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% Gidi thiéu khai niém cau trdc cay.

Cau trdc dir liéu cay nhi phan tim kiém: to chiec,
cac thuat toan, ing dung.

Gi6i thiéu cau tric dir liéu cdy nhi phan tim kiém

ww;a

Cau trac Dii liéu - Cau truc cay



Cau trdc cay




4
A

au truc cay
ot s6 dinh nghia

Fre

= Dinh nghia 1: ciy 12 mot tap hop T cac phan tur (goi la
nut cua cay) trong do cé 1 nut dac biét duoc goi la goc,
cac nut con lai dugc chia thanh nhiing tap ro1 nhau T,, T,

, Tn theo quan hé phan cap trong do Ti cung la mot
Cay M01 nat o cap | s€ quan ly mot sO nut & cap i+1.
Quan hé nay ngu:()’1 ta con goi la quan hé cha-con.

DPinh nghla 2: cau trdc Cay vol kiéu co so T 14 mot nit
cau tric rong duoc g01 la cay rong (NULL) M4t nut ma
thong tin chinh cua n6 co kiéu T, no lién két voi mot sb
hiru han cac cau trac cay khac cing c6 kiéu co so T. Céc
cau tric ndy duoc goi 1a nhitng cdy con ctia cdy dang Xét.

e
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Cau truc cay
Mot s6 khai niém co ban

® Bic ciia mét nut : 1a sé cdy con caa nt dé

Béc clia mot cdy : la bac 16n nhat cua cdc ndt trong cdy (so cay
con to1 da cua mdt nut thudc cay ). Cay co bac n thi goi la cay n-
phan.

Nut goc : 1a nat khdng cé nut cha.
Nut 14 : 1a ndt ¢ bac bang O .
NUt nhanh : 1a nit cé bac khac 0 va khoéng phai 1a goc .
Mirc cua mot nut :
0 Muee (goc (T) ) = 0.
O0Goi Ty, T,, Ty, ..., Tnla cac cay con cua T,
0 Mtre (T,) = Muc (T,) = ... = Mtic (Tn) = Muc (T,) + 1.
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Cau truc cay
Mot so khal niém co ban
m Do dai duwong di tir goc dén nat X : 14 s6 nhanh can di
qua keé tur goc dén X

m D6 dai dwong di tong cua cdy : P. = ZPX
XeT

trong do Px la @6 dai duong di tir goe dén X.
m D6 dai dwong di trung binh : Pl = PT/n (n 1a s6 ndt trén

cay T).
m Rurng cdy: I tap hop nhiéu cdy trong do6 thir tu cac cay la
quan trong.
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au truc cay
Ot sO Vi du vé doi twong cac cau tric dang cay
EPI So d@6 to churc ciia mot cong ty

:
s
:

BB-Electronic Corp.

Kinh doanh Tai vu San xuat

Noi dia O Amplier

EFI

Chau au

u
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!ﬂ% !ﬁu truc cay
ot sO Vi du vé doi twong cac cau tric dang cay

dq Muc luc mot quyén sach

EFI

| Gidithiéu Diém Moi truéng NN LT

Bai tap Thuc hanh Thi

Student guide

CT mau

;
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. Cau trdc cay

o

= Nhéan xet:
C1Trong cau tric cdy khong ton tai chu trinh

[0T6 chic 1 cau trdc cdy cho phép truy cap
nhanh dén cac phan tir cia no.

e
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Cay nhi phan




. Cay nhi phan

g Pinh nghia: Cay nhi phan 1a cdy ma moéi nit ¢é
to1 da 2 cay con
m Trong thuc té thuong gap cac cau truc co dang

cay nhi phan. Mot cdy tong quat cé thé biéu dién
thong qua cay nhi phan.

E
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. Cay nhi phan

r

A ’
Cay con,

Cau trac Dii liéu - Cau truc cay
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ay nhi phan

m Cay nhi phan ding dé biéu dién mot biéu thirc toan hoc:

a
le
4] |6

({3 =< (1 + (4 +6))+ (2 +8) =5 +(4=xI(7T+ 2))

au trac DU liéu - Cau truc cay
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VAl

m S6 nit ndm & murc i SZI

m Chicu cao cdy h la muc cao
nhat + 1.
S6 nat 1a < 21, véi h 14 chiéu
cao cua cay.

wlchidy cao cia cay h > log,(s6

I_ﬁ nut trong cay).
m SO nat trong cay < 2h-1.
’_'—JJf)uc‘)‘ng di (path)
Tén cac ngde cua qué trinh di
’_'_'—'_EI tur node goc theo cac céy con
dén mot node nao do.

