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NOI DUNG
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CAY TIM KIEM NHI PHAN




CAC THUAT NGU CO BAN (1)
e Dinh nghia

— Cay (tree)

— Nut (nodes)

— Vi du:




CAC THUAT NGU CO BAN (2)

e Cay: cau truc deé qui




- CAC THUAT NGU COBAN (3)

e Vidu

Muc 0




CAC THUAT NGU CO BAN (4)

NUt cha con: nut A la cha cua nut B khi nit A ¢ mudc |
va nut B @ mdc i+1, dong thdi gilra A va B co canh
noi.

— VD: O cay trén, nGt B 1a cha cla G va H. Nut I 1a con cua D.
Bac cua nut la sO cay con cua nut do, bac nut 1a =0.
— VD: Aco bac5, Ccobac0, Ocodbac1

Bac cua cay la bac I6n nhat cua cac nut trén cay.

— VD: cay trén co bac 5.

Cay n-phan la cay co bac n.

— VD: Bac cua cay la 5 hay cay ngili phan




CAC THUAT NGU CO BAN (5)

NUt goc (root ) la nat khong co cha.

— VD: nut goc A

Nut 1a (leaf) la nat khong co con.

— VD:cacnutC, G, H, J,K, M, N, P, Q.

NUt trung gian (interior node): nut co bac khac 0 va
khong phai la nut goc

— VD: cacnltB, D, E F, I, L0

Nut tién boi(descendant) & nut hau dué(ancestor):
Néu co duong di tu nut a dén nut b thi nut a la tién
boi cla b, con b la hau dué cua a.

— VD: D la tién boi cua Q, con Q la hau dué cua D

Cay con cua 1 cay la 1 ndt cung vdai tat ca cac hau
dué cua no.




CAC THUAT NGU CO BAN (6)

Pudng di la mot chudi cac ndt ni, n2, ..., nk trén
cay sao cho ni la nut cha cua nut ni+1 (i=1..k-1)

— VD: coducngdiA, D, I 0O, Q

Do dai dudng di bang so nut trén dudng di trir 1

— VD: d6 dai dudng di A,D,1,0,Q = 5-1=4

Chiéu cao cua 1 nut la do dai dudng di tu’ ndt do dén
nut la xa nhat.

— VD: nut B c6 chiéu cao 1, nut D co chiéu cao 3

Chiéu cao cua cay la chiéu cao cua nut goc

— VD: chiéu cao cua cay la 4




CAC THUAT NGU CO BAN (7)

e PO sau cua 1 nut la do dai duong di tu' nut goc dén
nut do, hay con goi la muc (level) cua nat do.
— VD: Icédosau 2, Ecoddosaul
M, N, O, P c6 cung muc 3




CAC THUAT NGU CO BAN (8)

o Cay co thu ty

— Néu ta phan biét th(r tu’ cac nat trong cung 1 cay
thi ta goi do la co th( tu. Ngugc lai, goi la cay
khong co thir tu.

— Trong cay co thr tu, thd tu qui udc tur trdi sang

. (A) ey Ca
5%
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CAC THUAT NGU CO BAN (9)

............ . b li ngs

e Cac nut con cung mot nut cha goi la cac nut anh em
(siblings)

e MG rong: néu ni va nk la hai ndt anh em va nut ni ¢
bén trai nut nk thi cac hau dué cua nut ni la bén trai
moi hau dué cua nut nk
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CAC THUAT NGU CO BAN (10)

e Duyét cay:
— Quy tac: di qua lan lugt tat ca cac nut cua
cay, moi nut dung mot lan
— Danh sach duyét cay: la danh sach liét ké
cac nut theo th( tu' di qua
— C6 3 phuang phap duyét tdng quat:
e tién tu (preorder)

e trung tu (inorder)
e hau tu (posorder)
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CAC THUAT NGU CO BAN (11)

e Dinh nghia theo dé qui cac phep duyét
— Cy rong hodc cay chi cé mdt nit: ca 3 biéu thic
duyét la rong hay chi c6 mot nut tuong (rng
— Ngudc lai, gia st cay T co nut goc la n va cac cay
conlaTi, T2,...,Tn thi:
e Biéu thirc duyét tién tu’ cda cdy T 1a nit n, k& tiép la biéu
thirc duyét tién tu cua cac cay T1, T2,...,Tn theo th( tu do
e Bi€u thiic duyét trung tu cla cay T la biéu thirc duyét trung
tu cua cay T1, k€ ti€p la nut n roi dén biéu thdc duyét trung
tu cia cac cay T2,...,Tn theo th tu do
e Biéu thirc duyét hau tu cda cay T Ia biéu thirc duyét hau tu
cua caccay T1, T2,...,Tn theo th tu do roi dén nut n
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N

