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Budi hoc s6 3 (Thit 5, 19/06/2025) bao gdm 6 ndi dung chinh:
e Phdn 1: Gidi thiéu vé céu tric d@ liéu Cay
e Phan 2: Cdc thudt todn trén cdy
« Phan 3: Stack
e Phéin 4: Queue
e Phan 5: Cdy nhi phdn
« Phan 6: Cdy tim kiém nhi phin (BST)

e Phdn 7: M rong: Gidi thiéu vé KD-Tree
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Phan 1: Gidi thiéu vé ciu tric di liu Cay

1. Cay la gi?

( N\
o Cay (Tree) 1a mot cAu tric dit liéu phi tuyén tinh (non-linear data structure), dimng dé
luu trit dit liéu theo kiéu phan cip (hierarchical), khong giéng nhu mang hay danh

séch lién két von luu dit liéu theo thit tu tuan tu.

+ MB>i cay gom nhiéu niit (node) dugc ndi véi nhau bang cic canh (edge), tao thanh cic tang
16p (mttc) nhut so do pha hé hodc thu muc may tinh.

- J

Go6c nhin truc quan:
e Véi con ngudi, cay thuong moc tit gbc dudi 1én.

« Trong lap trinh, cdy dudc vé tit gbc & trén, cic nhanh di xudng

Programmer View

2. Vi sao can dung cay?

Céc cau tric dit licu tuyén tinh nhu mang (array) hoic danh sich lién két (linked list) thudng
mat O(n) thsi gian dé tim kiém phan tit, vi phai duyét qua ting phan ti mot.

Vi du:

List: [5, 4, 7, 1, 3, 6, 8]

Searching for 8 - must traverse almost the entire list

Trong khi d6, néu t3 chiic dit liéu theo cAy nhi phan tim kiém (BST):

5
/\

— Viéc tim kiém 8 sé nhanh hon rat nhi¢u (O(log n) néu cay can bang), vi ta loai b dugc nita khong
gian tim kiém sau médi budc.
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3. Thuat ngit cd ban trong ciy (Basic Terminologies)

Tree Data Structure ‘

Root _Key Depth
r . .
t (A< Edge Level 0
Parent e’
Level 1
Subtree ———> o ] o
Helght of - e ° Level 2
the tree
o Level3
1 L M N P Level 4
" [ Leaf Nodes
Thuit nga Giai thich don gidn
Root Node Nut gbc — noi bat dau cia cay
Parent Node Nt cha — nit c6 nat con
Child Node Nt con — dugce két ndi tit mot nit cha
Leaf Node Nut 14 — khoéng ¢6 nat con nao
Sibling (Anh em) Céac node cting mot cha
Ancestor Toan bo to tién ctia mot node, tinh tir gbe
Level / Depth S6 canh tit gbc dén node (gbc c6 depth = 0)
Subtree Mot node cung toan bo cay con bén dudi nd
Height S6 canh dai nhat tit node d6 dén 14

Vi du minh hoa:

1 A

2 / \

3 B C

| / \ \

; D E F
Phan tich Két qua
Root A
Leaf D, E, F
Siblings DvaE
Ancestors of E | B, A
Depth of E 2
Height of B 1

4. Cach cai dat cay trong Python

Trong Python, khong cé cAu triic cAy san nhu list, ta phai tu dinh nghia 16p TreeNode dé tao node.
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Cay tong quat (mdi node cé nhiéu con):

class TreelNode:
def __init__(self, val):
self.val = val
self.children = []

Vi du:

= TreeNode('A"')
TreeNode ('B')
TreeNode('C')
.children = [b, c]

P O T P
]

Cay nhi phan (Binary Tree — mdi node cé tdi da 2 con):

class TreeNode:
def __init__(self, val):
self.val = val
self.left = None
self .right = None

Vi du:

