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Khai niém
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Phép duyét cay va Biéu dién cay

Cay nhi phan va Cay nhi phéan tim
kiém

Cay AVL
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Mét so thuat ngiv
Ly
o Tree

o Search tree

o Binary search tree
o Balanced tree

o AVL tree

o AAtree

o Red-Black tree

© ...
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Pinh nghia
e
Cay (cay c6 gbc) dwoc xac dinh dé quy nhw
sau:

1. Téap hop gém 1 dinh la mot cay. Cay nay c6 goc la
dinh duy nhat cta no.

2. Goi Ty T, ... T, (k> 1) la céc cdy khdng cit nhau 6
gbc twong ting ST PRSOR %

Gia str r & mot dinh méi khéng thude céac cay T;. Khi do,
tap hop T gom dinh r va céc cay T, tao thanh mot cay
mdi voi goc r. Caccay Ty T, ... T, duoc goi la cay
con cua goc I.

C&u truc dir liéu va gidi thuat - HCMUS 2015

Dinh nghia
]

>
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Cac khai niem
[
® node: dinh

o parent (cia node n): node cha cta node n.
Node phia trén trwc tiep cia node n trong cay.

o child (cua node n): node con cua node n. Node
phia dwi trwe tiep cda node n trong cay.

o root: géc cay. Node duy nhat khdng cé node cha

o leaf: node la. Node khong c6 node con.

o path: dwong di

C&u truc dir liéu va gidi thuat - HCMUS 2015

Cac khai niem
I
o siblings: cac node cung node cha.

® ancestor (cua node n): node trén dwong di tor
node goc dén node n.

o descendant (cua node n): node trén dwdng di tw
node n dén node la.

o subtree (cGia node n): cay con. Cay bao gém 1
node con cua node n va cac node “hau dué” cliia
node nay.

C&u trdc di liéu va giai thuat - HCMUS 2015

OFIT-HCMUS



OFIT-HCMUS

C&u truc dir liéu va gidi thuat - HCMUS 2015

Cac khai niem
o degree/order: bac

o Bac cua node: S6 con cua node

o Béc cta cy: bic 16n nhat trong sd c&c node cua cay.
o depth/level: d6 sau/murc

o Murc (d6 sau) cua node:

= Néu node n 1a node gbc:
= level(n) =1

= Néu node n khdng phai la node gbc:
m level(n) = 1 + level(parent(n)).

C&u trdc di liéu va giai thuat - HCMUS 2015
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Cac khai niem
I
o height: chiéu cao. Sé lwong node trén dwdng di
dai nhat tr node goc dén node la.
o Chiéu cao cay:
= Néu cay T réng: height(T) = 0
= Néu cay T khéc réng: height (T) = max{level(N)}, N.e T
o Chiéu cao cay:
= Néu cay T réng: height(T) = 0

= Néu cay T khac réng: height(T) = 1 + max{height(T)},
T lacayconcua T

C&u truc dir liéu va gidi thuat - HCMUS 2015
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Phép duyét cay
T

o Dam bdo dén mbi node trén cay chinh xac mét lan
mot cach co6 hé thong.

o Nhiéu thao tac x ly trén cay can phai s&r dung dén
phép duyét cay.

o Cac phép co ban:
o Duyét trudc (Pre-order)

o Duyét gitra (In-order)

o Duyét sau (Post-order)

C&u trdc di liéu va giai thuat - HCMUS 2015
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Phép duyét cay

Parent(b) = a Eldest-
/ child(c) =g

Tim cha mot dinh.

g

 Parent(x)

Tim dinh con trai nhat.

A

« EldestChild(x)
lTim dinh k& phai.
 NextSibling(x)

NextSibling(h)?

C&u truc dir liéu va gidi thuat - HCMUS 2015

Phép duyét cay

Duyét theo chiéu sau

Duyét truéc
cabdeijcfgkh

Duyét gitra

dbiejafckgh

dijebfkghca
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Phép duyét cay
[

void Preorder (NODE 1) void Postorder (NODE A)
{ {

NODE B; NODE B;

Visit(A);

B = EldestChild(R); B = EldestChild(A);
while (B != ) { while (B != ) {

Postorder (B) ;
B = NextSibling(B);

Preorder (B) ;

B = NextSibling(B); )

Visit(A) ;

Ca&u trac dir liéu va gidi thuat - HéMUS 2015

Phép duyét cay

oy 00000000000
In-Order

void Inorder (NODE A)
{

NODE B;
B = EldestChild(A);
if (B != ) {

Inorder (B) ;
B = NextSibling(B);
}
Visit(A) ;
while (B != ) {
Inorder (B) ;
B = NextSibling(B);