CAC THUAT NGE’J’ CO BAN (13)

=>C4c biéu thirc duyet
etiéntu: ABGHCDT XY U E
etrungttG BH ACXTYDUE
ehdutt: GHBCXYTUDEA
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CAC THUAT NGU CO BAN (16)
e Cay cd nhan va cdy biéu thirc
(labeled trees and expression trees)

*
nhan @

T T
O DIC

- Luu trir két hdp mot nhan (label) hoac mét gia tri 1(value)
vGi mot nut trén cay

- Nhan: gia tri dugc luu trir tai nat do, con goi la khoa cua nut

- VD: (a+b)*(a+c)
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CAC PHEP TOAN CO BAN TREN CAY

Tén ham Dién giai
MAKENULL(T) Tao cdy T rong
EMPTY(T) Kiém tra xem cay T cé rong khdng?
ROOT(T) Travénutgoccuacay T
PARENT(n, T) Travéchacuanutntréncay T

LEFTMOST_CHILD(n, T)  Tra vé con trai nhat ciua nut n

RIGHT_SIBLING(n, T) Tra vé anh em phai cua nut n

LABEL(n, T) Tra vé€ nhan cua nut n

CREATEi(v, T, T,,...,T) Tao cay mdi co nut gocnnhanlav, va co i
cay con. Néu n=0 thi cay chi co mot nut n
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CAC PHUONG PHAP CAI DAT CAY

e CAI DAT CAY BANG MANG
e CAI DAT CAY BANG DANH SACH CAC NUT CON

e CAI DAT CAY THEO PHUONG PHAP CON TRAI NHAT
VA ANH EM PHAI

e CAI DAT CAY BANG CON TRO
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CAI DAT CAY BANG MANG (1)

e MO hinh
e 0
(B) 1 :

ofclcRoRo

o 1 2 3 4 5 s 7y<Maxnode
T parent |-1 (0 (0 |1 1 1T (2 |2

T label |A B |C |D |E |F |G |H
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CAI DAT CAY BANG MANG (2)

L—IThin cia cac nit trén
— Cha cia nit trén ciy
— _hi 56 cua mang

-
—L
[
L
I
I_h
|
()
e = I o I

Wlamode  Ilaxdensth-1
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~ CAI BAT CAY BANG MANG (3)

e Khai bao

#define MAXLENGTH ... //chi so toi da cua mang

#define NIL -1

typedef ... DataType;

typedef int Node;

typedef struct {
DataType Data[MAXLENGTHY]; //nhan (dliéu) cua cady
Node Parent[MAXLENGTH];  //nut cha cua cac nut
int MaxNode; //S6 nut thuc su’ trong cay

} Tree;

Tree T;
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CAI DAT CAY BANG MANG

e Khgi tao cay rong:
void MakeNull Tree (Tree *T)
(*T) .MaxNode=0;
}

« Ki€ém tra cay rong

int EmptyTree (Tree T) {
return T.MaxNode == 0;

)
e Xac dinh nut cha cua nut trén cay

Node Parent (Node n, Tree T) ({
if (EmptyTree (T) | | (n>T.MaxNode-1))
return NIL;
else return T.Parent[n];
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" CAI PAT CAY BANG MANG (5)

e Poc nhan cua nut trén cay
DataType Label Node (Node n,Tree T) {
1f ('EmptyTree (T) && (n<=T.MaxNode-1))
return T.Data[n];
}
e Ham tra vé nut goc trong cay
Node Root (Tree T) {
if (!'EmptyTree(T)) return O;
else return NIL;

