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Ung dung cta kiéu dir liéu cay

Kiéu dit lieu cay thé hién tinh “phan cip”, “ké thira”. Do d6 cé thé
biéu dién dugc nhiing ciu tric nhu

» Cay gia pha (trong cac dong ho)

» Cay phan cip cac loai (trong sinh hoc)

» Cay thu muc (trong méy tinh)
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Ung dung cia kiéu dir liéu cay (cont.)

» Hé théng quan ly hanh chinh phan cip toan thé giéi

Trai dat
Viét Nam My Trung Québc
AR
TPHCM Ha Noi
SN
Quén Tan Binh Quan 1
SN
Ong Lén Ong Diing

Hinh 1: Quan ly hanh chinh toan ciu
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Ung dung cia kiéu dif liéu cay (cont.)

» Biéu thirc toan hoc cé thé dugc biéu dién bing cay. Vi du cay
duéi day dung dé biéu dién biéu thirc

(a+b)x(c—d)

A

Hinh 2: Cay biéu thiic
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Ung dung cia kiéu dif liéu cay (cont.)

» Cac nha ngdn ngit hoc thudng dung cdy ngit phap dé biéu
dién cau triic ngit phap clia mét cau. Vi du sau day ding dé
biu dién cau "the cat sat on the mat”

S
/\
NP VP
/\ /\
Det N \ PP
| | | T~
the cat sat P NP
‘ /\
on Det N
| |
the mat

Hinh 3: Cay ngit phap

B s AR igorithm 6
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Kiéu dif lidu cay

Dinh nghia 1
Cay (tree) |a mét cAu tric phi tuyén. Dugc dinh nghia dé qui nhu
sau
» Cay T Ia
> cay rong
T=10
» gdbm nit géc r va mot tip cac cay con cé thir tu
{T1, T2y ooy T}

T= {r = {T1,7 T27 veey Tm}}
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Kiéu dir liéu cay (cont.)

A
A A A A

Hinh 4: Cay trong tin hoc
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Cac thuat ngir lién quan dén cay

» Nt (node): 1a nhitng phan tlr trong cay

/ﬁ\

®
o

Hinh 5: Ciy c6 cac ndt {A, B, C, D, E, F, G, H, J}



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Cac thuat ngir lién quan dén cay (cont.)

» Nhanh (branch): 13 canh miii tén ndi giita hai nit trong cay
» Nat cha (parent node) va nait con (child node) 13 hai quan
hé ducc dinh nghia trén mét canh, nit cha |13 nit dau canh va

ndt con 13 nat cudi canh
6 /e\ @ ©
o O

Hinh 6: Nat E I3 ndt cha cda H, ndt H [a ndt con cla E

BB s e R R Higorithm

10
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Cac thuat ngir lién quan dén cay (cont.)

» Nuat gdc (root node): 13
nit khéng cé cha

» Nat la (/eaf node): la nit
khéng cé con /e\

» Nuat ndi (internal node): 1a (G A e 0

nat cé cha va cé con

» NGt anh em (sibling node): 0o ©O
[a nhitng nGt cé cung cha

Hinh 7: NGt A 13 nit gbc; nat G, |,
J, C, DIanat 14; nat E, H, F 13 nat
noi; nit G va H |3 anh em

11
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Cac thuat ngir lién quan dén cay (cont.)

» Bac chia nat (node degree): 1a téng sb niit con cha niit nay
/02\~

2 @0 @®o

00 O

Hinh 8: Cay va bac cda cac nit

12
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Cac thuat ngir lién quan dén cay (cont.)

» Bac cha cay (tree degree): 13 bac 16n nhat cla cac nat cha
cay

deg (T) = max (deg (p;) ,pi € T) (1)
/02\
3 /0\2
AN
O Qo 2 @0 @®o
00 0o

Hinh 9: Bac cda cdy l1a 3

13
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Cac thuat ngir lién quan dén cay (cont.)

» Mirc cha nit (node level):

_ 0 p = root
fevel (p) = { level (parent (p)) +1 p # root (2)

Hinh 10: C3y va mirc cla cac nit

BB o oy B RS Rigorithm 1
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Cac thuat ngir lién quan dén cay (cont.)

