Cay nhi phan

Cac khai niém va thuat nglr cc ban

® Cai dat cau truc di liéu

" Duyét cay

“ Cay nhij phan tim kiém - Binary Search Tree
" Hang dgi uu tién — Priority Queue
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Cac khai niém va thuat nglr co ban

Cac vi du

" P3c diém cua cu truc cay

“ Tree ADT

® Cac thuat ngi lién quan

" Cac dinh ly ()
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Cac vi du (1)

" Vidu 1: cach luu tr&r phan cap = bai toan
dua thu

= Can tim 1 nguwdi: Téo, khoa CNTT, DH KHTN, Quan 5,
Tp.HCM, Viét nam

= C4ch tim ra “Téo” nhanh nhat ?
= S&r dung mang (array) ?
= S dung danh séach lién két (linked list) ?
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Cac vi du (2)

Trai dat (7 ti)
China Korea /......\Vietnam (88 tricu)
Tp.HCM (12 triéi... Ha no1
Qué}n‘S/ ...... Quan 12
DH.KHTN (20,000 nid} ......
 *
Khoa CNTT?)OO nguoi) .. ... Khoa To4n

“TéO”
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Cac vi du (3)

" Vi du 2: cay biéu thic (a-b)*(c/d)
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Cac vi du (4)

" Vi du 3: cay nglf phap - mo ta cac thanh phan
ngl’ phap trong mot cau
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Pac diém cla cau tric cay

Cay la 1 ciu tric di liéu quan trong dé
bi€u dién tinh “ké& thira”, “phan cap”

= Cay gia pha (trong cac dong ho)

= Cay phan cap cac loai (trong sinh vat)

Linked List

= Chén/x6a phan ti: O(1)

= Tim kiém: O(n)

Cay nhi phan tim kiém

= Thém/xoa phan tir: O(log,n)

= Tim kiém: O(log,n)
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IGCERAVINED

" MOt cay <T> (Tree) la:
= MOt tAp cac phan tlr, goi 1a cac node p4,p,,...,Pyx
= Néu N=0, cay <T> goi la cay rdng (NULL)
= Néu N>0:
« Ton tai duy nhat 1 node p, goi la goc cua cay

« Cac node con lai dwgc chia thanh m tap hop khéng giao nhau:
T, T, ..., T,

« MOi <T> la 1 cay con clia cay <T>

-

Tap rong > Cay <T> rong (NULL)
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Tree ADT (2)

[ Node goc Cay con <T;> J

o

Cay con <T,> J

Q

[ Cay con <T >

@@@
()

[ Cay con <T > J
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IGCERADINE)

X Cay con <T;>
X Cay con <T,>
Cay con <T >
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Tree ADT (4)

0 (D O RO,

/ Cay con <T >
O eOm O © O

Cay con <T > Cay con <T,> Cay con <T;>
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Tree ADT (5)

" Cac tinh chat cua cay:
= Node gbc khéng c6 node cha
= M6i node con chi cé 1 node cha
= Mdi node c6 thé cd nhiéu node con
= Khong co chu trinh
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INGCERAPING).

Kh&i tao cdy rong

XoOa cay

Thém mbét node

X6a moét node

Duyét cay

Kiém tra cay réng

Pém sb node trong cay
Tinh chiéu cao cla cay

" Cac thao tac co ban trén cay:
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Cac thuat nglr lién quan (1)

Node: 1& 1 phan t trong cdy. Moi node cé thé
chlua 1 di liéu bat ky

Nhanh (Branch): la doan noi gilrta 2 node
Node cha (Parent node)

Node con (Child node)

Node anh em (sibling nodes): la nhiing nut c6
cung node cha

" Bac cua 1 node p: la sO node con cua p

= Bac (a) = 4; Bac (j) = 3; Bac (g) = 2;

= Bac(k)=1;Bac(c)=0
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Cac thuat nglr lien quan (2)

Node goc (Root node): node khong co6 node cha

" Node la (Leaf node): node co6 bac = 0 (khdng co
node con)

" Node ndi (Internal node): la node c6 node cha va
co node con

" Cay con (Subtree)

= Trac nghiém: co bao nhiéu cdy con trong cay <T> ?
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Cac thuat nglr lien quan (3)

" Bac cua cay: la bac I6n nhat cua cac node trong
cay
= Bac (<T>) = max{bac (p;) / p; € <T>}
= Baccuacay <T>?

® buong di (Path) gilra node p; dén node p;: la day
cac node lién tiép tu p; dén p; sao cho giira hai
node ké nhau déu c6 nhanh
= Path(a, d) ?
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Cac thuat nglr lien quan (4)

" MUc (Level):
= Muc (p) = 0 néu p = root
= Muc (p) = 1 + Mc (Cha (p)) néu p!=root

® Chiéu cao cua cay (Height - h;): dudng di dai nhat
tu node goc dén node la
= h; =max {Path(root, p,) / p; 1a node la € <T>}
= hy?
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Cac thuat nglr lien quan (5)

Level O g Branch
AF

Branch

Level 1 o _@_ . =

Parents: A, B, F Leaves CDEG.H.I
Children: B, E, F, C, D, G, H, | Internal nodes B,F
Siblings: {B,E,F},{C,D}, {G,H,I}
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Cac thuat nglr lien quan (6)

" Cay nhj phan (binary tree)

= Cay nhi phan la cay co bac = 2

“ Full binary tree
= Moi node cé 0 hodc 2 node con

“ Complete binary tree
= T mire 0 dén mirc h-2: c6 du s6 node (completely
full)
= Mdc h-1: cac node dwoc thém vao cay tw trai sang
phai
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‘) Cac thuat nglr lien quan (7)

4

Full but not complete

Winter 2017

/‘“‘x

Complete but not full

Py

Complete and full
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Cac thuat nglr lién quan (8)

o Complete ?

