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Mot s6 van dé cta cay nhi phan tim kiém

Van dé

Khi thuc hién cac thao tac trén cay nhi phan tim kiém chgng han
nhu thém, x6a c6 thé din dén ciy mat can bing. D3n dén ciy nhi
phan tim kiém khong con hiéu qua




Mot s6 van dé cta cay nhi phan tim kiém
(cont.)

Vidul
Tao cay nhi phan tim kiém tir d3y cac s6 {4, 3, 2, 1} ta s& dugc J

/0

Hinh 1: Cay tuyén tinh



Cay nhi phan tim kiém can bang

Dinh nghia 1

Cay can b3ng t6i uu (perfect tree) 13 cdy c6 chidu cao
h =logy(n+ 1) véi n 13 s nit cla cdy




Cay nhi phan tim kiém can bang (cont.)

Vi du 2

Cay hoan chinh 13 mdt cay can bang tbi wu

/.\
s

Hinh 2: Cay nhi phan tim kiém hoan chinh




Cay nhi phan tim kiém can bang (cont.)

Y tuéng
C6 hai chién lugc can bang:
» Can bang theo chu ky hoat dong
» Can bang theo thao tic cip nhit
Da sb ky thuat st dung bién di xoay dé can bang lai




Cac phép bién doi

D& duy tri dugc su cin bing trong cdy T, cac nha Iap trinh
thudng st dung cac phép bién ddi sau

» Phép xoay trai (left rotation)

» Phép xoay phai (right rotation)

Dinh Iy 1

Céc phép bién dbi xoay trai va xoay phai khéng lam mat di tinh
chat “tim kiém" ctia ciy




Cac phép bién doi (cont.)

Thuc hién xoay tréi giita hai nat @ va @); trong d6, @ 13 nit con
phai cia @

| |
A A
A A

(a) trudc khi xoay (b) sau khi xoay

Hinh 3: Thao tac xoay trai



Cac phép bién doi (cont.)

Thuc hién xoay phai giita hai nit @ va @; trong d6, @ 13 nat
con trai clia @

4 4
/\ /\

T3

/\ /\

(a) trudc khi xoay (b) sau khi xoay

Hinh 4: Thao tac xoay phai



Cac phép bién doi (cont.)
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Hinh 5: Xoay trai @ va @
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Cac phép bién doi (cont.)

/Eﬂ@ e

‘ f

Hinh 6: Xoay phai @ va ®




Thuat toan DSW

Y tudng
Thuit toan dudc Quentin F. Stout va Bette L. Warren dé xuit
dua trén cong trinh cta Colin Day. Day |a thuit toan dudc hoat
dong theo turng chu ky hoat dong
» Bién ddi cdy BST thanh cdy backbone cé dang nhu danh
sach lién két
» Cay backbone két qua sé dudc xoay lién tuc dé trd thanh cay
hoan chinh
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Thuat toan DSW (cont.)

CREATEBACKBONE (root)

p < root
while(p # null)
if p c6 con nit con trai c
xoay p v8i ¢ va hoan ddi vai tré
else
di chuyén p dé&n nit con phai
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Thuat toan DSW (cont.)

CREATEPERFECTTREE ()
n < sb lugng nit
m + 2|_10g2 n+1| _ 1
thuc hién xoay trai n— m 1lin bt diu
ti dinh cla cdy backbone doc theo hudng phai
while (m>1)
m < m/2
thuc hién xoay trai m 1lin bat diu tiu dinh
cla cdy backbone doc theo hudng phdi
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Danh gia

Viéc duy tri mét cly cin bing t&i uu doi héi chi phi rat 16n. Do
dé, trong th’l:l'C té cac loai cay Eén bing the,o tung thao tac cap
nhat phd bién hon vi chi phi dé duy tri it tot kém hon

» Cay AVL

» Cay D6 - Den

» Cay AA
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Cay nhi phan can bang AVL

Lich s

» CAu triic cdy can bang AVL do hai nha khoa hoc Xé Viét G.
M. Adelson-Velskii va E. M. Landis dé& xuat vao nim 1962
[Sedgewick, 2002]

» Day 13 mét cAu tric ciy can bing dau tién
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Cay nhi phan can bang AVL (cont.)

Dinh nghia 2
Cay can bang AVL la c3y nhi phan tim kiém sao cho
» Mai nit p cla cay déu cé tinh chat “chiéu cao clia ciy con

trai va cay con phai khong chénh léch qua 1"

Vp:|h(p — left) — h(p — right)] < 1

(1)

y
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Cau tric dir liéu dong cho nat cay AVL

Nt cha cdy AVL cé thé dugc biéu dién b3ng mét 16p nhu sau

1 template <class T>

2 struct AVLNode

3 1

4 T data;

5 int key;

6 int balance;

7 AVLNode<T> *xleft;
8 AVLNode<T> *right;
9 1}
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CAu tric dir liéu dong cho nat cay AVL (cont.)