» Chiéu cao ciia cay (tree height):

height (T) = max (level (p;) +1,p; € T) (3)

Hinh 11: Chiéu cao ciia cay 13 4

15
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Cac thuat ngir lién quan dén cay (cont.)

» Dudng di (path): 1a mét chudi cac nit khac nhau
{p1, P2, ..., Pk} sao cho gilta p;, pi+1 c6 canh giita ching. Nat
p1 goi nit dau va py 13 nit cudi cha dudng di.

AN

/]

e 6 ®
o O

Hinh 12: D3y {A, E, H, I} 13 dusng di, ddy {A, E, C} khéng phai
la dudng di

16
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Phan loai cay

Dinh nghia 2
» Cay tuyén tinh (/inear tree): 13 cdy c6 bac bang 1
» Cay nhi phan (binary tree): |a cdy cé bac bang 2
» Cay tam phan (ternary tree): 13 cdy c6 bac bang 3

» Cay n-nhanh (n-ary tree): 1 cly cé bac bang n

Sttt

Hinh 13: Cac loai cdy

BB s e R R Higorithm
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Mot sb loai cay nhi phan

Dinh nghia 3
Mot sb cay nhi phan dic biét
» Cay nhi phan day da (fu// binary tree): 13 cdy ma mdi nit cé
0 hodc 2 ndt con
» Cay nhi phan hoan chinh (complete binary tree): la cdy ma
cb
1. Day d0 cic ndt tir mic 0 d&&n h — 1 (h 13 chiéu cao cda
céy)
2. Riéng miic h thi cac nit lién tiép tir trai sang phai

18
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Mot sb loai cdy nhi phan (cont.)

Hinh duéi minh hoa ciy diy d va ciy hoan chinh.

Hinh 14: Cac loai cay ddy dl va hoan chinh

BB s e R R Higorithm
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Cac dinh ly vé cay nhj phan

Dinh Iy 1

1. Néu T la cdy nhi phan thi sé khéng cé qua 2% nit c6 mirc
k>0

2. Néu T I3 cy nhi phdn cé chiéu cao 1 h thi sé nit I3 téi da
ctia cay la 2h—1

3. Néu T la cdy nhi phan cé chiéu cao I3 h thi sé niit téi da clia
cayla2h—1

4. Néu T la mét cdy nhi phdn cé n nit thi chiéu cao nhé nhat
6 thé ciia cdy 13 13 log,(n + 1)

20
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Cac dinh ly vé cay nhi phan (cont.)

Dinh Iy 2

Cho T la mét cay nhi phan day di. | 1a s6 nit 13 va i 13 s6 nit ndi

I=i+2 (4)
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CAu tric dir liéu biéu dién cay

Hinh 15: Biéu dién v& cho mét ciy nhj phan
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Céu tric dit liéu biéu dién cay (cont.)

Biéu dién cdy b3ng mang

Bang 1: Biéu di&n mang cho ciy nhj phan

Chis6 Nat Con trdi Con phai
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

23
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Céu tric dit liéu biéu dién cay (cont.)

1
2
3
4
5
6
7
8

M3i niit ctia ciy sé chira mét thong tin dinh danh (id) dé phan
biét véi cac nat khac

Chuadng trinh 1: cAu trdc dif liéu nat

template <class T>
struct Node
i
T data;
int id;
Node<T> *left;
Node<T> *right;

24
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© 000 ~NOOT D WN -

Céu tric dit liéu biéu dién cay (cont.)

Chuang trinh 2: cu tric dit liéu cay nhi phan

template <class T>
class BinaryTree
{
private:
Node<T> *root;

public:
Node<T> *search(int id);

};

25
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Duyét cay nhi phan

Dé6i véi cay ta c6 cac k§ thuat duyét cly nhu sau
» Duyét cic nit cha cdy theo thir tu NLR; nghia la duyét nat
trude (N), sau d6 duyét cay con trdi (L), cudi cling duyét cay
con phai (R)
» Duyét cac nit cda céy theo thir tu LNR
» Duyét cac nidt cda céy theo thir tu LRN

26
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Duyét cay nhi phan (cont.)

