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Muc tiéu

“*Trang bi cho sinh vién cac khai niém va Ung
dung cay

< Cai dat va thuc hién cac phép toan trén cay,
dac biét la cac phép toan trén cay nhi phan nhi
phan tim ki€m.
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Pinh nghta va cac khai niém
Cay nhi phan
Cay nhi phan tim kiém (BST)
Cay tong quat




Cay (trong may tinh)

Nhanh




Khai niém veé cay (tree)

La tap h{ru han céc nut (tree node), sao cho
" C6 mdt nut goi la nat gbc (root)

= CAac nut con lai du’p’c phan hoach thanh n tap riéng biét
T1, T2, ..., Tn, mbi tap Ti la moOt cay

= Gilra cac nat c6 quan hé phan cap (hierarchical
relationship) goi la “quan hé cha con”

Cay khéng c6 nuat goi 1a cay rong (null tree)




Bi€u dien cay

< Bang do thi

“*Bang gidn do

“*Bang danh sach (cac dau ngodc 16ng nhau)
“*Bang phuong phap Indentatio




Biéu dién cay

Cay con




Biéu dién cay

“*Bang gidn do




Biéu dieén cay

Bang danh sach (cac dau ngoac 16ng nhau
(I(A(C(F),D(G(J)))).(B(E(H,1))))

o
Ao e

(A(B(E(K,L),F),C(G),D(H(M),1,J)))




Bi€u dien cay




Cac thuat ngl

Bac cua nut va bac cua cay
= NUt A: bac 3, nut C bac 1

" Bac cua cay: 3 - ‘
Nut gbc, NGt 14 va ndt nhdanh = []
Nut cha (Parent), nut con
(children)




Cac thuat nglr

“Pudng di (path)




Cac thuat ngtr

“*Muc cla nut va chiéu cao cla cay
Root




Cac thuat ngtr

< T6 tién (ancestors) clia mot nat
= T6 tién cha nat J
“* Con chau (Descendant) cua mot
nut:
" ConchaucuaB
<* Céac con cua cung moét cha goi la
anh em rudt (siblings)




Cay co thu tu va Rung

Cay c6 thu tu (ordered tree)

= MOt cay goi la c6 thir tw khi ta thay doi vi tri
clia cac cay con, ta nhan duoc mot cay moi

Rung (forest)
" Tap hop hiru han cac cay phan biét

" Néu bo di nat goc cua mot cay, ta sé thu
dwoc moét rieng gom nhiéu cay phan biét




Cay nhi phan




Cay nhi phan

“* Cay nhi phan biéu dién bi€u thic toan hoc

S
& &
S 51 [E] &
& & IRy =
El By < 21 |38
] =

((((3 = (1 + (4 + 6))) + (2 + B)) x 5) + (4 x (¥ + 2)))
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Tinh chat cta cay nhi phan

SO nut t6i da muec i trong cay 2
SO nut t6i da trong cay la 2'-1 (h chiéu cao cUa cay)

Chiéucaoclacay h 1
log,N (N la sé nit trong

cay).




Cay nhi phan hoan chinh

S

f\

CAac nut trng v&i cac mure trir mire cudi déu dat toi da,
& murc cudi, cac nut déu dat vé phia trai

AN




Cay nhi phan day du

/‘\

Cac nut dat tdi da & ca moi murc




Cay nhi phan gan day

Cac nut (rng v&i cac murc trir mire cudi déu dat toi da,
& murc cudi, cac nut khéng dat déu vé phia trai




T6 churc luu trit cay nhi phéan

S& dung mang mot chiéu (luu trit ké tiép)
= Panh s6 thi tu tr goc, tai moi mirc, danh s cac nat tir
trai sang phai, tr mirc thap dén mirc cao
SC dung lién két(Luu trir lién két)
" Quan ly cay thbng qua nuat gbéc (root)
= MOi nut cap phat dong, bao gom dir liéu va hai lién két
pLeft, pRight, lién két t&i cay con trai va cay con phai
= NUt l4 c6 hai lién két trai phai déu rong




“* Con cua nut tha i la nat th& 2i+ 1va 2i+2
“* Cha cua nut thtrjla nat [(-1)/2]

V[0] V[1] V[2] V[3] V[4] V[5] VI6]




Su dung Lién két

Root




Su dung Lién két

<*Cau tao cuia nut
= Tao lap bang cach cap phat bé nhé dong
= MOi nit gom c6 cac théng tin:
* D{r lieu (data)

2 lién két pLeft, pRight lién két dén nut con trai va
nat con phai




Class Node {
Int Data,
Node pLeft; //lién két dén nut con trai
Node pRight; //lien két dén nat con phai
I3
Node root = NULL: //géc cuaa cay