}




CAl DAT CAY BANG MANG (6)

* Ham tra vé con trai nhit cta mdét nat
Node LeftMostChild(Node n, Tree T) {
Node i; int found;
if (n<0) return NIL;
i=n+1; found=0;
while ((i<=T.MaxNode-1) && !found)
if (T.Parent[i]==n) found=1;
else i=i+1;
if (found) return i;
else return NIL;

}

\




* Ham xa&c dinh anh em phai cua mét
nut
Node RightSibling(Node n,Tree T) {
Node i,parent; int found;
if (n<0) return NIL;
parent=T.Parent[n];
i=n+1; found=0;
while ((i<=T.MaxNode-1) && !found)
if (T.Parent[i]==parent) found=1;
else i=i+1;
if (found) return i;
else return NIL;

}




* CAI DAT CAY BANG MANG (8)

* Thua tuc duyét tién tu
volid PreOrder (Node n,Tree T) {

1f (n !'= NIL) {
Node 1;
printf("...", Label Node(n,T));

1=LeftMostChild(n,T);

while (i!=NIL) {
PreOrder (i, T) ;
i=RightSibling (i, T) ;




~ CAI DAT CAY BANG MANG (9)

* Thu tuc duyét trung tu
void InOrder (Node n, Tree T) {
1f (n!= NIL) {
Node 1;
i=LeftMostChild(n, T);
if (1!=NIL) InOrder(i,T);
printf("... ",Label Node(n,T));
i=RightSibling (i, T);
while (1!=NIL) {
InOrder (i, T) ;
i=RightSibling (i, T);




- CAI BAT CAY BANG MANG (10)

* Thu tuc duyét hau tu
volid PostOrder (Node n, Tree T) |
if (n!=NIL) {
Node 1;
1=LeftMostChild(n,T);
while (i1!=NIL) {
PostOrder (1, T) ;
i=RightSibling(i,T);
}

printf("... ",Label Node(n,T));

}
}




BAI TAP (1)
e Viét chuong trinh nhap dir liéu vao cho cay tu’ ban phim
nhu:
— Tbng s6 nut trén cay
— Ung vdi tirng ndGt thi phai nhap nhan cua ndt,
cha cua mot nut

— Hién thi danh sach duyét cay theo cac
phucng phap duyét tién tu, trung tu, hau tu

28



BAI TAP (2)

void ReadTree (Tree *T)
{ int 1,
MakeNull Tree (T);

do{ printf ("Nhap so nut ");
scanf ("%d", & (T->MaxNode) ) ;

}while ((T->MaxNode<1l) | |
(T->MaxNode>MAXLENGTH) ) ;

printf ("Nhap nhan cua nut goc "); fflush(stdin);

scanf ("sc",&(*T) .Datal0]);
(*T) .Parent [0]=NIL; // nut goc khong co cha
for (1i=1;1<=(*T) .MaxNode-1;1++) {

printf ("Nhap cha cua nut %d ",1);
scanft ("sd", & (*T) .Parent[1]) ;

printf ("Nhap nhan cua nut %d ",1);
fflush (stdin);
scanf("%c",&(*T).Datali]);

6




BAI TAP (3)

void main () {
printf ("Nhap du lieu cho cay tong quat\n");
ReadTree (&T) ;
printf ("Danh sach duyet tien tu cua cay la\n");
PreOrder (Root (T),T) ;
printf ("\nDanh sach duyet trung tu la\n");
InOrder (Root (T),T);

printf ("\nDanh sach duyet hau tu cua cay la\n"):;

PostOrder (Root (T),T) ;




CAI DAT CAY BANG DS CAC NUT CON (1)

e Minh hoa
2 SN

0 — 1 {2 ] 3] — EXEN
1 ]
2 5] —f——= B8 | |
2]
4
o -
5 —— 7 | —+— 8] —— 9 | e |
7 -
g Ma:fﬂngth-l
header 0 (1 |2 (2 |4 |5 |6 |7 |8 |9 | |<-tChishchamang




