Tri Tué Nhan Tao

(Artificial Intelligence)

Lé Thanh Huong

Vién Cong nghé thdng tin va Truyén thong
Truong Pai Hoc Bach Khoa Ha Noi



NOI dung mon hoc

Chuwong 1. Tdng quan
Chuwong 2. Tac tir thdng minh
Chwong 3. Giai quyét van dé
3.1. Tim kiém co ban

3.2. Tim kiém vai tri thire bd sung
3.3. Tim kiém dwa trén théa man rang budc

Chwong 4. Tri thirc va suy dién
Chwong 5. Hoc may



Giai quyét van dé bang tim ki€m

Gidi quyét van dé bang tim kiém
o Tim chudi cac hanh déng cho phép dat dén (cac) trang thai mong mudn

Cac bwdc chinh
o Xac dinh muc tiéu can dat dén (goal formulation)
La mét tap hop cla cac trang thai (dich)
Dwa trén: trang thai hién tai (cua méi tredng) va danh gia hiéu qua hanh déng
(cla tac t)
o Phat biéu bai toan (problem formulation)
Vé&i mot muc tiéu, xac dinh cac hanh déng va trang thai can xem xét
o Qua trinh tim kiém (search process)
Xem xét cac chudi hanh déng co6 thé
Chon chudi hanh dong tbt nhat
Giai thuat tim kiém
o Dau vao: mét bai toan (can gidi quyét)
o Dau ra: mét gidi phap, dwdi dang mét chudi cac hanh dong can thwc hién

Tri tué nhan tao 5



Tac tU giai quyét van dé

function SIMPLE-PROBLEM-SOLVING-AGENT( percept) returns an action
static: seg, an action sequence, initially empty
state, some description of the current world state
goal, a goal, initially null
problem, a problem formulation

state +— UPDATE-STATE( state, percept)

if seq is empty then do
goal < FORMULATE-GOAL(state)
problem <~ FORMULATE-PROBLEM(state, goal)
seq EARCH( problem

action < FIRST(seq)

seq < REST(seq)

return action

Tri tué nhan tao



Giai quyét van dé bang tim ki€m

M6t ngudi du lich dang trong chuyén di du lich & Rumani
o Anh ta hién th&i dang & Arad
o Ngay mai, anh ta cé chuyén bay khéi hanh tir Bucharest
o Bay gi®, anh ta can di chuyén (lai xe) tr Arad dén Bucharest

Phat biéu muc tiéu:
o Can phai c6 mat & Bucharest

Phat biéu bai toan: ~
o CAc trang théai: cac thanh phd (di qua)
o Cac hanh déng: 1ai xe gitra cac thanh pho

111
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Tim kiem gidi phap:
o Chudi cac thanh phd can di qua, vi du: Arad, Sibiu, Fagaras,
Bucharest

Tri tué nhan tao
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Cac kiéu bai toan

Xac dinh, c6 thé quan sat hoan toan > Bai toan trang thai
don

o Tac tir biét chinh xac trang thai tiép theo ma né sé chuyén qua
a Giai phap cla bai toan: mét chudi hanh dong
Khdng quan sat dworc > Bai toan thiéu cdm nhan
o Tac tlr co thé khéng biét 1a né dang & trang thai nao
o Giai phap cla bai toan: mét chudi hanh dong
Khong xac dinh va/hoac c6 thé quan sat mot phan > Bai
toan co sw kién ngau nhién
o Céac nhan thirc cung cap cac théng tin méi vé trang thai hién tai
o Giadi phap cua bai toan: mot ké hoach (chinh sach)
o Thwong két hop dan xen gitra: tim kiém va thwe hién

Khoéng biét veé khéng gian trang thai = Bai toan tham do

Tri tué nhan tao



Vi du: Bai toan may hut bui (1)

= Néu la bai toan trang thai

1 | =) 2
don SR o3,
o Bat dau & trang thai #5.
3 | =) 4
= Giai phap? aE
5 | =) 3]
o
7 | =) 8

SRS
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Vi du: Bai toan may hut bui (2)

Néu la bai toan trang thai
don

o Bat dau & trang thai #5.
Giai phap?

a [Sang phai, Hut bui]

Tri tué nhan tao
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Vi du: Bai toan may hut bui (3)

Néu la bai toan thiéu cam
nhan

o Bat dau (co thé) & trang thai
[H1 42 #3 #4 45 #6 #7 #8)

o Luén bat ddu bang di chuyén
sang phai

Giai phap?

