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Nhac lai: Tim kiém theo cau truc cay

function TREE-SEARCH( problem, fringe) returns a solution, or failure
fringe — INSERT(MAKE-NODE(INITIAL-STATE[problem]), fringe)
loop do
if fringe is empty then return failure
node «— REMOVE-FRONT(fringe)
if GOAL-TEST[problem| applied to STATE(node) succeeds return node
fringe — INSERTALL(EXPAND(node, problem), fringe)

= M6t chién lwgc (phwong phéap) tim kiém = Mot cach xac dinh
th&r tw xét cac nut cua cay

Tri tué nhan tao



Tim ki€m vdi tri thd'c bo sung

Céc chién lwoc tim kiém co ban (uninformed search

strategies) chi str dung cac théng tin chira trong dinh nghia

cua bai toan

o Khéng phu hop voi nhiéu bai toan thwc té (do doi hédi chi phi qua
cao vé thoi gian va b6 nho)

Céc chién lwgc tim kiém véi tri thire bd sung (informed search

strategies) §l’f dung céc tri thtrc cu thé cua bai todn — QUA

trinh tim kiém hiéu qua hon

o Cac gidi thuat tim kiém best-first (Greedy best-first, A*)

o Cac gidi thuat tim kiém cuc bd (Hill-climbing, Simulated annealing,
Local beam, Genetic algorithms)

o Cac giai thuat tim kiém doi khang (MiniMax, Alpha-beta pruning)

Tri tué nhan tao



Best-first search

Y twdng: St dung mot ham danh gia f(n) cho mdi nut cia

cay tim kiém

o Dé danh gia mrc @6 “phu hop” clia nut dé

> Trong qua trinh tim kiém, wu tién xét cac nut co mere do phu hop
cao nhat

Cai dat giai thuat

o Sap thi tw cac nuat trong cau tric fringe theo trat tw gidam dan vé
muc do phu hop

Cac trvdng hop dac biét cua giai thuat Best-first search

o Greedy best-first search

o A’ search

Tri tué nhan tao



Greedy best-first search

Ham danh gia f(n) la ham heuristic h(n)

H{‘;\m heuristic h(n) danh gia chi phi dé di ttr nat hién tai n
dén nut dich (muc tiéu)

Vi du: Trong bai toan tim dwdng di tir Arad dén
Bucharest, str dung: hg 5(n) = Udc lwgng khoang cach
dwdng thang (“chim bay”) tir thanh phd hién tai n dén
Bucharest

Phwong phap tim kiém G‘reedy best-first search sé xet
(phat trién) nut “co vé” gan v&i nat dich (muc tiéu) nhat

Tri tué nhan tao



Greedy best-first search — Vi du (1)
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Greedy best-first search — Vi du (2)
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Greedy best-first search — Vi du (3)
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Greedy best-first search — Vi du (4)
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Greedy best-first search — Vi du (5)
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Greedy best-first search — Cac dac diém

Tinh hoan chinh?

o Khdng — Vi cé thé vwéng (chét tac) trong cac vong 1ap kiéu nhuw:
lasi 2 Neamt - lasi 2> Neamt -...

Po phtrc tap vé thoi gian?
L O(bM)
o M6t ham heuristic tét c6 thé mang lai cai thién Ion

Po phure tap vé bd nhé?
o O(b™M) — Lwu gilr tat ca cac nut trong bd nhé

Tinh t6i wu?
o Khong

Tri tué nhan tao
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A* search

Y twédng: Tranh viéc xét (phat trién) cac nhanh tim kiém
da xac dinh (cho dén thoi diém hién tai) la co chi phi cao
St dung ham danh gia f(n) = g(n) + h(n)

a g(n) = chi phi t&r nat gdc cho dén nat hién tai n

o h(n) = chi phi woc lwgng t nut hién tai n t&i dich

a f(n) = chi phi tbng thé wéc lwong cia dwdng di qua nat hién tai n
dén dich

Tri tué nhan tao 13



A* search — Vi du (1)
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A* search — Vi du (2)
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A* search — Vi du (3)