Data

pLeft | Data pRight / \
¥ A

pLeft pRight




Phép duyet cay nhi phan

“*BPinh nghta
= |a phép xtr Iy cac nat trén cay, moi nit mot l1an
“*Duyét cay theo thr tu trudc (preorder)
“*Duyét cay theo th( tu gitra (inorder)
*Duyét cay theo thr tur sau (postorder)




Duyét cay theo thu tu trudc

“* Duyét cay theo th( tu trude (NLR)- Bé qui
" Tham gbéc
" Duyét cay con trai theo thir tw trwéc
" Duyét cay con phai theo thr tw treéc




Duyét theo thir tu trudc

void preorder(Node root)
{
if (root = NULL) {
- In ra : root.data;
preorder(root.pLeft);
predorder(root.pRight);

}
}




Duyét cay theo thu tu gitra

“* Duyét cay theo thr tu gitra (LNR)
" Duyét cay con trai theo thtr tv giltra
" Tham gbéc
" Duyét cay con phai theo thr tw gitra




Duyét cay theo thu tu gitra

void inorder(Node root)
{
if (root != NULL) {
inorder(root.pLeft);
In ra: root.data;
indorder(root.pRight);

}
}




Duyét cay theo thu tu sau

“* Duyét cay theo thr tu sau (LRN)
" Duyét cay con trai theo thr ty sau
" Duyét cay con phai theo thtr tw sau
" Tham gbc




Duyét cay theo thu tu sau

void postorder(Node root)
{
if (root !=null) {
postorder(root.pleft);
postdorder(root.pright);
In ra: root.data;

}
}




bDinh nghta: (Binary Search Tree — BST)

108

(15 ) ({23 )




Cay nhi phan tim kiém

<*Khai bao cay
Class BSTNode {
Int Data;
BSTNode pLeft; /icon tro dén nat con trai
BSTNode pRight; /icon tré dén nit con phai
I3
BSTNode root = NULL; //g6c ctia cay




Cay nhi phan tim kiém

Cac thao tac trén cay BST
" Tim nut co khoa x

= X6a mot nut co khoa la x

" Tim nuat c6 khéa nhé nhat

" Tim nat c6 khoéa I&n nhat

" Giai phong cay
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Cay nhi phan tim kiém

int Insert( int X, BSTNode root);

int Delete( int X, BSTNode root);

BST Node Find( int X, BSTNode root);
BST Node FindMin( BSTNode root);
BST_Node FindMax(BSTNode root);
void MakeEmpty( BSTNode root);




Thém mot phan tu

vao cay nhi

ohan tim kiém

Thém vao phan t&r c6 khoa x

Them X= 50

X <59

X<55]|",




" Thém mot phan tor
p” )P

vao cav nhi phan tim kiém

int Insert(int X, BST_Node root)
{ if (root==NULL)
{ root =new BSTreeNode ;
if (root==NULL)
return -1; // Khéng thé cap phat bé nhé
else
{
root.Data = X;
root.pLeft = root.pRight = NULL;
return 1; 7/ Thém vao thanh céng




| ‘) Thém mot phan ti

vao cav nhi phan tim kiém

else
if (root.Data ==X)
return 0 ; // B4 tn tai trong cay

else

if ( X< root.Data )

return Insert( X, root.pLeft );
else
return Insert( X, root.pRight );




Tim nut co khoda X

/root
aq - —_ | X>44
Tim X=55 \\\
N
)
m ] -
/
i
\4
13 P -k 108
X <59 ,I
i
15[ 23] [40] 55 71
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Tim moOt nut cé khoa X

BSTNode Find( int X, BSTNode root)
{ iIf( root == NULL )

return NULL;
If ( X < root.data)

return Find( X, root.pLeft );
else if ( X > root.data)

return Find( X, root.pRight );
else

return root;




Tim mot nut c6 khoa X

< Tim nuat c6 khoéa X, khong dung dé qui
BTSNode Find2(int X, BTSNode root)

{

BTSNode p = root;

while (p '= NULL)

{

if(X == p.data) return p;
else
if(x < p.data) p = p.pLeft;
else
p = p.pRight;
}
return NULL,;
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Tim nut co khéa nhé nhat

BSTNode FindMin( BSTNode root)
{ if (root == NULL )
return NULL;
else if( root.pLeft == NULL )
return root;
else
return FindMin( root.pLeft );
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Tim nut co khoa Ién nhat

BST Node FindMax(BSTNode root)
{
If (root = NULL )
while (root.pRight != NULL )
root = root.pRight;
return root;




X6éa mot nut co khoa X

tren cay BST

Xo6a mot nut cé khda X trén cay BST, cé ba
trudng hop:

" Nut co khoa X la nut la.