1 0> (N

A AA AA

(a) NLR (b) LNR (c) LRN

Hinh 16: Ba kiéu duyét d3c thi clia cdy

27


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Duyét cay nhi phan (cont.)

S

2N AN

Hinh 17: Duyét cay bang 3 cach NLR, LNR, LRN

28
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O ~NOOT A~ WN

Duyét cay nhij phan (cont.)

Chuong trinh 3: Duyét cdy NLR

void NLR(Node<T> *p)
{
if (p == NULL)
return;
//do something for node
NLR (p->left);
NLR (p->right);
}

29
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Cay n-nhanh

~NOoO O~ WwN =

» Mbt node clia cdy n-nhénh cé thé dugc biéu bing téi da n
con trd

template <class T>
struct Node
{

T data;

int id;

Node<T> *childs[n];
¥s

30
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Cay n-nhanh (cont.)

Hinh 18: Cay n-nhanh
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Cay n-nhanh (cont.)

1
2
3
4
5
6
2
8

» Mbt node clia cdy n-nhanh cé thé duoc biéu dién bing mé
hinh “anh c3" chi can st dung 2 con trd

template <class T>
struct Node
{
T data;
int id;
Node<T> *nextSibling;
Node<T> *eldestChild;

32
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Cay n-nhanh (cont.)

Mf——)——0——(®) ©@

Hinh 19: Cay n-nhanh: miii tén mau xanh trd dén con c3, miii tén mau
dd trd dén em ké tiép
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Cay n-nhanh (cont.)

Hinh 20: M6 hinh “anh c3" dugc xoay 45 d6
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CAY NHI PHAN TiM KIEM
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Cay nhi phan tim kiém

Dinh nghia 4
Cay nhi phan tim kiém T 13 cdy ma mdi nit clia cdy cé6 mot gia tri
khéa (key)
» Tai mdi nit p
1. Tat cd cac nit cha cay con trai déu cé khéa nhd hon
khéa cta p

Vg € (p — left) : g — key < p — key

2. TAt ca cac nit clia cly con phai déu cé khéa 16n hon
khéa cla p

Vq € (p — right) : ¢ — key > p — key

36
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Cay nhi phan tim kiém (cont.)

/@\
A%
QGQ/GB

Hinh 21: Cay nhi phan tim kiém

» Hay xac dinh cac nat c6 khéa nhd nhit va nhé nhit clia cay
» H3y xac dinh cac nat cé khéda dirng ngay trudc va ngay sau
nat @
BB s e R R Higorithm

37
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1
2
3
4
5
6
7
8

Cay nhi phan tim kiém (cont.)

Chuong trinh 4: Ciu trac dif liéu nat

template <class T>
struct BSTNode
{
T data;
int key;
Node<T> *left;
Node<T> *right;

38
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1
2
3
4
5
6
7
8
9

Cay nhi phan tim kiém (cont.)

Trong nhiéu tinh hudng, ngudi 14p trinh c6 thé bd sung thém
théng tin ndt cha

Chuong trinh 5: Cu trac dif liéu nat

template <class T>
struct BSTNode
it
T data;
int key;
Node<T> *left;
Node<T> *right;
Node<T> *parent;

39
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Cay nhi phan tim kiém (cont.)

H O OWWLO~NOOT~ WNR

Chuang trinh 6: CAu tridc dif liéu ciy nhi phan tim kiém

template <class T>
class BSTTree
{
private:
BSTNode<T> *root;

public:
BSTNode<T> *search(int key);
bool insert(int key, T data);
bool remove (int key);

¥3

40
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Tim kiém trén cay nhi phan tim kiém

Chuadng trinh 7: Tim kiém khéa trén cy nhj phan tim kiém

BSTNode<T>* search(int key)
{
BSTNode<T> *p = root;
while (p) {
if (p->key==key) return p;
else if (p->key > key)
p = p~>left;
else
p = p->right;

}
return NULL;

41
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Minh hoa tim kiém trén cay nhi phan tim kiém

Tim khéa @

.

D @ D D

42
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Minh hoa tim kiém trén cay nhi phan tim kiém

Tim khéa @

.

