Bai 6. Cay




6.1. Cay (tree) — dinh nghia

mOQt tap hiru han cac nut, gitra,

cac nut co mQt quan hé phén cap

goi la quan hé “cha - con”

Trong cay, co mot nut dac biét,

khong co nut cha, goi la gbc

(root) cUa cay 0

Cay la mot cau tric dir liéu gf“)m é

C6 thé dinh nghla cay bang cac de quy nhu sau:
MOi nUt |a mot cay, va 1a goc cla cay ay

Néu n |a mét nut van, n, .., n lan lwot 13 goc cUa cac
cayT, T, ..., T; cac cay nay doi mot khong cO nut chung.
Thi néu cho nut n trd thanh cha cda cacnutn,, n,, ..., n, ta
s€ dwoc mOt cay moi T. Cay nay conutnla goc con cac
cayT, T, ..., Ty tro thanh cac cay con (subtree) cla gOc.

Cay khong cO nut nao ma ta goi la cay rOng (null tree).



6.1. Cay (tree) —thuat ngip

SO cac con cua mot nut duoc
goila cap cla nut do

NuUt co cap bang o dwgc goila
nut la (leaf node) hay nut ngoai,
hay nut tan cung

Nhirng nut khéng phaila la
dwoc goi la ndt nhanh (branch
node) hay nut trong

Cap cao nhat clla mot nut trén cay goila cap cua cay do

GOc cUa cdy ngwoi ta gan cho sO mirc la 1, néu nut cha co mirc la i
thinutcons€écomrclai+a

Chiéu cao (height) hay chiéu sau (depth) clia mét cay la sO mirc
|&n nhat cla nUt 6 trén cay dé

Mot tap hop cac cay phan biét dwgc goi la ripng (forest), mot cay
cing la mOt rirng. Néu bo nut gbc trén cay thi sé tao thanh mot
riPng cac cay con.



6.1. Cay (tree) —vi du

Muc luc clia mot cudn sach vo
phan, chwong, bai, muc v.v...
C4u truc thw muc trén dia ciing
cd cau truc cdy, thw muc goc co
thé coi la gOc clla cdy do v&i cac D ©
cay con la cac thw muc conva

t&p nam trén thu muc goc

(A/B+C)*(D-E)

Gia phéa clla mot ho tdc cling ¢ cau tric cay

MOt biéu thirc sO hoc gdm cac phép toan cdng, trir, nhan,
chia cling c6 thé Iwu trik trong mOt cdy ma cac toan hang

dwoc lwu trlr & cac nut 13, cac toan tir dwoc lwu trilr O cac
nUt nhanh, m&i nhanh 13 mdt biéu thirc con.



6.2. Cay nhi phan (binary tree)

Cay nhi phan 13 cay c6 dac diém:
MOi nut trén cay chi cé tOi da 2 nhanh con
V&i mOi nut, phan biét cay con trai va ciy con phai
cUa nut do

Mot s dang dac biét cla cay nhj phan
Cay nhi phan suy bién (degenerate binary tree): cac
nut khong phai la la chi cd mdt nhanh con

Cay nhi phan hoan chinh (complete binary tree): tat
ca cac nUt nhanh déu c6 dung 2 nut con

Cay nhi phan day du (full binary tree): la cay nhj phan
hoan chinh ma tat ca cac nut la déu c6 cing murc



6.2. Cay nhi phan (binary tree)




6.2. Cay nhi phan —tinh chat

Trong cac cay nhj phan cé clng sO lwgng nut:
Cay nhi phan suy bién cé chiéu cao I&n nhat
Cay nhi phén day du thi co chiéu cao nhé nhat
So lwe'ng cac nut trén mrc i cla cay nhi phan
t0| dala 2, toi thiéu 1a 1 (i 1)
SO lwong cac nut tren mOt cay nhi phan o
chiéu cao htOi da 13 20+2%+..+2"1=2"-1, tOi
thiéula h (h > 1).
Cay nhi phan day dd cé n nut thi chiéu cao
ctlandlah=|log,n]+1.



