuin Horn duogc biéu dién nhu sau:
PIA e APh = Q1Y . V(Qm (D
Ta thuong gap céc tru:ong hop dac biét sau:
.n=0,m=1: biéu dién céc sy kién (facts)

00— q= F(tl, ceney ),
.n>1,m=1: ta c6 dang chudn so cdp ding dé biéu dién cdc ludt
(rules):

PIA . APn — q (2)

Moi luét (1) déu c6 thé biéu dién duéi dang (2):
(1) < PN APn A RA ceee A0 = 1))

- Qua trinh suy dién c6 thé dya trén 2 nguyén 1y:

Modus Ponens: M

—|B,A —>B

|

Modus Tollens:

- Co s6 tri thire biéu dién bang logic ménh dé: dua trén tap cac su
kién Facts va tap cac ludt suy dien Rules (twong tu cach xay dung
mot chuong trinh trong ngdn ngit 1ap trinh PROLOG).

* Logic vi tur:

- Vi tr p(xy, X3, ... , X3) 1a mOt phat biéu chira cac bién ménh dé x;,
X2, ... , X, sa0 cho khi ching nhan céac gia tri l6gic cu thé thi néd cling
nhan mot trong hai gié tri 16gic dung hoac sai.

- Trong logic Vi tir, ngoai cdc phép todn trong logic ménh dé, ngudi
ta con su dung luwong tir ton tai (ky hiéu 1a ) va lwong twr voi moi (ky
hi¢u la 7).

- Vidu I: Vit p(x, y, z) biéu dién dang thirc: x.y = z, cho ta mot vi
tir ciia 3 bién thuc x, y, z. Tinh chét giao hoan cua phép nhan dugc dién
ta:

V' X,y pX,y,2) = p(y.X,2)

- Logic vi tu cho phep dién dat hau hét cdc khdi niém va nguyén 1y
khoa hoc co ban, nhat 13 toan hoc va vat ly. Co6 2 pham vi ung dung co
ban cta 16gic hinh thtc 1a: giai quyét van dé va chimg minh dinh 1y tu
dong.
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- Ngoai viéc dung logic vi tir thong thuong (16gic vi tur bac 1), nguoi
ta con nghién ctru thém 16gic vi tir bac cao. Logic vi tir bac n la 16gic vi
tor ma cac bién vi tur cia nd thudc 16gic vi tir bac n-1.

* Uu diém cta phuong phép logic:
- La ngdn ngir biéu dién kiéu mé td;
- C6 kha nang suy dién véi cdc co ché quen thudc: modus ponens,
modus tollens;
- Khé truee quan d6i v6i ngudi st dung;
- Kha gdn giii vé mdt cii phdp véi cac cau 1énh cua ngon ngit lip
trinh logic nhu PROLOG;
- C6 thé diing dé mé ta cdu triic mé hinh va xir 1y dong mé hinh;
- C6 thé kiém tra tinh mdu thudn trong co sd tri thic;
- Tinh médun hod cao, do d6 c6 thé thém, bét, sira cac tri thic kha
ddc lap voi nhau va co ca co ché suy dién.

* Nhirge diém ctia phuong phép 16gic:
- Mikc dg hinh thire hod qud cao, dan t6i khé hiéu ngit nghia clia cac
vi tur khi xem xét chuong trinh.
- Nang sudt xir 1y z‘hap (kh6 khin co ban trong qua trinh suy dién 1a
co ché hop va suy dién vét can).
- Do tri thirc duge biéu dién bang logic vi tir nén cac uu thé sir dung
ciu tric dir liéu khong duoc khai thac triét dé.

b. Légic bat dinh gom: 1dgic tinh huong (cac két xuat cia n6 ¢6 thé rat ra
tir cac tinh hudng khong gian va thoi gian xac dinh c6 lién quan voi
nhau), 16gic xdc sudt, 16gic khd xudt va ldgic mo.

I11.2.2. Biéu dién tri thitc nho lugt sinh: thong qua cdc lugt néu ... thi:
Néu P, P,, ... va P, thi Q, hay:
P, A Pya...AP, —)Q

Cach biéu dién nay duogc ap dung trong:
- Logic ménh dé va V1 tur: voi1 P,P,,..., P, 1a cac biéu thirc logic va —
la phép kéo theo
- Ngobn ngtr 1ap trinh: luat sinh la cac cau I¢nh
if (P;and P, and ... and P,) then O ;

- Ngon ngit ty nhién: luat sinh 1a phép dich.
- H¢ chuyén gia: 1a mgt hé co s¢ tri thirc, gém:

. CSDL cac su kién F (Facts) : {fi, ..., f,}

. Tap luat R (Rules) gom cac luat c6 dang:
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SonSy S, >4
. Phuwong phap suy dién tién va i, chang han:
f,.f,,....f, eF=>qeF

TR PN

II1.2.3. Biéu dién tri thivc nho mang ngit nghia (Semantic Network)

- Vi du 2: Ta c6 thé biéu dién CSTT:

. An la nguoi

. Nguoi thich suy nghit

. Nguoi biét lao dong
thong qua so d6 /77.2.3.1.

Theo co ché lan truyén thong tin theo cac cung ndi dugc thé hién
bang cic mili tén, ta thu dugc: An thich suy nghi va biét lao dong.

| An |
fld

Nguoi |
Thich T—hide

| Suynghi | | Lao dong |
(Hinh 111.2.3.1)

- Biéu dién mang ngir nghia bang do thi:

Mang ngit nghia 1 d6 thi c6 huéng mé rong: G = (V, R), trong d6:
V = {xq, Xz, ..., Xy} la tap cac dinh, R = {r|, 1, ..., 1y} 1a tdp cac quan h¢
nhiéu ngdi trén V.

- Dac diém cia mang ngi nghia: truc quan, co tinh ké thira va lan truyén
thong tin; khé kiém tra tinh phi mau thuan, ...

- Ung dung ciia mang ngit nghia: trong xt 1y ngdn ngi ty nhién (dé dang
hon trong viéc hiéu ngit nghia ctua cau, do do co thé tién hanh viéc doc va
dich cac bai text), hé chuyén gia, giai cac bai toan thong minh (chang han,
giai bai todn hé thirc lugng trong tam gidc), ...

II1.2.4. Biéu dién tri thirc bang Frame

- Tuong ty nhu ban ghi (record), nhung ngoai cac truong dir liéu,
khung (frame) con co thé ¢ cac truong la cac thao tdc, thu tuc hay luat suy
dién nao do, cac trudng ndy co thé ké thira cdc tinh chat tir cdc khung khdc
(tvong tu nhu khai niém 16p trong 1ap trinh hudng doi twugng OOP). Frame
c6 tinh cdu triic rat cao.
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- Vidu:
Frame MéayTinhCaNhan;
{ La mot dang riéng cia MayTinhDiénT;

KiénTrac {8 bits, 16 bits, 32 bits};
S60bia  {l1,..5};

ManHinh  Thu tuc x4c dinh tinh nang cia man hinh;

}

Ngoai ra, ngudi ta con ¢ thé biéu dién tri thirc bang bé ba lién hop OAV
(Object - Attribute — Value), mang noron (ANN - Artificial Neural Network), ...

IIL.3. Xir 1y tri thire tit dinh biang phwong phap suy dién logic
II1.3.1. Cdc co ché ldp ludn véi tri thire tit dinh

- Suy dién (Deduction, dién dich): modus ponens, modus tollens, cac kiéu
suy dién: tién va 1ui.
- Qui dién (Abduction, tuong tir): Cho trudc: A — B.
A~A =>A">B
.B~B =>A->B
A~A &B~B =A">PB
- Qui ngp (Induction): hoan toan va khong hoan toan

Sau déy ta s& xét cac thuat toan va thuat giai nhim chimg minh tu dong céac
biéu thirc 16gic ménh de.

Bai todn A (BTA):Xét bai toan 16gic ménh dé sau c6 hing dung hay khong:

A GT,=> V KL,

1<ism 1<j<m

v6i {GT;, KL;} 1 cac bicu thic 16gic ménh dé bét ky.

Tai sao ta chi xét bai toan dang trén day (bai tap) ?

1I1.3.2. Thudt toan Vwong Hao (Wong Havard) giai BTA

* Y twong: Ap dung chién lugc “Chia dé tri” nham tach bai toan xudt phat
thanh céc bai toan con dang “VA” don gian hon. Bai todn ban dau s€ dugc giai khi
va chi khi moi bai todn con so cap giai duoc.
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* Trude tién, ta dwa vé trdi VT (hay vé phdi VP) vé dang chudn héi (hay
chudn tuyén taong ing) bang cach:
. Thay céac phép toan twong duong <> (néu cb) boi cac phép toan
kéo theo —
. Thay cac phép toan — bdi cac phép toan —, v
. Dung cac ludt De Morgan dé b6 cac didu — ciia nguyén mot nhom
ménh dé
. Dung cac ludt phdn phoi (néu chua giap dang chuan cin tim) cua
phép tuyén doi véi phép héi (hay cta phép héi doi véi phép tuyén
tuong ung).

Trong thuat toan Wong, sau khi dwa VT vé dang chuén hoi va VP vé dang
chuan tuyén, ta s€ sir dung cac qui tac sau (hay chung minh tai sao ta c6 quyén su
dung chung ? Bai tap).

- Tha tuc Chuyén(VT,VP): thay cac diu A cac nhom chinh bén VT va céc
dau v cac nhém chinh bén VP boi diu phay; chuyén vé cac ménh dé chinh ¢ dang
phu dinh —p tir vé nay sang vé kia va bo di dau — (chi con p). N6i cach khac, ta
c6 thé xem dau phay (,) bén VT 13 phép hoi va ddu phay (,) bén VP 1a phép tuyén.

. Vi du 3: Kiém tra tinh hang dtng cta biéu thic 16gic ménh dé sau:
VT =(—a)A (=bvc) = (aanb)v(=b)v ¢c=VP

Cac nhém chinh trong: vé trai VT 1a (—a) va (—bvc), vé phai VP 1a (aab),
(—b) va (c).

VT =(—a) A (=b v c) (@aAb)v(=b)v c=VP
IChuyén
—a, = bvc a}/\b,ﬂb,c
Chuyén
VT=b,-bvc aAb, a, c=VP

- Ham I6gic Tach(VT,VP): tich mdi nhém tuyén v chinh trong VT (hay
moi nhom héi A chinh trong VP) thanh nhiéu bai todn con dang VA. Mbi bai toan
con gdm mdt ménh dé trong nhém chinh va giit nguyén cac nhom chinh khac. Néu
tach duoc thi tha tuc Tach(VT,VP) nhan gia tri true; néu nguoc lai, nd6 nhan tri
false. Véi vi du 3 trén dy, ta c6 so dd bién doi nhu hink II1.3.2.1 sau day.

- V6i mdi bai toan con, néu mdi vé cta nd ¢é mot ménh dé don ditng déc
lp giong nhau thi né dwoc chitng minh (hdang ding). Bai todn xudt phat chi dwoc
chitng minh (hang ding) khi moi bai todn con ciia né dwoc chieng minh. N6i cach
khéc, bai todn xudt phat khong hang ding néu cé ton tai mét bai todn con cia né
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khéong hang diing (khéong thé dp dung qui tdc tach ciing nhw chuyén dwoc nita va

hai vé khéng cé chung mét ménh dé don dimg déc Idp ndo ca).

VT=b,=bvec = aAb, a, c=VP

b anb, a cb b, c a, ¢ b,c= Db, a c
vﬁ b* a.cb
M M

(Hinh 111.3.2.1)
Vay bai toan néu ra trong vi du 3 1a hang dung.

* Thudat toan Vwong Hao
{ VI=VP=0;
for i=1tom do { ChuanHji(GT;); VT « VT U {GT; };}
for i=1ton do { ChudnTuyén(KL)); VP <« VP U {KL; }; }
P « {(VT,VP)};
while (P=0) do
{ (VT,VP) « get(P);
if (VT N VP =) then
{  Chuyén(VT,VP);
if (VT nVP=() then
if (not(Zdch(VT,VP)))

then exit(“Khong thanh céng”); // BT khéong hang diing

}
) ‘
write(‘“Thanh cong”); // BT hang ding
}
* Nhdn xét:
. Thuat toan Wong dirng sau mot so hitu han budc va cho ra thong bao
“Thanh cong” néu va chi néu tr cac gia thiét GTy, ..., GT,, cb thé suy ra

mot trong cac két luan KL, ..., KL,

. Néu sb cac phép toan lién két v trong GT; va A trong KL; 1a M thi thuét
toan s& sinh ra tir M dén 2™ dong (VT,VP) € P (bung nd to hop néu M kha

16n 1).
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* Vi du 4 (biéu thirc hang ding): Co thé ching minh rang:
[@Ab > c)Aa(bAac > d)randb] = d?