= TreeNode('A"')
TreeNode ('B')
= TreeNode('C"')
.left = b

.right = ¢

#
a
b
c
a
a

Néu muén tuan thii nguyén 1y 1ap trinh huéng déi tugng (OOP) day di, ban c6 thé tach ra thém class
Tree dé quan 1y root, hd trg thém cac thao téc nhu insert (), delete(), traverse()...
5. Ung dung

Cay 1a mot trong nhitng ciu tric dit licu phé bién va manh mé nhét trong lap trinh, v6i rit nhiéu
ing dung thuc té:

Linh vyc Ung dung

File Explorer Cau tric thu muc: thu muc cha — thuw muc con — tép

Co sd dir liéu (Database) Cay B-Tree / B+ Tree gitp truy van hiéu qua

HTML DOM (Web) HTML duge t6 chitc dusi dang cay DOM (cha — con)

Machine Learning Cay quyét dinh (Decision Tree) dé phan loai hodc dy doan

AT & Robotics Cay K-D (K-Dimensional Tree) dé tim kiém gan nhét trong khong
gian nhiéu chiéu

6. Tong két

( )

e Cay la mot cau tric dw liéu phan cap, gom cac node c6 thé cé con chau.

« Khéc véi list/array, ciy cho phép truy xuat hiéu qua hon trong cdc trudng hgp tim kiém
hoic t6 chitc dit liéu dang phan nhanh.

« Cay c6 mit khip nai trong khoa hoc méy tinh: tit tép hé théng, CSDL, web, dén Al
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Phan 2: Cac thuit toan trén cay

1. Duyét cay la gi?

( )
« Duyét cay (traversal) 1a qué trinh thim tirng niit trong ciy ding mét lan theo mot thit
tu xdc dinh. DAy 1a k¥ thudt nén tdng trong moi bai todn lién quan dén cay.

e (6 hai nhém thuét toan duyét cay chinh:

— DFS — Depth First Search (Duyét theo chiéu sau)
— BFS — Breadth First Search (Duyét theo chiéu rong)

. J

2. DFS — Duyét theo chiéu siu

DFS di sdu vao tirng nhanh ciia ciy trude, dén khi khong thé di tiép thi quay lui (backtrack)
va chuyén sang nhanh khéc.

Vi du minh hoa:

Cho cay:
A
/ N\
B C
/N /\
D EF G

« Preorder (Géc — Trai — Phii):A -=B—-D—-E—-C—-F -G
o Inorder (Trii — Géc — Phii):D - B—-E—-A—-F—-C—G

+ Postorder (Trai — Phai — Géc):D = E—-B -F -G - C — A

DFS thuong duge dung trong bai toan dé quy, backtracking, biéu thitc toan hoc dang cdy, phan
tich cay thu muc,...

3. BFS — Duyét theo chiéu rong

BFS duyét cy titng tang, tir gbc dén tit ci cic node con & tang ké tiép, sau d6 méi xudng céc
tang sau hon.
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Vi du minh hoa:

Vé6i cung cay trén:

/N / N\
D EF G

BFS sé duyét theo thttww A - B —-C —>D —>E —>F —> G
Tuéng tuwong mot cong ty:
e A la gidm dbc,
e B, C la truéng phong,

« D, E, F, G la nhan vién cap dudi.

BFS sé di qua ting cap quan ly trude khi xuéng cap nhan vién.

4. So sanh DFS va BFS

Tiéu chi DFS BFS

Céch duyét Di sau titng nhanh Duyét theo tang

Cau tric dimg | Stack / Dé quy Queue

Uu diém Phan tich cau tric sau, tiét kiém b nhé Tim dudng ngan nhat, xit Iy theo miic
Nhugce diem C6 the roi vao vong lap, backtrack phiic tap | Dé ton bo nhé néu ciy rong

Ung dung Duyét biéu thitc, phan tich ciy thu muc Cay phan cap, tim kiém theo khodng cach

5. Tong két
« DFS va BFS la hai k§ thuat duyét ciy phd bién va quan trong nhét.
« DFS di theo nhanh — phit hgp cho cic bai toan can kiém tra toan bo cdy con.