6.3. Biéu dién cay nhi phan

Biéu dién bang mang
Biéu dién bang cau truc lién két



6.3.1. Biéu dién cay nhi phan bang

mang

V&i mat cay nhi phan day da, ta danh s6 cac nut
theo thr tw lan lwgt trng rpL'J’c moOt, tr mlrc 1 tr&
di, va tW trai sang phai @ moi murc, khi do:
Con cUa nuUt thtr i sé la cac nut th 2iva 2i + 1.
ChaclUanutthjlanutj/ 2.




6.3.1. Biéu dién cay nhi phan bang

mang

TW d6 6 thé lwu trlr cdy bang mdt mangT,
nut thtr i cla cay dwoc lwu trlr bang phan tw
T[]




6.3.1. Biéu dién cay nhi phan bang

mang

POi v&i cay nhi phan khong day du, ta c6 thé
thém vao mot sO nut gia dé dwoc cay nhi
phan day du va:
gan nhirng gia tri dac biét cho nhirng phan t
trong mang T twong ng v&i nhirng nut nay
ho&c dung thém mét mang phu dé danh dau
nhirng nUt nao la nut gia tw ta thém vao
Nhwoc diém: 1ang phi b nhé dé lwu cac nut
gid (cé thé rat nhiéu)



6.3.1. Biéu dién cay nhi phan bang

mang

Vi du: v&i cdy nhj phan 5 mirc, ta can mang
vOi 25-1 = 31 6 nh& dé lwu trr cdy. Tuy nhién
vOi cay nhi phan suy bién, s0 6 nh& thire sy
chlra nUt cla cay chila g

4 5 6 7 8 9 M0 11 12 13 14 15 16 17 ..

C D E




6.3.2. Biéu dién cay nhi phan bang

cau truc lién két

MOi nUt cla cdy 1a mét cau tric gom 3
trrong:
TrwO'ng Info: Chira gia tri lwu tai nut do
Trwdng Left: Chira lién két (con trd) t&i nUt con
trai
Trwd'ng Right: Chira lién két (con trd) t&i nit con

phai
‘ INFO H

Lién két trai Lién kétphai




6.3.2. Biéu dién cay nhi phan bang

cau truc lién két

Pé duyét cay nhj phan, ta chi can gilr lai nit goc

g0 OO g O O 0O Jd O



6.4. Cac thao tac voi cay nhi phan

Chen mot nut moi vao cay nhi phan
X6a mOt nut khoi cay nhi phan
Duyeét cay nhi phan

Tim kiém trén cay

Gia st nUt clia cay dwoc biéu dién b&i cau truc
sau:
typedef struct node {
int Info;
TNode * Left;
TNode * Right;
} TNode;
Pé thao tac trén cdy, ta can nam dwoc goc:
TNode * root;

15



6.4.1. Chen nut moi vao cay nhi

phan

Chén nUt m&i vao lam nut con cla nut p:
Tao nUt m&i chlra gia tri can chén

TNode * newNode = (TNode?*)
malloc (sizeof (TNode)) ;

newNode->Info = value;
newNode->Left = newNode->Right = NULL;

Chinh lai quan hé cha-con gilra cac nut

© ®/® ©
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6.4.1. Chen nut moi vao cay nhi

phan

Chen nut m&i vao lam nut con cla nut p
vold Insert (TNode * p, int value) {
<tao nut mdéi newNode>

1f (p->Left == NULL) {
p->Left = newNode;

} else 1f (p—->Right == NULL) {
p—->Right = newNode;

} else {

newNode->Left = p->Left;
p—>Left = newNode;

J
J

Chén ndt m&i vao vi tri gOc cla cay:
newNode->L.eft = root;
root = newNode;

17



6.4.2. X0a nut khoi cay nhi phan

X06a nut p khaoi cay nhi phan:
Néu p |a n0t 14 hodc p chi cé 1 nGt con thi rat don gidn:
Néu p la nut 14, chi cdn giai phéng bd nhéd bi
chiém bdéi p, va géan lién két téi nd = NULL
Néu p cé mdt ntt con, chi cdn chinh lién két téi
p trd dén ntt con duy nhdt nay,,va gidi phéng p