CAI DAT CAY BANG DS CAC NUT CON (2)

e MOi Nt c& mot danh sach cac nit con

o Thu’dng su dung cau truc danh sach I|en két
dé ca| dat cac nut con do soO lugng cac nut

con nay bién dong
e Khai bao:
typedef int node;
typedef ..... . LabelType
typedef ..... . LIST;
typedef struct {
LIST header[maxlength];
LabelType labels[maxlength];
node root;
}TREE;




CAI DAT CAY THEO PHUONG PHAP
CON TRAI NHAT VA ANH EM PHAL

e Vidu

B/ﬂi\ C
D/ \ E

1 D null 4 3
Available 2 8
3 1
4 null null 3
Root 5 A 3 null null
6 null
C null null 3
8 0
Chi s6  labels leftmost child right Sibling parent




CAY NHI PHAN (1)
e Dinh nghia

— L3 ciy rong hodc cé t6i da hai ndt con

— Hai nut con co th tu’ phan biét rd rang
e Con trai (left child): nam bén trai nut cha
e Con phai (right child): nam bén phai nut cha

eVidul




CAY NHI PHAN (2)

e Vidu?2
/1 1\
N 3/2\
3\ 4 5/ 4

=>La 2 cay nhi phan khac nhau
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DUYET CAY NHI PHAN

o Cac biéu thiric duyét: (N:Node, R:Right, L:Left)

— Tién tu’ (NLR): duyét nut goc, duyét tién tu
con trai, duyét tién tu con phai.

— Trung tu’ (LNR): duyét trung tu con trai, duyét

nut goc, duyét trung tu con phai.

— Hau tu’ (LRN): duyét hau tu con trai, duyét
hau tu’ con phai, duyét nut goc.
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CAI DAT CAY NHI PHAN (1)

e Khai bao
typedef .. TData; Data
typedef struct TNode* TNodeType; ‘/l :
right
struct TNode { eft J \\
TData data;
TNodeType left,right;

} s
typedef TNodeType TTree,
e Tao cay rong
volid MakeNullTree (TTree *T) {
(*T)=NULL;
} ~
e Kiém tra cay rong
int EmptyTree (TTree T) {
return T==NULL;
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CAI DAT CAY NHI PHAN (1)

e Xac dinh con trai

TTree LeftChild(TTree n) {
if (n!=NULL) return n->left;
else return NULL;

}
e Xac dinh con phai
TTree RightChild (TTree n) {
if (n!=NULL) return n->right;
else return NULL;

}
o Kiém tra xem mot nat cé phai la 1a khong?
int IslLeaf (TTree n) {
i1f (n!=NULL)
return (LeftChild (n)==NULL) && (RightChild (n)==NULL) ;
else return NULL;

38




CAI DAT CAY NHI PHAN (1)

e Duyét tién tu’
void PreOrder (TTree T) {
1if (T!= NULL) {
printf("...",T->data);

//if (LeftChild(T) !=NULL)
PreOrder (LeftChild(T)) ;

//1f (RightChild (T) !=NULL)
PreOrder (RightChil1ld (T)) ;
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CAI DAT CAY NHI PHAN (1)

e Duyét trung tu
void InOrder (TTree T) {
if (T'!'= NULL) {

//if (LeftChild(T)=!NULL)
InOrder (LeftChild(T)) ;
printf ("... ",T->data);
//1f (RightChild(T) !=NULL)
InOrder (RightChild(T)) ;
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CAI DAT CAY NHI PHAN (1)

e Duyét hau tuv
void PostOrder (TTree T) {
if (T!= NULL) {

//if (LeftChild (T) !'=NULL)
PostOrder (LeftChild(T)) ;
//1f (RightChild(T) !=NULL)
PostOrder (RightChild (T)) ;
printf("... ",T->data);
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CAI DAT CAY NHI PHAN (1)

e Xac dinh so nut trong cay
int nb nodes (TTree T) {
i1f (EmptyTree(T)) return O;
else return 1 + nb nodes (LeftChild(T))+
nb nodes (RightChild(T)) ;
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CAI DAT CAY NHI PHAN (1)
* Tao cdy méi tir hai cdy cé san

TTree Create2 (TData v,TTree 1,TTree 1r) {
TTree N;