Pua VT vé dang chuin hoi va VP vé dang chuan tuyén:
VIi={-av-bvc, =bv-cvd,a,b}: dang chuan hoi

VP = {d}: dang chuén tuyén

Ta c6 thé biéu dién qud trinh gidi cha thuat toan Wong thong qua do thi suy
dién hay do thi loi giai nhu sau:

—av—-bve—-bv-cvdab = d

e \/—|C\/d,a,b—)d; —l_b,—|b\/—|CVd,a,b—) ,—|bV—|C\/d,a,b—) d

—-bv-cvdab — —-b v —cv dab—>db

C

(D6 thi loi gidi trong thudt todn Wong)

* Vi du 5 (biéu thirc khéng hang ding): Kiém tra tinh hang dung cua biéu
thire:
[@Ab > c)ana]l = ¢ ? (1)

Pua VT vé dang chuin hoi va VP vé dang chuan tuyén:
VT = {—a v —b v ¢, a}: dang chuan hoi
VP = {c}: dang chuan tuyén
Do thi loi gidi:
—av-—-bvc,a = ¢
—d,a = C —b,a=¢C c,a=¢C

Y

a=¢,
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BT con (2) sai vi khong thé tach, chuyén va khong c6 ménh dé chung. Do
doé bai toan (1) xuat phat cling sai.

II1.3.3. Thudt toan Robinson gidai BTA

* Y twéng: Str dung:
. phuong phap chirng minh phan chung:
[a — b diing] = [a A—b sai hay mdu thudn]
. nguyén ly hop giai:
(—ravb)a(avc)= bvec.
(Vi sao? Hay chung minh).

- Ta thuong gap céac truong hop riéng cua nguyén ly nay:
. nguyén 1y modus ponens:

an(—avb)=b
. nguyén ly modus tollens:

(—b A (a>b)) = —a

- Pé ching minh tir cac gia thiét GT, ..., GT, suy ra mdt trong cac két
luan KL, ..., KL,, ta chi can lay phu dinh cua KL,, ..., KL, dwa vé cung voi cac gia
thiét:

P= (lsém GT, )A(1s1j§m —KL))

Néu suy ra dwoc mau thuan tix tdp cac ménh dé P thi qué trinh ching minh két
thic va két luan BTA la hang dung.

- Pé suy ra duoc mau thuin, Robinson di dua ra nguyén 1y hop giai trén
day dé bo sung thém cang ngdy cang nhiéu cac biéu thirc ménh dé trung gian méi
cho dén khi nao trong P ¢6 2 ménh dé don dirng déc ldp la phii dinh ciia nhau thi
mdu thudn xdy ra.

* Thudt todan Robinson (giai BTA)

{ P=0;
for i=1tom do { GT, < ChudnHéi(GT;); P « PUGT; }
for i1=1ton do {NotKL; < Chucanéi(—'KLi); P < P U NotKL;; }
if (MauThudn(P)) then exit(“Thanh cong”);
P1 @
while (P= P, and not(MauT) hudn(P))) do {P, = P; HopGidi(P);}
if (MdauThudn(P))
then exit(“Thanh cong”);
else exit(“Khong thanh cong”);
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} .
trong do, ham logic MauThudn(P) va tha tuc HopGiai(P) c6 nd1 dung nhu sau:

Function MauThudn(P): boolean
{ for eachp € Pdo
for each qe Pandq#p do
if (p=-q or q=—p) then return(7rue);
return(False);

}

Procedure HopGidi(P)
{ for eachp € Pdo
for each qe Pandq#p do
if (p=—avb and q=avc) then P <~ PU {bvc};

* Vi du 6 (biéu thirc hang ding): Xét bai toan trong vi du 4, ta co:
P= {—-av—-bvc,—bv-cvd, ab,—-d}
Pé tién theo ddi, ta biéu dién qué trinh thuc hién thuat toan qua do thi hop
giai nhu sau:

—|av—|bvc —|bv—|cvd —d

—._bvc cvd

Mau thuan !

* Vi du 7 (biéu thirc khéng hdang diing): Kiém tra tinh hang dung cua biéu
thire:

[@Ab > c)ra] = ¢ ?
Léy phu dinh cua két luan va dua vé dang chuan hoi, ta co:
P= {—-av—-bvc,a,c}
Do thi hop gidi:
—avVv -bve,a ¢

\

— —ad VvV

_
Khong thay mau thuan ciing khong con cach nao hop giai ma co thé
sinh ra m¢nh d€ mdi nira. Vay bai toan xuat phat sai.
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* Nhan xét:

- Tha tuc Robinson s& dung sau hitu han budc va cho ra thong bao
“Thanh cong” néu va chi néu GTy A.. AGT, = KL, v.. vKL,.

- Dé chitng minh BTA khéng hang ding, ta phai hop gidi hét tat ca cdc
khd nang cho dén khi khong thé sinh ra thém biéu thirc ménh dé nao méi
trong P.

- Cling nhu thu tuc Wong H., thu tuc Robinson c6 nhuoc diém 1a tuy theo
thir tw ldy cdc cdp ménh dé dé hop gidi co thé xdy ra hién twong tran bo
nhé (do bing né té6 hop) dbi voi cac bai toan co kich thude 16m.

- C6 thé ap dung mot s6 heuristic cho thuat toan trén dé thu duoc “thudt
gidi Robinson”, chang han: khi 4p dung nguyén 1y hop giai, sau khi thém
vao tdp P ménh d& (b v ¢), c6 thé bo hai ménh dé (—a v b) va (a v ¢) ra
khoi P.

* Vi du 8 (biéu thirc hang ding nhung cé thé két ludn sai néu dp dung
heuristic khong diing): Kiém tra tinh hang ding cta biéu thuc:
[ar(a—>b)Aa(a—c)]=>c (3)

Lay phu dinh cta két luan va dwa vé dang chuan hoi, ta co:

P= {—-avb,—avc,a,—c}
. Néu hop giai trudc hai ménh d& —a v b va a dé dugc b rdi loai ching thi
trong P con lai:

P={b,—-avc,—c}
Hop giai tiép tuc thi: P = {b, —a}: khong c6 mau thudn ciing khong thé hop
giai dugc nira: bai toan sai ching ? That ra, bai toan (3) van diing !
. Néu hop giai trudc hai ménh dé —a v ¢ va a dé dugc ¢ 16i loai chiing thi
trong P con lai:

P={c,—avb,—c}
Khi ¢6 mau thudn xay ra giira ¢ va —c. Vay bai toan xuat phat ding !

* Chi y: Dé tranh tinh trang két luan sai nhu trén, khi thay thudt todn

Robinson thanh “thudt gidi Robinson”, ta nén chu y rang ngodi viéc thém heuristic
trén vao thii tuc hop gidi, ta phdi bo di thong bdo exit(“Khéng thanh céng”). Néu
xuét hién mau thudn thi két luan “Thanh céng” va dimg. Néu khdng xudt hién mau
thuan thi khong duogc thong bao exit(“Khong thanh coéng”), nghia 1a khéng diroc
quyén két lugn gi khi tinh trang nay xay ra !

* Bai toan B (BTB)
Input. - Tap cac ménh dé gia thiét: GT = {g1, oo » Eu} = Al<i<n &
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- Tap RULE gom m luét c6 dang chuan 1: piA ... A pn— q
- Tap cdc ménh dé két luan: KL = {qQ1, - » Gk} = Al<ik G
Output: Thong bao “Thanh cong” néu moi q; € KL ¢6 thé suy dién tir GT
nho st dung tap luat RULE.

- Bé ching minh cac bai toan 16gic ménh d¢, nguoi ta con dung phuong
phap suy dién tién (hay lLii), bang cach xudt phdt tir gia thiét (hay két ludn tuong
mg), dua trén cac nguyén Iy suy dién:

. Modus ponens: A, A - B

B
. Modus tollens: =B, A — B
—-A
ta thém vdo cdc ménh dé méi dwoc chitng minh ding (hay cac ménh dé can phdi
chirng minh thém tuong tmg) cho dén khi thu duoc két ludn (hay gid thiét twong
ung) thi dung.

II1.3.4. Thudt todn suy dién tién gidi BTB

* Y twomg: Qua trinh suy dién tién bdt dau tir tdp TrungGian cdc ménh dé
diing xudt phat (tp gia thiét) va nd sé dwge “lam né” dan bang cdch thém vao
cdc su kién méi ding nho cac luat suy dién trong RULE, cho dén khi cdc két lugn
can chieng minh dwoc phat hién.

* Thudt todn suy dién tién SDT
{ TrungGian = GT;
THOA = Loc(RULE, TrungGian);
// THOA la tap cac ludt r co dang piA ... Ap, — q ma p;eTrungGian, Vi=1..n
while (KL ¢ TrungGian and THOA # &) do
{ 1<« get(THOA); // ¥ € THOA c6 dang r: piA ... Ap,—>q
TrungGian <— TrungGian U {q};
RULE <~ RULE\ {r};
THOA = Loc(RULE, TrungGian)

}
if (KL < TrungGian)
then write(“Thanh cong”)
else write(“Khong thanh cong”);

}

* Vi du 9: Cho trudc tp cac su kién gia thiét: GT = {a, b}. St dung tap
RULE cac luat:

rl:a—>c

2:b—>d
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r3:a—>e
d:and—>e
S:bac—of
6:enf—og

Can suy ra két luan: KL = {g}.

. Ta c6: TrungGian = {a, b}; RULE = {rl-r6}. Do 6 THOA = {r1,r2,r3}.
. Ap dung luat r1: a — c, ta duoc TrungGian = {a,b,c} va RULE={r2-r6}.
Do d6: THOA = {12, 3, 15}.
. Luc nay, KL = {g} « {a, b, ¢} = TrungGian va THOA # @.
Ta lai tiép tuc qua trinh, bang cach chon r2 dé thuc hién, .

Ta minh hoa qua trinh trén bang dé thi suy dién tién, trong d6 mdi dinh tmg
v6i tap TrungGian tai thoi diém dang xét va s& c6 mot cung di tir dinh TrungGian
dén dinh TrungGian U {q} twong tng vé6i luat r da duoc loc va c6 dang r : pia ...
A pn— q ma p; € TrungGian, Vi=1,..,n

TrungGian ={a,b}

PN

TrungGian = {a,b,c} {a,b,d} {a,b,e}

//'IN

TrungGian ={ab,c,d} {ab,c,e} {ab,c.f}

TrungGian ={ab,c,d,e}

IN

TrungGian ={a,b,c,d,e,f}

16]\1A

KL c TrungGian ={a, b, ¢, d, e, f, g}
(PO thi suy dién tién)

* Vi du 10 (biéu thirc khéng hang ding): Kiém tra tinh hang dang cua biéu
thurc:
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[@ADb > c)na] = ¢ ?
TrungGian = GT = {a}, KL = {c}, RULE={rl:aAnb — c }.
Khi d6: THOA = @ va KL ¢ TrungGian. Vay bai toan trén khong
hang diing.

* Nhdn xét:
Vi cac thir tu khac nhau dé chon r tur tap THOA, ta sé& c6 cac co ché

duyét theo chiéu siu, theo chiéu rong, ... trén do thi.

. Néu trong BTB thay tap két luan KL = A« q; bdi: KL = Vi q; thi
can hiéu chinh thuat toan SDT ra sao ? (Bai tdp)

De tranh cac két luan sai, véi moz bién ménh dé p xuat hién trong biéu
thirc can ching minh, bang cac qui tic bién d6i trong duong légic, chuyén
vé ciing dang p hodc ciing dang —p.

I11.3.5. Thudt todn suy dién lii gidi BTB

* Vi suy dién I0i, dé dua ra két luan B ta thir tim tat ca céc luét ¢ dang:
AAn...ANA, > B

Pé ¢6 B, ta can ching minh A, ,... , A, (cac két luan mai duge thém vao tap
két luan). Qua trinh x4c dinh A; ciing dién ra tuong tu nhu ddi voi B. Néu dén mét
lic nao do tim théy mot A;, nao do6 khong thé dan xuét duogc tir cac gia thiét thi ta
quay lui sang luat khac sinh ra B va lai tiép tuc qua trinh trén. Néu khong tim dugc
Aj, nhu vay (nghia 1a moi A; déu duoc dan xuat tir gia thiét) thi qua trinh dan xut
ra B thanh cong.

Pé thuc hién qua trinh quay lui, ta stt dung hai tap co cAu trac ngan xép
GOAL va VET: GOAL 1a tap luu cac ménh dé can phai chimg minh dén thoi diém
dang xét va VET 14 tap luu cac luat da s dung dé chimg minh cac dich (ké ca dich
trung gian).

* Thudt todn suy dién i SDL
{1if (KL < GT)
then exit(“Thanh cong”);
else {, GOAL =,
VET =,
CMDuoc = True;
for each q € KL do
GOAL =GOAL U {(q,0)};

repeat
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{3 (f;1) « get(GOAL);
if (f ¢ GT) then
{4 Tim_Lugat(f, 1, RULE, j); // Tim ludt r; : left; - f
if j<m)
then { VET = VET U {(f}))};
for each t €left)\GT do GOAL=GOAL U {(t,0)};
}
else {5 back = true; // ding bién nay dé quay lui
while (f ¢ KL and back) do
{¢ repeat {(g,k)<—get(VET);
// Ldy ludt ry:lefty—g ra khoi VET
// dé quay lui dén ludt khdc ma cing — g
GOAL = GOAL\ left;
}
until (f € lefty); o
// Bo hdu qua cua viéc choy sai ludt r va dan gi’én viéc
// khong CM dwoc ménh dé f duoc gia dinh can CM
Tim Ludt(g, k, RULE, s); // Tim ludt ry:left, —> g
if (s <m)
then { for each t € left;\ GT do
GOAL = GOAL U {(t,0)};
VET =VET U {(g,s)}; back = false;

j
else f=g;

Yo
if (f € KL and back) then CMPuoc = False,
is
}4
}3

until (GOAL = & or not(CMbuogc));

if (not(CMDuogc)) then exit(“Khong Thanh cong”)

else exit(“Thanh cong”);

f2
fi

Trong thi tuc trén ta str dung thu tuc: Tim_Ludt(f, i, RULE, k) dé tim xem
co ludt 1, nao ké tor luat thir i+1 trd di ma cling suy ra dugce f (r:lefty —f). Néu
khong c6 luat nao nhu thé thi qui udc lay k = m+1.

