m !ang Red Black va AA

| Review
= Giéi thiéu
* Cay Do — Den (Red Black Tree)

| AA — Tree
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ed Black Tree
+Dinh nghia

+ CAu truc lwu triv

+ Cac tinh chat

4+ Cac thao tac co ban

+Danh gia
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' Red Black Tree (tt)

+Binh nghia: Red-Black tree la mcf)t,céy nhi phan
tim kiém (BST) tuan thu cac quy tac sau:

*

*

*

Winter 2011

1]
2]
5

Moi node phai la do hoac den
Node gbc 1a den
Cac node ngoai (external node; NULL node) mac

dihh la nhirng node den

¢ [4] Néu mdt node 1a dd, nhirng node con ctia nd phai
la den

+ [5] Moi duong dén tlr goc dén node ngoai phai c6
cung sO lwgng node den
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Red Black Tree (tt)

H=4

Minh hoa Red-Black tree
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n !Iack Tree (tt)

+ Chiéu cao den (black height — 4,(x)): la s6-node
den trén duwong di tir node x den node ngoai
(khbng bao gom x)

+ T quy tac [4] >khéng thé ton tai node cha va
node con cung do. Khi cay do den vi pham qui
tac nay goi la hién twgng xung dét do-do
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— !ed Black Tree (tt)

+ Cau trdc lwu triv;
¢ Thong tin lwu trir tai Node (key)

+ Dia chi node goc cua cay con bén trai (* pLeft)
+ Dia chi node gbc cua cay con bén phai (* pRight)
¢ Dia chi cua node cha (* pParent)

¢ Thubc tinh mau cua node (color)
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Red Black Tree (tt)

typedef enum {BLACK, RED} NodeColor;
typedef int DataType; // Kiéu dir liéu

typedef struct NodeTag {
DataType key; // D& liéu
NodeColor color; // Mau cua node

struct NodeTag *pLeft;

struct NodeTag *pRight;

struct NodeTag *pParent; // Pé dé cai dit
} RBNode;

typedef struct RBNode* RBTREE;
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— !ed Black Tree (tt)

+ Cac tinh chat:
¢ Tinh chat 1:
h: chiéu cao cua cay
h,: chiéu cao den
h <=2%h,

¢+ Tinh chat 2: Cay dé den c6 N node thi
h <=2*log,(N+1)

¢ Tinh chat 3: thoi gian tim kiém O(log,N)

(Chirng minh tinh chét [1] va [2]: bai tap)
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—!ed Black Tree (tt)

4+ Cac thao tac co ban:

+ Tim kiem & duyét cay: giong BST. Do cay Red-Black
can bang nén chi phi duyét cay tot hon BST

¢ Thém node mai (insert node)

+ X6a node (delete node)
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ed Black Tree (tt)

+ Insert node:
¢ Thwc hién gidng nhw cay BST
¢+ Node m¢@i thém lubén luén cé6 mau do
+ Néu xay ra vi pham qui tdc = diéu chinh cay

¢ Demo chwongq trinh
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ed Black Tree (tt)

+ Insert node: (tt) nhirng qui tac co thé bi vi pham
¢ Moi node phai la dé hoac den - OK

¢ Node gbc 1a den > not OK ! Néu node m&i la root
¢ Cac node ngoai (NULL) phai luén ludén den - OK

¢ Néu mét node 1a dd, nhirng node con cda nd phéi la den - not
OK ! vi c6 thé parent[z] = RED - 2 node lién tiép mau do

+ Moi dudong dan tir goc den nat 14 phai cé ciing s6 lwgng node
den - OK vi khéng lam thay do6i s6 node den
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Red Black Tree (tt)

RB Insert Node (T, z) // T: cdy; z: node méi
y « NULL; x — root[T];
while x # NULL { // di dén nut 1la
Yy « X // y: node cha cua x

if (key[z] < key[x]) x - left[x];

else x — right[x];
}
parent[z] « y; // thém node z vao céay
if (y == NULL) root[T] ~ z; // la con cua node y
else if (key[z] < keyl[y]l) leftly] ~ z;

else rightl[y] < z;

left[z] — NULL
right[z] — NULL
color[z] — RED // node méi z cbé mau dé
RB_Insert FixUp(T, z) // diéu chinh cay
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—ed Black Tree (tt)