.4

_— _--!:_ e
________———_____ H"-\-\.H T
“sbl
___F---”}ﬂﬁ““--u-% 447=118+329

G46=280+366 415=239+176 671= 291+3-EC| 413=220+193

Tri tué nhan tao




A* search — Vi du (4)
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A* search — Vi du (5)
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A* search — Vi du (6)
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n | h(n)
0 HN | 50
ST | 60
LC | 75
HB | 65
LS | 70
HP | 80
QN | 80
100 TB | 55
ND | 45
NB | 20
TH | 15
V 0

\Vj h(n): khoang cach duwdng chim bay HN - V



A* search: cac dac diém

Néu khéng gian céc trang théi Ia hiru han va c6 giai
phép dé trénh viéc xét (I8p) lai céc trang thai, thi giai
thuat A* Ia hoan chinh (tim dwoc 101 giai) — nhwng khong
dam bao la téi wu

Néu khéng gian cac trang thai la hiru han va khong co
giai phap dé tranh viéc xét (Iap) lai cac trang thai, thi giai
thuat A* 1a khéng hoan chinh

Néu khéng gian céc trang théi la vé han, thi giai thuat A*
la khéng hoan chinh

Khi nao thi A* t6i wu?

Tri tué nhan tao o1



Cac udc luong chap nhan dugc

Mot wée lwong h(n) dwoc xem 1a chap nhan dwoc néu

doi v&i moi nut n: 0 < h(n) < h*(n), trong d6 h*(n) la chi phi

that (thwe té) dé di tlr nat n dén dich

Mét wée lwong chap nhan dwoc khdng bao gior danh gia

qué cao (overestimate) d6i v&i chi phi dé di toi dich

o Thwe chat, wdc lwong chap nhan dwoc cd xu hwdng danh gia
“lac quan”

Vidu: Ud&clwong hg 5(n) danh gia thap hon khoang

cach dwdng di thuc té

Dinh ly: Néu h(n) la danh gia chap nhan duorc, thi
phwong phap tim kiém A" st dung giai thuat TREE-
SEARCH la toi wu

Tri tué nhan tao 2



Tinh tOi uu cua A* - Ching minh (1)

Gia slr co mot dich khong toi wu (suboptimal goal) G, dwoc sinh ra
va lwu trong cau tric fringe. Goi n 1a mét nut chwa xét trong cau tric
fringe sao cho n nam trén modt dwérng di ngan nhat dén mét dich toi
wu (optimal goal) G

Sreart

N

M

QO o,
Taco: 1) f(G,) = g(G,) vi h(G,)=0
Ta co: 2) g(G,) > g(G) Vi G, la dich khong toi wu
Ta cé: 3) f(G) = g(G) vi h(G) =0

T 1)+2)+3) suy ra: 4) f(G,) > f(G)

Tri tué nhan tao
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Tinh tOi uu cua A* - Chi’ng minh (2)

Sreart

N

M

C@ G,
Ta co: 5) h(n) < h*(n) vi h 1a wée lwong chap nhan dwoc
Tw 5) suy ra: 6) g(n) + h(n) < g(n) + h'(n)
Taco: 7)g(n) + h*(n) =f(G) vi nnam trén dwdng di t&i G
Tw6)+7)suyra: 8)f(n) < f(G)

T 4)+8) suy ra: f(G,) > f(n). Tt 14, gidi thuat A* khdng bao gidr xét G,

Tri tué nhan tao o4



Cac udc luong chap nhan dugc (1)

Vi du déi v&i trd choi 6 chir 8 sb:
h,(n) = s0 cac 6 chir nam & sai vi tri (so v&i vi tri ctia 6 chir day &
trang thai dich)

h,(n) = khodng cach dich chuyén («,—,T,{) ngan nhat dé dich
chuyén cac 6 chir nam sai vi tri vé vi tri dung

h,(S) =7 710l 2 || 4 1 ||| 2
hZ(S) = 5 6 3 4 5
8 3 1 6 7 8

Start State Goal State

Tri tué nhan tao 95



Cac udc luong chap nhan dugc (2)