C&u trdc di liéu va giai thuat - HCMUS 2015

10



OFIT-HCMUS

C&u truc dir liéu va gidi thuat - HCMUS 2015

Bang danh sach cay con

C&u trdc di liéu va giai thuat - HCMUS 2015
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Bang danh sach cay con
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Bang dinh trai nhat va dinh ké phai
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Bang dinh trai nhat va dinh ke phai
’|*
®
B
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® ® o sle
| K
s sle sle
Cau trdc dir liéu va gidi thuat - HCMUS 2015
Bang cha méi dinh

|| info |__Parent

1 a 0
2 b 1
3 (o 1
4 d 2
5 e 2
6 f 3
7 g 3
8 h 3
9 i 5
10 j 5
11 k 7
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Binary tree

C&u truc dir liéu va gidi thuat - HCMUS 2015

Cay nhi phan

o La cdy ma mai dinh
c6 bac t6i da bang 2.

o Cac cay con dwgc
goi la cay con trai va
cay con phai.

o Co toan b cac thao
tac co ban cua cay.

C&u trdc di liéu va giai thuat - HCMUS 2015
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Cay nhi phan
I Ty
o Cay nhi phan hoan chinh (complete binary tree)

o Cay nhj phan c6 chiéu cao 1a h thi c6 day du cac node

tir mirc 1 dén mirc h-1. Cac node & murc h s& dugc lap
tir tréi sang phai.

o Cay nhj phan day da (full binary tree)
o Cay nhi phan c6 chiéu cao & h thi tat ca cac node nam
& muc tir 1 dén h-1 déu c6 2 node con.

C&u truc dir liéu va gidi thuat - HCMUS 2015

Cay nhi phan

Cay nhi phan hoan chinh Céy nhi phan diy di

C&u trdc di liéu va giai thuat - HCMUS 2015
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Cay nhi phan
[
o Heap la mét cay nhi phan hoan chinh:

o Max-heap: Node cha c6 gia tri Ié6n hon hoic bing
node con.

o Min-heap: Node cha cé gia tri nhé hon hogc bang
node con.

C&u truc dir liéu va gidi thuat - HCMUS 2015

Cay nhi phan
N

o Chiéu cao t6i thiéu clia mét cay nhj phan gébm
N node?

o Chiéu cao téi da ciia mét cay nhj phan gém N
node?

C&u trdc di liéu va giai thuat - HCMUS 2015
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Cay nhi phan
[

o 86 node t6i thiéu trén cay nhj phan cé chiéu
cao h?

o 86 node tbi da trén cay nhi phan c6 chiéu cao
h?

C&u truc dir liéu va gidi thuat - HCMUS 2015

Mét so (rna dung

o Cay td churc thi dau

o Cay biéu thirc sb hoc

o Lwu trir va tim kiém
thong tin.

Cay biéu thurc:
4% (3= 4) + (1 + sin(30))

C&u trdc di liéu va giai thuat - HCMUS 2015
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Cay nhi phan tim kiem
sy
o Cay nhi phan tim kiém la cay nhj phan théa man
cac diéu kién sau:
1. Khoa ctia node géc 1&n hon tat ca khoa cla
cac node thudc cay con trai.

2. Khoa ciia node gbc nhé hon tat ca khoa cua
cac node thuéc cay con phai.

s. Cay con trai va cay con phai ctia node gbc 1a
cay nhi phan tim kiem.

C&u truc dir liéu va gidi thuat - HCMUS 2015

Cay nhi phan tim kiem

O 10,

2 8y )
&) @ 2

C&u trdc di liéu va giai thuat - HCMUS 2015
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Cay nhi phan tim kiém
1
o Dac diém:

o Co thu tu

o Khong c6 phan tir tring

o D& dang tao dit liéu sap xép, va tim kiém

C&u truc dir liéu va gidi thuat - HCMUS 2015
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Cac thao tac

(T —

o Thém phan t&r (khoa)

o Tim kiém phan t& (khoa)
® X6a phan t& (khéa)

o Sap xép

o Duyét cay

o Quay cay

C&u truc dir liéu va gidi thuat - HCMUS 2015

Thém phan tir
(N Iy

o Bwéc 1: Bat dau twr gbe

o Buwdc 2: So sanh div liéu (khda) can thém voi
d liéu (khoa) cua node hién hanh.
o Néu bang nhau => D3 ton tai. Két thuc
o Néu nho hon => Di qua nhanh trai, Tiép budc 2.
o Néu 16n hon => Di qua nhanh phai, Tiép budc 2.