» CAu tric nat AVL tuong tu nhu nat BST

» Ngoai ra tai mdi nit cé thém thudc tinh balance md ta t3
trang thai can bang tai nat dé

» Néu balance=-1 nit bi léch vé trai; nghia 13 ciy con tréi
cao hon cdy con phai

» Néu balance=0 nit can bang chiéu cao hai ciy con b3ng
nhau

» Né&u balance=+1 nit bi léch vé& phai ciy con phai cao
hon céy con trai
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Thao tac thém mot nat

» S& dung ky thuat thém mét niit vao ciy nhi phan tim kiém dé
thém nat. Khi thém mét nat vao cdy AVL c6 thé lam cdy méat
can bang. Do dé can thuc hién

» Duyét tir ndt vira thém ngudc vé gbc

» Néu tim thay nat p bi mat can bang thi tién hanh hiéu chinh
cdy tai ndt nay
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Thuat toan can bang lai cay AVL

Gia sir tai nit @ cla cdy AVL xay ra tinh trang mat can bang. Sé&

x3y ra mot trong bdn trudng hop sau tuong (ing véi bén hinh vé:
» Trudng hop 1: tai nat @ cay léch vé bén tréi

Trudng hop 2: tai nit @ ciy léch vé bén trai

Trudng hop 3: tai nit @ ciy léch vé bén phai

v

v

v

Trudng hop 4: tai nat @ cay léch vé bén phai

Hinh 7: B6n trusng hop mét can bing tai niit @)

B L cructure & Algorithm
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Thuat toan can bang lai cay AVL (cont.)

Nhan xét

Trudng hop 3 dbi x(ing clia trudng hop 1, trudng hop 4 13 déi xting
cla trudng hop 2




Thuat toan can bang lai cay AVL (cont.)

Hiéu chinh can bang cho trudng hop 1
» Thuc hién xoay nit @ va nit @
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Thuat toan can bang lai cay AVL (cont.)

Hiéu chinh can bang cho trudng hop 2
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Thuat toan can bang lai cay AVL (cont.)

» Thuc hién xoay nit nit @ va nit @
» Sau d6, thuc hién xoay nit nit @ va nit @
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Minh hoa thém mot nat

® @

(a) trudc khi thém (b) sau khi thém

Hinh 8: Thém nat @ vao cay AVL
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Minh hoa thém mét nat (cont.)

G\/‘\ "&/@\f\

@ @ /@
¢
b4 ® @
(a) trudc khi xoay (b) sau khi xoay

Hinh 9: M4t can bing tai nit @ — xoay niit ) va @
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Minh hoa thém mét nat (cont.)

-

® @

(a) trudc khi xoay (b) sau khi xoay
Hinh 10: M4t can bing tai nit @ — xoay nit @ va @
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Thao tac x6a mot nat

» S dung k§ thudt x6a mét nit clia cdy nhi phan tim kiém.
Khi x6a mdt niit clia cdy AVL c6 thé [am cdy mat can bing.
Vay can phai can bang lai

» Duyét tir ndt bi xéa tré vé gbc

» Tim xem cé nit p ndo bi mat cn b3ng néu cé thi hiéu chinh
lai
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Minh hoa x6a mot nat

N 2
@/‘@\ /@\

® @ ® @

(a) trudc khi xda (b) sau khi xda

Hinh 11: Xéa nit @) khdi cay AVL
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Minh hoa x6a mét nat (cont.)

A 2

50 ®
® @ @
(a) trudc khi xoay (b) sau khi xoay

Hinh 12: Cay mit can bing tai nit @ — xoay @ véi @
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Minh hoa x6a mét nat (cont.)

A
®®/®\

@ ®» ®© @
(a) trudc khi xoay (b) sau khi xoay

Hinh 13: Cay mit can bing tai nit @ — xoay @ véi @
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Bai luyén tap

Vidu 3

Hay xay dung cay AVL tur day {4,3,5,1,2,7,9,8,15,11,12,16}
» Xoba cac nat 8, 16
» Thém cac nat 6, 17




Dinh ly vé chiéu cao cay AVL

Dinh Iy 2

Mét cdy AVL cé chiéu cao 13 h thi sé ¢ it nh3t Fpy3 — 1 nit, véi
F; 13 s6 Fibonacci thir i.

Chirng minh
» Goi Sy, 13 kich ¢& chia cdy AVL nhd nhit véi chiéu cao h
» RGrang, So=1va 5 =2
» Hon nita, Sp = Sp_1 + Sp_o + 1
> Do d6, Sp = Fhys — 1
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Dinh ly vé chiéu cao cay AVL (cont.)

Dinh Iy 3

Hay chitng minh diéu sau

3\ h
s =12 ()
Chirng minh

Sir dung céng thirc s& Fibonacci

() (7))

1
Fp=—
VG
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Dinh ly vé chiéu cao cay AVL (cont.)

Dinh Iy 4

Chiéu cao ctia cdy AVL gan véi chiéu cao téi uu

hAVL <1.44 log2 (n + 1)

Chirng minh
Sinh vién h3y tu chirng minh =
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Danh gia cay AVL

Phan tich chi phi thuc hién theo n (sé lugng nit clia cay)

xau nhat trung binh tot nhat

tim mot phan td ? ? ?
thém mét phan tir ? ? ?
x6a mo6t phan tir ? ? ?

Phan tich chi phi bd nhé theo n (s6 lugng nit cla cay)
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