Vi du déi v&i trd choi 6 chir 8 sb:
h,(n) = s0 cac 6 chir nam & sai vi tri (so v&i vi tri ctia 6 chir day &
trang thai dich)

h,(n) = khodng cach dich chuyén («,—,T,{) ngan nhat dé dich
chuyén cac 6 chir nam sai vi tri vé vi tri dung

h,(S) =8 710l 2 || 4 1 ||| 2
hZ(S) = 3+1+ 5 6 3 4 5
2+2+ 2+3+3+2 =18 s Il 3 N 1 s Il 7 N s

Tri tué nhan tao 26



Tro chol Tic-tac-toe
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KGTT cua tic-tac-toe dwoc thu nhé nhé tinh dbi xirng clia cac trang thai
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Phéep do heuristic

Y

Chiém 3 dwdng

Chiém 4 duwdng

Chiém 2 duwdng

Heuristic “Sé dwong thang nhiéu nhat” ap dung cho céc

nut con dau tien trong tic-tac-toe.




Phep do heuristic
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Udc lugng uu thé

U'dc lvong h, dwoc goi la wu thé hon / tréi hon (dominate) wéc

lwong h; neu

o h*(n) > h,(n) = h,(n) d6i v&i tat ca cac nat n

Néu woc lwgng h, wu thé hon woc lwgng hy, thi h, tot hon (nén
dwoc sir dung ho’n) cho qua trinh tim kiém

Trong vi du (6 chir 8 s0) & trén: Chi phi tim kiém = S6 lwong trung

binh cua cac nut phai xet:

o VOoidosaud=12
IDS (Tim kiém sau dan):
A*(str dung woc lwong hy):
A*(str dung woc lwgng h,):

o Voidosaud =24
IDS (Tim kiém sau dan):
A’(str dung wée lvong h,):
A’(str dung wéc luvgng h,):

Tri tué nhan tao

3.644.035 nut phai xét
227 nut phai xét

73 nut phai xét

Qua nhiéu nut phai xét

39.135 nut phai xét
1.641 nut phai xét
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Cac udc lugng kién dinh

MGt woc lvgng h dugc xem la kién dinh (consistent), néu vé&i moi nat
n va v&i moi nut tiép theo n' clia n (dwoc sinh ra b&i hanh dong a):

h(n) < c(n,a,n’) + h(n")

c(n,a,n’)

Néu wéce lwong h 1a kién dinh, ta co:
f(n) =g(n’) +h(n)

=g(n) + c(n,a,n’) + h(n")

2 g(n) +h(n) = f(n)

Nghia la: f(n) khédng gidm trong bat ky dwdng di (tim kiém) nao
diquan

Dinh ly: Néu h(n) 1a kién dinh, thi phwong phap tim kiém A* sty
dung giai thuat GRAPH- SEARCH la téi wu

Tri tué nhan tao 3



Cac dac diem cua A*
Tinh hoan chinh?
a CO (trtr khi c6 rat nhiéu cac nut cé chi phi f < f(G))
Po phtrc tap vé thoi gian?
o Béac cla ham mi — S6 lwong cac nut dwoc xét 1a ham mi cua dod
dai dwdng di cua loi giai

Po phure tap vé bd nhé?
o Lwu gil tat cd cac nat trong bd nhé

Tinh t6i wu?
o Co (d6i voi didu kién dic biét)

Tri tué nhan tao
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A* vs. UCS

Tim kiém v@i chi phi cuc
tieu (UCS) phat trién theo
moi hwdng

Goal

Tri tué nhan tao

Tim kiém A* phat trién chi yéu

theo hwdng téi dich, nhung
dam bao tinh toi wu

@Gnal
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Cac giai thuat tim kiém cuc bo

Trong nhiéu bai toan t6i wu, cac dac diém thwong phirc
tap va ta khéng thé tim duwoc I1&i gidi toi wu.
o Trang thai dich = L& giai cua bai toan phai thoa man rang budc
nao do.
Vi du: Bai toan n quan hau (bé tri n quan hau trén mét ban co kich
thwdc nxn, sao cho cac quan hau khéng an nhau)
o Bai toan téi wu co6 nhiéu diém cwe tri dia phwong.