« BFS di theo tang — cuc ky hitu ich trong cic bai toan tim duong di ngdn nhat hodc phan tich theo
mic.
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Phan 3: Ngin xép (Stack)

1. Stack la gi?

Stack (ngdn xép) 14 mot cAu tric dit liéu tuyén tinh tuan theo nguyeén ly:

LIFO — Last In, First Out (Vao sau — ra trudc)

Stack giéng nhut moét chéng dia: ban luén liy ra cii trén ciing trudc, khong thé lay & giita
hay day.

2. Cac thao tac co ban trén Stack

Thao tac | Mo ta

push (x) Pay phan tt x lén dinh stack

popO) LAy phan tit trén cung ra khoi stack
peek () Xem phan t& dinh ma khong loai bd
isEmpty () | Kiém tra xem stack cé réng khong

Vi du qua trinh thyc hién Stack:

Bt dau: (]
push(12): [12]
push(8): [12, 8]
push(21): [12, 8, 21]
pop(O): [12, 8]

/ STACK \ STACK OPERATIONS \

—
=}

LASTIN
FULL EMPTY PUSH POP PEEK

FIRST OUT
LOP |
[ JEREXT 3 le STACK  STACK /

3. Cai dit Stack bing List trong Python

1 stack = []
2 stack.append (4) # push
3 stack.pop () # pop

Python ding append () dé push va pop() dé liy phan tit cubi — tuong duong ngin xép LIFO.
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4. Ung dung Stack trong DFS (Depth-First Search)

DFS 13 thuat todn duyét cAy hodc dd thi theo chiéu sdu. Stack la cu tric 1y tudng dé cai DFS.
o BAt dau tir node gbe, push vao stack.
o Trong khi stack chua rong:

— Pop dinh stack — danh dau da tham.
— Push cdc node ké (theo thit tut nguge néu mudn duyét trai trude).

5. Vi du

Cho cay:

Qua trinh thyc hién:

Budéc | Stack hién tai | Pa tham

1 [A]

2 [C, B] A
3 [C, D] B
4 [C] D
5 I C
6 [E]

7 I E

 Bat dau tit A, push vao stack — stack = [A]

e Pop A, tham A — push C, B (C sau dé B dugc duyét trude) — stack = [C, B]
o Pop B, thaim B — push D — stack = [C, D]

o Pop D, tham D — khong con con — stack = [C]

o Pop C, tham C — push E — stack = [E]

e Pop E, thim E — hoan tat

Thtty: A >B—-D—>C—>E
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6. Tong két

( A

Stack 1a cau tric dit liéu hoat dong theo LIFO.

push, pop, peek la thao tac co ban.

Stack dung dé cai dat DFS khi khong ding dé quy.

Ung dung trong todn hoc, duyét cay, va hé théng phan mém.
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Phan 4: Hang dgi (Queue)

1. Queue la gi?
Queue (hang doi) 13 mot cu tric dit liéu tuyén tinh, noi cdc phan tit duge xit 1y theo nguyén tic:

FIFO — First In, First Out (Vao truéc — ra trudc)

Queue giéng nhu mot hang xép vé xem phim: ngudi dén trude sé dude phuc vu truée. Ban khong
thé chen ngang vao giita.

Rear of Font of
Queue Queue
Back Front )
>
e Dequeue
Enqueue 1

Pay Here

First-In Cj
/\\12 15 (16 |18 |19
First-Out Real Life Example of Queue : Library Counter

2. Cac thao tac co ban trén Queue

Thao tac Mb ta

enqueue(x) | Thém phan tit x vao cudi hang dgi
dequeue () Loai b6 phan tit 6 dau hang doi

peek () Xem phan tit dau tién ma khong loai bo
isEmpty () | Kiém tra xem hang doi c6 rong khong

Vi du qua trinh thyc hién Queue:

Bt dau: ]

enqueue (A) : [A]
enqueue(B): [A, B]
enqueue(C): [A, B, C]
dequeue(): [B, C]

3. Cai dit Queue bang List trong Python

queue = []
2 queue.append("A") # enqueue
3 queue.pop (0) # dequeue

10
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C6 thé dung append() dé enqueue (thém cubi), va pop(0) dé dequeue (loai bé dau).