+ Cach thire diéu chinh cay
¢+ Phép dao mau
¢+ Phép xoay trai (Left-Rotation)
+ Phép xoay phai (Right-Rotation)
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ack Tree (tt)
+ Phép dao mau

color[parent[z]] <« black
color[y] ¢« black
color[parent[parent[z]]] ¢« red

z = parent[parent[z]]
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—ed Black Tree (tt)

+ Phép xoay trai (Left-Rotation):

LEFT-ROTATE(T, x)

5
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ed Black Tree (tt)

Vi du phép xoay trai
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Red Black Tree (tt)

RB Left Rotate(T, x)

y — right[x];
right[x] ~ left[y]’
if (left[y] # NULL) parent[left[y]l] -~ x;
parent[y] < parent[x];
if (parent[x] == NULL) root[T] — y;
else if (x == left[parent[x]])
left[parent[x]] < vy
else right[parent([x]] « y;

left[y] « x;
LEFT-ROTATE(T, x)
parent [X] — y s lx ) — s
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—!ed Black Tree (tt)

+ Phép xoay phai (Right-Rotation):

RIGHT-ROTATE(T, y)
EEEEEREEEEEEEEEEEEEEEEEEEEEEEEE Elln-

4 o

+RB Right Rotate (T, x): twong tyw ham
xoay trai (tw viét)
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, Red Black Tree (tt)

+ Tdng két: co 6 trwdng hop xi ly chi tiét
¢ Trweong hop 1: ap dung phép dao mau

p Y Ifzisaright child

color[parent[z]] <« black
color|[y] <« black

color[parent[parent[z]]] « red

z = parent[parent[z]]
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, Red Black Tree (tt)

+ Tong két: (it)
¢ Trwdng hop 2: ap dung phép dao mau va xoay phai

color[parent[z]] <« black
color[parent[parent[z]]] <« red
RIGHT-ROTATE (T, parent[parent([z]])
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ed Black Tree (tt)

+ Tong két: (it)
¢ Trwong hop 3: &p dung xoay trai dé dwa vé dang 2

Case 3

z < parent[z]
LEFT-ROTATE (T, z)
“X@ ly nhu truong hop 2”7

Winter 2011 Data Structures & Algorithms - Red Black + AA tree - Nguyen Tri Tuan, DH.KHTN Tp.HCM



, Red Black Tree (tt)
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, Red Black Tree (tt)

+ Tong két: (tt)
¢ 3 trwdng hop twong tw [17], [27], [3'] d6i xtrng v&i [1],
[2], [3] qua truc Y
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ed Black Tree (tt)

RB Insert FixUp(T, z)

while (color[parent[z]] == RED) ({
// truong hop [1], [2], [3]
if (parent[z] == left[parent[parent[z]]]) {
Yy — right[parent[parent[z]]]’
if (color[y] == RED) "“Case 1”;
else {
if (z == right[parent[z]]) "“Case 3”;

“Case 27;

}
else ..// truong hop [1']1, [2'], [3']
color[root[T]] « BLACK
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—ed Black Tree (tt)

+Danh gia thao tac Insert node:
+ Chi phi thém phan t& mé&i (2): O(log,N)
¢ Chi phi cua RB_Insert_FixUp: O(log,N)

+ Chi phi tong cdng: O(log,N)
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ed Black Tree (tt)

+ Delete node:
¢ Céch thirc x6a 1 node: giong nhw BST
¢ Demo chuwong trinh
+ Néu node bj x0& c6 mau dd: khédng gay ra vi pham
> Moi node phai la dé hoac den - OK

»Node gbc la den > OK
» Cac node la (NULL) phai luén luén den - OK

»Néu mdt node 1a dd, nhirng node con cua no phaila den -
OK vi khéng tao ra 2 node lién tiép mau dd

»Moi dwérng dan tir gdc dén nut 1a phai co cung s6 luwong
node den = OK vi khéng lam thay déi sd node den
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ed Black Tree (tt)
+ Delete node: (tt)

+ Néu node bj xo4& c6 mau den: c6 thé gay ra vi pham
» Moi node phai la dé hoac den - OK

» Node gbc 1a den > not OK ! Vi cé thé xoa root va thay bang node
do

» Cac node la (NULL) phai luén luén den - OK

» Néu mot node la do, nhirng node con cua noé phai la den - not OK
I'Vi co thé tao ra 2 node lién tiép mau do