Full ?
O ()
() (=) () (o

(b)

Winter 2017 71 (C) Nguyen Tri Tuan - Truong DH.KHTN DHQG-HCM



Cac dinh Iy (1)

® Cho T la mot cay nhi phan day du (full binary
tree). Goi N la s6 node, L la sO node 13, I la sO
node noi (tinh ca node goc)

s L=1+1
= N=2I+1

= I=(N-1)/2
= L=(N+1)/2
- N=2L-1

= I=L-1
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Cac dinh ly (2)

Néu T la mot cay nhi phan co h level thi s6 node
tdidacuaTla2n-1

Néu T la mot cay nhi phan co h level thi s6 node |3
toi da la 2h-1

Néu T la mot cay nhi phan, co khong qua 2" node
tai mdc h (h = 0)

Néu T la mot cay nhi phan c6 N node thi s6 muc
t6i thi€u cta T la [log,(N + 1)]

Néu T la mot cay nhi phan cdé L node la thi sO muc
tGi thi€u cua T lallog,L1 + 1
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Cay nhi phan

Cac khai niém va thuat ngli c ban

" Cai dat cau truc di liéu

" Duyét cay

“ Cay nhij phan tim kiém - Binary Search Tree
" Hang dgi uu tién — Priority Queue
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Array Tree Node

index | key Left Right
0 A 1 2
1 B -1 3
2 C 4 5
3 D -1 -1
4 E 6 -1
5 F 7 8
6 G -1 -1
7 H -1 -1
8 I -1 -1

Winter 2017
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template <class T> class BINARY TREE ({
private:

struct TreeNode {

T data;
int left;

};

int

int
TreeNode

void

void

void
public:

int right;

root;
maxSize;
*nodes;

LNR(int p);
NLR (int p);
LRN (int p);

BINARY TREE (int size);
BINARY TREE (const BINARY TREE &aTree) ;
~BINARY TREE () ;

// operations

bool
int
int
bool
bool
void
void
void
}; // end class

isEmpty () ;
countNode () ;
height () ;

insert (T newlItem) ;
remove (T item) ;
preorder() ;
inorder () ;
postorder () ;

//
//
//

//
//
//

data of node
index to left child

index to right child

index to root of tree
max number of node in tree
array to store nodes of tree

init a tree with ‘size’ node
copy constructor
destructor

call NLR(root)
call LNR(root)
call LRN(root)
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A linked binary tree
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Cai dat cay nhi phan bang con tré (2)

template <class T> class BINARY TREE ({

private:
struct TreeNode {
T data; // data of node
TreeNode *left; // pointer to left child
TreeNode *right; // pointer to right child
};
TreeNode *root; // pointer to root of tree
void LNR (TreeNode *p) ;
void NLR (TreeNode *p) ;
void LRN (TreeNode *p) ;
public:
BINARY TREE () ; // default constructor
BINARY TREE (const BINARY TREE &aTree); // copy constructor
~BINARY TREE () ; // destructor

// operations

bool isEmpty () ;

int countNode () ;

int height () ;

bool insert (T newlItem) ;

bool remove (T item) ;

void preorder () ; // call NLR(root)
void inorder () ; // call LNR(root)
void postorder () ; // call LRN (root)

}; // end class
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Cay nhi phan

Cac khai niém va thuat ngli c ban

® Cai dat cau truc di liéu

" Duyét cay

“ Cay nhij phan tim kiém - Binary Search Tree
" Hang dgi uu tién — Priority Queue
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Duyét cay (1)

Co 3 cach duyét cay:
= Duyét gbc trwdc (Pre-Order) - NLR
= Duyét gbc gitra (In-Order) - LNR
= Duyét gbc sau (Post-Order) - LRN

G

2 3
Left Right
subtree subtree

(a) Preorder traversal

Winter 2017

(Y

1 3
Left Right
subtree subtree

(b) Inorder traversal
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1 2
Left Right
subtree subtree

(c) Postorder traversal




Duyét cay (2)

" Duyét goc trudc (Pre-Order) - NLR

template <class T>
void BINARY TREE<T>::NLR(TreeNode *p)

{
if (p==NULL) return;

“Xi 1y nut gbc p~ als[c|p]| | E F
NLR (p—->1left) ;
NLR (p->right) ;

(b) “Walking” order
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Duyét cay (3)

Minh hoa cach
duyét “goc truac”

(e) Process tree E (f) Process tree F
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Duyét cay (4)

“ Duyét goc gira (In-Order) - LNR

template <class T>
void BINARY TREE<T>::LNR(TreeNode *p)
{

if (p==NULL) return;

LNR (p—->1eft);

C|B|ID|| A E|F

“Xa 1y nut gbc p”
LNR (p—->right) ;

(b) “Walking” order

Winter 2017 83 (C) Nguyen Tri Tuan - Truong DH.KHTN DHQG-HCM



Duyét cay (5)

“ Duyét goc sau (Post-Order) - LRN

template <class T> a2

void BINARY TREE<T>::LRN (TreeNode *p)

{ e
if (p==NULL) return;

o O %,

LRN (p—->1eft);
LRN (p->right) ; c|b|B FIE|A
“Xu ly nat gbc p” (a) Processing order

(b) “Walking” order
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