4. Ung dung Queue trong BFS (Breadth-First Search)
BFS la thuét toan duyét cdy hoic do thi theo chiéu réng. Queue rat phit hgp dé trién khai BFS vi:
« BFS kham ph4 cic node gan goc trudc, sau dé6 méi dén cac node sau hon.

e Queue dam bao céc node dude thim theo ding thit tu “gan trudc, xa sau”.

o Bit dau tir node gbc, enqueue vao queue.
o Trong khi queue chua rong:

— Dequeue node dau — danh dau da thim.

— Enqueue cic node ke (con ctia node do).

5. Vi du minh hoa BFS bing Queue

Cho cay:

Qua trinh thuc hién:

Budc | Queue hién tai | Pa tham
1 [A]
2 B, C] A
3 [C, D] B
4 D, EJ C
5 [E] D
6 ( E

11
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« Bit dau tir A, enqueue — queue = [A]

e Dequeue A — tham A — enqueue B, C — queue = [B, C]
o Dequeue B — tham B — enqueue D — queue = [C, D]

e Dequeue C — tham C — enqueue E — queue = [D, E]

e Dequeue D — tham D — khéng con con — queue = [E]

e Dequeue E — tham E — két thiic

Tht ty BFS:A—-B—->C—-D—>E

6. Tong két

( )

e Queue la cau tric dit liéu hoat dong theo FIFO.

e enqueue, dequeue, peek la cdc thao tac co ban.

BF'S stt dung queue dé duyét cay/do thi theo chiéu rong.

Dé 4p dung vao bai toan ngin nhat, tim kiém theo cap do, crawling, Al,...

12
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Phan 5: CAy nhi phan (Binary Tree)

PHAN 5: CAY NHI PHAN LA Gi?
1. Pinh nghia Cay nhi phan

Root Node

Cay nhi phan (Binary Tree) 1a mot cau tric dit liéu dang cdy, trong d6 **moi ntit ¢6 tdi da 2 ntit con**,
goi la:

o Nt con trai (left child)
o Nt con phai (right child)
Cau tric cay nhi phan cho phép t6 chiic dit liéu phan cip theo 2 nhanh. Vi du:

A

/ \
B C

Nut A c6 2 con: B (trdi), C (phai).

2. Cac dang dac biét cua cay nhi phan

o Left-skewed Tree: Chi c6 nhénh trai, vi du:

e Right-skewed Tree: Chi ¢c6 nhanh phai, vi du:

13



Al VIETNAM aivietnam.edu.vn

o Full Binary Tree: Moi ntt c¢6 0 hoic 2 con.
« Balanced Binary Tree: Chénh léch chiéu cao giita cAy con trai va phai tai moi nit khong vudt
qua 1.
3. Chiéu cao va can bang cay nhi phan
Chiéu cao (height) ctia cay
Chiéu cao clia mot cay 1a do dai dudng di dai nhat tit nit dé dén 14.
Cay chi ¢6 1 ntt (gbc) = Height = 0

Cay nhi phan can bang (Balanced Tree)
Mot cay nhi phan dude xem 14 can bang khi:

« D6 chénh léch chiéu cao giita cdy con trai va phai khong vuot qua 1.

« Cay con trai va phai déu la ciy can bang.

Néu cay khong can bang (qué léch trdi/phai), cic thao tdc nhu tim kiém, chén, xéa sé chadm
giéng nhu danh sach lién két.
Cay can bang dam bao hiéu suat t6t hon: do sau nhé hon — it bude duyét hon.