Cau trac Dii liéu - Cau truc cay

Cay nhi phan
J_,

ot so tinh chat cua cay nhi phan
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Cay nhi phan
Biéu dién cdy nhi phan T
m Cay nhi phan Ié,. mot cau trdc bao gom cac phan

tur (nut) dugc két noi voi nhau theo quan hé “cha-
con” v&1 moi cha cO to1 da 2 con. bé bi€u dién
Cé}y nhi phan ta chon phuong phap cap phét lien
két. Ung véi mdt nut, ta sir dung mot bién ddng
luu trir cac thong tin sau:
[0Thong tin luu trir tai nat.
C1Pia chi ndt gdc cua cdy con trai trong bd nhd.
mOPia chi NGt goc ctia cdy con phai trong bo nhd.

Cau truc D liéu - C4au truc cay
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; Cay nhi phan

Pé don gian, ta khai b4o cau truc dit liéu nhu sau :
typedef struct NODE
{
Int data;
NODE™ left;
NODE™ right;
b
typedef struct NODE* TREE;
TREE root;

L L
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- Tao cay nhi phan

DEIDD void CreateTree(TREE &root)
{

int X;
printf(“\nGia tri node :»);
- x=toupper(getch());
if(isspace(x)==0)
B {

root=(node*)malloc(sizeof(node));

root ->data=x;

- printf(“\nCon trai cua %c (ENTER NULL)”,x);
CreateTree(root->1left) ;

printf(“\nCon phai cua %c (ENTER NULL)”,x);
- CreateTree(root->right) ;
}
- else root=NULL;
}

Cau trac Dii liéu - Cau truc cay
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Cay nhi phan
Duy¢ét cay nhi phan

m C6 3 kiéu duyét chinh cd thé a4p dung trén cay
nhi phan:

[1Duyét theo tha tu trudec (NLR)

C1Duyét theo tha tu gitra (LNR)

C1Duyét theo thar tui sau (LRN).

m Tén cua 3 kiéu duyét n{‘:\y duoc dat dua trén trinh
tu cua viéc tham nut goc so voi viée tham 2 cay
con.

Cau truc D liéu - C4au truc cay



'Jllllllllllllll
Cay nhi phan
Duyét theo thur tu tredc (Node-Left-Right)
m Kiéu duyét nay trudc tién tham nit goc sau do tham cac
nut caa cay con trai roi dén cay con phai.
m Thu tuc duyét cé thé trinh by don gian nhu sau:

void NLR (TREE root)
{
if (Root !'= NULL)
{
<Xt Iy Root>:/Xir Iy tuwong irng theo nhu cau
NLR (root->left) ;
NLR (root->right) ;
}
}
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Cay nhi phan
Duyét theo thur tu tredc (Node-Left-Right)

m Mot vi du: doc mot quyén sach hay bai bao tir dau dén
cudi nhu minh hoa trong hinh bén dudi:

References

Cau truc D liéu - C4au truc cay
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uyét theo thir tu truwéc (Node-Left-Right)
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Cay nhi phan
Duyét theo thir tu gitra (Left- Node-Right)
s Kiéu duyét nay trude tién thdm cac nut cua cay con trai sau do tham

nut goc roi dén cay con phai.
m Thu tuc duyét co thé trinh bay don gian nhu sau:

void LNR(TREE root)
{
If (root '=NULL)
{
LNR(root->left);
<Xu ly Root>;  //Xu ly twong vrng theo nhu cau
LNR(root->right);
}

Cau truc D liéu - C4au truc cay
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uyét theo thir tu giira (Left- Node-Right)
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Cay nh1 phan
Duy¢t theo thir tu sau (Left-Right-Node)

m Kleu duyet nay trude tién thdm cac nut cua cay con trai sau d6 tham
dén cdy con phai roi cudi cling méi tham ndt goc.

m Thu tuc duyét co thé trinh bay don gian nhu sau:
void LRN(TREE root)

{
If (root '=NULL)

{
LRN(root->left);
LRN(root->right);
<Xu ly Root>; /X Iy twong irng theo nhu cdu
}
}

Cau truc D liéu - C4au truc cay
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Cay nhi phan

Duy¢t theo thir tu sau (Left-Right-Node)

m Mot vi du quen thudce
trong tin hoc vé Ung
dung cua duyét theo
tho tu sau la viéc xac
dinh tong kich thudc
cua mot thu muc trén
dia