Tri tué nhan tao

SISk

A BR[| A [#




Vi du: Bai toan may hut bui (4)

Néu la bai toan thiéu cam
nhan

o Bat dau (co thé) & trang thai
[H1,#2 #3 #4 #5 #6 #7 #8)

o Luén bat ddu bang di chuyén
sang phai

Giai phap?

o [Sang phai, Hut bui, Sang trai,
Hut bui]

Tri tué nhan tao
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Vi du: Bai toan may hut bui (5)

Néu |3 bai toan c6 sw kién

ngau nhién

o Bat dau & trang thai #5

o Khéng xac dinh: Ht bui co thé 3
lam ban mébt cai tham sach!

o C6 thé quan sat mot phan: vj 5
tri, mirc d6 ban & vi tri hién
thoi

Giai phap?

Tri tué nhan tao
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Vi du: Bai toan may hut bui (6)

Néu |3 bai toan c6 sw kién

ngau nhién

o Bat dau & trang thai #5

o Khéng xac dinh: Ht bui co thé 3
lam ban mébt cai tham sach!

o C6 thé quan sat mot phan: vj 5
tri, mirc d6 ban & vi tri hién
thoi

Giai phap?

o [Sang phéi, if Ban then Ht
bui]

Tri tué nhan tao
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Phat biéu bai toan trang thai don

Bai toan dwoc dinh nghia bdi 4 thanh phan:

Trang thai dau
a Vidu: “dang & thanh phd Arad”

Céc hanh déng — Xac dinh b&i ham chuyén trang thai:
S(trang_thai_hién_thoi) = tap cac cdp <hanh_dong, trang_thai_tiép theo>

o Vidu: S(Arad) = {<Arad = Zerind, Zerind>, ... }

Kiém tra muc tiéu, co thé Ia
a Truc tiép —vidu: Trang thai hién thdi x = “Dang & thanh phd Bucharest"
o Gian tiép — vi du: HétCo(x), Sach(x), ...

Chi phi dwdng di (giai phap)
a Vi du: Téng cac khoadng cach, Sé lwong cac hanh déng phai thuc hién,...

o c(x,a,y) 2.0 la chi phi bwéc (b6 phan) — chi phi cho viéc ap dung hanh
dong a dé chuyén twr trang thai x sang trang thai y

Mot giai phap: Mot chubi cac hanh ddng cho phép dan tir trang thai
dau dén trang thai dich

Tri tué nhan tao 14



Xac dinh khong gian trang thai

Cac bai toan thuc té thwdng dwoc moé ta phire tap

- Khoéng glan trang thai can dwoc khai quat (abstracted) dé phuc
vu cho viéc gidi quyét bai toan

Trang thai (khai quat) = Mét tap cac trang thai thuc té

Hanh dong (khai quat) = Mt két hop phirc tap cda cac hanh

dong thwc té

o Vidu: Hanh dong "Arad - Zerind" biéu dién mot tap két hop cac
dwdng, dwdng vong, ché nghi, ...

Pé dam bao viéc thwc hién (qua trinh tim kiém), bat ky trang
thai thue té ndo cling phai co thé dat dén dworc tir trang thai
thwe té khac

Giai phap (khai quat) = M6t tap cac dwong di giai phap trong
thwe té

Tri tué nhan tao 15



Po thi khong gian trang thai (1)
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= Cac trang thai?

= Cac hanh déng?

= Kiém tra muc tiéu?
= Chi phi dwdng di?

Tri tué nhan tao 16



Po thi khong gian trang thai (2)
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= Cac trang thai? Ché ban va vi tri may hut bui

= Cac hanh déng? Sang trai, sang phai, huat bui, khéng lam gi
« Kiém tra muc tiéu?  Khéng con chéd (vi tri) ndo ban

= Chi phi dworng di? 1 (moi hanh déng), 0 (khéng lam gi c8)

Tri tué nhan tao 17



Biéu dién bang cay va do thi
B lachacua C

C laconcua B

A latotién cia C

C la conchaucua A

terminal

(leaf)
Directed graph Undirected graph
(one-way street) (two-way streets)

Tri tué nhan tao 18



Po thi tim kiEm — Cay tim kiém

= Cac bai toan tim kiém trén dd thi co thé dwoc chuyén
thanh cac bai toan tim kiém trén cay
o Thay thé méi lién két (canh) vé hwéng bang 2 lién két (canh) co
huwdng
o Loai bé cac vong I3p ton tai trong do thi (dé tranh khong duyét 2
lan doi vai mot nut trong bat ky dwong di nao)