Trong nhirng bai toan nhuw thé, ching ta cé thé st dung
cac giai thuat tim kiém cuc bd

Tai moi tho diém, chi lvu mét trang thai “hién thoi" duy
nhat. Muc tiéu: co gang “cai thién™ trang thai (cau hinh)
hién thoi nay doi véi mot ti€u chi nao do (dinh trudc)

Tri tué nhan tao 34



Tim kiém leo doi: minh hoa

= Nhuoc diém: Tuoy vao trang thai dau, giai thuat tim kiém leo dbi cé
thé “tac” & cac diém cwc dai cuc bo (local maxima)
o Khéng tim dwoc 16 gidi tdi wu toan cuc (global optimal solution)

-:ublj:ctivifun:ti-:nn El"'-"b'al IO [

e

shonlder

local maximmm

_._._'_._,_.-l-"'-'

"flat" local magimm

S-siats space
cument

state
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Vi du: Bai toan n quan hau

= B tri n (=4) quan hau trén mét ban cé cé kich thuéc

n xn, sao cho khéng co6 2 quan hau nao trén cung hang,

hoac trén cung c6t, hoac trén cung dwong chéo

W W
= W " =

lﬁl‘ﬂ'
. o .

YT

MW

Tri tué nhan tao
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Tim kiém leo d6i: giai thuat

function HiLL-CLIMBING( problem) returns a state that is a local maximum
inputs: problem, a problem
local variables: current, a node
neighbor, a node

current +— MAKE- NODE(INITIAL-STATE[problem])

loop do
neighbor+— a highest-valued successor of current
if VALUE[neighbor] < VALUE[current] then return STATE[current]
current «— neighbor

Tri tué nhan tao -




Tim kiém leo doi: bai toan o ch{
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f(n) = -(S6 lwgng cac & chir nim sai vi tri) 3



Tim ki€m leo doi: bai toan 8 quan hau (1)

13.14 13.14
16 15.14.15
14.13 15.14

14 w 16 16
w 17 w 16
W8] 1o (8T W (11 W
18 ‘w 15 ‘ﬂ'
14 17 . 14 . 18

= Uéc lwong h = tdng sb cac cap quan hau an nhau, hoac la truc tiép
hoac gian tiép
= Trong trang thai (ban c®) trén: h =17

Tri tué nhéan tao
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Tim ki€m leo doi: bai toan 8 quan hau (2)

= Trang thai ban c& trén 1a mot gidi phap tdi wu cuc bd (a
local minimum)
2 Vi wée lwong h =1 (van con 1 cép hau &n nhau)

Tri tué nhéan tao
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Simulated annealing search

Dwa trén qua trinh t6i U (annealing process). Kim loai ngudi di
va lanh cwng lai thanh cau truc két tinh

Phwong phap tim kiém Simulated Annealing c6 thé tranh
dwoc cac diém téi wu cuc bd (local optima)

Phwong phap tim kiém Simulated Annealing s& dung chién
lwore tim kiém ngau nhién, trong dé chap nhan cac thay doi
lam tang gia tri ham muc tieu (i.e., can toi wu) va cing chap
nhén (c6 han ché) cac thay déi lam giam

Phuong phap tim kiem Simulated Annealing st dung mét
tham so6 diéu khién T (nhw trong cac hé thong nhiét do)

o Bat dau thi T nhan gia tri cao, va gidm dan vé 0

Tri tué nhan tao M



Simulated annealing search: giai thuat

= Y twdng: Thoat khéi (virgt qua) cac diém toi wu cuc bd bang céach
cho phép ca cac dich chuyén “tCA)i":[l‘J’ trang thai hién thi, nhung
giam dan tan xuat cua cac di chuyén t6i nay

function SIMULATED- ANNEALING( problem, schedule) returns a solution state
inputs: problem, a problem
schedule, a mapping from time to “temperature”
local variables: current, a node

next, a node
T, a "temperature” controlling prob. of downward steps

current +— MAKE-NODE(INITIAL-STATE[ problem])
for i+ 1to ocdo
T+ schedule[{]
if T'= 0 then return current
nert+— a randomly selected successor of current
AE+ VALUE[next] — VALUE[current]
if AE > 0 then current+ next

else current < next only with probability e® £/T

Tri tué nhan tao
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Simulated annealing search: cac dac diém

(C6 thé chirng minh dwoc) Néu gid tri ciia tham sd T (xac
dinh md&rc d6 gidm tan xuéat doi voi cac di chuyén toi)
gidm cham, thi phwong phap tim kiém Simulated
Annealing sé tim dwoc I&i gidi tdi wu toan cuc voi xac
suat xap xi 1

Phwong phap tim kiém Simulated Annealing ,Search rat
hay dwoc st dung trong cac linh vwe: thiét ké so db
bang mach VLSI, 1ap lich bay, ...