N=(TNodeType)malloc (sizeof (struct TNode)) ;

N->data=v;
N->left=1;
N->right=r;
return N;
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CAY TIM KIEM NHI PHAN
(Binary search tree-BST)

e Dinh nghia

Cay BST la ciy nhi phdn ma khda tai moi nit 18n han
khoa cua tat ca cac nut thudc cay con bén trai va
nho han khoa cua tat ca cac nut thudc cay con bén

phai.
\

e MO hinh

Cdc phan tir < a Cdc phan tir > a
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CAY TIM KIEM NHI PHAN

e Vidu

/@}
(40
O
(50
e Nhan xeét
— Trén cay BST khong cd 2 nut cung khoa.

— Cay con cua 1 cay BST la 1 cay tim ki€m nhi phan.
— Duyét trung tu tao thanh day khoa co gia tri tang:

4, 12, 20, 27, 30, 34, 40, 50
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CAI DAT CAY BST

e Khai bao

typedef ... KeyType;

typedef struct Node* NodeType;

struct Node ({
KeyType key;
NodeType left, right;

b
typedef NodeType Tree;

46



CAI DAT CAY BST

e Tim ki€ém mot nut co khoa x
— Bat dau tur nat goc ta ti€n hanh cac budc
Sau.
e Néu nut goc bang NULL thi khda X khong cé
trén cay.
e Néu X bang khoa nut goc thi giadi thuat dirng vi
da tim gap X trén cay.
e Néu X nho han nhan cua nut hién hanh: tim X
trén cay con bén trai

e Néu X I6n hon nhan cua nut hién hanh: tim X
trén cay con bén phai
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CAI DAT CAY BST

Tree Search (KeyType x, Tree Root) {
if (Root == NULL) return NULL;//khéng tim thiy x
else if (Root->key == x) // tim thidy khod x
return Root;
else if (Root->key < x)
return Search (x,Root->right);
else

return Search(x,Root->1left);

a8




e Thém mot nut co khoa x vao cay
Muodn thém 1 nut co khda X vao cay BST, trudc tién
ta phai tim kiém xem da co X trén cay chua.
NEu co thi giai thuat két thic, néu chua thi ta mai
thém vao. Viéc thém vao khong lam pha v& tinh
chat cay BST.

CAI DAT CAY BST

Giai thuat thém vao nhu sau: bat dau tir nit goc ta tién
hanh cac budc sau:

Néu nut goc bang NULL thi khda X chua co trén cay, do do
ta thém 1 ndt mai.

Néu X bang khoa nut g6c thi gidi thuat dung vi X da c trén
cay.

NEéu X nho han nhan cta nat hién hanh: xen X vao cay con
bén trai

NEu X I6n hon nhan cua ndt hién hanh: xen X vao cay con
bén phai

49




CAI DAT CAY BST

e Vidu: Xen nut co6 khda 32

"z‘

.................. . Cac thao tac xen
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CAI DAT CAY BST

vold InsertNode (KeyType x, Tree *Root) {
1f (*Root == NULL) {

)
*Root) —>key = x;
)—->1left = NULL;
) ->right = NULL;
else if (x < (*Root)->key)
InsertNode (x, & ((*Root)->left));
else if (x > (*Root)->key)
InsertNode (x, & ((*Root)->right));
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CAI DAT CAY BST

e Xo0a mot nut khoa X khoi cay
— Muon x0a 1 nut co khoa X trén cay BST.
Trudc tién ta phai tim xem co X trén cay
khong.
— Néu khong thi giai thuat két thuc
— Néu gap nut N chira khoa X, ¢ 3 truGng
hdp xay ra
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CAI DAT CAY BST

e Truong hgp 1:
— N la nut 1a: thay nut nay bai NULL
— Vi du: Xoa nut nhan 20
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CAI DAT CAY BST

e Trudng hgp 2
— N c6 mot cay con: thay nut nay bdi cay con
cua no
— Vi du: x6a nut c6 nhan 34