» Moi dwdrng dan tir gdc dén nut 1a phai ¢d cung so lwgng node den
- not OK ! Vi lam giam ddi s6 node den

+ Xem chi tiét “Data structure & Analysis in C’, p. 465
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ed Black Tree (tt)
+Danh gia:

+ Uu diém:
> Chi phi tim kiém O(log,N)
> Insert O(log,N)
» Delete O(log,N)
» Minimum O(log,N)
» Maximum O(log,N)

¢ Han ché:
» Phai lwu triy thudc tinh mau (color) va con tré dén nut cha
(pParent)

> Cai dat phtre tap hon cay AVL va AA
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m !ang Red Black va AA

e Review
I  Gioithieu
L= Cay Do — Pen (Red Black Tree)

* AA — Tree
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nrne Andersson) — Tree

4+ Minh hoa

4+ Cac khai niém
+Dinh nghia

+ Cau trac lwu triv

4+ Cac thao tac co ban

+Danh gia
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AA — Tree (tt)

Lién két
ngang

Lién két
70 con phai

Lien két

con trai @

N addd

Minh hoa cau tric cay AA

)4
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— AA — Tree (tt)

4+ Cac khai niém:
¢ Mwrc (Level) cua mét node
+ Lién két ngang (Horizontal link)
+ Xoay phai (Right rotation — Skew)

+ Xoay trai (Left rotation — Split)
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AA — Tree (tt)
+ Cac khai niem: (tt)

¢ Mirc (Level) cia mot node: |1a s lién két trai tir node
do dén NULL

¢ Mrc cua node NULL 1a 0
¢ Mlrc cua node la la 1

Mirc 2

Mirc 1
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AA — Tree (tt)

+ Cac khai niém: (tt)
¢ Lién két ngang (Horizontal link): 1& lién két gitra mot
node va node con cua node dé & cung mét murc

Node con

‘ Node cha \ & cung murc

PEIA
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— AA — Tree (tt)

+ Cac khai niém: (tt)
¢ Xoay phai (Skew): x6a bd lién két ngang bén trai

¢ St dung dé diéu chinh cay
¢

/.\ .\ t/. /.\

A B C A B C
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— AA — Tree (tt)

+ Cac khai niém: (tt)
¢ Xoay trai (Split): xoa bd 2 lién két ngang lién tiép bén

phai
¢ St dung dé diéu chinh cay :
. JORNNO
A B |

A B
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AA — Tree (tt)

+ Skew c6 thé tao ra nhiéu lién két ngang phai lién
tiép = st dung Split dé diéu chinh

Skew e

Split

»
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' AA — Tree (tt)

+Dinh nghia: AA tree la mot céy nhi phan tim
kiem (BST) tuan thu cac quy tac sau:

+ Lién két ngang luén hwdng vé bén phai
+ Khéng co 2 lién két ngang lién tiép nhau
¢+ Moi node cé mrc > 1 sé cd 2 node con

+ Néu mét node khéng co lién két ngang phai thi 2
node con cua né & cung muc
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— Tree (tt)

Lién két ngang
ludn-hwéng vé
bén phai

Khéng ¢6 2
lién két ngang
lién tié

Node co
mwc > 1 ->
cO 2 con

5
/

2 node con cung muc
khi node cha khéng co
lién két ngang
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AA — Tree (tt)

+ Tinh chét:

¢ Level cla node con trai luon nhod hon level cia node
cha 1 don vi

¢ Level ctia node con phai nhd hon hay bang level cla
node cha (nhwng khdng qua 1 don vi)

¢ Thém moét node ludn thwe hién & node cé mirc = 1
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AA — Tree (tt)

+ CAu truc lwu triv:

typedef int DataType; // Kiéu dit liéu

typedef struct NodeTag {

DataType key; // D&t liéu
struct NodeTag *pLeft;
struct NodeTag *pRight;

int level; // midc cua node
} AANode;

typedef struct AANode* AATREE;
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— AA — Tree (tt)

+ Cac thao tac co ban:
¢+ Khi thém 1 node

> Node thém vao bén trai > tao ra mot lién két ngang bén trai
- thwc hién Skew

» Node thém vao bén phai = néu tao ra 2 lién két ngang lién
tiép bén phai= thwc hién Split
70

e

DG 6y G5 @0-@
hES

65)
D

\
50 60

Winter 2011 Data Structures & Algorithms - Red Black + AA tree - Nguyen Tri Tuan, DH.KHTN Tp.HCM