4. Cac thao tac co ban trén ciay nhi phan
Chén nut (Insert a node)
« Duyét theo thit tu Level-Order (BFS) dé tim niit dau tién thiéu con trai hosic phai.
e Thém nit méi vao vi tri do.
CThuttodntdngqua
1. Tao nit méi.
2. Néu cay rong — dat niat méi la goc.
3. St dung queue duyét tit trén xuéng:

o Néu gap nit thiéu trdi — gan trai = node mdi.

o Néu thiéu phai — gan phai = node mdi.

Xéa nut (Delete a node)
o Néu la 14 — x6a ludn.

o Néu khong — thay thé bang niit sdu nhit bén phai, roi xéa nit dé.

14
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Thuit toan:
1. Tim nit can xoa.
2. Tim nit sdu nhat bén phai.
3. Géan gia tri nit sdu nhat cho nit can xoa.

4. Xb6a nit sdu nhat bén phai.

5. Han ché ctia cAy nhi phan co ban

Cay nhi phan thuong khong ddm bao huéng di (trai/phai) khi tim kiém — méat thoi gian duyét
toan bo cay.
Vi du: tim s6 9 trong cdy khong sip xép, ta khong biét di trai hay phai trude.

Diéu nay dan dén su ra ddi clia céc ciy t6i wu hon nhu:
« Binary Search Tree (BST)

e AVL Tree, Red-Black Tree

6. Tong két

( R

« Cay nhi phan la cdy ma mdi nit c6 t6i da 2 con.

(6 nhiéu loai: 1éch tréi, léch phai, day du, cAn bang.
e Céc thao tac chinh: cheén, x6a, tim kiém.

« Cay can can bang dé dam bao hiéu suét.

o Nhugc diém: khé dinh huéng tim kiém néu khong sip xép.

15
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Phan 6: Cay tim kiém nhj phan (BST)
Trong phan trude, ta da tim hiéu vé Binary Tree — mot ciu tric cdy ma mdi node cé i da 2 con.

Tuy nhién, Binary Tree khong 4p ddt quy ludt nio cho viée sap xép node trai/phai. Didu nay giy khé
khin trong viéc tim kiém dit licu.

Gid sit ban can tim s6 9 trong cdy nhi phan thudng. Ban khong biét nén di trai hay phai vi cay
khong theo thit tu nao ca.

ONOXE

(a)

DPay chinh 13 Itc ta can dén mot ciu tric ¢ to chitcc hon: Binary Search Tree.

2. Binary Search Tree (BST) la gi?

Binary Search Tree (Cay nhi phan tim kiém) la mot dang dic biét ctia Binary Tree, tudn thii
nguyén tic:

Quy tic BST
Véi moi node:
o TAt ci gi4 tri 6 cAy con bén trai nhé hon node hién tai.

o Tat cd gié tri & cay con bén phai 16n hon node hién tai.

Quy téc nay cho phép ta tim kiém, chén, xo4... rat hiéu qui — tuong tu nhu tim trong danh ba da sip
xép.

3. Vi du
Cay BST sau chita cic s6: 5,3, 7,1, 4, 6, 8
5
/ \
3 7
/' N/ \
1 46 8

16
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« Nhénh trdi (3, 1, 4) déu nho6 hon 5.
 Nhanh phai (7, 6, 8) déu 16n hon 5.

e Modi node con ciing 1a mot BST thu nho.

4. Ung dung va uu diém cta BST
« Tim kiém (Search) nhanh: mdi lan di xudng 1 tang, khong gian tim kiém gidm maot nita.
« Chén node (Insert) nhanh, nhd quy tac so sanh trai/phai.
« Xoé node (Delete) linh hoat, nhung can can than dé duy tri quy tac BST.

« Duyét theo thir ty ting dan rat dé: chi can In-order Traversal.

Thoi gian trung binh (Average Case)

o Tim kiém / Cheén / Xod: O(logn)

5. Luu ¥ quan trong: Ciy BST c6 thé bi mit cin bang

BST dugc thiét ké dé tim kiém nhanh — trung binh chi mat O(logn). Tuy nhién, hiéu suit nay chi
ding khi ciy can bang twdng dbi. Néu cay bi léch nghiém trong vé mot phia, thoi gian truy cép c6
thé tang 1én O(n).