Tri tué nhan tao 43



Local beam search

O mbi thoi diém (trong qua trinh tim kiém), luén lwu gitr k
— thay vi chi 1 —trang thai tot nhat

Bat dau giai thuat: Chon k trang thai ngau nhién

O mbi buwdc tim kiém, sinh ra tat ca cac trang thai ké tiép
cua k trang thai nay

Néu maot trong sO cac trang thai la trang thai dich, thi giai
thuat ket thuc (thanh cong); néu khong, thi chon K trang
thai tiép theo tot nhat (tir tap céc trang thai tiép theo), va
lap lai bwoc trén

Tri tué nhan tao m



Giai thuat di truyen: gidi thiéu

Dua trén (bat chwdc) qua trinh tién hoa tw nhién trong sinh hoc
Ap dung phwong phap tim kiém ngau nhién (stochastic search)
de tim duoc loi giai (vd: mot ham muc tiéu, mét md hinh phan
Iop, ...) toi wu
Giai thuat di truyén (Genetic Algorithm — GA) c¢6 kha nang tim
dwoc cac loi giai tot tham chi ngay ca vdi cac khong gian tim
kiem (I&i giai) khéng lién tuc rat phire tap
M6i kha nang cla I&i gidi dwoc biéu dién béng mot chudi nhi
phan (vd: 100101101) — dwgc goi la nhiém sac thé
(chromosome)

- Viéc biéu dién nay phu thudc vao tirng bai toan cu thé

Tri tué nhan tao 45



Giai thuat di truyén: mo ta

Xay dwng (kh&i tao) quan thé (population) ban dau
- Tao nén mot s cac gia thiét (kha nang cua 1oi giai) ban dau
» MGi gia thiet khac cac gia thiet khac (vd: khac nhau doi véi céc gia tri clia mét
sO tham sO nao do cua bai toan)
Panh gia quan thé
» Danh gia (cho diém) méi gia thiét (vd: bang cach kiém tra do chinh xac cua
hé thong trén mét tap dir liéu kiém thip)
 Trong linh vic sinh hoc, diém,dénh gia nay ctia mbi gia thiét dwoc goi 1a do
phu hop (fithess) cua gia thiét do
» Xép hang céc gia thiét theo mirc d6 phu hop clia ching, va chi gii lai cac gia
thiét tot nhat (goi la cac gia thiet phu hop nhat — survival of the fittest)
San sinh ra thé hé tiép theo (next generation)
- Thay déi ngau nhién cac gia thiét dé san sinh ra thé hé tiép theo (goi 1a céc
con chau — offspring)

Lap lai qua trinh trén cho dén khi & mot the hé nao do co gia thiét tot nhat c6 do
phu hop cao hon gia tri phu hop mong mudén (dinh trude)

Tri tué nhan tao 46



GA(Fitness, 0,n, r
Fitness: Afunction that produces the score (fitness) given a hypothesis

6. The desired fitness value (i.e., a threshold specifying the termination condition)

co!? rmu

n: The number of hypotheses in the population
r... The percentage of the population influenced by the crossover operator at each step

r... The percentage of the population influenced by the mutation operator at each step

Initialize the population: H «— Randomly generate n hypotheses
Evaluate the initial population. For each heH: compute Fitness (h)
while (max, 4 Fitness (h) <8) do

Hrext « @&

Reproduction (Replication). Probabilistically select (1-r_).n hypotheses of
H to add to H»ext,

The probability of selecting hypothesis h. from H is: Fitness(h.)

P(hi ) ~
Z Fitness(h;)

Tri tné nhin tao
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GA(Fitness, 6, n, r_,, Iy,

Crossover.
Probabilistically select (r_..n/2) pairs of hypotheses from H, according to

the probability computation P (h,) given above.
For each pair (h;, h.), produce two offspring (i.e., children) by applying
the crossover operator. Then, add all the offspring to H7ext,

Mutation.
Select (r,,.n) hypotheses of H"ext, with uniform probability.