o Budc 3: Khong thé di tiép nira => Tao node mai
véi dir lieu (khoa) can thém. Két thac

C&u trdc di liéu va giai thuat - HCMUS 2015
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Tim kiém phan tip

L gy
o Bwéc 1: Bat dau twr gbe

o Budc 2: So sanh di liéu (khéa) can tim véi div
liéu (khda) cua node hién hanh.
o Néu bang nhau => Tim thiy. Két thiic
o Néu nho hon => Pi qua nhanh trai, Tiép budc 2.
o Néu 16n hon => Di qua nhanh phai, Tiép budc 2.

o Buoc 3: Khdng thé di tiép nira => Khéng tim
thay. Két thiic.

C&u truc dir liéu va gidi thuat - HCMUS 2015

X6a phan tiv
Iy
o Tim dén node chira dir liéu (khoa) can xda.

o Xeét cac trwvong hop:
o Node la
o Node chi ¢6 1 con
o Node c6 2 con: dung phan tir thé mang dé x6a thé.

C&u trdc di liéu va giai thuat - HCMUS 2015
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Sap xep
» Cho cay nhj phan tim kiém

© Thl’f tw duyét cac node
néu st dung Duyét gitra?

© Néu nhan xét
o C6 thé dé dang tao dir li¢u sap xép
néu dung phép duyét giira

C&u truc dir liéu va gidi thuat - HCMUS 2015

Phép duyét cay
o Duyét trwéc

C&u trdc di liéu va giai thuat - HCMUS 2015
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Phép duyét cay
N
o Duyét gilra

C&u truc dir liéu va gidi thuat - HCMUS 2015

Phép duyét cay
N
o Duyét sau

C&u trdc di liéu va giai thuat - HCMUS 2015
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Phép quay trai

P Quay trai cay P

C&u truc dir liéu va gidi thuat - HCMUS 2015

Phép quay trai

Quay trai cay P

C&u trdc di liéu va giai thuat - HCMUS 2015
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Phép quay phai
49

Quay phai cay P

C&u truc dir liéu va gidi thuat - HCMUS 2015

Phép quay phai
sy

Quay phai cay P

C&u trdc di liéu va giai thuat - HCMUS 2015
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Théi gian thwe hién cac phép toan
T
o Dbi v&i phép tim kiém:
o Trudng hop tot nhat: mdi nt (trir nat 14) déu co 2 con:
O(log,n) (chinh la chi€u cao cua cay).
o Truong hop x4u nhét: cdy tro thanh danh sach lién két:
O(n).
o Truong hop trung binh 1a bao nhiéu?
O(log,n)

C&u truc dir liéu va gidi thuat - HCMUS 2015

Vi du

e

o Tao cay nhj phan tim kiém theo th& tw nhap
nhw sau: 1, 8, 9, 12, 14, 15, 16, 18, 19

C&u trdc di liéu va giai thuat - HCMUS 2015
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Vi du

o Tao cay nhj phan tim kiém theo th& tw nhap
nhw sau: 1, 8, 9, 12, 14, 15, 16, 18, 19

C&u truc dir liéu va gidi thuat - HCMUS 2015

AVL tree

C&u trdc di liéu va giai thuat - HCMUS 2015
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Gi®i thiéu
[

o Do G.M. Adelsen Velskii va E.M. Lendis dwa ra
vao nam 1962, dat tén la cay AVL.

C&u truc dir liéu va gidi thuat - HCMUS 2015

Pinh nghia

I

o Cay can bang AVL la cay nhj phan tim kiém ma
tai moi dinh cta cay, dé cao cua cay con trai va
cay con phai khéng chénh léch qua 1.

C&u trdc di liéu va giai thuat - HCMUS 2015
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Cay AVL? Cay AVL?

C&u truc dir liéu va gidi thuat - HCMUS 2015

A

Xay dwng cay can bang

o Viéc xay dwng cay can bang dwa trén cay nhi phan
tim kiém, chi bb sung thém 1 gia tri cho biét sy can
bang cta céc cay con nhw thé nao.
o Céachlam goiy:
struct NODE {
Data key;
NODE *plLeft, *pRight;
int bal;

}i

® Trong do gid tri bal (balance, can bang) cé thé la: 0:
can bang; 1: 1&ch trai; 2: léch phai

C&u trdc di liéu va giai thuat - HCMUS 2015
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Cac trieorng hop mat can bang
o M4t can bang trai-trai (L-L)

o Mat can ban trai-phai (L-R)

o M4t can bang phai-phai (R-R)

o M4t can bang phai-trai (R-L)