* Vi du 11: Cho trude tap céac sy kién gia thiét GT = {a, b}. St dung tap
RULE cac luat:
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rl. anb—oc
r2. anh—>d
r3. bAac—e
4. and—>m
r5. aAb—o0
16. OA€E—>m
Can suy ra KL = {m}.

Ban dau GOAL = VET = &; ‘

Ap dung thu tuc Tim Luat(m, 0, RULE, j), ta dugc j = 4 (r4 1a luat dau tién
sinh ra m). Khi d6 VET = {(m,4)}; GOAL = {(d,0)} (via € GT nén chi can xét
(d,0)).

Ta tiép tuc qua trinh va c6 bang theo dbi sau:

GOAL (fi) |cmp | j | left\GT | VET (g.K)|1 1eft\GT |Quaylui
(back)

{(m;0)} (m0) 1 true | d - {(mA}

{(d,0)} «—=—Fe:01— 2| h {(d,2);(m,4)}

()] — (h,0) 7 {(m,4)} (d.2) |7 true
% de ——T | & (m4) 6 0e
{(0,0),(e,0)} (m,6)} «—— | falseqnpit while 6)
{(e0)}_ ™o 5 @ | {(0,5).(m,6)}

g e 3 c {(€,3),(0,5),(m,6)}

{(070)} > C /_’1——"@ {(c,l),(e,S),(o,S),(m,6)}

D e

(GOAL = I : thoat vong while{,}, ; CMDPuoc = True: Thanh cong !)

Ta c6 the biéu dién qua trinh suy dién lui trén ddy thong qua do thi
(VA/HOAC) suy dién Iii nhu sau:

{m}*

W g
rSX r3l

{ab}* {bei*

Khéng can phan nay !
r2

{a,h}k
{h}«

*{a} *{ *{b} *{b} {c}*

rl
{ayb}*

*{/}A\*fb}

(D6 thi suy dién lii)
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- Vi du 12: Cho trudc tap cac sy kién gia thiét GT = {a}. Su dung tap
RULE céc luat:

rl. aanb-oc

2. anh-—>d

3. bac—oe

4. and-om

5. aaAb-oo

16. oA€e—m
Can suy ra KL = {m}.

Ban ddau GOAL = VET = &. Ap dung thi tuc Tim_Ludt(m, 0, RULE, j), ta
dugc j =4 (r4 14 luat dau tién sinh ra m). Khi d6 VET = {(m,4)}; GOAL = {(d,0)}
(via € GT nén chi can xét (d,0)).

Ta tiép tuc qua trinh, s& c6 bang theo ddi sau:

GOAL (fi) |cvp | j | left\GT | VET (2)
(back)

—_

eft\GT |Quaylui

(O} @O 1 (tue | d» {(mAY
Ot Z7 h | {([d2:md)}

{(h,0)] — (h,0) 7 | {mH— | —(—5,2) L7 true
X% de—r——"T | @ (m.4). 6. {o.e}
{(0,0),(6,0)} {(1’1’1,6)} — | (thoat while 6) false
{(e,0)} * o 5 b {(0,5),(m,6)}
{(b:0),(e,0)} »b 7 % {(m,6)} _(5) 7 true
2 O] T w7

b e m—false
(f=m e KL | thoat while {s}¢; do'd6: CMDuoc= false (va GOAL = J): thoat vong while{,},;
CMDuoc= false: Khong thanh cong !)

Do thi suy dién lii:
{m}x

/\\
{a,d¥y 0,€}k
*{af/%?d}k

12
{aah}k

*taj  {hhe
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* Nhdn xét:

- Qua trinh suy dién Wi twong tw nhw qud trinh tim do thi con 1oi gidi
trong dé thi VA/HOAC biéu dién tap luat.

- Bé tang hiéu qua cua tha tuc suy dién 1ui c6 thé dua vao 2 tap: tip
PDUNG chira cac sy kién d3 duoc khéng dinh 1a dung va tap SAI chtra cac
su kién d3 duoc khang dinh 13 sai. M&i khi 1dy mét su kién (f, i) ndo dé ta
can kiém tra truéc f € DPUNG hay f € SAI ?

IIL4. Xir 1y tri thirc bat dinh bing phwong phap suy dién logic

II1.4.1. Cic co ché lap ludn vdi tri thirc bat dinh va khong chinh xdc

- Khdi niém: Trén thyc té, c6 nhiéu ménh dé dugc phat biéu khong chinh xac, mang tinh
bét dinh, chiing khéng han hodn toan ding ciing khéng hoan toan sai. Tinh dung - sai clia
chung khong duoc xac dinh va thé hién rd rang nhu trong 16gic ménh dé c6 dién. Ta c6
thé mé rong tinh dang sai ciia ménh dé p théng qua mot hdm u do dp diing cua no: u (p)
e [0; 1].

- M6 hinh xdc sudt: Xét P 13 tip cac ménh dé dong kin ddi vi cac phép toan —, A (do d6
ca v) va anh xa (d6 do xac sudt) Pr: P — [0, 1] thoa céc tinh chét:

.Pr(p) + Pr(—p)=1,Vp e P

. Pr(p A q) =Pr(p).Pr(q), V p,q € P

. Tt @6: Pr(p v q) = Pr(p) + Pr(q) — Pr(p A q) (Chirng minh ? Bai tdp)

- M6 hinh khdi ludt:
Biéu dién ménh dé:
. Néu p thi q boi Iudt binh thudng: p — q
. Néu p thi théng thuwong (néi chung, hau nhu, ...) q boi khdi lugt: p—>q !

II1.4.2. Phin b6 khd xudt ciia khdi ludt va cic phép todn néi két
* Phan bo kha xuat (PBKX) cua khai luat:

- PBKX cua mot cip su kién ddi ngdu nhau p va ; (hay —p): n(p), n(;) thoa: max
(m(p). (p)) =1

T(=p)
Néu ta khong thé khing dinh dwoc p 1a tuyét d6i dung thi:

mp) =1, nhung #(p)=A (A €0, 1))

S g N < ( )]
- PBKX cua mot sy kién p trong khai luat 1a bo:

- PBKX cua mot khai ludgt p —q ! duoc biéu dién boi ma tran:

(n(p —>q) m(=p—q) J
np—>—-q) 7n(—=p—o>— q)
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“Bang cac phép bién d6i twong duong trong 16gic ménh dé, hiy chirg minh:
a. Taludn c6 thé dua mot luat suy dién & dang chudn Horn:

pl/\ /\pn —> qQ1V ... VQqm
vé dang chudn so cap:

PIA . ADn —> (
b. Nguyén ly chung minh phan chung:
(a — b diing) = (a A — b sai hay mdu thudn)
Nguyén 1y hop giai.
Nguyén 1y modus ponens va tollens.
e. Trong viéc chimg minh ty dong tinh hang ding ciia cac biéu thuc 16gic
ménh dé, tai sao ngudi ta thuong xét bai toan dang BTA ?
f. Quy tic Chuyén va Tdch trong thu tuc Vuong Hao.
g. Phuong phap Qui dién (Abduction, twong ty): Cho trudc: A — B.
A~A =>A">B
.B~B =>A->B
A~A&B~B =>A 5B

& e

Fry~ A A A \ R R A A 7. \ A
Hay dua vé dang chudn hoi va chudn tuyén lan lugt cho vé trai (VT) va vé

phai (VP) cta cac biéu thirc 16gic ménh dé sau:
[@Ab—o>cvd)a(c—>e)ral=[b—e]
[@Ab—o>cAad)Aa(c—oe)rna]l=[bAac—oe]
[@Qvb—ocAad)A(c—o>e)rnal=[dAc VD]
[@vb—o>cvd)a(caAb—oe)rnal=[bAac—e]
[bacA—=e]l=[(aArbA(—=cvVv—=d)Vv(cA—e)v—a]

[a—>(b—¢) ] < [(a—>b)—c]
{[Ab—>cvd)a(c>e)ralv(aanb—oe)ral} = [b—oe]
{[earb—>cad)a(c—>e)ra]lv(anb—oevd)ral} = [bac—e]

S e o o

*Néu trong bai toan BTB thay tap két luan KL = A< qi boi KL =V 4« q; thi

can hiéu chinh thuét toan Suy dién tién SDT ra sao ?

+Kié9m7 tra tinh hang ding cia cac biéu thirc 16gic trong bai tap 2 chuong III
(c6 thé ap dung vai heuristics dé rut gon hay chuyén doi twong dwong cho viéc

gidi tré nén don gian hon) bang cac phuong phap:
i) bién d6i légic
ii) phuong phap suy dién tién
iii) phwong phap suy dién i
iv) thuat toan Vwong Hao (Wong Havard)

v) thuat toan Robinson. Néu thay thudt toin Robinson bang “thudt gidi

Robinson “ thi cac két qua c6 ludn trang nhau khong ? Tai sao?



80

Chuong IV . A
LAP TRINH LOGIC

IV.1. GIOI THIEU NGON NGU LAP TRiINH LOGIC PROLOG

IV.1.1. Mé diu

Mot trong nhitng muc tiéu 16n va quan trong cua tri tu¢ nhan tao (TTNT) la
mo phong trén may tinh nhitng tw duy va hanh vi cua con nguoi. Trudc nhiing nam
1960, khi chua c6 nhém cac ngdn ngir 1ap trinh (NNLT) chuyén phuc vu cho linh
vuc TTNT nhu cac NNLT xtr 1y ky hiéu (LISP- LISt Processing) va lap trinh logic
(PROLOG — PROgramming in LOGic), nhiing thanh tyu 1y thuyét trong TTNT
chua duoc ing dung rong rai trong thyc té. Chwong nay nham gidi thiéu Prolog,
mot trong nhitng NNLT thudc ho nay.

NNLT Prolog do Alain Colmerauer va nhém cong su thiét ké ra vao nim
1972 tai dai hoc Marseille ¢ Phap. Prolog dugc xay dung trén ¢4 sé' ly thuyét cua
I6gic vi tir, nham biéu dién, mé td cac tri thire cung cac mdi quan hé co ban giita
chung. Tir d6, khi di duwoc trang bi san mot co ché suy ludn théng qua mot méto
suy dién, Prolog s& san sinh ra va kiém tra nhiéu méi quan hé hé quda khdc.

Khac v6i nhidu NNLT thu tuc ¢b dién truyén théng, Prolog thudc nhom
NNLT mé ta. Dé giai quyét mot bai toan, dic biét 1a cac bai toan xir 1y ky hiéu
triru tuwong va suy luan 16gic, ta chi cén chon cdch biéu dién phii hop va mo ta cac
déi twong ciing cdc tinh chdt va moi quan hé co ban da biét gitta chung. Thong
qua moto suy dién cua Prolog, ta s& nhdn duoc cdc cau tra loi lién quan den cac
mdi quan hé nhén qud va cdc két ludn lién quan dén bai toan can giai quyét. Khi
tri thirc da biét vé bai toan khdng tang thém, viéc tra 1oi cdc két ludn khdc lién
quan dén bdi todn can gidi la hién nhién théng qua cdc cdu héi thém ma khong
can phai ldp trinh lgi nhu cac NNLT kiéu thi tyc. Chinh vi vy, NNLT Prolog
thudc kiéu hdi thogi va mot chuwong trinh nguon trong Prolog thwong gon hon rit
nhiéu so véi mot chuong trinh ngudn cia cac NNLT thu tuc truyén théng khac
nhu Pascal, C, ... nham cung giai quyét mot bai toan chuyén biét trong linh vuc
TTNT.

* Vi du 1: Dé md ta cac su kién (fact): “Socrate va Téo 1a nguoi”, qui tdc
l6gic (hodc ludt, rule): “hé bat ctr ai 1a nguoi thi ngudi d6 s& phai chét”, ta dung
hai vi tir chinh: LaNgudi(Ai), Chét(Ai) nhu sau:

LaNguoi(“Socrate™).

LaNguoi(“Teo™).

Chét(Ai) :- LaNguoi(Ai). //hodc: Chét(Ai) if LANgudi(Ai).

Dua trén cac tri thirc vira md ta, ta c6 thé yéu cau Prolog trd 10i cdc cdu hdi
lién quan sau:

» Goal: LaNguoi(“Socrate”) — yes

» Goal: LaNguoi(“meo”) — no
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> Goal: Chét(“Socrate”) — yes
> Goal: Chét(“méo”) — no
hoac:
» Goal: LaNguoi(Ai) > Ai = “Socrate”, Ai = “T¢o” (2 solutions)
> Goal: Chét(Ai) — Ai=“Socrate”, Ai = “T&o” (2 solutions)

Céc khdi niém chinh trong Prolog 1a: vi tur (predicate), doi tuong, bién, su
kién (fact), qui tic (rule), cau hoi (dich, muc tiéu: Goal), danh sach. Vai ky thudt
thuong duoc dung trong Prolog 1a: quay lui (mac dinh la tim kiém theo chiéu sau
trén cay suy dién), dé qui, lat cit.

