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Cay do den

Dinh nghia 1
Cay d6 den (red black tree) dugc Rudolf Bayer phat minh va la
mbt cdy nhi phan tim kiém c6 cac d3c diém sau
1. Moi ndt phai la nit dé hodc nat den
2. Nat goc 1a nat den
3. Néu mét nit 13 nit do, thi con clia né phai nat den
4. TAt c3 cic dudng di tr nit gbc dén nit-0 (khdng cé con)
hodc nit-1 (c6 1 con) phai cé cling sb lugng nat den (diéu
kién can bang)

Nhan xét

Cay dd den 13 cay téng quat cha cay AVL
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Cay do den (cont.)
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Hinh 1: Cay dé den
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1

CAu tric dir liéu cho nit cay dé den

CAu trac dit lidu dé luu trit cho nat cay dé den

1 template <class T>

2 struct RBNode

3 {

4 T data;

5 int key;

6 NodeColor color;
7 RBNode *pLeft;

8 RBNode *pRight;
9 RBNode #*pParent;
0 1}
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Tim kiém va duyét

» Vi cady dd den |3 mdt cly nhi phan tim kiém, do dé tim kiém
va duyét cdy trén cdy dé den tuong tu nhu trén cdy nhi phan
tim kiém
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Cac phép bién ddi cay dé den can bang

C6 ba phép bién déi dung dé didu chinh cho cay dd den cin bing
» Thay d6i mau (change color)
» Thuc hién xoay trai (/eft rotation)

» Thuc hién xoay phai (right rotation)
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Cac phép bién doi cay dé den can bang (cont.)

Thuc hién xoay trai giita hai nit ® va N); trong d6, N 13 nat con
phai ctia P)

| |
® Q

/\ /\
T @ ® T3
/\ /\
T2 T3 T T2
(a) trudc khi xoay (b) sau khi xoay

Hinh 2: Thao tac xoay trai

BB s RS e Higorithen. 7
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Cac phép bién doi cay dé den can bang (cont.)

Thuc hién xoay phai giita hai nat ®) va (\N); trong d6, ) 13 nit
con trai cla

| |
® )

/\ / N\
N T @
/\ /\
T Ty Ty IE
(a) trudc khi xoay (b) sau khi xoay
Hinh 3: Thao tac xoay phai
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Thém mot nat mdéi vao cay do den

» S& dung thut toan thém cia cay nhi phan tim kiém dé thém
nat méi
» NGOt m&i thém ludn ludn la mau dé

» Duyét tir ndt vira thém tré vé gbc dé hiéu chinh can bing lai
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Cac tinh hudng xay ra khi duyét ngudc

» Trudng hop 1: Nit dang xét ) 13 nat gbc c6 mau ddé

l |

/m\ /®\
Ty T Ty T

(a) trudc khi hiéu chinh (b) sau khi hiéu chinh
Hinh 4: TH1 — D&i mau nat @ thanh mau den. Dirng hiéu chinh
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Cac tinh huéng xay ra khi duyét ngudc (cont.)

» Trudng hop 2: Nit dang xét N) 13 nat @6 va nat cha @) nat
den

P\ T

T T

Hinh 5: TH2 — Dirng hiéu chinh
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Cac tinh huéng xay ra khi duyét ngudc (cont.)

» Truang hgp 3: Nat dang xét () 13 nat @b va nit cha P)
ciing 13 nat d6 va 1a gbc

| |
[P Q

\

/\
ﬂ T T

Ty Ty Ty Ty
(a) trudc khi hiéu chinh (b) sau khi hiéu chinh
Hinh 6: TH3 — D3i mau nat ® thanh den. Ding hiéu chinh
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Cac tinh huéng xay ra khi duyét ngudc (cont.)