D @ D D

42
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Minh hoa tim kiém trén cay nhi phan tim kiém

Tim khéa @

42
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Minh hoa tim kiém trén cay nhi phan tim kiém

Tim khéa @
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Minh hoa tim kiém trén cay nhi phan tim kiém

Tim khéa @

@

Hinh 22: Cay nhij phan tim kiém
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Thém mo6t nat vao cay nhi phan tim kiém

Y tudng
Cho mot cdy T va mét nit c6 khoda la key
» Tim xem khéa key cé ton tai hay chua
» Né&u ton tai roi thi dirng lai
» Néu khong ton tai thi vi tri clia ndt 14 cubi cling s& 13 vi tri
can thém vao

43
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Thém moét niat vao cay nhi phan tim kiém
(cont.)

Thém khéa key va data vao cay nhi phan tim kiém

1 void insert(int key, T data)

2 1

3 BSTNode<T> *p = root;

4 while (p)

5 {

6 if (p->key == key)

7 return;

8 if (p->key > key)

9 {

10 if (p->left == null)
11 il

12 p->left = new BSTNode(key, data);
13 return;

14 }

15 p = p—>left;

BB s e R R Higorithm

44
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Thém mo6t nat vao cay nhi phan tim kiém

(cont.)
16 break;
17 }
18 if (p->key < key)
19 {
20 if (p->right == null)
21 i
22 p->right = new BSTNode(key, data);
23 return;
24 }
25 p = p->right;
26 break;
27 }
28 }

29 }
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Minh hoa thém nat

Vidu1l
Tao mét cdy nhi phan tim kiém tir diy s6 sau {4, 3,5, 1, 2,7, 9,

8}

Cay dugc khéi tao la rdng
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Minh hoa thém nat (cont.)

Hinh 23: Thém @
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Minh hoa thém nat (cont.)

J

Hinh 24: Thém @
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Minh hoa thém nat (cont.)

oo

Hinh 25: Thém @
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Minh hoa thém nat (cont.)

Hinh 26: Thém @
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Minh hoa thém nat (cont.)

0\

Hinh 27: Thém @
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Minh hoa thém nat (cont.)

/G\
Y
0\ o

Hinh 28: Thém @
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Minh hoa thém nat (cont.)

"
o\e 0\0

Hinh 29: Thém @
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Minh hoa thém nat (cont.)

\
-
)

Hinh 30: Thém @
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Xé6a mot nit khéi cay nhi phan tim kiém

Cac truong hgp
Cé hai trudng hop x6a mét nit clia cy nhi phan tim kiém
» Xba mét nat a: don gidn
» X6a mét nit khong phai 1a: tim phan tir thay thé
» Phan tir 16n nhat bén ciy con tréi
» Ho3c, phan ti nhé nhit bén ciy con phai

55
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Minh hoa x6a mot nit la

S
® 0 . /G) (2] . /®

(a) céy trudc khi xda (b) céy sau khi xda

A

Hinh 31: Xéa nat @ khoi cay

BB s e R R Higorithm
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Minh hoa x6a moét nat khong phai 14

Hinh 32: H3y xéa nat @ clia cay
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Minh hoa x6a mét nat khong phai 1a (cont.)

/6\
A%
909/‘3

Hinh 33: Xéa nit @@
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Minh hoa x6a mét nat khong phai 1a (cont.)

/6\
A%
909/.

Hinh 34: Nit @® thé chd @
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Minh hoa x6a mét nat khong phai 1a (cont.)

/6\
A%
90./@

Hinh 35: Phan tir @) thé chd (®
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Minh hoa x6a mét nat khong phai 14 (cont.)

/6\
AN

Hinh 36: Xda nut 14

61
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Bai luyén tap

Vi du 2

Hay xay dung ciy tim kiém tir day {4,3,5,1,2,8,9,7,16,11,12,15}
» Xoba cac nat 8, 16
» Thém cac nat 6, 17
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Danh gia vé cay nhi phan tim kiém

Phan tich chi phi thuc hién theo h (chiéu cao cia ciy)

xau nhat trung binh tot nhat

tim mot phan td ? ? ?
thém mét phan tir ? ? ?
x6a mo6t phan tir ? ? ?

Phan tich chi phi bd nhé theo n (sb lugng nit cla cay)
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Tai liéu tham khao
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