Tri tué nhan tao 19



Cac giai thuat tim kiém theo cau truc cay

No

Y twéng:

o Kham pha (xét) khéng gian trang thai
bang cach sinh ra cac trang thai ké tiép
cUa cac trang thai da kham pha (da xét)

o Con goi la phwong phap khai trién (phat

trien) cac trang thai @ successors(n)

function TREE-SEARCH( problem, strategy) returns a solution, or failure
initialize the search tree using the initial state of problem

loop do
if there are no candidates for expansion then return failure

choose a leaf node for expansion according ta(strategy
if the node contains a goal state then return the corresponding solution

else expand the node and add the resulting nodes to the search tree

Tri tué nhan tao 20




Vi du biéu dién theo cau tric cay (1)

i T _T_. — l‘h— — . P - .
 Shiu ¥  Timisoara « Zarind

s
_ L g . L S~

" Aad Ty ¢ Fagaas 3} ¢ Oiadsa 7y RrnicViesay 7 Aad ¥ 7 Luge] ¥ 0 MAad Ty ¢ Oradea
- e Mol B -, ol e R ol -
i - e, i ..___. - .H"\-\. .-._.- .\."'\-\. ; - .-'T T ) ; - T, . -.__.- ) - T_ T, )

Tri tué nhéan tao )




Vi du biéu dién theo cau tric cay (2)
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Vi du biéu dién theo cau tric cay (3)

Tri tué nhan tao
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Vi du tro chdi cG ca-ro (Tic-Tac-Toe)
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Tim kiém theo cau truc cay - Giai thuat

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](STATE[node]) then return SOLUTION(node)
< fringe < INSERT ALL(EXPAND(node, problem), fringe] —

function EXPAND( node, problem) returns a set of nodes

successors < the empty set

for each action, result in SUCCESSOR-FN[problem|(STATE[node]) do
$<—a new NODE
PARENT-NODE[s] < node; ACTION[s| < action; STATE[s| + result
PATH-COST[s] = PATH-COST[node] + STEP-COST(node, action, s)
DEPTH[s] — DEPTH[nOde] + 1
add s to successors

return successors

Tri tué nhan tao



Biéu dién cay tim kiém (1)

M6t trang thai la mot biéu dién ctia mét hinh trang (configuration)

thwe té

M6t nat (cda cay) la mdt phan ciu thanh nén cau tric dir liéu cla
mot cay tim kiém
o M6t nut chtra cac thudc tinh: frang thai, nat cha, nat con, hanh dong, dé

sau, chi phi dwong di g(x)

State

=]

09

Ham Expand tao nén cac nut mai,

o Gan gia tri cho cac thudc tinh (cua nut méi)

o S dung ham Successor-Fn dé tao nén cac trang thai twong rng voi
cac nut moi do

Tri tué nhan tao
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Biéu dién cay tim kiém (2)




Cac chién lugc tim kiém

M6t chién lwgc tim kiem dwoc xac dinh bang viéc chon
trinh ty phat trien (khai trién) cac nut

Cac chién lwoc tim kiém dwoc danh gia theo céac tiéu chi:

a Tinh hoan chinh: Cé dam bao tim dwoc mét i gidi (néu thuc su
tdn tai mot 101 giai)?

a DO phire tap vé thoi gian: S6 lwong cac nut dwoc sinh ra

a DO phire tap vé bd nhé: SO lwong tdi da cac nut dwoce lwu trong
bd Nnh&

a Tinh t6i wu: C6 ddm bao tim dworc I&i gidi co chi phi thap nhat?

Po phtrc tap vé thdi gian va bd nhé dwoc danh gia bdi:

a b: Hé sb phan nhanh t6i da cua cay tim kiém

o d: Do sau cua loi gidi co chi phi thap nhat

o m: Do séu toi da cha khéng gian trang thai (d6 sau cla cay) — co
thé la «

Tri tué nhan tao 28



Cac chién lugc tim kiém cc ban

Céc chién lwoc tim kiém co ban (uninformed search
strategies) chi str dung cac théng tin chira trong dinh
nghia cua bai toan

o Tim kiém theo chiéu rong (Breadth-first search)

o Tim kiém véi chi phi cwe tiéu (Uniform-cost search)
o Tim kiém theo chiéu sau (Depth-first search)

o Tim kiém gi®i han d0 sau (Depth-limited search)

o Tim kiém sau dan (lterative deepening search)