» Trudng hop 4: Nit dang xét ) 13 nat d va nat cha @) va
nit cha () ciing 13 nit d6

T3 T4 Ts

Ty To Ty To
(a) trude xir ly (b) sau xtr ly

Hinh 7: TH4 — D&i mau (P) va (U) thanh den, d&i mau (G) thanh d6.
Tiép tuc xét nit

B s AR igorithm 13


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Cac tinh huéng xay ra khi duyét ngudc (cont.)

» Truang hgp 5: Nat dang xét ) 13 nat @b va nit cha P), ...

Ty
T3

UL Tmn T T3 Ty
(a) trudce xir ly (b) sau xu ly

Hinh 8: TH5 (T, 1a ciy réng hojc gbc I3 nit den) — DSi mau (P) thanh
den, (G) thanh d6, xoay (P) va (G). Dimg hiéu chinh
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Cac tinh huéng xay ra khi duyét ngudc (cont.)

» Trudng hgp 6: Nit dang xét N) 13 nat @ va nat cha P), ...

Ty
T
I [T T T T3 T4
(a) trudce xir ly (b) sau xu ly

Hinh 9: TH6 (T, 1a cay rBng hodc gbc 1a nat den) — D&i mau (N) thanh
den, (G) thanh d6, xoay (N) va (P), xoay (N) va (G). Dirng hiéu chinh

BB hps o RS Rigorithm 15
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Cac tinh huéng xay ra khi duyét ngudc (cont.)

» Mot s6 trudng hop con lai 13 d6i xitng clia cac trudng hop d3
xét

» Sinh vién h3y liét ké ra cic trudng hop

16
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Cac tinh huéng xay ra khi duyét ngudc (cont.)

Bai tap
Sinh vién h3y cho biét su thay ddi sau cac xi ly
» S& nit den
» S6 nat do
» S6 lugng nit den trén cac dudng di tir gbc dén nit

» Chiéu cao cla cay

17
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Minh hoa thém phan tir

5 8
(a) trudc khi thém (b) sau khi thém

Hinh 10: Thém nit (4)
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Minh hoa thém phan tir (cont.)

(a) trude xir ly (b) sau xu ly

Hinh 11: Trudng hop 4

19


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Minh hoa thém phan tir (cont.)

(a) trude xtr ly (b) sau xur ly

Hinh 12: Trudng hgp 6

20
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Xoéa mot nat

» S dung thuat todn x6a mot phan tir clia cdy nhi phan tim
kiém dé x6a phan tir clia ciy dé den

» Néu nit bi x6a c6 mau dd thi khéng can phai lam gi thém

» Néu ndt bi x6a c6 mau den can phai diéu chinh su can bing
cla cay

Moi nat phdi do hodc den &

Nat gbc 13 den @

Nt cha va nidt con khong cung do &

Moi dudng dan tir gbc dén niit-0 va niit-1 cé cling sb

lugng nit den &

1.

i\
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Bai luyén tap

Vidul
Hay xay dung cay do den tir day {5,1, 4, 3, 2, 8, 9, 7, 16, 11, 12,
15}

> Xba cac nit 8, 16

» Thém cac nit 6, 17
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Dinh ly vé chiéu cao ciia cay dé den

Dinh nghia 2
Mot sb thuat ngif cho ciy dé den

» Chiéu cao (node height) clia mét nit x 13 s& nit cia mot
dudng di dai nhat tir ndt x dén mot nit ngoai

h(x) = max{ CountNode(path(x,))} I 1a nat ngoai (1)

» Chiéu cao den (black node height) clia mét nit x 13 s6 nit
den trén dudng di tir ndt x dén ndt ngoai

hp(x) = CountBlackNode(path(x,l)) I la nit ngoai  (2)

y

23
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Dinh ly vé chiéu cao clia cay dé den (cont.)

Dinh Iy 1

1. Chiéu cao ctia cdy nhd hon hai lan chiéu cao den
h<2h,
2. Cay dé den c6 n nuit thi

h S 210g2(n + 1)
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Danh gia vé cay dé den

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 ? ? ?

25


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