Cau truc D liéu - C4au truc cay
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uyét theo thir tw sau (Left-Right-Node)
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Cay nhi phan
Duyét theo thur tu sau (Left-Right-Node)

m Tinh toan gia tri ctia biéu thirc dua trén cdy biéu thirc

e
2 3
(1 O
4 5 6 7
(% O (x]
8 9 10 1 12 13
ORNE RO ENE
16 17 20 21 26 27
3 | 9 5 7 4

B+ 1x3/(9-5+2)-3x(7-4) +6) =-13
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Cay nhi phan

Biéu dién cay tong quat bang cay nhi phan

m Nhuoc diém cua C4C cau tric cdy tong quat:

01 Bac ciia cic nut trén cdy co thé dao dong trong mot
bién d6 16n = viéc bi€u dién gip nhiéu khd khan va
lang phi.

[ Viéce xay dung cac thao tac trén cay tong quét phurc tap
hon trén cay nhi phan nhicu.

m Vi vay, thuong néu khéng qué can thiét phai sir dung cay
tong quat, nguoi ta chuyén cdy tong quat thanh cay nhi
phan.

Cau truc D liéu - C4au truc cay
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Cay nhi phan

Biéu dién cay tong quat bang cay nhi phan

m Ta co thé bien doi mt cy bat ky thanh mdt cay nhi phén
theo qui tac sau:
01 Gitt lai nGt con trai nhat lam nGt con trai.
1 Cac nat con con lai chuyén thanh nit con phai.

0 Nhu vay, trong cdy nhi phan mdi, con trai thé hién
quan hé cha con va con phai thé hién quan hé anh em
trong cay tong quat ban dau.

Cau truc D liéu - C4au truc cay
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Cay nhi phan

Biéu dién cay tong quat bang cay nhi phan

m Gia sir c6 cdy tong quat nhu hinh bén dudi:

Cau truc D liéu - C4au truc cay
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Cay nhi phan

Biéu dién cay tong quat bang cay nhi phan

m Cay nhi phan tuong ing s& nhu sau:

Cau truc D liéu - C4au truc cay 32
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Cay nhi phan
Mot cach biéu dién cdy nhi phan khac

m Doi khi, khi dinh nghia cay nhi phan, nguoi ta quan tam
dén ca quan hé 2 chleu cha con cht khéng chi mot chiéu
nhu dinh nghla & phan trén.

m Luc d6, cau tric cdy nhi phan c6 thé dinh nghia lai nhu
Sau.
typedef struct tagTNode

{

DataType Key;

struct tagTNode* pParent;

struct tagTNode* pLeft;

struct tagTNode* pRight;
} TNODE ;

typedef TNODE *TREE ;
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Cay nhi phan

Mot cach biéu dién cdy nhi phan khac

Cau truc D liéu - C4au truc cay
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Cay nhi phan tim kiém

m Trong chuong 3, ching ta da lam quen véi mot sO cau
tric dir liéu dong. Cac céu trlc nay co sy mém déo nhung
lai bi han ché trong viéc tim kiém thong tin trén chdng
(chi CO thé tim kiém tuan tu).

m Nhu cau tim k1em A rat quan trong. Vi ly do nay, nguoi
ta da dua ra cau tric cay de théa man nhu cau trén.

m Tuy nhién, néu chi voi cau tric cay nhi phan da dinh
ngh1a & trén, viée tlm kiém coOn rat mo ho.

m Can c0 thém mot sO rang budc dé cau tric cay tré nén
chat ch€, de dung hon.
m Mot cau tric nhu vay chinh 1a cdy nhi phan tim kiém.

Cau truc D liéu - C4au truc cay
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Cay nhi phan tim kiém

&

B

Dinh nghia: ciy nhi phan tim kiém (CNPTK) la cdy nhi
phan trong d6 tai moi ndt, khoa cua ndt dang xét 16n hon
khoa cua tat ca cac nut thudc cdy con trai va nho hon
khoa ctia tat ca cac nat thudc cay con phai.

Néu s6 nat trén cay 1a N thi chi phi tim kiém trung binh
chi khoang log,N.

Cau trac Dii liéu - Cau truc cay
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_" Cay nhi phan tim kiém

3 (44
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hém maot nut vao cay
int InsertTree(tree &root, int Xx)
{
if(root != NULL)
{
if(root->data==x) return 0;
if(root->data>x) return InsertTree(root->letf,x);
else return InsertTree(root->right,x);

else

root=(node*)malloc(sizeof(node);
if(root !=NULL) return -1;
root->data=x;
root->left=root->right=NULL;
return 1;

NN

Cau trac Dii liéu - Cau truc cay
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‘a0 cay nhi phan tim kiém

m Ta co thé tao mot cdy nhi phan tim kiém bang céch lip lai qué trinh
thém 1 phan tir vao mot cay rong.

void CreateTree(tree &root)

TN

{
int x,n;
printf(“Nhap n = *); scanf(“%d”,&n);
for(int i=1; i<=n;i++)
{
scanf(“%d”,&x);
InsertTree(root,x);
by
¥
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5.55;!210 cAy nhi phan tim kiém
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Duyét cdy nhi phan tim kiém

m Thao tac duyét cdy trén cdy nhi phan tim kiém hoan toan
gidng nhu trén cay nhi phan.