For each selected hypothesis, invert one randomly chosen bit (i.e., 0 to 1,
or 1 to 0) in the hypothesis’s representation.

Producing the next generation: H ~ H~ext

Evaluate the new population. For each heH: compute Fitness (h)

end while

return argmax .y, Fitness (h)

Tri tné nhin tao
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Q>

G

thuat di truyén: minh hoa

I_.

-N—1

11010100101000
01001110111011
11100010110100
Q0001110010100
11001010101010
00101100100100
11110100101011
10001001010001
11010110101000
11110101101001

generation k

[Duda et al.,

2000]

survival of

0 o thefittest and

T H-
5 Hh
M.
o
=]
score i rank Q
— ] 10001001010001
R——— | 11010110101000 &
— 20 00101100100100 73
—_— 30 11001010101010 54
—_— 0o00l110010100 36
— /3 11100010110100 29
—_— 2 11110101101001 27
——— 11110100101011 22
e 5] 11010100101000 15
—_— 2 01001110111011 1

parents

reproduction

" 10001001010001
11010110101000
00101100100100
11001010101010
00001110010100
11100010110100
11110101101001
11110100101011
11010100101000
01001110111011

generation k+1

offspring

Tri tué nhan tao
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Cac toan tu di truyéen

3 toan t& di truyén dwoc str dung dé sinh ra cac ca thé con chau
(offspring) trong thé hé tiép theo
* Nhwng chj c6 2 toan tir lai ghép (crossover) va dot bién (mutation) tao nén
sy thay doi
Tai san xuat (Reproduction)
— Mot gia thiét dwoc gilr lai (khdng thay doi)
Lai ghép (Crossover) dé sinh ra 2 ca thé moi
— Ghép (“phdi hop") clia hai ca thé cha me
- Diém lai ghép dwoc chon ngau nhién (trén chiéu dai cia nhiém sac thé)
» Phan dau tién clia nhiém sac thé h, dwoc ghép vei phan sau cla nhiém
sac thé h., va nguoc lai, dé sinh ra 2 nhiém sac thé maoi
Dot bién (Mutation) dé sinh ra 1 ca thé maoi
—Chon ngau nhién mét bit ctia nhiém sac thé, va dbi gia tri (0—1/ 1—0)
- Chi tao nén mot thay déi nhd va ngdu nhién dbéi véi mot ca thé cha me!
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Cac toan tu di truyén: vi du

Cha me — Thé hé Con chéau- Thé

hién tai hé tiép theo

Tai san xuit: 11101001000 » 11101001000
ai ghép tai | 11101001000 | 11111000000 _~11101010101
1 diem: 00001010101 7 (crossover mask) ™\ 00001001000
Lai ghép ta 11101001000 | 00111110000 -~ 11001011000
2 diem: 00001010101 7 (crossover mask) ™\ 00101000101

P6t bién: 11101001000 + 11101011000

[Mitchell, 1997]

Tri tué nhan tao
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Toan t lai ghép: vi du

Bai toan bd tri 8 quan hau trén ban cd - Toan t& lai ghép

(crossover)

"
i

N [EyE .
H
n

W
_

Wil
H

Tri tué nhéan tao
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Tim kiém co doi thu

Céc tha tuc tim kiém sau dan (IDS) va tim kiém A* htku
dung doéi voi cac bai toan (tim kiém) lién quan dén mot
tac tw

Thu tuc tim kiém cho cac bai toan lién quan dén 2 tac tir
cO muc tiéu doéi nghich nhau (xung doét voi nhau)?
a Tim kiém c6 doi thu (Adversarial search)

Phuong phap tim kiém cé doi thd duwoc ap dung pho
bién trong cac tro choi (games)

Tri tué nhan tao 53



Cac van dé cua tim kiém trong tro choi

Khé dy doan trwdc dwoc phan rng clia dbi thu

o Can xac dinh (xét) mét nwéc di phu hop doi véi moi phan (g
(nwde di) cé thé caa doi tha