5.1. Vi du minh hoa — Trudng hgp léch phai
Gid sit ban cheén lan lugt day sé 10, 20, 30, 40, 50 vao BST:

10

\
20

\
30

\

40
\
50

DAy 1a cay BST hgp 1é (trai < node < phai), nhung do toan b phan tit déu ting dan nén ciy bi léch
phai hoan toan, giéng nhu danh sich lién két. Khi dé:

e Muén tim phan ti& cudi (50), ta phai duyét qua tat ci node tit gbc — tén O(n).

o MAit lgi thé chia déi khong gian tim kiém nhu BST 1y tudng.

17
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5.2. Cay cang mat can bang, hiéu suat cang giam

Ngoai léch phéi, cAy ciing ¢ thé bi léch trai néu day sé cheén vao giam dan:

50
/
40
/
30

Két qua van tuong tu: hiéu suat tim kiém, chén, xod déu bi &nh hudéng ning né.

BST khong tu dong can bang. Néu chen dit liéu theo thit tu ting hodc gidm lién tuc, hiéu suat sé
té nhu danh sdch lién két — tit O(logn) xudng con O(n).

5.3. Giai phap: Ding cic BST tu cin bing
Dé khic phuc diém yéu nay, ngudi ta phét trién céc cAu tric ciy tu cAn bang:
e AVL Tree — luén gitt cAn bang tuyét déi tai moi node.

« Red-Black Tree — cho phép léch nhe nhung ddm bdo chiéu cao gisi han.

BST co ban dé hiéu, nhung dé ddm béo hiéu suit trong thuc té, ta thuong dung AVL ho#c Red-Black
Tree.

6. Tong két

( N\

Binary Search Tree (BST) la mét dang ddc biét ctia cdy nhi phén, noi:

Trai < node < Phéi

Nho quy ludt sap xép, BST hé trg hiéu qua cac thao tac:

— Tim kiém, chén, xéa: trong trudng hop 1y tuéng chi mat O(logn)
— Duyét theo thi ty ting dan: ding In-order Traversal

Tuy nhién, BST khong tut cAn bang. Néu dit liéu vao khéng ngdu nhién (vi du tang dan), cay
c6 thé bi léch nhut danh séch lién két — hiéu suat gidm con O(n).

D& duy tri hiéu ning cao, ngudi ta thudng sit dung cdc bién thé BST ty cAn bing nhu:

— AVL Tree
— Red-Black Tree

18
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Phan 7: Mé& rong: Gidi thiéu vé KD-Tree

1. Pit vAn dé

Trong phan trude, ta da tim hi¢u vé Binary Search Tree (BST) — mot ciu triic cdy nhi phan dimng
dé Iuwu trit dit licu 1 chidu (1D), nhu céc s6 nguyén. Mdi node chia khong gian 1 chi¢u thanh 2 phan:
nho6 hon sang trai, 16n hon sang phai.

Nhung néu dit liéu c6 nhidu chicu hon — vi du: méi diém c6 toa do (z,y) hodc (x,y, z)? Ta khong
thé 4p dung truc tiép BST truyén théng. Lic nay, ta can mot cau tric tong quat hon: k-d Tree
(k-dimensional Tree).

Gia sit ban c6 danh sich toa do cac diém trong khong gian 2D, vi du:
(7,2), (5,4), (9,6), (2,3), (4,7), (81)

Ban mudn tim kiém nhanh diém gan nhat, hodic tim tit ca cdc diém nam trong 1 hinh chit nhat.
Duyét tuyén tinh sé rat cham.

2. KD-Tree la gi?

k-d Tree 13 mot cay nhi phan téng quat cta BST, dung dé luu trit va truy van hiéu qué trong khong
gian R* (véi k 14 s6 chidu).