® Luu y: khi duyét theo thir tu gitra, trinh tu cac nut duyét
qua s€ cho ta mdt day cac nut theo thir tu tang dan cua
khoa.

L L L
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Tim mot phan tir X trong cay
dé quy)

m Tim mot phan tir X trong cay (dé quy):
TNODE* searchNode (TREE root, Data X)
{
if (root)
{
if (root->data == X)
return root;
if (root->data > X)
return searchNode (root->left, X);
return searchNode (root->right, X);

}
return NULL;

D

Cau trac Dii liéu - Cau truc cay
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Tim mot phan tir X trong cay
khong d¢ quy)

m Tim mot phan tir X trong cdy (khong dé quy):
TNODE * searchNode (TREE root, Data x)

{
TNODE *p = root;
while (p '= NULL)
{
if (x == p->data) return p;
else

else p = p->right;

}
return NULL;

D

Cau trac Dii liéu - Cau truc cay

if(x < p->data) p = p->left;
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[im mot phan ti lei trong cay

[SiegomERIiT hem

S6 node duyét: 5

Cau truc D liéu - C4au truc cay
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[im mot phan ti lei trong cay

[SiegomERIiT hem

S6 node duyét: 5

Cau truc D liéu - C4au truc cay
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Tim mot phan ti X trong cay

= Nhéan xet:

0186 lan so sénh toi da phai thyc hi¢n dé tim phan tir X
la h, véi h la chiéu cao cua cay.

0 Nhu vay thao tac tim kiém trén CNPTK c6 n nut ton
chi phi trung binh khoang O(log,n) .

e

Cau trac Dii liéu - Cau truc cay
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L L L

Tim X=55
18
15 || 23

40

Cau trac Dii liéu - Cau truc cay

Tim mot phan ti X trong cay

108
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Thém mot phan tir X vao cay

m Thém mot phan tir X Va0 cay:

0 Viéc thém mot phan tir X vao cdy phai bao dam diéu
kién rang budc cia CNPTK. Ta c6 thé thém vao nhiéu
chd khac nhau trén cdy, nhung néu thém vao mét nit
ngoai s& 1 tién loi nhat do ta c6 thé thuc hién qué
trinh twong tu thao tac tim kiém. Khi cham dut qua
trinh tim kiém ciing chinh 1a IGc tim dugc chd can
thém.

01 Ham insert tra vé gid tri —1, 0, 1 khi khong du bo
nhd, gap nut ci hay thanh cong:

Cau truc D liéu - C4au truc cay
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"hém mot phan tir X vao cay

L L L

int insertNode (TREE &root, Data X)
{ 1f (root) {
if (root->data == X) return 0; //dach
if (root->data > X)
return insertNode (root->left, X);

else
return insertNode (root->right, X);
}
root = new Node;
if (root == NULL) return -1; //thiéu bé nhé
root->data = X;

root->left = root->right = NULL;
return 1; //thém vao thanh cong

Cau trac Dii liéu - Cau truc cay
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Thém mot phan tir X Vao cay

Thém X=50 4T - - 34}<\X
= ~
\
y
88 > X |
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y
1 59
59>X ,‘ -
|
y
15 || 23 40| |55 71
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Huy mot phan tir c6 khoa x

m Viéc huy mot phan tir X ra khoi cdy phai bao dam diéu
kién rang budc cia CNPTK.

m CO 3 truong hop khi huy nut X ¢6 thé xay ra:

0 X la nat la.

1 X chi ¢4 1 con (tral hoac phai).

00 X ¢o duaca 2 con

L L L
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Delete x

—

X

1. X0a node nay
2. Gan lién ket tir cha ctia n6 thanh rong

au trac DU liéu - Cau truc cay
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Huy mot phan tir ¢ khoa x
ruong hop 1: X la nut |a.

Vi du : chi don gian hay X vi né khdong moc noi dén
phan tir nao khac.