Gidi han vé thoi gian (trd choi ¢6 tinh gi®)

o Thuwong kho (hodc khdng thé) tim dwoc gidi phap t6i wu — Xap xi

Tim kiém c6 doi tha doi hai tinh hiéu qua (gitra chat

lwong cua nuwde di va chi phi thdi gian)

bay la moét yéu cau kho khan

Nguyén tac trong nhiéu trd choi doi khang

o M6t ngwoi choi thang = Nguwdi choi kia thua

o Mure do (tbng diém) thang ciia mét ngudi choi = Mirc dd (tbng
diém) thua cda ngwoi choi kia
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Tro chgi cG ca-ro

Trd choi cd ca-ré 1a mot vi du phd bién trong Al dé minh
hoa vé tim kiém co6 doi thu
o Vd: http://www.ourvirtualmall.com/tictac.htm

La trd choi doi khang gitra 2 ngudi (goi 1a MAX va MIN)
o Thay phién nhau di cac nwdc (moves)

o Két thac trd choi: Nguwdi thang dwoc thuwdng (diém), nguwdi thua
bi phat (diém)

Tri tué nhan tao
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Bi€u dién bai toan trd chaoi d6i khang

Trd choi bao gom céac thdng tin
o Trang thai bat dau (Initial state): Trang thai cda trd choi + Nguoi
choi nao duoc di nwédc dau tién

o Ham chuyén trang thai (Sucessor function): Tra vé thdng tin goém
(nw&e di, trang thai)

Tat ca cac nwdce di hop 18 ti trang thai hién tai

Trang thai mai (14 trang thai chuyén dén sau nwéece di)
o Kiém tra két thac trd choi (Terminal test)
o Ham tién ich (Utility function) dé danh gia cac trang thai

Trang thai bat dau + Cac nwdc di hop 18 = Cay biéu dién
tro choi (Game tree)
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Cay biéu dién tro chgi cd ca-rd

MAX (X)

X X X
MIN () X

x[0 x| o] [x]
MAX (X) o

x[ox] [x[o X0
MIN (O) X X

x[olx] [xTolx] [x[o[x e
TERMINAL ox [olo/x X

0 X[ x[o| [X/o/o

Utility 1 0 +1

Tri tué nhan tao
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Cac chién luoc toi uu

Mét chién Ivgc toi wu la mét chudi cac nwérc di gilp duwa
dén trang thai dich mong muon (vd: chién thang)

Chién lwoc ciia MAX bi anh hwéng (phu thudc) vao cac
nwéc di cua MIN — va nguoc lai

MAX can chon mdt chién lwgc gitp cwe dai hda gia tri

ham muc tiéu — v&i gia st la MIN di cac nwde di toi wu

2 MIN can chon mét chién lwoc gitp cwc tiéu hoa gia tri ham muc
tieu

Chién Iwoc nay dwoc xac dinh bang viéc xét gia tri

MINIMAX doi v&i moi nut trong cay bieu dién tro cho

o Chién lwgce toi wu dbi vai cac trd choi co khdng gian trang thai xac
dinh (deterministic states)
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Gid tri MINIMAX

MAX chon nwoce di teng voi gia tri MINIMAX cuwe dai (dé
dat dwoc gia tri cwc dai cua ham muc tiéu)

Nguwoc lai, MIN chon nwdc di weng voi gia tri MINIMAX
cuc tiéu

Il Ak

M

Tri tué nhan tao
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Giai thuat MINIMAX

function MINIMAX-DEcISION(state) returns an action

v+ MAaX-VALUE(state)
return the action in SUCCESSORS( state) with value v

function MAX-VALUE(state) returns a utility value

if TERMINAL-TEST(state) then return UTILITY(state)
U= —0C
for a,s in SUCCESSORS(state) do
v+ Max(v, MIN-VALUE(S))
return v

function MIN-VALUE(state) returns a utility value

if TERMINAL-TEST(state) then return UTILITY(state)
U= 00
for a,s in SUCCESSORS(state) do
v+ MIN(v, MAX-VALUE(S))
return v

Tri tué nhan tao
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Giai thuat MINIMAX: cac dac diém

Tinh hoan chinh

o Co (néu cay biéu dién tro choi 1a hiru han)

Tinh t6i wu

o Co (d6i véi mot doi tha ludn chon nuwdc di tdi wu)

