Cay nhi phan

Cac khai niém va thuat ngli c ban

® Cai dat cau truc di liéu

" Duyét cay

" Cay nhj phan tim kiém - Binary Search Tree
" Hang dgi uu tién — Priority Queue
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Cay nhi phan tim kiém (BST)

" Y nghia clia cdy BST
“ Binary Search Tree ADT

" Cai dat cau truc d{ liéu BST
" Panh gia/So sanh
" Bai tap
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Y nghia ctia cdy BST (1)

" Tim 1 phan tu trong cay nhi phan ?
= Thuat toan ?
= Chi phi ?
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Y nghia clia cdy BST (2)

" Piém yéu va diém manh cia mang ?
" Piém yéu va diém manh cua danh sach lién két ?

" MOt cdu trdc dit liéu cé dudce ca diém manh cua
mang va danh sach lién két ?
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Binary Search Tree ADT (1)

" Cay nhi phan tim kiém la:
= MOt cay nhi phan
= Moi node c6 mot khoa (key)
= Mbi node p clia cay déu thda:
« T4t ca cac node thudc cay con trai déu cd khéa nhd hon khoa
cua p
Vg € p->left: g->key < p->key
« T4t ca cac node thudc cay con phai déu co6 khda Ién hon khoa
cua p
Vg € p->right: g->key > p->key
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Binary Search Tree ADT (2)
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Binary Search Tree ADT (3)
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Binary Search Tree ADT (4)

" Cac thao tac cg ban:
= Khai tao cay rong
= XOa cay
= Thém moét node
= X6a mot node
= Tim mot node
= Duyét cay
= Kiém tra cay rong
= Pém sb node trong cay
= Tinh chiéu cao cua cay
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Cai dat cau truc dr liéu BST (1)

template <class T> class BSTNode {

public:
T key; // key of node
BSTNode *left; // pointer to left child
BSTNode *right; // pointer to right child

BSTNode () { }
BSTNode (T newItem)
{
key = newltem;
left = right = NULL;
}
}; // end class
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Cai dat cau truc dir liéu BST (2)

template <class T> class BINARY SEARCH TREE ({

private:
BSTNode<T> *root; // pointer to root of tree
bool insertNode (BSTNode<T> *&p, T newltem) ;
bool removeNode (BSTNode<T> *&p, T key)
int countNode (BSTNode<T> *p) ;
int height (BSTNode<T> *p) ;
void LNR (BSTNode<T> *p) ;
void NLR (BSTNode<T> *p) ;
void LRN (BSTNode<T> *p) ;
public:
BINARY SEARCH TREE(); // default constructor
BINARY SEARCH TREE (const BINARY SEARCH TREE &aTree);// copy constructor
~BINARY SEARCH TREE(); // destructor

}; // end class

// operations

bool insert (T newltem) ; // add new node with ‘newItem’
bool remove (T key) ; // find and remove node with ‘key’
BSTNode<T>*findNode (T key) ; // find node with ‘key’

bool isEmpty () ;

int countNode () ; // call countNode (root)

int height () ; // call height (root)

void preorder () ; // call NLR(root)

void inorder () ; // call LNR(root)

void postorder () ; // call LRN (root)
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Tim key = 20
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Tim mot node (2)

Tim key = “Nancy"

Winter 2017 96 (C) Nguyen Tri Tuan - Truong DH.KHTN DHQG-HCM



Tim mot node (3)

right==NULL - khéng tim thay J

Tim key = 21 - not found !
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Tim mot node (4)

template <class T>
BSTNode<T>* BINARY SEARCH TREE<T>::findNode (T key)

{
if (root==NULL) return NULL;

BSTNode<T> *p = root;

while (p) {
if (p->key==key) return p; // Tim théy

else if (p->key > key)

p = p->left; // Tim nhanh trai
else
p = p->right; // Tim nhanh phai
}
return NULL; // Khéng tim thiy
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Thém mot node (1)

Thém key = “Frank"

right==NULL - ngirng tim kiém
-> thém node méi & day
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Thém mot node (2)
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Thém key = 18
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Thém mot node (3)
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key da ton tai >
khong thém nira Thém key = 20
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Thém mot node (4)

[a) Insert 8 (b} Insert b () Insert d

a
b f
ad
{d) Insert | (e} Insert 3

i} Insert g (g) Insert €

Thém cac key: e,b,d,f,a,g,c
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X0a mot node (1)

" Cac truong hgp xay ra:
= XoOa node la
= Xdba node chi cé 1 cay con
= XOa node co 2 cay con
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X0a mot node (2)

Xo6a key = 4 (node 13)
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X0a mot node (3)

X06a key = 7 (chi c6 1 cay con phai)
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X0a mot node (4)

" Xoa 1 node chi c6 cay con phai:

P P
T N
=N N

4 3

/ \

Trudc khi x6a pCurr Sau khi x6a pCurr

P->left = pCurr->right;
delete pCurr;
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X0a mot node (5)

Xo6a key = 13 (chi cé 1 cay con trai)
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X0a mot node (6)

" Xoa 1 node chi c6 cay con trai:

P
/’\AL
4 ﬁ 2 ©
/ \
L / / \

Trudc khi x6a pCurr Sau khi x6a pCurr

P

P->right = pCurr->left;
delete pCurr;
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X0a mot node (7)

X0a key = 15 (co 2 cay con)
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X0a mot node (8)

" Xo0a node p co 2 cay con:

= Thay vi xda tryc tiép node p, ta (i) tim 1 phan t& thay
thé cho p (goi la phan tw py), (ii) copy ndi dung cua py
sang p, (iii) xo6a node py

" Phan tu thay thé py:
= Cé&ch 1:1a phan tl I&n nhat trong cay con bén trai p
= Cé&ch 2: 1a phan tlr nhd nhat trong cay con bén phai p
- phan t& p,, s& co toi da 1 cay con
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X0a mot node (9)

Hai cach chon phan tu thay thé cho p
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banh gia/So sanh (1)

" So sanh cay BST va3i mang dudc sap thu tu
va Danh sach lién két ?
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banh gia/So sanh (2)

Tiéu chi Cay BST (*) Mang sap Danh sach
thr tu lien két

Chi phi tim kiém O(log,n) O(log,n) O(n)
Chi phi thém phan tu O(log,n) O(n) O(1)
Chi phi x6a phan tu O(log,n) O(n) O(1)

BO nhd sUr dung cho 1 Sizeof(key)+8 Sizeof(key) Sizeof(key)+4
phan tu

(*) Xét khi cay céan bang
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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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Hang dgi uu tién

“ Priority Queue ADT
" Cai dat cau truc di liéu
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Priority Queue ADT (1)

Trong mot sO Ung dung thuc t€, tinh chat FIFO
cua queue nhieu khi khong phu hgp

Cac vi du:

= Sap hang mua vé: wu tién nguoi gia, phu ni cé thai,...

= Tram thu phi: wu tién xe clru thwong, xe canh sat, xe ctru hda

= Thang may: yéu cau xay ra sau cé thé dwoc thuc hién trudc (néu
cung huwdng trén dwdng thang di chuyén) - t6i wu hiéu suat

= Process P, cua HPH c¢6 thé dwoc thuc hién trudc process P, vi
co vai tro quan trong hon

- can cau truc hang dgi (c6 do) uu tién
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Priority Queue ADT (2)

® Hang dgi uu tién
= La mdt tap hop nhiéu phan t&, thao tac co ban la FIFO
= M®éi phan t&r c6 mét “key”, 1a dd wu tién cda phan tl do

= Khi thém hay x6a phan t&, queue sé dwoc diéu chinh lai sao cho phan t
c6 do wu tién cao nhat lubn & dau queue

" Cac thao tac co ban:

= Khai tao hang doi réng

Xda hang doii

Thém 1 phan t& vao queue va hiéu chinh vi tri (insert)

Lay phan tlr nhd nhat (hay I&n nhat) va x6a no (deleteMin)

Lay phan tlr nhdé nhat (hay I&n nhat) nhwng khéng xéa né

Kiém tra queue réng
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Cai dat cau truc dir liéu (1)

" SUr dung mang sap tha tu
= deleteMin: O(1)
= insert: O(n)
" SU dung BST (*)
= deleteMin: O(log,n)
= insert: O(log,n)
" SU dung Heap (min heap/max heap)
= deleteMin: O(log,n)
= insert: O(log,n)
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BudGc 2: hiéu chinh ngudgc Ién trén

ORRONG ERC

; Insert: thém va hiéu chinh vij tri

& ®® O key=14
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‘) Cai dat cau truc di liéu (3)

Budc 1: 18y phan ti & dau heap Budc 2: thay phén t& dau heap bang phan tlr cudi heap

deleteMin: x6a phan tu &
@ , _ L dau heap va Heapify
Budc 3: heapify phan tu dau
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Cai dat cau truc dir lieu (4)

template <class T> class PRIORITY QUEUE ({

private:

T *items; // array of queue items

int rear;

int maxSize; // maximum size of queue

void heapify (int 1i); // adjust heap at position “i”
public:

PRIORITY QUEUE (int size); // create queue with

// ‘size’ items
PRIORITY_QUEUE(const PRIORITY_QUEUE &aQueue) ;
~PRIORITY QUEUE () ; // destructor

// operations
bool isEmpty () ;

bool insert (T newlItem) ;
bool deleteMin (T &item) ;
bool minValue (T &item) ;

}; // end class
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