T/h 1: hay X=40

Cau truc D liéu - C4au truc cay
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1. Gan lién két tir cha ctia né
xuong con duy nhat cua né
2. X6a node nay

Delete x

_—

au trac DU liéu - Cau truc cay 55



Huy mot phan tir ¢ khoa x
ruong hop 2: X chi ¢ 1 con (trai hoac phai)

m Truong hop thi hai: trudge khi huy X ta mdc noi cha cia
X véi con duy nhat cua no

T/h 2: hay

108

L L

Cau trac Dii liéu - Cau truc cay
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uy mot phan tu co khoa x

_lljFru(‘)’ng hop 3: X ¢c6 du 2 con

Delete
Replace x by w original w
W is predecessor
of x
X W W

W R

? Tim w 1a node truéc node x trén phép duyét cay inorder (chinh la
de cwc phai cua cay con bén trai cua x)

2. Thay x bang w
_.3. Xo6a node w cii (giong trwedng hop 1 hodc 2 da xét)
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Huy mot phan tir c6 khoa x
Truong hop 3: X c6 du 2 con

m Truong hop cudi clng:
01 Khéng thé huy truc tiép do X ¢ du 2 con
1 Huy gian tiép:
= Thay vi huy X, ta s¢ tim mot phan tir thé mang Y.
Phan tir nay co toi da mot con.
m Thong tin luu tai Y s& duoc chuyén I18n luu tai X.
= Sau d6, ndt bi huy that sy s& 1a Y giong nhu 2
truong hop dau.

[ Van dé: chon Y sao cho khi luu Y vao vi tri cua X,
cay van la CNPTK.

Cau truc D liéu - C4au truc cay
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Huy mot phan tir ¢ khoa x
Truong hop 3: X c0 du 2 con

m Van dé 1a phai chon Y sao cho khi luu Y vao vi tri cua X,
cay van la CNPTK.

m CO 2 phan tir thoa man yéu cau:
1 Phan tr nho nhat (trdi nhat) trén cay con phai.
1 Phan tir 16n nhat (phai nhat) trén cay con tréai.
m Viéc chon lua phan tir ndo 13 phan tir thé mang hoan toan
phu thudc vao y thich cia nguoi lap trinh.
m O day, ta s& chon phan tr phai nhat trén cdy con tréi lam
phén tir thé mang.

Cau truc D liéu - C4au truc cay
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Huy mot phan tir c6 khoa x
ruong hop 3: X ¢cd du 2 con

Khi hiy phan tir X=18 ra khoi cdy, phan tir 23 12 phan ti
thé mang:

T/h 3: hay X=18

Cau truc D liéu - C4au truc cay
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N
. Huay mét phan tir c6 khda x

ruwong hop 3: X cé du 2 con

m Ham delNode tra vé gia tri 1, O khi huy thanh
cong hoac khong co X trong cay:

Int delNode(TREE &root, Data X)

m Ham searchStandFor tim phan tir thé mang cho
nut p

void searchStandFor(TREE &p, TREE &Q)

T L L

Cau trac Dii liéu - Cau truc cay

61



Huy mot phan tir c6 khoa x

i

T

[—

N\

nt delNode (TREE &root, Data X)

if (root== NULL) return O;

if (root->data > X) return delNode (root->left, X);
if (root->data < X) return delNode (root->right, X);
//T->Key ==

Node* p = root;
if (root->left == NULL)
root = root->right;

else
if (root->right == NULL)
root = root->left;
else // T ci dua 2 con
searchStandFor (p, root->right);
delete p;

N\
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searchStandFor (p, g->left);

p->data = g->data;
P =4,
q = g->right;

au trac DU liéu - Cau truc cay
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- Huy toan bg cay nhi phan tim kiém

m Viéc toan bo cdy cé thé dugc thuc hién théng qua
thao tac duyét cay theo thur tu sau. Nghia la ta s€
huy cdy con trai, cdy con phai roi mdi huy ndt
géC.
void removeTree (TREE &root)
{
if (root) {
removeTree (root->reft) ;
removeTree (root->right) ;
delete (root) ;

}

R
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Cay nhi phan tim kiém
= Nhan xét:

O T;éit ca cac thao tac searchNode, insertNode, delNode
deéu co do phure tap trung binh O(h), véi h la chiéu cao
cua cay

O Trong trong trudng hop tot nhat, CNPTK c0 n nut s€

c6 do cao h = log,(n). Chi phl tim kiém khi d6 sé
tuong duong tim klem nhi phan trén mang co thur tu.

01 Trong trudng hop xau nhat cay co the b1 suy bién
thanh 1 danh séach lién két (kh| ma moi nut déu chi co
1 con trir nut 1a). Lac do cac thao tac trén s€ co do
phuc tap O(n).

Vi vdy can €O cai tién cau tric cia CNPTK dé dat
dugc chi phi cho cac thao tac la log,(n).
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