Nguyén tic hoat dong ctia KD-Tree (2D)

« M&di node dai dién cho mot diém trong khong gian.
« Mobi mitc clia cdy phan chia theo mot chiéu ludn phién.

— Miic 0: chia theo truc x
— Mic 1: chia theo truc y
— Mic 2: lai chia theo truc z, ...

« Diém nhoé hon — nhénh trai, diém 16n hon — nhanh phai (dua theo chi¢u dang xét).

3. Xay dung KD-Tree tiung budc (2D)
Gia st ta c6 tap diém:
{(7,2),(5,4),(9,6),(2,3),(4,7),(8,1)}
Céc buéc xay:
1. Budc 1 (Miic 0 - chia theo z):
 Sap xép cac diém theo x: (2,3), (4,7), (5,4),(7,2),(8,1),(9,6)

o Chon trung vi: (5,4) lam root
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2. Bu6c 2 (Mic 1 - chia theo y):

o Trai: (2,3),(4,7) — sip theo y: (2,3), (4,7), chon trung vi: (4,7)

« Phai: (7,2),(8,1),(9,6) — sip theo y: (8,1),(7,2),(9,6), chon trung vi: (7,2)
3. Bué6c 3 (Mic 2 - chia lai theo z):

o Tréi ctia (4,7): (2,3)

o Trai ctia (7,2): (8,1); phéi cia (7,2): (9,6)

S dé6 KD-Tree:

(5,4) [x]
/ \
(4,7 [yl (7,2) [yl
/ / \
(2,3) [x] @6, [x] (9,6)[x]

Minh hoa ting budc xay dung KD-Tree (2D)

(5.4)[x]

(4[7)[“/ \z)m
(2,3)/ \1)[)(] ©.6)[x]

Hinh 1: Minh hoa ting budc xay dung KD-Tree (2D)

4. Ung dung ctia KD-Tree

« Nearest Neighbor Search (Tim diém gan nhét): rat pho bién trong Machine Learning (v
du: KNN).

« Range Search (Tim cic diém trong viing): x4c dinh tit ca diém trong hinh chit nhat / hinh
cau.

« Computer Graphics va Robotics: diing dé phat hién va cham, d4nh xa khong gian.

o Image Retrieval: tim anh tuong tu trong khéng gian dac trung.

20



Al VIETNAM aivietnam.edu.vn

5. Hiéu suit va Phan tich
 M&di lan di xubng 1 mic, khong gian bi chia d6i — hiéu qui tuong tu BST can bing.
o Véi dit liéu t6t: Tim kiém / Chén / Gan nhéat: O(logn)

« Trudng hop xau (ciy léch): hiéu suat O(n)

So sanh BST vs KD-Tree

Tiéu chi BST KD-Tree (2D)

S6 chieu dit lieu 1 k>2

Phéan chia khong gian Theo gid tri Theo toa do luan phién
Ung dung S6 hoc, danh sich | Khong gian, ML, Robotics

7. Tim kiém diém gan nhit (Nearest Neighbor Search)

Mot trong nhitng tng dung quan trong nhat ctia KD-Tree 14 tim diém gan nhét v6i mot diém cho
trude trong khong gian RF. Thuét toan nay dugc t6i wu nhd khi ning cidt boé nhinh khéng can
thiét.

Y tudng chinh

o Bét dau tir root, ta duyét cAy nhu BST: so sanh theo chiéu ludn phién.
e Tai méi node:

— Cap nhat khoang cach nhd nhat.
— Néu hinh chiéu theo chiéu phan chia gan hon khoadng cach hién tai — can xét nhanh
con lai.
— Néu khong — cat nhanh d6 (prune).
« Duyét theo chiéu sdu, nhung cé thé quay lai nhanh khéong di qua néu c6 kha nang cé diém

gan hon.

. J

Vi du:

o Truy van ¢ = (6,3)
o Duyét theo KD-Tree, tim thay ting vién gan nhat hién tai: (5,4)

 Kiém tra céc node khac (nhu (7,2),(8,1)) chi khi hinh chiéu qua mit chia gan hon khodng céch
hién tai.