Tri tué nhan tao 2



Tim kiém theo chiéu rong — BFS

Phat trién cac nut chwa xét theo chiéu rébng — Cac nut dwoc
xet theo thr tw d6 sau tang dan

Cai dat giai thuat BFS

a fringe 1a mot cau trac kiéu hang doi FIFO (cac nat méi duwoc b
sung vao cudi cla fringe)

Cac ky hiéu dwoc sir dung trong giai thuat BFS

o fringe: Cau truc kiéu hang doi (queue) lwu gitr cac nuat (trang thai) sé
dwoc duyét

o closed: CAu truc kiéu hang doi (queue) lwu gitr cac nut (trang thai) da
dwoc duyét

G=(N,A): Cay biéu dién khdéng gian trang thai ctia bai toan

n,: Trang thai dau clia bai toan (nat gbc cla cay)

DICH: Tap cac trang thai dich cua bai toan

I(n): Tap cac trang thai (nut) con cua trang thai (nat) dang xét n

O O 0O O

Tri tué nhan tao 30



BFS — Giai thuat

BFS (N, A, n,, DICH)

{

fringe < ny;
closed « U
while (fringe # &) do

{ 0« GET_FIRST(fringe); >

closed « closed @ n;:
If (n € BICH) then return SOLUTION(n);

if (T(n) = @) thenclinge « fringe @ T(n); >

return (“No solution”);

}

// 14y phan t& dau tién cha fringe

Tri tué nhan tao
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BFS — Vi du (1)

= Phat trién cac nut chwa xét theo chiéu réng — Cac nut dwoc
xét theo th tw do sau tang dan

Tri tué nhan tao
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BFS — Vi du (2)

= Phat trién cac nut chwa xét theo chiéu réng — Cac nut dwoc
xet theo thr tw dO sau tang dan

@
>@ G

Tri tué nhan tao 3




BFS — Vi du (3)

= Phat trién cac nut chwa xét theo chiéu réng — Cac nut dwoc
xet theo thr tw dO sau tang dan

Tri tué nhan tao
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BFS — Vi du (4)

= Phat trién cac nut chwa xét theo chiéu réng — Cac nut dwoc
xet theo thr tw do sau tang dan

(4,
(B, (S
PO © © ¢

Tri tué nhan tao
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Bai tap 1: Vé bang minh hoa qua trinh duyét cua thuat toan
BFS cho cav tim kiém dwdi dav. dinh dau x1. dich x12

X1

VRN ——

X6

J(g Xl(}/ \X 1 )l 12 J/ X1

Tri tué nhéan tao
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Bai tap 2: V& bang minh hoa qua trinh tim kiém I&i gidi trén
KGTT cla bai toan Thap Ha néi s& dung BFS, dinh xuat
phat 1, dich 9.

Tri tué nhan tao
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BFS — Cac dac diém

= Tinh hoan chinh?
o Co (néu b Ia hiru han)

= Do phtrc tap vé thoi gian?
o 1+b+bZ+bs+... +bd = O(bd+l)

= D6 phire tap vé bé nha?
o O(b?*1) — Lwu tat ca cac nut
trong b6 nho)
= Tinh t6i wu?
o C6 (néu chi phi =1 cho mai
bwdcC)

1 node
b nodes

b2 nodes

bs nodes

b™M nodes

Tri tué nhan tao
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Tim kiém véi chi phi cuc tiéu (UCS)

Phat trién cac nut chwa xét co chi phi thap nhat — Cac
nut dwoc xet theo thir tw chi phi (tr nut goc dén nut
dang xét) tdng dan

Cai dat:
0 frlnge la mot cau truc hang doi, trong dé cac phan tl dwoc sap
xép theo chi phi dwdng di

Tr& thanh phwong phap tim kiém theo chiéu réng, néu
cac chi phi @ moi bwdc (mbi canh cua cay tim kiém) la
nhw nhau

Tri tué nhan tao 30



UCS: Giai thuat

UCS (N, A, no, DICH, c)
{

fringe < ny;
closed « J;

while (fringe = ) dao
{ éET_LOWEST_COST@ I/ 4y phan ti 6 chi phi

/I dwérng di c(n) nhd nhat

closed « closed @ n;

if (n € DICH) then retur TION(n);

If (I'(n) # &) then({ringe « fringe @ I'(n);
}

return (“No solution”);

Tri tué nhan tao 40
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UCS: Cac dac diém

Tinh hoan chinh?
a C6 (néu chi phi & méi budc = € > 0)