1V.1.2. Vi tir, sw kién, qui tic, muc tiéu trong Prolog

a. Vi tir, doi twong, hang, bién

* Quan hé gitra cac doi tuong trong mot bai todn, mot ménh dé duoc biéu
dién bang cac vi tir va cac déi cta vi tir biéu dién cac déi twong thudc quan hé hay
c6 tinh chdt ndo dé.

Dé chuyén mot ménh dé thong thwong sang dang vi tiv (predicate) trong
Prolog, nguoi ta thudng chon dong tir chinh trong phan vi ngi lam tén vi tir va cic
thanh phan khdc lam cdc doi twong Gng cta vi tir.

- Phén logi cic dbi tugng trong Prolog: hang, bién hay déi twong phirc hop
(1a mdt loai doi tuwong cua mot vi tur ma ban thdan no lai la mot vi tur khdc).

- Céc kiéu di lidu chudn (co so) co sin trong Prolog: int, real, char, string,
symbol. Ngoai ra, Prolog con cho phép cac kiéu dir liéu riéng do ngwoi ding dinh
nghia.

- Kiéu (di# lidu) ciia doi twong c6 thé thudc kiéu chuin hodc do ngudi ding
dinh nghia.

- Ta qui udc Name 1a mot day ky tw (g0m: chit cdi la tinh, chit s6 hodc ddu
gach dwdi*™_”) ma ky nr ddu tién phai la chit cdi. (Do dd, trong Name khong dugc
c6 khoang trang “ “ va khong dugc bét dau 1a chir sb D.

Khi diung Name dé biéu dlen tén cua cac dbi tugng hay vi tir, nguoi ta
thuong dung mét trong hai cach viét sau dé dé doc va tranh hiéu nham nghia:
ghé dai, ghé ddu hay ghéDai, ghéPau; suy luain hay SuyLudn,
so 1 Han Thuyen hay so 1 HanThuyen, ... (cho vi du vai day ky tu khong phai
la mét Name ?)

- Tén cua doi tuwong 1a mot Name.

- Hang 13 d6i twong ma gia tri cua ching duoc gan ngay khi khai bao trong
phan constants va khdng doi trong sudt chuong trinh. Tén ciia hang 13 mot Name
ma ky tw ddu tién phai la chiv cdi thwong (dic biét 1a khi st dung gia tri cia
ching).

- Bién 1a d6i twong ma gia tri ciia chiing co thé thay déi trong chuong trinh.
Tén ciia bién (tree bién vé danh, dugc ky hi¢u la déu gach duoi ©“ ) 1a mot Name
ma ky tu dau tién 13 chi¥ cdi hoa. Bién duoc phan thanh 3 loai:
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. bién rang buéc 13 bién ma tai thoi diém dang xét né duwoc gdn véi mét gid
tri xac dinh,;

. bién tw do 13 bién ma tai thoi diém dang xét n6é chua hodc khong duwoc
gan voi mot gia tri xdac dinh nao ca; do do, tai nhitng thoi diém khac nhau mot
bién c6 thé chuyén tir tir do sang rang budc va nguwoc lai trong qua trinh quay lui
khi tim kiém 1o giai;

. bién v6 danh (duoc ky hiéu 1 ddu gach dudi “ ) 1a bién ma ta khéng
quan tam (do d6, khong can luu lai hay ghi nhé) dén gid tr_z cua no.

Chii y: Cac bién trong Prolog khi dugc st dung khdng cdn phdi khai béo
triee (vi thong thudng, ching dd dugce khai bdo ngadm trong phan khai bao kiéu
cho céc vi tur)

(134

b. Sw kién, qui tac: q
Céc vi tir trong Prolog thuong dugc thé hién dudi hai dang: sy kién hay qui

tac.

- Sw kién (facr) 1a cac ménh dé hang dung va n6 thuong dugc thé hién bang
cdc vi tir ma cae doi cia ching déu la doi twong hang. Chang han, trong vi du 1,
LaNguoi(“Socrate”) 1a mot su kién.

- Qui tic (rule) 13 mot ménh dé kéo theo ding va chung thuong dugc thé
hién boi cdc vi tir ma cdc doi ciia ching chita cdc bién. Qui tac thuong gom hai
pht‘in' PhanPau va PhanThanQuiTdc, chung duge ndi voi nhau boi tir khoa “if”
hodc “:-“, theo cu phdp sau:

PhanPau if PhanThdnQuiTdc.
hoac:

PhanPau - PhanThdanQuiTdc.
(PhanThanQuiTac luén dugc két thiic boi mot dau cham “.
du 1, Chet(Az) 1a mot qui tic.

bé tao nén cac qui tac phong phu, ta c6 thé dung thém trong

PhanT, hanQuzT dc cac phép toan logic dé nbi két cac ménh dé: and (hay dau phay
“>"), or (hay dau chdm phay *; 37), mot(vi tir).

. Céac vi tur (su kién, qui tac) phai duogc khai bdao kiéu trong phﬁn Predicates
trude khi duogc liét ké, dinh nghia va duoc su dung trong phén Clauses va Goal.

(1324

) Chang han, trong vi

¢. Muc tiéu, cau hoi:

Sau khi 1ap trinh, cic yéu cau cta ngudi ding cé thé dugc biét thong qua
cac cdu hoi, vi tu dua vao trong phﬁn muc ti€u Goal. C6 hai loai Goal:

- Goal trong (dua ndi dung can hoi vao phan Goal trong chuong trinh
nguon) chi tim ra loi gidi ddu tién va khéng tw dong xudt chung ra man hinh. Néu
mudn xudt ching, c6 thé sir dung vi tir chuan xuét dir liéu: write; néu mudn fim
cdc 1oi gidi ké tiép, c6 thé dung thém vi tir chuan ludn sai: fail.

- Goal ngodi: tim va tw dong xudt moi loi gidi (ra cira s6 hdi thoai Dialog,
v6i tir khoa Goal: ¢ dau mdi cau hoi). Néu chi mudn xudt ra loi gidi dau tién, cb
thé st dung vi tir chuan ldt cdt “!”.
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IV.1.3. Céu tritc chinh ciia mét chwong trinh trong Prolog
Mot chuong trinh cua Prolog thuong bao gdm mét so cdc phan chinh va
theo thwr ty sau:
Constants % Doan khai bao cac ddi tuong hang
Domains % Poan khai béo kiéu cac d6i tuong riéng cua ngudi ding
Database % Doan khai bao kiéu cho céc vi tir cta co s& dit liéu
Predicates % Poan khai bdo kiéu cho vi tir s& dung trong cac doan sau

Clauses % DPoan li¢t ké sy kién va dinh nghia qui tdc da khai béo
trong phan Predicates

Goal % Doan dua vao cac vi tir cau hoi, ¢6 thé dit trude phan
Clauses

Chii y: Mot chuong trinh ¢6 thé thiéu mot s6 (hodc tit ca !) phan trén.

a. Doan khai bdo cdic di twong hang: dugc bit dau boi tir khoa Constants
va theo cu phap sau:
TénDbiTugngHang = TriPdiTugngHang
[Name]
TriPdiTugngHang c6 kiéu dir liéu chuan (int, real, char, string, symbol).
b. Doan khai bdo kiéu dit lidu riéng ciia ngwoi dung: duoc bit diu boi tir
khod Domains va theo mot trong cac ct phap sau:
. Day TénKiéuDiLiéu = KiéuDitLiéu
[Name, ...]
trong d6: KiéuDitLiéu 1a kiéu dir 1iéu chuan (int, real, char, string, symbol) hodc
kiéu dir liéu riéng clia nguoi dung;
. Day TénKiéuDanhSéach = KiéuPhanTtrChung*

[Name , ...] [KiéuDirLiéu]
. TénKiéuDbiTuongPhicHop = Day TénViTu(Kiéubbi, ...)
[Name] [Name(KiéuDitLiéu, ...); ...]
. file = Day TénFileHinhThuc
[Name; ...]

Cac tén file cua cac thiét bi chuin sau khong can phai khai bao: screen,
keyboard, printer.

c. Poan khai bdo kiéu cho vi tir s& dung trong cac doan Goal va Clauses &
phan tiép theo duoc bat dau boi tir khoa Predicates va theo ca phap sau:
. TénViTu(DayKiéubbi)
[Name]([KiéuDitLiéu, ...])
Poan khai bao kiéu cho cac vi tir ctia co s& dit lidu (CSDL) duoc bat dau
boi tir khoa Database va ciing theo cti phap nhu phan Predicates. Piém khéac biét
cua cac vi tu khai bdo trong doan Database 1a: cac vi tir tuong Ung véi chung
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trong phan Clauses c6 cac doi la cdc doi twong hang hodc cdc bién rang budc dé
c6 thé duwa vao CSDL ¢ bé nhé trong theo cac vi tir chuén riéng biét.

Chii y: Co thé khai bao nhiéu vi tir cimg tén nhung: cing sé doi véi kiéu
khdc nhau hodc c6 s6 doi khdc nhau hodc tham chi khéng cé doi nao ! Khi do,
chung phai duoc khai bdo lién tiép nhau.

d. Poan ligt ké cdc sw kign va dinh nghia_cdc qui tic d3 khai bao trong
phén Predicates hoic Database, duogc bat dau boi tir khoa Clauses theo cu phéap
sau:

. Liét ké cac su kién:

TénViTu(Day TriHang).

. Binh nghia cdc qui tdc:

TénViTu(Day DbiTugng) :- PhanThdnQuiTac(Diy DéiTuong).
hodc:

TénViTu(Day D01Tu’0rng) if PhanT, hanQuiTc dc(Day DmTu:(mg)
trong d6: PhanThanQuiTdc ¢ thé gdm céc vi tir, ménh dé dwoc noi két véi nhau

boi cac phép toan logic nhu: and (*,”), or (*}”), not(ViT w(Do0)), nhung Poi cua
ViTur trong not phai l1a hang hoic bién mng bugc. Tat ca cac vi tir déu phai duoc
két thac boi mot dau cham «.”

* Chu y:

- Céc vi tir cting tén phai duoc liét ké hay dinh nghia lién tiép nhau.

- Co ché tim kiém mic dinh trong Prolog theo chiéu sau. Thit fw cta céc
ménh dé cing tén (ciing cdc dOl cua ching) trong phan Clauses c6 thé ¢é y nghia
khac nhau va anh huong dén téc do tim kiém.

- Can dé y dén thir tw va dé wu tién cac phép toan logic trong
PhanThdnQuiTidc.

- Qui tic:

A:- B1; B2.
tuong duong voi:
A:- Bl.
A:- B2.
- Pé biéu dién ménh dé: B and (C or D), dung qui tic sau 12 sai:
A:- B, C; D. % hoac: A:- B, (C;D). cling sai1 !
Khi d6, c6 nhiéu cach dung dé biéu dién chung:

Cl: A:-B,E.
E:-C;D
hoac C2: A:-B, C.
A:-B, D.

hoac C3: A:-B, C; B, D.

b

e. Poan muc tidu (d6i v4i Goal trong), dé dua vao cac vi tir cdu hoi, két
hop véi cac phép toan 16gic, dugc bat dau badi tir khoa Goal.
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Néu nhin chwong trinh theo quan niém Top-Down, doan nay c6 thé ddit
triée phan Clauses.
* Vi du 2 (minh hoa viéc ding Goal trong, Goal ngodi; co ché tim kiém
nghiém boi cua Goal ngoai):
Domains
Ai = symbol
Predicates
Thich(Ai, Ai)
Clauses
Thich(“A”, b).
Thich(b, c).
Thich(X, Z):- Thich(X, Y), Thich(Y, Z).
Goal Y%trong: dira vao trong chirong trinh nguon
%Cac ddi trong vi tir déu rang budc:
Thich(“A”, b). %Két qua: rong
Thich(“A”, ¢), write(“Dung”). %Két qua: Ping
%C6 d6i trong vi tir 1a bién tu do:
Thich(“A”, Ai). %Két qua: rong
Thich(“A”, A1), write(“A thich: «, Ai, “; «).
%Két qua (xuat mot 10 gidi): A thich: b
Thich(Ai, c), write(Ai,  thich c; ), fail.
% Két qua (xuat nhiéu 10i giai): b thich c; A thich ¢
Goal %ngoai: chi dua vao cua $6 hoi thoai
%Céc ddi trong vi tir déu rang budc:
> Thich(“A”, b) — yes
%C6 ddi trong vi tir 1a bién tu do:
> Thich(“A”, A1) > Ai=b, Ai=c (2 solutions).
> Thich(“A”, Ai), !. — Ai=b (1 solutions).
> Thich(Ai_1, Ai_2) — két qud la gi ? (Bai tdp)

* Vi du 3(minh hoa: cdc phép todn légic trong PhanThanQuiTdc, cdc qui
tic cung tén):
Domains
Ai = symbol
Predicates
Me(Ai, Ai)
Cha(Ai, Ai)
Cha(Ai)
ChaMe(Ai, Ai, Ai)
ChaHoacMe(Ai, Ai)
Nam(Ai)
Nu(Ai)
Nguoi(Ai1)
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Dung()
Sai

Clauses
Cha(ba_1, con_1).
Cha(ba 1, con_2).
Cha(Ba):- Cha(Ba, ).