— AA — Tree (tt)

+ Cac thao tac co ban: (tt)
+ Tim mét phan t&: hoan toan giong cay BST

TN
N el A

(50

Tim “55”
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+ Cac thao tac co ban: (tt)
¢ Thém mot node:

Can Split Thém “45”
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— AA — Tree (tt)

+ Cac thao tac co ban: (tt)
¢ Thém mot node:

Can Skew

Sau khi Split tai “35”
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— AA — Tree (tt)

+ Cac thao tac co ban: (tt)
¢ Thém mot node:

%Cén Split J
@ .

15
(510 Qo

Sau khi Skew tai “50”
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— AA — Tree (tt)

+ Cac thao tac co ban: (tt)
¢ Thém mot node:

[ Can Split
30 (29
15)

20 @@) é

Sau khi Split tai “40”

Can Skew

Winter 2011 Data Structures & Algorithms - Red Black + AA tree - Nguyen Tri Tuan, DH.KHTN Tp.HCM



— AA — Tree (tt)

+ Cac thao tac co ban: (tt)
¢ Thém mot node:
(50

o ‘\/
g

/
20 %0

Sau khi Skew tai “70”, va Split tai “30”
- STOP'!
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— Tree (tt)

Demo chwonq trinh
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AA — Tree (tt)

AATREE AA Insert Node (DataType x, AATREE t)

{

if (t == NULL) { // tao node méi va thém vao ciay

}

t = new AANode;

t->key = x;

t->pLeft = t->pRight = NULL;
t->level = 1;

else if(x < t->key)

t->pLeft = AA Insert Node(x, t->pLeft);

else if(x > t->key)
t->pRight = AA Insert Node(x, t->pRight);

else return t; // trung khéa

t = Skew(t);
t = Split(t);
return t;
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AA — Tree (tt)

AATREE right rotate (AATREE &t)
{

AATREE t1;

tl = t->pleft;
t->pLeft = tl->pRight;
t1->pRight = t;

return tl;

AATREE Skew (AATREE &t)
{

if (t->pLeft != NULL)
if (t->pLeft->level == t->level)

t = right rotate(t);
return t;

Winter 2011
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AA — Tree (tt)

AATREE left rotate (AATREE &t)

{
AATREE tl1;

tl = t->pRight;
t->pRight = tl->pLeft;
tl->pLeft = t;
tl->level++;
return tl1;
}
AATREE Split (AATREE &t)
{
if (t->pRight !=NULL)
if (t->pRight->pRight != NULL)
if (t->pRight->pRight->level == t->level)
t = left rotate(t);
return t;

Winter 2011
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+ Cac thao tac co ban: (tt)
¢ Thém m6ét node: VD. thém “6”
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— Tree (tt)

+ Cac thao tac co ban: (tt)
¢+ X6a m6ét node:

Giam mwrc
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AA — Tree (tt)

+ Cac thao tac co ban: (tt)
¢+ X6a m6ét node:

Giam muwrc

O—B 6 @

Sau khi giam murc tai “2”
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— AA — Tree (tt)

+ Cac thao tac co ban: (tt)
¢+ X6a m6ét node:

Can Skew

Sau khi giam murc tai “4” va “10”
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+ Cac thao tac co ban: (tt)
¢+ X6a m6ét node:

Can Skew

O—06 6 @

Sau khi Skew tai “10”, 1an 1
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+ Cac thao tac co ban: (tt)
¢+ X6a m6ét node:

Can Split

Sau khi Skew tai “10”, 1an 2
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+ Cac thao tac co ban: (tt)
¢+ X6a m6ét node:

Can Split

Sau khi Split tai “4”

Winter 2011 Data Structures & Algorithms - Red Black + AA tree - Nguyen Tri Tuan, DH.KHTN Tp.HCM



+ Cac thao tac co ban: (tt)
¢+ X6a m6ét node:

O—®

Sau khi Split tai “8” > STOP |
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— AA — Tree (tt)

+Danh gia:
+ DO phwre tap O(log,N)

+ Khéng can lwu con tréd dén node cha (pParent)

+ Cai dat don gian hon cay Red-Black
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