Po phtrc tap vé thoi gian?
o Phu thuoc vao téng sb cac nut co chi ph| < chi phi cua 10i giai toi
wu: O(b [ /<)) trong d6 C" 1a chi phi cta I&i gidi tbi wu

Po phrc tap vé bd nhé?
0 Phu thuoc vao téng sb cac nut co chi phi < chi phi cta Ioi gidi toi

Tinh toi wu?
a Co (néu cac nat dwoc xét theo thiy tw tdng dan vé chi phi g(n))

Tri tué nhan tao
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Tim kiém theo chiéu sau (DFS)

Phat trién cac nut chwa xét theo Chiéu sau — Cac nut
dwoc xét theo thi tw dd sdu giam dan

Cai dat:

o fringe 1a mot cau truc kiéu ngan xép LIFO (Cac nut méi dwoc bd
sung vao dau cua fringe)

Tri tué nhan tao
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DFS: Giai thuat

DFS (N, A, n,, BICH)
{
fringe < ng;
closed « ¢;
while (fringe # &) do

{ 0« GET_FIRST(fringe); >

closed « closed @ n;
If (n € BICH) then return SOLUTION(n);

if (T(n) = @) thenclinge « I'(n) @ fringe; >

return (“No solution”);

}

// 14y phan t& dau tién cha fringe

Tri tué nhan tao
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DFS: Vi du (1)

= Phat trién cac nat chua xé‘t theo chiéu sau — Cac nut dwoc xét
theo th tw d6 sau giam dan

Tri tué nhan tao 45




DFS: Vi du (2)

= Phat trién cac nat chua xé‘t theo chiéu sau — Cac nut dwoc xét
theo th tw d6 sau giam dan
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DFS: Vi du (3)

= Phat trién cac nat chua xé‘t theo chiéu sau — Cac nut dwoc xét
theo th tw d6 sau giam dan

Tri tué nhan tao 47




DFS: Vi du (4)

= Phat trién cac nut chwa xét theo chiéu sau — Cac nut dwoc xét

theo tht tw d6 sau gidm dan

Tri tué nhan tao
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DFS: Vi du (5)

= Phat trién cac nut chwa xét theo chiéu sau — Cac nut dwoc xét

theo th tw d0 sau gidm dan

Tri tué nhan tao
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DFS: Vi du (6)

Phat trién cac nut chua xét theo chiéu sau — Cac nut duwoc xét
theo thir tw d6 sau giam dan

Tri tué nhan tao
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DFS: Cac dac diém

Tinh hoan chinh?
o Khéng, chi hoan chinh vé&i khdng gian trang thai hiru han
Po phire tap vé thoi gian?

a O(bM): rat I&n, néu m I&n hon nhiéu so véi d

Do phirc tap vé bd nha?

a O(bm) - dd phire tap tuyén tinh
Tinh toi wu?

o Khong

1 nut
b nut

b2 nut

bd nut

bm nut

Tri tué nhan tao 51



Tim ki€m gidi han do sau (DLS)

= Phwong phap tim kiém theo chiéu sau (DFS) + S& dung gié
han vé do sau | trong qua trinh tim kiém
— cac nut & d6 sau | khéng c6 nat con

function DEPTH-LIMITED-SEARCH( problem, limit) returns soln/fail /cutoff
RECURSIVE-DLS(MAKE-NODE(INITIAL-STATE[problem]), problem, limit)

function RECURSIVE- DLS(node, problem, limit) returns soln/fail/cutoff
cutoff-occurred ? + false
if GOAL-TEST[problem|(STATE[node|) then return SOLUTION(node)
else if DEPTH[node] = limit then return cutoff
else for each suceessor in EXPAND(node, problem) do
result +— RECURSIVE-DLS( successor, problem, limit)
if result = cutoff then cutoff-occurred? + true
else if result # failure then return result
if cutoff-occurred? then return cutoff else return failure

Tri tué nhan tao
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Tim kiém sau dan (IDS)

Van dé va&i gidi thuat tim kiém vai gidi han do sau (DLS)

o Néu tat ca cac 10i gidi (cac nat dich) nam & d6 sau lén hon gioi
han do sau |, thi giai thuat DLS that bai (khong tim dwoc 1o giai)

Giai thuat tim kiem sau dan

o Ap dung giai thuat DFS déi véi cac duwdng di (trong cay) co do dai
<=1

0 Néu that bai (khong tim duorc 16 gidi), tiép tuc 4p dung gii thuat
DFS dbi véi cac duwong di cé db dai <=2

0 Néu that bai (khong tim duoc 16 gidi), tiép tuc 4p dung gii thuat
DFS d6i v&i cac dwong di co db dai <=3

a ...(tiép tuc nhuw trén, cho dén khi: 1) tim dwoc I&i gidi, hodc 2)
toan bd cay da dwoc xét ma khéng tim duwoc [&i giai)