Me(ma_1, con_1).
Me(ma 2, con 2).

ChaMe(Ba, Ma, Con) :- Cha(Ba, Con), Me(Ma, Con).
ChaHoacMe(BaMa, Con) :- Cha(BaMa, Con) ; Me(BaMa, Con).

Nam(con_1).
Nam(Ai1):- Cha(A1).

Nguoi(Ai):- Cha(Ai) ; Me(Ai) ; ChaHoacMe(_, Ai).

Nu(Ai):- Nguoi(Ai), not(Nam(Ai)).
% Nu(Ai):- not(Nam(Ai)). % khong tra loi dwoc cau hoi: Nu(Ai) !?

Dung(). %Hoac: Dung():- true.
Sai:- not(Dung()).

Goal %ngoai: Cho két qua 1a gi véi timg goal sau ?
> Nu(con 2) — ?

> Nu(Ai) > ?
* Vi du 4(minh hoa déi twong phitc hop; co ché tim kiém nghiém béi ciia
Goal ngoai):
Domains

A1, Ten = symbol

Gi =M¢éo(Ten) ; Bd(Ten) ; Rong
Predicates

Thich(Ai, Gi)
Clauses

Thich(a, Meo(miu)).

Thich(tu,rong).

Thich(b, Meo(miu)). Thich(b, Bo(miu)).

Thich(c, X) :- Thich(a, X) , Thich(b, X).
Goal %ngoai

> Thich(c, Gi) — Cho két qua 1a gi ? (Bai tdp)
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IV.2. DANH SACH, PE QUI, LAT CAT TRONG PROLOG

Danh sach 1a mot trong nhiing cAu truc dir liéu rat quan trong va dugc su
dung thudng xuyén trong Idp trinh xit Iy ky hiéu bang Prolog. Bé qui 1a ki thuat
thuong dung trong Prolog. Do co ché tim kiém tw dong mdc dinh trong Prolog
theo chiéu sdu, nén, trong nhiéu tinh huéng, néu mudn ngan chan viéc tim kiém
tiép tuc khong can thiét, Prolog cho phép dung ldt car dé thuc hién viée nay.

1V.2.1. Danh sdach
a. Pinh_nghia: Danh sach 13 mot ddy cé thir tw cac phan tir. Mot cach dé
qui, ta co thé dinh nghia danh sach la:
- rong (khong co phan tr nao), hoac:
- gdm mét phan tir dau va danh sach dudi

b. Khai bdo, biéu dién danh sdch:
TénKiéuDanhSach = KiéuChungCacPhanTur*
trong d6: KiéuChungCdcPhanTi c6 thé 1a kiéu dit liéu chuan, kiéu do nguoi ding
dinh nghia, kiéu phurc hop, hodc thdm chi la danh sach.
- Danh sach rong: []
- Biéu dién danh séch theo kiéu dé qui:
BiénKiéuDS = [PhanTiDau | DanhSachPudi]
- Biéu dién danh sdch theo kiéu liét ké:
[PhanT&ThaNhat , PhanT&ThirHai | DSachConLai]

Vé mit Iy thuyét, c6 thé biéu dién danh sach bang vi tir hodc cdy, biéu do
ngang.

* Vi du 1: Tim phan tor dau va danh sach dudi cta cac danh sach sau:
[a, b, c], [a], [[1, 2], [3], [4,51] , [1 ? (Bai tap)

IV.2.2. Bé qui - Co ché quay lui va tim kiém nghiém bgi trong Prolog

a. Co ché quay lui v tim kiém nghiém bi: Minh hoa qua vi du:
*Vidu 2:

%trace QHE 1 2

QHé 1(a, b).

QH¢ 1(a, c).

QH¢ 2(d, b).
QHe 2(e, c).
QHE 2(d, ¢).
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QH& 2(e, b).
QH& 1 2(B, M, C) - QH& 1(B, C), QHé 2(M, C).

Goal % ngoai
>QHE 1 2(a, e, Ai) > Ai=b, Ai=c

b. Dinh nghia: Mot thao tac dé qui F(x) trén tip D gbm 2 phan : ’
. Diéu kién dung: Mot thao tac so cap (da bi€t cach thuc hién truc ti€p) trén

tap con X, < D

. Mot loi goi dé qui F(H(x)), voi H(x)eD, sao cho sau mot sb hiru han 1an

goi dé qui s& phai dan dén diéu kién dimg (H(H(...H()...)) € X,, VxeD\X,).

* Vi du 3(thao tic dé qui thiéu diéu kién dirng):
Ba(B, C):- Con(C, B).

Con(C, B):- Ba(B, C).

Goal: > Ba(a,b) > ?

c. Ky thudét khir dubi dé qui bang cach ding bién phu: |
* Vi du 4: Tinh chiéu dai cia mot danh sach. Do mét vi tir co thé co nhiéu

tdc dung, nén chu thich thém dong vao-ra (I, 0) dé chi cac cach thire sir dung vi tir
cho dung.

Domains

ptu = real

ds = ptu*

1= integer
Predicates

ChieuDai(ds,i) % (i, 1) — (i, 0) — (0, i), ! — (0, 0), readchar( )

ChieuDaiPhu(ds, 1, 1) % dong vao-ra: (i, i, i) — (i, i, 0)

% ChieuDaiPhu(i,0, ): luon khoi tao bién thir 2 16 0

Clauses

ChieuDai([], 0).

ChieuDai([ |Duoi], Kq) :- ChieuDai(Duoi,KgqPhu), Kq = KqPhu + 1.

ChieuDaiPhu([], Kq, Kq).
ChieuDaiPhu([_|Duoi], Phu, Kq) :- PhuMoi=Phu+1,
ChieuDaiPhu(Duoi, PhuMoi, Kq).
Goal %ngoai
> ChieuDai([1,2,3], 3) > ? > ChieuDai([1,2,3], Kq) —> ?
> ChieuDaiPhu([1,2,3], 0, 3) —> ?
> ChieuDaiPhu([1,2,3], 0, Kq) = ?
> ChieuDaiPhu(Nao, 0, 1) - ?
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Bai tdp: Viét 2 qui tic dé qui (c6 va khong co dé qui dudi) tinh giai thira
cua mot sO tu nhién.

Chit y: Thit tw cdc vi tir ciing tén trong phan Clauses o thé c¢6 y nghia khac
nhau, ddc biét la cdc vi tir dé qui. Chang han, xem tac dung cta 2 cach viét qui tic
kiém tra danh sach ¢ 1 phan tir sau (va stra lai cho dtng: bdi tdp):

Cach I:
DS1PTu([_|D]) :- DS1PTu(D).
DSI1PTu([]).

Cach 2:

DS1PTu([]).

DS1PTu([_|D]) :- DS1PTu(D).
v6i cach héi: DS1PTu(Nao) ?

d. Vai thao tac dé qui co ban trén danh sach:

* Vi du 5: Lap qui tic kiém tra quan hé thudc giita mot phan tir va mot
danh sdch: Thuoc(Ptu, DSach) % (i, 1) — (0, 1) — (1, 0) ?

Thuoc(PT, [PT|_]).

Thuoc(PT, [_|DSDuoi)) :- Thuoc(PT, DSDuoi).

* Vi du 6: Lap qui tic néi hai danh sach: Noi(DSach, DSach, DSach) % (i,
i,1)—(, i, 0) — (0, 0, i) — (i, 0, 1) — (0, i, 1) ?

Noi([], L, L).

Noi([PT|L1], L2, [PT|L3]) :- Noi(L1, L2, L3).

ThuocMoi(PT, DS) :- Noi(_, [PT| ], DS).

IV.2.3. Lt cit (!)

Ly do dimng ldt cat: Do co ché tim kiém tu dong mac dinh trong Prolog theo
chiéu sdu, nhung trong nhiéu bai toan vai cac ddc trung riéng, ta khong can co ché
quay lui hodc tim tiép 1oi gidi ké tiép. Khi d6, ta co thé dung lat cat dé dat duoc
muc dich do.

a. Cii phdp, tic dung ciia lat cit: Dung dau chim than “1” dé biéu dién lat
cat. Lat cat 1a vi tir ludn diing va co tac dung ngdn: co ché quay lui va tzep tuc tim
kiem loi giai déi véi cac vi tir cung tén voi nhitng vi tw dirng truoc lat cdt trong
mot ménh dé nao d6. Piéu d6 dan dén viée tiét kiém thoi gian lan bé nhé khi dung
1at cét thich hop.
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Ta minh hoa lat cat qua vai truong hop sau:
- Déi véi qui tac khéng dé qui:
ViTw_1:-a,!, b. % (1)
ViTw 1 :-c. % (2)
Khi a sai thi vi tor ¢ dugc thyc hién. Khi a dung, s€ gap va thuc hién
tiép b (ké ca nghiém bji ciia b, néu b diing), nhung sé khong bao gio tim tiép 101
giai cho a va (ké cd truong hop b sai) khéng quay xuong ViTie 1 thit hai trong (2)
dé kiém tra c , véi cac tri trong d6i ciia ViTur_1 twong (mg véi 1an goi do.
- P6i véi qui tac dé qui:

H/J)

ViTir 2.
ViTir 2 :-a, !, ViTir 2. % (3)
ViTir 2 :-b. % (4)

Khi a sai, (4) s€ dugc kiém tra. Khi a diing, ViTir 2 trong (4) sé khong
duoc kiém tra tmg voi 1an goi do, mdc du ViTu_2 trong than qui tac cua (3) la sai
va sé khong bao gio tim tiép loi gidi cho a .

b. Cic tinh huéng cd thé sir dung ldt cit:

o- Chi tim loi gidi ddu tién ¢ Goal ngodi.

B- Trong céac bai toan chi ¢6 duy nhdt mét 1oi gidi, sau khi tim dwoc 10i gidi
dau tién, ta dung lat cit dé dirng ngay qua trinh tim kiém.

8- Ta mubn ditng khi mét ménh dé sai (nhung khong can tim cdch khac dé
théa man ménh dé), hoac thay cho vi tir not, bang cach st dung t6 hop ldt cdt va vi
tre fail phu hop.

v- Dung 1t ct trong cac chuong trinh “Sinh va Thir”.

* Vi du 7 (minh hoa vai tinh huong ding ldt cdt):
Domains
1, ptu = integer
Predicates
RangBuoc(ptu) % minh hoa tinh huéng &
GiaiThua(i, i) % minh hoa tinh huéng
ThuongNguyen(i, i, i) % hai doi ddu €N, minh hoa tinh huong y
Sinh 1 _So(i)
Clauses
% RangBuoc(X) :- not(free(X)). % sai khi X la bién khéng rang budc
RangBuoc(X) :- free(X), !, fail.
RangBuoc( ).

GiaiThua(0, 1) :- !.
GiaiThua(N, Kq) :- N1 = N-1, GiaiThua(N1, Kql), Kq = Kql*N.

ThuongNguyen(B, C, T) :- Sinh_1 So(T), T*C<=B, (T+1)*C>B, !.
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Sinh_1_So(0).
Sinh 1 So(Sau) :- Sinh 1 So(Truoc), Sau = Truoc + 1.

* Vi du 8 (Bdi tdp: tim cdc 16i sai, han ché va mé réng cdc truong hop cé
dong vao-ra tét hon): Tinh sb cha va me ctia mdi ngudi.
Domains
Ai = symbol
1= integer
Predicates
SoChaMe(Ai, 1)
Clauses
SoChaMe(“Adam”, 0).
SoChaMe(“Eva”, 0).
SoChaMe(_,2).
% Goi y: SoChaMe(“Adam”, 0): !. hodac: SoChaMe(“Adam”, BN): !, BN=0., ...

* Chu y:
- Phép toan X =Y co thé hiéu theo hai nghia:
. Phép so sanh néucaXvayYla blen (hay biéu thirc) rang bugc;
. Phép gdn néu chi mot trong hai vé la bién fur do, con ve kia la biéu
thirc hay bién rang budc (va s& vo nghia, bi 16i khi ca hai vé déu khong rang budc!)
- C6 thé thay phép toan = boi vi tir Bang(X,X).

* Goi ¥ tao cdc 1énh cau tricc nhw cac NNLT cé dién:

- if (PK) then A;
else B;
Neu(DK) :- !, A.
Neu( ):-B.
- switch (BT)
{case al: Al; break;
case al: A2; break;

case an: An; break;
default: B, break;
}’.
%Goi su dung: Switch(BT)
Switch(al) :- !, Al.
Switch(a2) :- !, A2.

Switch(an) :- !, An.
Switch( ) :- B.
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- repeat A until (DK),
Repeat :- Lap, A, DK, !.

Lap.
Lap :- Lap.

- while (PK) do A;
While :- BPK, !, A, While.
While.

- for (i=Bdau,; i<=Kthuc; i = i+Step) do A(i),
% Goi sir dung: For(Bdau, Kthuc, Step)
For(I, N, Step) :- Dau(Step, D), D*(I-N) > 0, !.
For(I, N, Step) :- A(i), I Sau = I+Step, For(I_Sau, N, Step).