C&u truc dir liéu va gidi thuat - HCMUS 2015

Cac trwérng hop mat can bang

o M4t can bang trai-trai (L-L)

C&u trdc di liéu va giai thuat - HCMUS 2015
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Cac trieorng hop mat can bang

o M4t can bang trai-phai (L-R)

C&u truc dir liéu va gidi thuat - HCMUS 2015

Cac trwérng hop mat can bang

o M4t can bang phai-phai (R-R)

C&u trdc di liéu va giai thuat - HCMUS 2015
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Cac trieorng hop mat can bang

o M4t can bang phai-trai (R-L)

C&u truc dir liéu va gidi thuat - HCMUS 2015

Xir Iy mat can bang
N
o Gia st tai mot node cay xay ra mat can bang
bén phai (cay con phai chénh léch v&i cay con
trai hon mét don vi):
o Mét can bang phai-phai (RR)
= Quay trai

o Mat cin bang phai-trai (R-L)
= Quay phai

= Quay trai

C&u trdc di liéu va giai thuat - HCMUS 2015
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Xtr Iy mat can bang

o P mét can bang phai-phai (RR):

P Quay trai cay P

h h+1

C&u truc dir liéu va gidi thuat - HCMUS 2015

Xir Iy mat can bang

o P mét can bang phai-phai (RR):
ip Quay trai cay P

C&u trdc di liéu va giai thuat - HCMUS 2015
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Xtr Iy mat can bang
o P mét can bang phai-trai (RL):
o Bude 1: quay phai Q
o Budc 2: quay trai cay P

h 888 h-1

C&u truc dir liéu va gidi thuat - HCMUS 2015

Xir Iy mat can bang

68 |

o P mét can bang phai-trai (RL):
o Budce 1: quay phai cay Q

Quay phai cay Q P

C&u trdc di liéu va giai thuat - HCMUS 2015
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Xtr Iy mat can bang

pee gy

o P mét can bang phai-trai (RL):
o Budc 2: quay trai cay P

P Quay trai cay P

C&u truc dir liéu va gidi thuat - HCMUS 2015

Xir Iy mat can bang

(N Iy

o P mét can bang phai-trai (RL) — Buéc 1:
= Quay phai cay Q

C&u trdc di liéu va giai thuat - HCMUS 2015
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Xtr Iy mat can bang
(I

o P méat can bang phai-trai (RL) - Buéc 2:
P Quay trai cay P

C&u truc dir liéu va gidi thuat - HCMUS 2015

X ly mat can bang
L2y
o Khi mét node cay xay ra méat can bang bén trai
(cay con trai chénh léch v&i cay con phai hon
mot don vi): (thwe hién déi xirng v&i truéng hop
méat can bang bén phai)
o Mét can bang trai-trai (LL)
= Quay phai

o Mét can bang trai-trai (L-R)
= Quay trai
= Quay phai

C&u trdc di liéu va giai thuat - HCMUS 2015
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Xtr Iy mat can bang

Left Left Case Right Right Case Left Right Case
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Theo Wikipedia _, .
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Thao tac tim kiém

kiém. &

C&u trdc di liéu va giai thuat - HCMUS 2015

o Thye hién hoan toan twong tw cay nhi phan tim

37
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Thao tac thém phan tiv

[
o Thuwc hién twong tw v&i viéc thém phan t& cla
cay nhi phan tim kiem.

o Néu xay ra viéc mat can bang thi x&r ly bang cac
trwdng hop mat can bang da biét.

C&u truc dir liéu va gidi thuat - HCMUS 2015

Thao tac x6a phan tir

o
o Thyc hién twong tw cay nhi phan tim kiém: >‘<ét 3
tredng hop, va tim phan t&r thé mang néu can.

o Sau khi x6a, néu cay méat can bang, thyc hién
can bang cay.

o Lwu y: viéc cén bang sau khi hiy c6 thé xay ra
day chuyén.

C&u trdc di liéu va giai thuat - HCMUS 2015
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Thao tac x6a phan tir

o Vi du: xéa 35

Phan tir thé mang 1a 36

Cay van can bang nén
khong phai hiéu chinh

C&u truc dir liéu va gidi thuat - HCMUS 2015

Thao tac x6a phan tir

o X6a phan tir 45

Node 50 bij Iéch phai !I!

C&u trdc di liéu va giai thuat - HCMUS 2015
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Thao tac x6a phan tir

(T ——

o X6a phan t&r 45: can bang lai cay
Quay trai tai node 50

C&u truc dir liéu va gidi thuat - HCMUS 2015
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