Tri tué nhan tao 53



IDS: Giai thuat (1)

function [TERATIVE-DEEPENING-SEARCH( problem) returns a solution, or fail-
ure
inputs: problem, a problem

for depth+ 0 to oo do
result«— DEPTH-LIMITED- SEARCH( problem, depth)
if result # cutoff then return result

Tri tué nhan tao "



IDS: Vi du (1)

Gidihan ddsaul=0

Limit=0 o) o

Tri tué nhéan tao
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IDS: Vi du (2)

Gidihandbsaul=1

Limit =1 0N
@ | O |

Tri tué nhéan tao
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IDS: Vi du (3)

Gidihan dbsaul =2

Limit =2 ROR

Tri tué nhan tao
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IDS: Vi du (4)

Gidi han dd sau |l =3

Limit=3 ON ()

Tri tué nhan tao
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IDS: Giai thuat (2)

IDS (N, A, ny, PICH, I) /l'l: gi&i han d6 sau
{
fringe < ng; closed « ; depth « I,
while (fringe = &) do
{ n<« GET_FIRST(fringe);  //lay phan t&r dau tién cta fringe
closed « closed @ n;
if (n € BICH) then return SOLUTION(n);
if (I'(n) # &) then
{ case d(n) do // d(n): d6 sau cua nut n
[0..(depth-1)]: fringe « I'(n) @ fringe;
depth: fringe « fringe @ I'(n);
(depth+1): { depth < depth + |;
if (I=1) then fringe « fringe @ I'(n)
else fringe «— I'(n) @ fringe;

}

return (“No solution”);

Tri tué nhan tao
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DLS vs. IDS

Vé&i dd sau d va hé s6 phan nhanh b, thi s6 lwong cac
nut dwoc sinh ra trong giai thuat tim kiém gi&i han dé sau
la:

Np s =b%+bl+ b2+ ... +5b92+ bl + p?

S6 lwong cac nat dwoce sinh ra trong gidi thuat tim kiém
sau dan la:
Nps = (d+1).b% + d.b! + (d-1).b? + ... + 3.b%92 +2.bd1 + 1.bd

Viduvoib=10,d=5:

0 Np=1+10+ 100 + 1,000 + 10,000 + 100,000 = 111,111
o N,pg =6+ 50+ 400 + 3,000 + 20,000 + 100,000 = 123,456
o L&ng phi = (123,456 - 111,111)/111,111 = 11%

Tri tué nhan tao 1



IDS: Cac dac diém

Tinh hoan chinh?

a Co

Po phtrc tap vé thoi gian?

a (d+1)b% + d bl + (d-1)b2 + ... + b9 = O(bd+1)
P phure tap vé bd nhé?

5 O(bd)

Tinh toi wu?

o C0, néu chi phi cho mdi bwéc (mdi canh clia cay tim
kim) = 1

Tri tué nhan tao
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So sanh gilra cac giai thuat tim kiém cd ban

Criterion Breadth- Uniform- Depth-First | Depth- Iterative
First Cost Limited Deepenmg

Complete?

Time O(b+1) o(b [C*/d) O(b™) O(b') O(b+1)
Space O(b+1) o(b'c’ /ey O(bm) O(bl) O(bd)
Optimal? Yes Yes No No Yes

(some cases)  (some cases) (some cases)
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Tong két

Viéc phat biéu bai toan thuwdng yéu cau viéc khai quat hoa cac
chi tiét ctia bai toan thuc té, dé cé thé dinh nghia khéng gian
trang thai sao cho viéc xet (kham pha) cac trang thai trong qua
trinh tim kiém dwoc thuan tién
C6 nhiéu chién lwoc tim kiém co ban

a Tim kiém theo chiéu rong (BFS)

a Tim kiém theo chiéu sau (DFS)

a Tim kiém véi chi phi cuc tiéu (UCS)

a Tim kiém gi®i han do sau (DLS)

a Tim kiém sau dan (IDS)
Phwong phap tim kiém sau dan (IDS)

a Chi phi vé bd nhé & mirc ham tuyén tinh

a Chi phi vé thdi gian chi nhiéu hon mét chut so véi cac phwong phap tim
kiém co ban khac

Tri tué nhan tao 64