X0a

B O N Ay
- cdycon




CAI DAT CAY BST

e Trucng hap 3
—N ¢ hai cay con: thay nut nay bai
e NUt cd nhan I6n nhat cua cay con bén
trai, hoac
e NUt cd nhan nho nhat cua cay con bén
phai
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CAI DAT CAY BST

e Vidu: Xoa nut co nhan 27

nhén Ién nhét

O

o

0 ben trai

I
\
\
PR _
- L
-7
-
’
) :
aa, o
.
..... |
'™ |
a,
..... ’.
Taaa |

/ ..................................

nhdn nhé nhat
G bén phai




CAI DAT CAY BST

volid DeleteNode (KeyType x, Tree *Root) {
1if ((*Root) != NULL)

1f (x < (*¥Root)->key)
DeleteNode (x, & ((*Root)->left));

else if (x > (*Root)->key)
DeleteNode (x, & ((*Root)->right));

else 1if ((*Root)->left == NULL)
(*Root) = (*Root)->right;

else 1f ((*Root)->right == NULL)
(*Root) = (*Root)->left;

else

(*Root) -—>key = DeleteMin (& ((*Root)->right));
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CAI DAT CAY BST

KeyType DeleteMin (Tree *Root) {

KeyType k;

1f ((*Root)->left == NULL) {
k= (*Root) —>key;
(*Root) = (*Root)->right;

return k;

J

else

DeleteMin (& ( (*Root)->1left)) ;




KIEN THUC BO SUNG (1)

e Thdi gian tim ki€m mot gia tri trén mot cay TKNP co N
nut la:
— O(log N) néu cay “can bang” (balanced)
— O(N) néu cay “khong can bang” (unbalanced)
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" KIEN THU'C BO SUNG (2)

e Bén dudi la mot cay TKNP phan “khong can bang”




CAY NHI PHAN PAY DU (1)
(full binary tree)

e MOt cay nhi phan la “cay nhi phan day du” néu va
chi néu
— MOi n(t khdng phai 14 ¢ chinh xac 2 ndt
con
— Tat ca cac nut |14 co chiéu cao bang nhau




CAY NHI PHAN PAY DU (2)

e Vi du -Mot cay nhi phan day du
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CAY NHI PHAN PAY DU (3)

e Cau hoi vé cay nhi phan day du:
— Mot cay nhi phan day du chiéu cao h
sé cO0 bao nhiéu nut 1a?
— Mot cay nhi phan day du chiéu cao h
sé co tat ca bao nhiéu nut?
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CAY NHI PHAN HOAN CHINH (1)
(complete binary tree)

e MOt cay nhi phan hoan chinh (vé chiéu cao) thoa

man cac diéu kién sau:

— Muc 0 dén h-1 la trinh bay mot cay nhi
phan day du chiéu cao h-1

— M&t hodc nhiéu nit & muc h-1 ¢ thé cé 0,
hodc 1 nut con

—Neéu j, k la cac nut @ muc h-1, khi do j co
nhi€u nut con han k n€u va chi néu j & bén
trai cua k
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~ CAY NHI PHAN HOAN CHINH (2)

e Vidu




CAY NHI PHAN HOAN CHINH (3)

e Pugc cho mot tap hgp N nut, mot cay nhi phan hoan

chinh cua nhiing nut nay cung cap so nut la nhiéu

nhat - vG@i chiéu cao trung binh cua moi nut la nho

nhat

e Cay hoan chinh n nut phai chta it nhat mot nut co
chiéu cao 1a Llog n.




CAY NHI PHAN CAN BANG VE CHIEU
CAO (Height-balanced Binary Tree )

e MGt cdy nhi phan cin bang vé chiéu cao 1a mét
cay nhi phan nhu sau:
— Chiéu cao cua cay con trai va phai cua bat ky nut
nao khac nhau khong qua mot dan vi
— Chd y: moi cay nhj phan hoan chinh 1a mot cay
can bang vé chiéu cao
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CAY CAN BANG VE CHIEU
CAO - VI DU

N- M<=]

Can bang vé chiéu cao la mot thudc tinh cuc bo

68



UU DIEM CUA CAY CAN BANG

e Cdy nhi phan can bang vé chiéu cao la cay “can
bang”
e Thdi gian tim ki€m mot nut trén cay N nut la O(logN)

69
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