IV.3. CAC Vi DU

1V.3.1. Bai toan “Thap Ha Ngi” (Minh hoa vi tir dé qui)

Vidu I: C6 3 coc A, B, C. Trén coc A c6 n dia tron chéng lén nhau, voi
duong kinh khéc nhau, sao cho dia bé luén nam trén dia 16n; hai coc B, C tréng.
Tim cach chuyén n dia tir A d&én C v6i sb lan di chuyén dia it nhat (2"-1), sao cho:
mdi 14n chi di chuyén 1 dia bé nhét trén cing clia mot coc tiy y sang mot coc khac
dé dia bé ludn nam trén dia lon.

%Program Thap HaNoi
Domains
1 = integer
s = symbol
Predicates
HaNoi(i, 1)
ChuyenDia(i, 1, s, s, s, 1)
Clauses
HaNoi(N, SoLanDiChuyen) :- ChuyenDia(N, N, a, c, b, SoLanDiChuyen).

ChuyenDia(1, Nhan, Tu, Den, ,1):-!, nl,
write(“Chuyen dia: “, Nhan, “ tu “, Tu, “ den *, Den).
ChuyenDia(N, Nhan, Tu, Den, Tgian, Tong):-
NI1=N-1, NhanPhu=Nhan-1,
ChuyenDia(N1, NhanPhu, Tu, TGian, Den, Tongl),
ChuyenDia(1, Nhan, Tu, Den, Tgian, 1),
ChuyenDia(N1, NhanPhu, TGian, Den, Tu, Tong?2),
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Tong = Tongl + Tong2 + 1.
Goal %trong
makewindow(1, 3, 7, “Thap Ha Noi1”, 0, 0, 25, 80),
write(“Nhap so dia n (1<=n<=12): ), readint(N), HaNoi(N, Tong),
write(“Tong so lan di chuyen dia: “, Tong)..

Két qua ctia chuong trinh véi n=2 la:
Chuyen dia: 1 tuadenb
Chuyen dia: 2 tua den c
Chuyen dia: 1 tubden c
Tong so lan di chuyen dia: 3

1V.3.2. Bai todn xir ly vi phén ky hiéu (Minh hoa bai toan xu Ly ky hi¢u):
Tinh dao ham ctia mot ham s6 theo mot bién bat ky.

%Program Xur ly vi phdn ky hiéu

Domains
KyHieu = symbol
So =real

BieuThuc = bien(KyHieu), hang(So);
cong(BieuThuc,BieuThuc); tru(BieuThuc, BieuThuc);
nhan(BieuThuc,BieuThuc), chia(BieuThuc, BieuThuc);
cos(BieuThuc), sin(BieuThuc),
tg(BieuThuc),; cotg(BieuThuc);
In(BieuThuc); log(BieuThuc, BieuThuc);
exp(BieuThuc); mu(BieuThuc, BieuThuc),
luyThua(BieuThuc,BieuThuc)
Predicates
d(BieuThuc,KyHieu,BieuThuc)
Clauses
d(hang( ), ,hang(0)).
d(bien(X),X,hang(1)):-!.
d(bien( ), ,hang(0)).

d(cong(U,V),X,cong(U1,V1)):- d(U,X,Ul), d(V,X,V1).

d(tru(U,V),X,tru(U1,V1)):- d(U,X,U1), d(V,X,V1).

d(nhan(U,V),X,cong(nhan(U1,V),nhan(U,V1))):- d(U,X,U1), d(V,X,V1).

d(chia(U,V),X,chia(tru(nhan(U1,V),nhan(U,V1)),nhan(V,V))):-
d(U,X,Ul), d(V,X,V1).

d(sin(U),X,nhan(cos(U),U1)) :- d(U,X,U1).
d(cos(U),X,tru(hang(0),nhan(sin(U),U1))) :- d(U,X,U1).
d(tg(U),X,chia(U1, mu(cos(U),hang(2)))) :- d(U,X,U1).
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d(cotg(U),X,nhan(hang(-1),chia(U1, mu(sin(U),hang(2))))) :- d(U,X,U1).

d(In(U),X,chia(U1,U)):-d(U,X,U1).
d(log(U,V),X, Kq) :- d(chia(In(V),In(U)),X,Kq).

d(exp(U),X,nhan(exp(U),U1)) :- d(U,X,U1).
d(mu(U,V),X,nhan(mu(U,V),W)):- d(nhan(V,In(U)),X,W).

d(luyThua(U,hang(A)),X,nhan(hang(A),nhan(U1,luyThua(U,hang(A 1))))):-
A 1=A-1,d(U,X,Ul).
Goal %ngoai: tinh vi phan cua x.sin(x)
d(nhan(bien(x),sin(bien(x))),x, Kq).

Két qua (chwa rit gon) cuia chuong trinh 1a:
Kg=cong(nhan(hang(1),sin(bien(x))),nhan(bien(x),
nhan(cos(bien(x)),hang(1))))

1V.3.3. Bai toan suy ludn logic (Minh hoa lap trinh cho bai toan ldp lugn
logic)

Vi du 2: Trén mdt ddo no, chi c6 hai nhom nguodi: mot nhém chi g6m
nhitng ngudi ludn noéi that va nhom con lai chi gdm nhitng ngudi luén nodi 1d0. Mot
nha thong thai dén dao nay va gip ba ngudi A, B, C. A néi: “Trong ba ngudi
chung t6i chi c6 dung mot ngudi nodi that”, C ndi: “Ca ba ngudi chung toi déu noi
140”. Hoi trong ba nguoi A, B, C, ai noi that, ai néi ldo ?

Ta biéu dze~n méi phwong dn cta bai toan bang danh sach [A, B, C], sao cho
mdi phan tir chi gdm mot trong hai trang thai 0, 1, tuong Ung voi trang thai ndi lao
hodc ndi that. Ta mo ta cdu néi cua A va C nhu’ sau: néu A noi that thi Tong =
A+B+C = 1, néu A néi lao thi Tong # 1; néu C noéi that thi Tong = A+B+C =0,
néu C noi 12’10 thi Tong > 0.

%Program Noi lao, noi that
Domains
1, ptu = integer
ds =ptu*
Predicates
TaoDS(1,ds)
Quet(ptu)
Giai(i,ds)
SuKien(symbol,ds)
Tong(ds,integer)
Viet(ds,1)
Clauses

Quet(0).



Quet(1).

TaoDS(N,[]) :- N <=0, !.
TaoDS(N,[Dau|Duoi]) :- Quet(Dau),N1 =N - 1, TaoDS(N1,Duoi).

Giai(N,DS) :- TaoDS(N,DS), SuKien("A",DS), SuKien("C",DS).

SuKien("A",DS) :- DS =[1,_, ], Tong(DS,1).
SuKien("A",DS) :- DS =[0,_, ], Tong(DS,So), So <> 1.

SuKien("C",DS) :- DS=[_, ,1], Tong(DS,0). % phi li!
SuKien("C",DS) :- DS =[_, ,0], Tong(DS,So), So > 0.

Tong([],0) :- !.
Tong([Dau|Duoi],Kq) :- Tong(Duoi,KqDuoi), Kq = KqDuoi + Dau.

Viet([], ) :- nl,!.

Viet([1|D],1):-1,I1=I+1,12 =I1+64,char_int(C,12), write(C," noi that\n"),
Viet(D,I1).

Viet([0|D],1):-1,11=I+1,12 =[1+64,char_int(C,12), write(C," noi lao\n"),
Viet(D,I1).

Goal % trong

Giai(3,DS),Viet(DS,0),nl.

Két qua ctia chuong trinh 1a:
A noi that
B noi lao
C noi lao
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IV.4. PHU LUC: VAI VI TU CHUAN CUA PROLOG

IV.4.1. NHAP VA XUAT DU LIEU

Céac vi tir xuat va nhap dir li¢u xét & day s€ dugc thao tac tur cac thiét bi vao ra
hién thoi, ngam dinh 1a man hinh va ban phim.

1. Cac vi tir nhdp dii liéu

Cac ky hi¢u s¢ sur dung trong biéu dién cu phap cac vi tir co y nghia nhu sau:
Sau tén vi tir cac bién c6 cac kiéu duoc liét ké tiép theo. Sau d6, dong vao ra ddi
v4i cac bién ciia vi tir s& dugc chi ra, trong d6 cac bién ¢ vi tri twong Gmg véi ky

tu:

. ‘0’ phai 1a bién tu do (sau khi vi tir dugc thuc hién cac két qua ctia né s€ dugc
gan vao cac bién nay);

1

phai 13 bién rang budc hodc ddi twong hing (ching cung cap dit lidu ban

dau dé cac vi tir nay thyc hién).

a)

b)

g)

readIn(StringVariable), (string) — (0): trong d6 StringVariable la bién tur
do co kleu string. Vi tir nay c6 tac dung doc mot chudi tir thiét bi vao hién
thoi (va tat nhién duoc gan cho bién StringVariable) cho dén khi gip ky tu
xubng dong (phim Enter, c6 ma ASCII twong tmg 1a “\13”) dwoc an.

readint(IntgVariable), (integer) — (0): doc mot so nguyén tir thiét bj vao
hién thoi cho dén khi gap ky tu xuéng dong dugc an.

readreal(RealVariable), (real) — (0): doc mot s6 thuc tir thiét bi vao hién
thoi cho dén khi gap ky tu xubng dong duoc an.

readchar(CharVariable), (char) — (0): doc mét ky tu (nhung khong Xuat
hién ky tu trén man hinh) tu thiét bi vao hién thoi va khong can két thic
bang ky tu xudng dong.

file_ str(DosFileName, StringVariable), (string, string) — (i, o) (i, 1):
chuyén doi ndi dung vin ban giita file c6 tén thuc 13 DosFileName va bién
chudi c6 tén StringVariable (cho dén khi gip ky tu két thic file eof, twong
g v6i to hop phim Ctl-z hay ma ASCII 1a <\26”).

inkey(CharVariable), (char) — (0): doc mot ky tu tir ban phim (gan cho
bién CharVariable). Vi tir nay chi ding khi c6 mot ky tu duoc an tir ban
phim.

keypressed: kiém tra viéc mot phim dugc bam hay chua nhung khong doc
ky tu nay vao. Vi tr nay chi ding khi c6 mdt ky tu dugc an tir ban phim.
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h) keypressed: kiém tra viéc mot phim dugc bam hay chua nhung khong doc
ky tu nay vao. Vi tir nay chi dung khi c6 mot ky tu dugce an tir ban phim.

2. Cdc vi tir xudt dir ligu
a) write(Variable|Constant * ): trong do dau * chi ra rang cac bién Variable
(rang budc) hay hang Constant c6 thé dugce lap lai va ching duge viét cach
nhau bang cac dau phay °,’. Vi tir nay c6 tac dung xuat dén thiét bi ra mot
s6 d6i tuong.
b) nl: xudng dong.
c¢) writef(FormatString, Variable|Constant *): xuat ra mot s6 doi co dinh
khuon dang theo cu phap sau: %-m_p$, trong do:
->: canh 1& bén trai, néu khong c6 dau -> s& 1a canh 1& bén phai;
. ‘m’: xac dinh d6 rdng vung nhé nhét cho doi;
. ‘p’: xac dinh d6 chinh xac cac sO sau dau cham thap phéan hay sb
l6n nhat cac ky tu dugc in ra ctiia chuoi;
. ‘$’ 1a mot trong cac ky hiéu quy uéc chuén:
d: s thap phan dang chuén.
x: sO thap luc phan.
s: chudi (symbols hay strings).
c: ky tu (chars hay integers).
g: s6 thue dang ngan nhat ngam dinh.
e: s6 thuc dang mi.
f: s6 thyc dang déu phay dong.
d) “\n”: ky tu xudng dong.
“\t”: ky tu lui vao mot s6 khoang trang.
“‘nnn”: ky tu dua vao bang ma ASCII tuong Ung.

IV.4.2. CAC THAO TAC FILE

a) openread(SymbolicFileName, DosFileName), (file, string) — (i, 1): m&
mat file trén dia DosFileName d€ doc va gan cho tén file hinh thire (trong
phan khai bao kiéu file) SymbolicFileName.

b) openwrite(SymbolicFileName, DosFileName), (file, string) — (i, 1): mo
mot file trén dia dé ghi va gan cho tén file hinh thirc; néu file d6 da ton tai
thi n6 s€ dugc xo0a trudc khi goi.

c¢) openappend(SymbolicFileName, DosFileName), (file, string) — (i, i):m¢
mat file trén dia dé noi thém dir liu va gan cho tén file hinh thurc.
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d) openmodify(SymbolicFileName, DosFileName), (file, string) — (i, i):m&
mdt file trén dia d€ sira doi (doc va ghi) va gan cho tén file hinh thirc. Khi
dung vi tr nay, nén két hop véi vi tu filepos dé cap nhat file tai vi tri tuy
chon.

¢) readdevice(SymbolicFileName), (file) — (i) (0): dat lai hay hién thi thiét bi
doc vao file dang mé& (dé doc hay stra d61), ngam dinh 13 ban phim.

f) writedevice(SymbolicFileName), (file) — (1) (0): dat lai hay hién thi thiét
bi ghi vao file dang m& (dé doc ghi hodc ndi thém hay stra d6i), ngdm dinh
la man hinh.

g) closefile(SymbolicFileName), (file) — (i): dong file (du n6 da md hay
chua).

h) ﬁlepos(SymbolicFileque, FilePosition, Mode), (file, real, integer) — (i, 1,
i) (i, 0, 1): dua con tro dén hay tra lai gia tri cua vi tri FilePosition trong file
tinh tr ché d§ Mode: 0: dau file, 1: vi tri hién tai trong file, 2: cuoi file.

i) eof(SymbolicFileName), (file) — (i): kiém tra con tro co ¢ cubi file hay
khong. V1 tir nay dung néu con trd ¢ vi tri cudi file.

j) existfile(DosFileName), (string) — (i): vi tir ndy thanh cong néu file c6 tén
chi ra ton tai trong thu muc hién thoi.

k) deletefile(DosFileName), (string) — (1): x6a file ¢6 tén chi ra.