Po phire tap vé thdi gian

o O(bM)

Po phure tap vé bd nhé

o O(bm) (kham phé theo chién lwgc tim kiém theo chiéu sau)

Pai vai trd choi cd vua, hé sb6 phan nhanh b =35 va hé sb
murc dé sau cua cay bieu dien m~100
o Chi phi qua cao — Khéng thé tim kiém chinh xac nuwéc di toi wu

Tri tué nhan tao 1



Cat tia tim kiém

Van dé: Giai thuat tim kiém MINIMAX vap phai yén dée
bung nd (mdrc ham ma) cac kha nang nwéc di can phai
xét — khéng phu hgp véi nhiéu bai toan tro choi thuce té

Chuing ta c6 thé cat tia (bd di — khong xét dén) mot so
nhanh tim kiém trong céy biéu dién trd cho

Phwong phép cat tia a-p (Alpha-beta prunning)

0 Y twdng: Néu mét nhanh tim kiém nao do6 khong thé cai thién doi
v@i gia tri (ham tién ich) ma chung ta da co, thi khéng can xét dén
nhanh tim kiém dé niva!

0 Viéc cat tia cac nhanh tim kiém (“t6i”) khong anh hwdng dén két
qua cudi cung

Tri tué nhan tao &



Cat tia a-p — Vidu (1)

Il A

f M

23

Tri tué nhéan tao
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Cat tia a-p — Vi du (2)

Il A

f M

Tri tué nhan tao
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Cat tia a-p — Vi du (3)

Il A

f M

<14
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Cat tia a-p — Vi du (4)

AKX

Tri tué nhan tao




Cat tia a-B — Vi du (5)

hl A

iy

Tri tué nhan tao




Tai sao dudc goi la cat tia a-p?

o la gia tri cia nwoc di
tot nhat doi voi MAX (gia

tri toi da) tinh dén hién MAX
tai d6i v&i nhanh tim
kiém -

Néu v la gia tri toi hon a,
MAX sé bé qua nuwéce di
ng voi v

o Cat tia nhanh &ng véi v

MAX

MIN

B dwoc dinh nghia
twong tw doi véi MIN

Tri tué nhan tao



Giai thuat cat tia a-p (1)

function ALPHA-BETA-SEARCH(state) returns an action
inputs: state, current state in game

v4— MaX-VALUE(state, —oc, +00)
return the action in SUCCESSORS( state) with value v

function MAX-VALUE(state, o, B) returns a utility value
inputs: state, current state in game
«, the value of the best alternative for MAX along the path to state
3, the value of the best alternative for MIN along the path to state

if TERMINAL-TEST(state) then return UTILITY(Sstate)
U4 —00
for a,sin SUCCESSORS(state) do
v Max(v, MIN-VALUE(S, o, 3))
if v > 3 then return v
a — Max(a, v)
return v

Tri tué nhan tao
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Giai thuat cat tia a-p (2)

function MIN-VALUE(state, o, 8) returns a utility value
inputs: state, current state in game
«, the value of the best alternative for MAX along the path to state
3, the value of the best alternative for MIN along the path to state

if TERMINAL-TEST(state) then return UTILITY(state)
U4— +00
for a,s in SUCCESSORS(state) do
v MIN(v, MAX-VALUE(S, a, 3))
if v < o« then return v
3 MIN(, v)
return v

Tri tué nhan tao
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Cat tia a-p

Poi v&i cac trd choi co khong gian trang thai Ion, thi
phwong phap cat tia a-p van khéng phu hop

o Khéng gian tim kiém (két hop cat tia) van 1on

C6 thé han ché khéng gian tim kiém bang cach st dung
cac tri thirc cu thé cua bai toan
o Tri thirc dé cho phép danh gia méi trang thai cla trd cho

o Tri thire bd sung (heuristic) nay dong vai tro twong tw nhw la ham
wdc lwong h(n) trong giai thuat tim kiém A*

Tri tué nhan tao 7



Mot so trd choi doi khang (minimax)

® -
ARk iy
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a) Cd Tudng by Cd Vua (ed Quéc TE)
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X |0 :f‘%y*
X0 ole
.
<) Tictactoe

4% Go-mokaa (od caro)