" Nut c6 khoa X chi co 1 con (trai hoac
phai).

= Nut c6 khdéa X ¢6 du ca 2 con




__ ‘)

X6a moOt nut cd khda X

Truong hop 1 :NUt c6 khda X trén cay BST
la nat 1a:

root
/o

Xo0a: X=40




X6a mot nut c6 khoéa X

tren cay BST

Truong hop 2 : Nat X cd6 mot cay con trai hoac phai

. “— —
Ao X:”/\ Xéa X
108




43 X6a mét nut c6 khoa X

tren cay BST

Truong hop 3 : Nat X c6 mot cay hai con trai va phai
" Huy gian tiép




| ‘) Cay nhi phan tim kiém

(Binary Search Tree — BST)

int Delete( int X, BSTNode root)
{ BSTNode p;
if (root == NULL )
return O ; / cdy réng, khéng tim thay
else
if ( X <root.Data) / xéa trén céy con trai
return Delete( X, root.pLeft );
else
if ( X >root.Data ) // xoa trén céy con phai
retrurn Delete( X, root.pRight );
else // tim ra ndt can xéa




if

}

Cay nhi phan tim kiém

Binary Search Tree — BST

( root.pLeft && root.pRight ) / C6 hai con
{ p = FindMax(root.pLeft); //tim ntt c6 khéa 16n nhét trén con trai
root.Data = p.Data;
return Delete(root.Data, root.pLeft);
}
else //cé mbt con hodc khéng cé con
{ P = root;
if ( root.pLeft == NULL ) / xtt Iy nhu khéng c6 con
root = root.pRight;
else if ( root.pRight == NULL )
root = root.pLeft;
p = null;
}

return 1;




Giai phéng cay BST

void MakeEmpty( BST_ Node root);
{
if (root)
{
MakeEmpty(root.pLeft);
MakeEmpty(root.pRight);
delete root ;




Cay nhi phan lién két vong

“*Dinh nghia

S dung lién két NULL dé Iwu trir lién két t&i nat ké
tiep trong phép duyét cay nhi phan -> phép duyét dugc
thwe hién dé dang

S dung gia tri kiém tra lién két that (d€n nut trong cay)
hay lién két gia (nut trong phép duyét)

Ltype = true, néu lién két trai la lién két that
Rtype = true, néu lién két phai la lién két that




“*Cay nhi phan lién két vong (NLR)
T S —




Cay tong quéat

“*Binh nghta
= Cay m phan la cay ma moi nat cé t6i da m nut
con (cay con)
= Biéu dién cay m phan bang lién két dong
¢ MOi nit c6 m+1 trurdng, véi m moi noi
* V&i cay m phan day da, c6 n(m-1)+1 mai lién két
NULL




Cay tong quéat

< Bi€u dién cay tong quat
= Biéu dién cay tbng quat bang cay nhi phan
= Poi v&i mot nat trén cay tong quat
e M6t nut con nam & vi tri trdi nhat (con ca 1)

* MOt nUt ké can v&i nut dang xét ké tir trai sang
(em ké - 2)




Cay tong quat

LI

class TreeNode
{int info;

®

TreeNode FirstChild; // con ca @ @
|

®

TreeNode NextSibling; //fem ké
b




Cay tong quat

< Phép duyét cay tong quat NLR(T)
= Néu T rong, dirng
= Ngwoc lai, T,,...,T lacay congoc T
e ThamgbccuaT
« NLR(T,), T, cay con thi* nhat cia géc T
e Duyétcay conT,,...,T, cua T theo th ty truéc




Cay tong quat

“*Phép duyét cay tong quat LNR(T)
= Néu T rong, dirng
= Ngwoc lai, T,,...,T lacay congoc T
e LNR(T,), T, cay con tht* nhat cia goc T
e ThamgbccuaT
e Duyétcay conT,,...,T. cua T theo tht ty gitra




Cay tong quat

< Phép duyét cay tong quat LRN(T)
= Néu T rong, dirng
= Ngwoc lai, T,,...,T lacay congoc T
e LNR(T,), T, cay con tht* nhat cia goc T
e Duyétcay conT,,...,T. cua T theo tht ty gitra
e ThamgbccuaT




Cay tong quat

“*Duyét cay theo muc
" Duyét cay theo chiéu rong
" Y twdng
e T6 chirc thanh mot hang doii
* Bwa nut goc vao hang doi
* Lap
— Lay m6t nat ra khoéi hang doi

— Duyétnut T
— Puwa cac nut con ctia T (néu cd) vao hang doii
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