1) renamefile(OldDosFileName, NewDosFileName), (string, string) — (i, 1):
doi tén file cii thanh tén file mai.

m) disk(DosPath), (string) — (i) (o): thiét 1ap hay tra lai 6 dia va dudng tim
ki€m thu muc mac dinh.

IV.4.3. CAC THAO TAC POI VOI MAN HINH VA CUA SO

1. Man hinh

Maunén | Giatri | Mau chir Gia tri
Black 0 Black 0
Blue 16 Blue 1
Green 32 Green 2
Cyan 48 Cyan 3
Red 64 Red 4
Magenta 80 Magenta 5
Brown 96 Brown 6
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White 112 White 7
Grey 8
Light Blue 9
Light Green 10
Light Cyan 11
Light Red 12
Light Magenta 13
Yellow 14
White (High Intensity) 15

a) attribute(Attr), (integer) — (i) (0): cho (dat hay tra lai) gia tri thudc tinh cua
man hinh. Gia tri dac trung cho thudc tinh cua man hinh, duya vao bang trén
day, dugc tinh nhu sau:

1. Chon mdt mau chit va mot mau nén;
2. Cong nhiing gia tri nguyén twong Ung véi mau trong bang 1;
3. Cong thém gid tri d6 voi 128 néu mudn cac chir hién thi nhip nhay.

b) scr_char(Row, Column, Char), (integer, integer, char) — (i, 1, 1) (i, 1, 0):
cho ky tu Char trén man hinh tai vi tri c6 toa do (Row, Column).

c) scr_attr(Row, Column, Char), (integer, integer, char) — (i, i, 1) (i, 1, 0):
cho thugc tinh cia man hinh tai vi tri ¢6 toa do (Row, Column).

d) filed str(Row, Column, Length, String), (integer, integer, integer, string)
-(,1,1,1) (1, 1, 1, 0): cho chudi String trén man hinh tai mdt vung bat dau ¢
vi tri ¢6 toa d0 (Row, Column) va c6 do dai la Length ky tu.

e) filed attr(Row, Column, Length, Attr), (integer, integer, integer, integer)
- (1, 1,1, 1) (1, 1, 1, 0): cho thudc tinh cia man hinh tai mot vung bat dau ¢ vi
tri c6 toa do (Row, Column) va c¢6 d¢ dai 1a Length ky tu.

f) cursor(Row, Column), (integer, integer) — (i, i) (i, 0): dich con tré dén vi
tri co toa d0 (Row, Column) hay tra lai toa d0 ctia con trd hién thoi.

2. H¢ thong cira sé

a) makewindow(WindowNo, ScrAtt, FrameAtt, FrameStr, Row, Column,
Height, Width), (integer, integer, integer, string, integer, integer, integer,

hinh lam cta so.



b)

g)

h)

i)

k)
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makewindow(WindowNo, ScrAtt, FrameAtt, FrameStr, Row, Column,
Height, Width, ClearWindow, FrameStrPos, BorderChars), (integer,
integer integer, string, integer integer, integer integer integer integer

man h1nh lam cu:a ) VO’l cac thuoc tinh sau:
ClearWindow =0 khong x0a cua s6 sau khi tao,
=1 xoda ctra s6 sau khi tao;
FrameStrPos =255 canbh tit ¢ giira,
<> 255 dat tit tai vi tri FrameStrPos;
BorderChars mot chudi gom 6 ky ty dé vé khung:
ky tu thtr 1: géc trén bén trai,
ky tu thtr 2: géc trén bén phai,
ky tu thu 3: goc dudi bén trai,
ky tu thuo 4: goc dudi bén phai,
ky tu thi 5: duong ké ngang,
ky tu thtr 6: duong ké doc.
shiftwindow(WindowNo), (integer) — (1) (0): ddi cta so lam viéc dén cira

s0 thor WindowNo (van giit nguyén trang thai cua ctra sb trude do) hay tra
lai s6 cta ctra s6 dang 1am viéc.

gotowindow(WindowNo), (integer) — (i): di chuyen nhanh dén clra s6 thir
WindowNo ma khong luu ndi dung cua cira sb cii vao bo dém cira so.

resizewindow: diéu chinh lai kich thudc ctra s6 nhu kiéu thuc don.

resizewindow(StartRow, NoOfRows, StartCol, NoOfCols), (1nteger
integer, integer, integer) — (i, 1, 1, 1): diéu chinh lai kich thuéc cira s6 mot
cach truc tiép.
colorsetup(Main_Frame), (integer) — (i): thay d6i mau cira so hay khung
tuy theo gia tri cua:

Main_Frame =0  d6i mau cira so

=1  d6i mau khung

existwindow(WindowNo), (integer) — (i): vi tir nay thanh cong néu ton tai
ctra s6 s6 WindowNo.
removewindow: loai bo ctra s6 hién thoi.

removewindow(WindowNo, Refresh), (integer, integer) — (i, 1): loai bo
ctra s6 s6 WindowNo véi ché do x6a nén hay khong x6a nén (néu Refresh
bang 1 hoic 0).

clearwindow: x0a ctra s0 hién thoi vé mau nén cia no.
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window_str(ScreenString), (string) — (i) (0): chuyén doi noi dung giira cira
s0 hién thoi va chuoi ScreenString.

m) window_at(Attribute), (integer) — (i): xac dinh thudc tinh cho cira s6 hién

n)

0)

p)

tho.

scrollgNOOfRows, NoOfCols), (integer, integer) — (i, 1): cudn ndi dung ctuia
cua so 1én (hay xuong) X=NoOfRows dong tuy theo né > 0 (hay < 0) va
sang trai (hay phai) X=NoOfCols ¢t tuy theo n6 > 0 (hay < 0).
framewindow(FrameAttr), (integer) — (i): thay d6i thudc tinh cua khung
cura so.

framewindow(FrameAttr, FrameStr, FrameStrPos, FrameTypeStr),
(integer, string, integer, integer) — (i, 1, 1, 1): thay doi thudc tinh cuia khung
cura soO theo cac ché do sau:

FrameAttr = thudc tinh khung

FrameStr = tit cua khung

FrameStrPos =nhan gia tri tor 0 dén do rong cua $0. Ng') dat V1 tri
cho tit trén khung. Tit s€ ddt & gitra néu n6 bang
255

FrameTypeStr = mdt chudi gdm 6 ky tu dé chi dang cta khung.

IV.4.4. CAC VI TU CHUAN KHAC

1. Thao tic chudi

a)

b)

©)

d)

frontchar(String, FrontChar, RestString), (string, char, string) — (i, 0, 0)
(4,1, 0) (i, 0, i) (4, 1, 1) (0, i, 1): tich mdt chudi thanh ky tr dau va chudi con
lai.

fronttoken(String, Token, RestString), (string, string, string) — (i, o0, 0) (i,
i,0) (i, 0, 1) (i, i, i) (0, 1, i): tdich mot chudi thanh mot “tir’ va chudi con lai.

frontstr(Length, InpStrlng, StartString, RestString), (integer, string,
string, string) — (1, 1, 0, 0): tach tur mot chudi cho trudc InpString ra mot
chudi con StartString bat dau tir ky tu thir nhat c6 d6 dai 1a Length va chubi
con lai RestString.

concat(Stringl, S’tringZ, String3), (string, string, string) — (i, 1, 0) (i, 0, 1)
(o, 1, 1) (1, 1, 1): no1 Stringl va String2 thanh String3: String3 = Stringl +
String?2.

strlen(String, Length), (string, integer) — (i, 1) (i, 0) (o, 1): chleu dai cua

String la Length. V61 dong vao ra (o, 1) ta dugc mot chudi gom Length ky
tu trang
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isname(StringParam), (string) — (i): kiém tra chudi c6 1a mot ‘name’ (mot
day céac ky tu chir hodc s6 hodc ddu ¢ * nhung bit dau bang chit hay ky tu
¢’ trong Turbo Prolog khong.

2. Chuyén doi kiéu

a)

b)

c)

d)

char_int(CharParam, IntgParam), (char, integer) — (i, o) (o, 1) (i, 1)
chuyén doéi gitra mdt ky tu va ma ASCII tuong ung vdi no.

str_int(StringParam, IntgParam), (string, integer) — (i, o) (o, 1) (i, 1):
chuyén dbi giita mot chudi va mot sé nguyén tuong tng voi no.

str_char(StringParam, CharParam), (string, char) — (1, o) (o, 1) (i, 1):

~

chuyen doi gitra mot chuoi va mét ky tu twong ung voi no.

str_real(StringParam, RealParam), (string, real) — (i, o) (o, 1) (i, 1):
chuyén doi giita mot chudi va mot sb thuc twong tmg véi no.

upper_lower(StringInUpperCase, StringInLowerCase), (string, string) —
(1, o) (o, 1) (1, 1): chuyén do1 gitta mot chuoi ky tu hoa va mot chuoi ky tu
thuong.

upper_lower(CharInUpperCase, CharInLowerCase), (char, char) — (i,
0) (0, 1) (i, 1): chuyén do6i gitra mot ky tu hoa va mot ky tu thuong.

3. Thao tdc doi véi co sé div liéu trong

a)

b)

consult(DosFileName), (string) — (i): goi ra va bd sung moét file co s dix
liéu trong (file d6 dugc khoi tao va luu mét co s¢ dir li€u trong khong tén
bang vi tir save(?)).

consult(DosFileName, InternalDatabaseName), (string,
InternalDatabaseName) — (i, i): goi ra va bd sung mét file co sé dir lidu
trong (file d6 duogc khoi tao va Iuu mot co sé dir li€u trong khong tén béng
vi tu save(?, 7)).

save(DosFileName), (string) — (1): luu moi ménh dé cua co so dit lidu trong
khong tén.

save(DosFileName, InternalDatabaseName), (string,
InternalDatabaseName) — (i, 1): luu moi ménh dé cua co s¢ dit li¢u trong cé
tén.

assert(Term), (InternalDatabaseDomain) — (i) hay asserta(Term),
(InternalDatabaseDomain) — (i): chén mot sy kién vao dudi moét co sé div
liéu trong khong tén.

assertz(Term), (InternalDatabaseDomain) — (i): chén mdt su kién vao duoi
mot co s& dir 1iéu trong khong tén.
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g) retract(Term), (InternalDatabaseDomain) — ( ): vi tir khong tit dinh
(nondeterm) nay loai bo su kién chi ra cua co sé dir liéu trong khong tén.

h) retract(Term, InternalDatabaseDomain), (InternalDatabaseDomain) —
(_, 1): vi tur khong tat dinh (nondeterm) nay loai bo su kién chi ra cua co sé
dir liéu trong co tén.

i) retractall(Term), (InternalDatabaseDomain) — (_): vi tir nay loai bo moi sy
kién cta co s¢ dir li¢u trong khong tén. Nén st dung bién vo danh trong vi
tu nay. Vi tu nay khong bao gio sai.

j) retractall(_, InternalDatabaseDomain), (_, InternalDatabaseDomain) —
(,1): Vl tor nay loai bé moi sy kién cua co s¢ dir li¢u trong c6 tén. Nén sir
dung bién v6 danh trong vi tir nay.

4. Cdc lénh lién quan dén hé diéu hanh DOS

a) system(DosCommandString), (string) — (1): thyc hién mot Iénh cua hé
di€éu hanh DOS trong moi truong Turbo Prolog.

b) dir(Path, Filespec, Filename), (string, string, string) — (i, i, 0): xem cac
files trong thu muc va chon mét file bang menu dé xem noi dung.

c) exit: thoat ra mot chuong trinh va trd vé méi trudng lam viée cta Prolog.

5. Cac lénh linh tinh khac

a) random(RealVariable), (real) — (0): tao mot sé ngiu nhién thuc trong
khoang [0, 1).

b) random(MaxValue, RandomlInt), (integer, integer) — (i, 0): tao mot s6
nguyén ngau nhién trong khoang [0, RandomlInt).

c) sound(Duration, Frequency), (integer, integer) — (i, 1): tao ra am thanh co
truong do Duration va tan so Frequency.

d) beep: tao ra mot tiéng coi ngan.

e¢) date(Year, Month, Day), (integer, integer, integer) — (0, 0, 0) (i, 1, i): cho
ngdy, thang, nim ciia dong ho hé thong.

f) time(Hours, Minutes, Seconds, Hundred\ths), ‘(intege,r, integer, integer,
integer) — (0, 0, 0, 0) (i, 1, 1, 1): cho gid cia dong hd hé thong.

g) trace(on/off), (string) — (o) (i): dat ché d6 1an vét hay khong cho chuong
trinh.

h) findall(Variable, Atom, ListVariable): ghi cac gia tri cua bién trong Atom
trung tén v&i Variable vao danh sach ListVariable.