« Céc node nhu (2,3), (4,7) bi cit vi khong thé chita diém gan hon.
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Tim diém gan nhat bang KD-Tree (truy vén q = (6,3))

——- splitx=5
@7) | ~=- khodng c&ch hién tai

7 c 4

9.6)

(5.4)

;
S

(2.3)

y
IS
S A A

.
~.| q(6.3)
»

(7.2)

(8,1)

Hinh 2: Tim diém gan nhat cho diém truy van ¢ = (6, 3)

8. Duyét theo ving (Range Query)

Mot tmg dung khéc 14 tim tat c& cdc diém nam trong moét viing cu thé (thudng 1 hinh chit nhat hodc
hinh cau).

o Bit dau tir root, duyét timg node va kiém tra:
— Néu node nam trong ving — thém vao két qua.
— Néu viing cit qua mit phan chia — xét ca hai nhanh.

— Néu khong — chi xét nhanh bén trong ving.

Vi du: Tim céc diém trong hinh chit nhat = € [3,8],y € [1, 5]

Range Query: Region x € [3, 8], y € [1, 5]

.(9,63

(5,4)
2,3)

(7.2)

(8,1)

Hinh 3: Range Query: hinh chit nhat mau xanh cit khong gian

Céc diém phi hgp: (5,4), (7,2), (8,1)
Téi wu: KD-Tree gitip tranh duyét cdc node nhu (2,3), (9,6) — nam ngoai viing quan tam.
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9. M& rong l1én khéng gian nhiéu chiéu (k > 2)

KD-Tree tong quat cho k-chiéu, khéng giéi han 2D.

Chién lugce chia chieu

Chia theo chiéu ludn phién: tai mitc d, chia theo chiéu d mod k.

Vi du: Véi 3D:
e Miic 0: chia theo x
e Mic 1: chia theo y
e Miic 2: chia theo z
e Mitc 3: chia lai theo x, v.v.
Khé khan:
« Cang nhiéu chiéu — ciy cang khé can bang.

e Hién tuong Curse of Dimensionality: dit liéu thua dan trong khéng gian cao — hiéu ning
KD-Tree gidm ro6 rét.

« Trong thuc té: KD-Tree hiéu qua nhat véi k < 10
Giai phap thay thé:

« Dit litu cao chiéu — dung Ball Tree, VP Tree hoic Approximate Nearest Neighbor.

10. Tong két

o KD-Tree la st mé rong tu nhién ctia BST cho dit liéu nhiéu chiéu (k > 2), dic biét manh
trong bai todn truy van khong gian.

o Moi tang ctia cAy luAn phién chia khong gian theo truc khac nhau (x, y, z,...), giip t6 chiic
di liéu hiéu qua trong khong gian RF.

« Tim diém gan nhét (Nearest Neighbor): KD-Tree loai trit nhanh théng minh bang cach
kiém tra khoadng cdch dén mit phan chia — gidm manh s6 lugng node can xét.

« Duyét theo ving (Range Query): Truy van tim tit c& diém trong mot vimg hinh chit
nhat/hinh cau tréd nén cuc ky nhanh nho kha ning cit bé khéng gian ngoai ving.

« Can bing cay la diéu cbt 16i: Néu khéng can bang, hiéu ning c¢6 thé roi vé O(n). Do dé,
can chon trung vi khi xdy dung dé dam béo chiéu sau tbi uu.

« Kha ning mé réng chiéu cao hon (k 16n) giap han ché do “L&i nguyén chiéu cao” (Curse
of Dimensionality) — lam gidm hiéu qud tédch khong gian.

e KD-Tree rat phit hop véi cac bai toan trong Machine Learning, Robotics, Graphics,
Vision, nhung véi dit liéu cao chiéu hodc phan bb phiic tap, nén can nhic cic cau tric nhu
Ball Tree, Cover Tree, R-Tree.
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