1) not(Atom): vi tir nay c gia tri logic phu dinh cta vi tir Atom. Luu y:
khong dugc dung bién tu do trong vi tir Atom.
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j) free(Variable): vi tir nay chi ding khi Variable 1a bién tu do.

k) bound(Variable): vi tir ndy chi dting khi Variable 13 bién rang budc.
1) fail: vi tir ndy ludén ludn sai.

m) true: vi tr nay ludn luén dung.

n) Cac phép toan sé hoc trong Turbo Prolog: +, -, *, /, mod, div.

0) Cac phép toan quan h¢ trong Turbo Prolog (co gla tri khong chi ddi voi
cac s6 ma con ddi véi cac ky tu, chudi, symbol): >, <, =, >=, <=, <>, ><,

p) Cac ham trong Turbo Prolog: sin, cos, tan, arctan, In, log, exp, sqrt,
round (s0 nguyén lam tron), trunc (s6 nguyén chat cut), abs.
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BAI TAP CHUONG IV

(Phdn bai tip lam quen véi vi tir trong Prolog)

Bai 1:
Xét cay gia pha sau:
ngl Ba2 Ong2 Bal
\ | | |
Bé1 Me2 Chu B62 Mel Di
‘ | |
Contrail Congail Contrai3 Contrai2 Congai2 Congai3

Cay dugc md ta boi cac vi tor quan hé sau: cha(Cha, Con), me(Me, Con),
nam(DO), nit (DB).
Hay liét ké cac quan hé¢ con lai nhu: anhEm(Ngl, Ng2), con(Con, Cha, Mg),
cha(Chu, Chau), ba(Ba, Chau), anhEmHo(Ng1, Ng2)... tir nhiing vi tir trén.
Suy ra méi quan hé giira hai nguoi bat ky.
Bai 2:
Mot dich vu du lich phuc vu nhiing chuyén di trong 1 tuan hodc 2 tudn & Rome,
London, Tunis.
Trong mot quyén sach gidi thi¢u vé dich vu du lich, v&i mdi dia diém c6 gia ca
di lai (tuy vao thoi gian cua chuyén di) va chi phi cho 1 tudn, tuy vao dia diém va
muc do tién nghi: khach san, nha tro, cam trai ngoai troi.
a) Nhap vao cac sy kién mo ta quyén sach trén (gia ca do ban nhap vao).
b) Hay mé ta quan hé ChuyénDi(TP, S6Tuan, TiénNghi, ChiPhi).
c) M6 ta quan hé ChuyénPi [tTénKém(TP, S6Tuan, TiénNghi, ChiPhi,
ChiPhiMax) sao cho chi phi ctia chuyén di thap hon ChiPhiMax.
Bai 3:
Trong mot dich vu tu van hon nhan, liét ké mot danh sach cac cdp xung doi co
thé lam quen theo cac nhan dinh sau:
- nam(n, t, ¢, a), nlt(n, t, c, a).
n: tén; t: chiéu cao.
c: mau téc (vang, hung, nau, hat dé).
a: tudi (tré, trung nién, gia).
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SoThich(n, m, 1, s) (s¢ thich) c6 nghia la: Nguoi n thich loai nhac m
(classique, pop, jazz), thich vin hoc loai I (phiéu luu, vin hoc vién tudng,
trinh tham), va choi mén thé thao s(quan_vot, boi, chay bo).
tim(n, t, ¢, a): Nguoi n tim ban c6 céc tinh chét t, c, a.

Hai nguot x va y goi 1a hop nhau néu c6 cung ngoai hinh (t, ¢, a) va s¢ thich vé:

I, m, s.
a)
b)
c)

Nhép dir liéu vé cac khach hang.
MG ta qui tac hop_ngoaihinh(x, y) va cung_s¢ thich(x, y).
Viét chuong trinh xac dinh nhitng cap xung doi.

(Phan bai tip vé danh sdch, d¢ qui, lit cdt)

Bai 4:

Xay dung cac vi tir @& quy (c6 hodc khong sir dung nhat cat va stra ddi phan
duoi cua dé quy, néu co thé) dé:

a)
b)
©)
d)

€)
f)

D

Tim (hodc x6a) phan tir thir 1, thir 2, phan tir cudi cing trong mot danh
sach.
Tim (hodc 13y ra) phan tr dau tién trong danh sach tring voi mot gia tri
cho trude.
Tim va ldy ra tit ca cac phan tir trong danh sach trung voi mot gid tri cho
trude.
Tinh gia tri trung binh cong ctia mot danh sach kiéu s6 thuc.
Xuat ra tit ca cac cdp phan tir ké tiép nhau cua danh sach.
Tao danh sach tat ca cac phén tr & vi tri chan cta danh sach dir liéu L:

e Giit nguyén trat ty xuit hién trong L.

e Dado nguogc trat tu.
Viét chuong trinh trén(u, v, w) nhan xen k& timg phan cta u va v dé tao
thanh danh sach w.
Tao danh sach chira cac s6 chin ciia mot danh sach s nguyén cho trude.
Dao nguoc trat ty moi phén tir cua mot danh sach.
Xuat ra moi hoan vi ctia nhitng phan tr ctia danh sach cho trude.
Xay dung vi tor Thudc trong dé c6 thém mot dbi dé tra vé tri TRUE néu
phan tir x thudc danh sach 1 cho trudc va FALSE trong trudng hop nguoc
lai.
Xay dung qui tic NamNgoai(x, L) dé kiém tra xem x khong thudc danh
sach L.

m) Xay dung qui tic KhacNhau(L) dé kiém tra danh sach L khong c6 phan tir

n)
0)

trung nhau.

Xay dung qui tic PhanDau(m, L) dé kiém tra danh sach m 13 phan dau cua
danh sach L.

Xay dung qui tic NamTrongLiénTiép(m, L) dé kiém tra moi phan tir ciia
m déu nim lién tiép trong danh sach L.
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p) Xay dung qui tic PhanHoach(L, u, v, w) dé phan hoach danh sach L thanh
3 danh sach u, v, w.
q) Thém mdt phan tir vao cudi danh sach.
r) Tim va x6a phan tir thit k ctia danh sach 1 cho trude.
s) Chén mot phan tr x sau phan tir tht k cua danh sach L (0 <= k <=
length(L)).
t) Xay dung danh sach ma cac phan tir 1a cin bac hai cua cac phan tir twong
g trong danh sach L cac s6 thyuc cho trudc.
Bai 5:
Tim n bo 3 s ty nhién (x, v, z) dau tién thoa tinh chit Pythagore sau:
0<x<y<z
x>+ y2 =7
UCLN(x, y, 1): Uéc chung 16n nhat ctia x va y bang 1.
Bai 6 (+):
Tim ny s6 tu nhién dau tién a,,q,,..,a, thoa:

n

a,.a,.a, = Zal.k k=3,4,9)
i=1

VD: k=3,153=1"+5"+3".
Bai 7:
Kiém tra s6 tu nhién N c6 phai 1a s6 nguyén t6 khong? Tim n s6 nguyén to
dau tién.

Bai 8:
Tim cac sd nguyén té <= n ( sang Eratosthene).
Bai 9:
a) Nhap 2 danh siach sé nguyén duong khong co phan tir trung lip tir ban

phim.
b) Xay dung cac phép toan va cac quan h¢ trén tap hop: Hoi, Giao, Hicu,
Thudc, Bao ham.
Bai 10:
Cai dit cac thuat toan sdp xép: chon, chén, trio doi don gian va sip xép
nhanh.
Bai 11 (+):
Céac dinh cua mot d6 thi duge danh sb tir 0 -> n. Mdi cung cua dd thi tuong
g v6i qui tic Cung(i, j) ndi gdc i voi ngon j.
Xay dung qui tic PuongDi(x, y, L) véi L 13 danh sach biéu dién duong di
khong lap tir x dén y.
Bai 12 (+):
Cai dat cay nhi phan tim kiém va céc thao tac co ban.
Bai 13:
Giai quyét bai toan “Thap Ha Noi” bang dé quy.
Bai 14 (*): (8 hau)

bat 8 con hau Ién ban cd sao cho khdng con nao an con nao.
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Bai 15 (*): (Dominos)

C6 mot danh sach cac quan co domino. Mbi quan co domin6 duoc biéu dién
boi Cap(i, j) ung voi 2 con s6 cua nd. Nguoi ta tim cach sap xép chung theo tinh
chat sau: Mdi con domind c6 thé xép vao mot trong hai dau cua hang d3 xép.

Xuat phat tr mot con domind trong sO cac con duoc cho, hdy xdy dung mot
day hop 1¢ chira tat ca cac ddomind.

Bai 16 (%):

Giai quyét bai toan ma phuong cip n 1é.

(Phdn bai tdp vé tro choi, suy ludn légic)
Bai 17: (Ngua vin)

C6 5 ngudi qubc tich khac nhau song trong 5 cin nha mau khac nhau. Moi
ngudi ¢ mot con thi riéng, mot thire udng riéng, va hat thudc cua nhimg hing
khéac nhau.

- Ngudi Anh séng trong cin nha mau do.

- Con cho thudc vé nguodi Tay Ban Nha.

- Nguoi udng ca phé trong cin nha mau xanh l4 cay.

- Nguoi Ukrain udng tra.

- Ngéi nha xanh 14 cdy & canh ngdi nha tring, bén phai.

- Nguoi hat thubc OldGold nudi nhiing con sén.

- Nguoi udng sita ¢ ngdi nha chinh giira.

- Nguoi hat thube Kool sdng trong cin nha mau vang.

- Ngudi Nauy sbéng trong cian nha dau tién bén trai.

- Nguoi hat thude Chesterfield song canh ngudi ¢6 nudi cao.

- Nguoi hat thube Kool song canh nguoi c6 nudi ngya.

- Nguoi hat thube Gitanes udng ruou.

- Nguoi Nhat hat thude Craven

- Nguoi Nauy séng canh ngdi nha mau xanh da troi.

Hoi: Ai uéng nudc? Ai la chii con ngua van?

Bai 18 (*): (Tro choi tot den va tdt tring)
Bat dau tir 3 tot den va 3 tot tring d3 duoc sip xép va cach nhau boi mot
khoang tring.
VD: BBB_NNN.
MGdi 1an danh chi ¢ 1 trong 4 phép dich chuyén sau dugc thi hanh:
Tét den trugt sang trai:
BNB_NNB -> BNBN_NB
Tt den nhay sang trai:
BN BNNB ->BNNB NB
Tét trang truot sang phai:
BNB_NNB -> BN _BNNB
T6t trang nhay sang phai:
BBN NNB ->B NBNNB
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Viét 1 chuong trinh dé chuyén tir trang thai dau sang trang thai két (moi tot
trang déu nam bén phai).
Bai 19 (*):

Cho 1 biéu thirc véi phép * (Nhan) va + (Cong). Hay sta d6i dé duoc 1 tong
cac tich bang cach thém vao dau ngoic.

VD:a*(b+c)+(d+e)*(f+g=(((((a*b+ra*c)+d*fHh+e*fHH+d*g)
te*g)

Co nghia la:

Cong(Nhan(a, Cong(b, c¢), Nhan(Cong(d, e), Cong(f, g)))) cho ra
Cong(Cong(Cong(Cong(Cong(Nhan(a, b), Nhan(a, c¢)), Nhan(d, f)), Nhan(e, f)),
Nhan(d, g)), Nhan(e, g))

Hay xay dung chuong trinh trén theo 2 giai doan:

- Phan ph01 Nhan sao cho khong c6 Nhan nio c6 Cong lam dbi.

- Chuyén thanh cay sao cho nhanh phai ciia Cong khong chtra Cong khac,

nhédnh phai cia Nhan khong chira Nhan khéc.
Bai 20 (¥):

Cho biéu thirc dang And(p, q), Or(p, q), Not(q), trong d6 p, q 1a bién hoic 1a
biéu thirc cung dang. Ta co:

And(Or(p, q), 1) <=> Or(And(p, 1), And(q, 1))
And(p, Or(q, 1)) <=> Or(And(p, q), And(p, r))
Not(Or(p, q))  <=> And(Not(p), Not(q))
Not(And(p, q)) <=> Or(not(p), not(q))
Not(Not(p)) <=>p

Hay chuyén biéu thire theo yéu cau sau:
MB&i nut Or chi c6 6 tién 1a Or.
MB&i nit And chi ¢6 t0 tién la And.

a) Viét chuong trinh thyc hién cong viéc trén.

b) Thay d6i chuong trinh dé mdi nhanh trai Or khong chira nit Or khac, va

mdi nhanh trai And khong chira And khéc.
Bai 21 (*): (Nhing 6ng chong hay ghen)

C6 ba cap vo chdng phai qua séng nhung chi c6 mot chiéc thuyén chi chd
duogc t6i da hai ngudi. Hay lap trinh cho cac chuyén di dé sao cho khong c6 ba vo
nao & trén bo hay trén thuyen v6i nhimg ngudi dan ong X khac ma khéng ¢ chong
minh hoic khong c6 dong thoi véi vo cia X.

Bai 22 (*): (S6i, dé va bap cai)

C6 mdt con s61, mot con d€ va mot bap cai phai qua song. Chi c6 mdt nguoi
chéo thuyen chi chd dugc mdi 1an mot trong sé chung. Néu khong co mit nguol
chéo thuyén thi dé s& an bip cai va soi s& an thit dé. Hiy 1ap trinh cho cac chuyén
di.
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