/@ © /®/®\® /®\®
O

Néu p cé 2 nit con: khong tOn tai cach xoa cu thé, viéc loai
bd p va dOn cac nut lai tuy thudc vao bai toan cu thé
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6.5. Phep duyet cay nhi phan

Phep duyét cay: la phép di qua cac nut trén cay mot
cach hé thdng, sao cho mbi nut chi dwore xr ly ding
11an
Duyét theo thr tw triwdc (preorder traversal): xtr ly nut
dang tham trwdc, sau do m@i tham cac nhanh con
Duyét theo ’Ehl]’ tw gilra (inorder traversal):’thém nhanh
trai tredc, rOi moi x ly ndt dang tham, cubi cing tham
nhanh phai
Duyét theo thl]’ tw sau (postor(:,ler traversal): tham nhanh
trai trwedc, dén nhanh phai, cudi cing ma&i xtr ly nut dang
tham
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6.5.1. Duyét theo thir tw trro'c

(preorder traversal)

Ham dé quy duy&t nhanh nhan node lam goc
vold Visit (TNode * node) {
1f (node != NULL) {
<Output node->Info>
Visit (node->Left);
Visit (node->Right) ;
}
}

pé duyét toan b0 cay, tagQivisit (root) ;



6.5.1. Duyét theo thir tw trro'c

(preorder traversal)

Visit (A)
in A
Visit (B)
in B
Visit (D) &
in D
Visit (H)
in H

Visit (NULL)
Visit (NULL)
Visit (I)
in I D E F G
Visit (NULL) O’ b d
Visit (NULL)
Visit (E)
in E H | J K
Visit (NULL) Jdgo dJd O Jd O OO Jd O
Visit (J)
in J
Visit (NULL)
Visit (NULL)
Visit (C)

ket ABDHIEJCFKGL
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6.5.1. Duyét theo thir tw gilra

(inorder traversal)

Ham dé quy duy&t nhanh nhan node lam goc
volid Visit (TNode * node) {
1f (node != NULL) {
Visit (node->Left);
<Output node->Info>
Visit (node->Right) ;
}
}

pé duyét toan b0 cay, tagQivisit (root) ;



6.5.1. Duyét theo thir tw gilra

(inorder traversal)

Visit (A)
Visit (B)
Visit (D)
Visit (H)
Visit (NULL) &
in H

Visit (NULL)
in D
Visit (I)
Visit (NULL)
in I
Visit (NULL) D E F G
in B g 5 g
Visit (E)
Visit (NULL)
j_n E H | J K
Visit (J) JdoO dJd O Jd 0O Jd O Jd ©
Visit (NULL)
in J
Visit (NULL)

KFCor HDIBEJAKFCGL
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6.5.1. Duyét theo thtr tw sau

(postorder traversal)

Ham dé quy duy&t nhanh nhan node lam goc
vold Visit (TNode * node) {
1f (node != NULL) {
Visit (node->Left);
Visit (node—->Right) ;
<Output node->Info>
}
}

pé duyét toan b0 cay, tagQivisit (root) ;



6.5.1. Duyét theo thir tw sau

(postorder traversal)

Visit (A)
Visit (B)
Visit (D)
Visit (H)
Visit (NULL) &
Visit (NULL)
in H
Visit (I)
Visit (NULL)
Visit (NULL)
in I
in D D E F G
Visit (E) g D d
Visit (NULL)
Visit (J)

Visit (NULL)

H | J K
Visit (NULL) d O d © d O Jd O Jd O
in J
in E
in B
Visit (C)
LKFLG

in A HIDJEBKFLGCA
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6.6. Cay K-phan

Cay K-phan [a m&t dang cau tric cdy ma
mOi nUt trén cay co toi da K nut con
Tén goi nay bat nquon tir cac hé co so
trong toan hQc: hé nhi phan, hé bat
phan, hé thap luc phan...
2 cach biéu dién cay K-phan:

Biéu dién bang mang

Biéu dién bang cau truc lién két



6.6.1. Cay K-phan - biéu dién

bang mang

Twong tw v&i cdy nhi phan, ta co thé thém
vao cady K-phan mot s nGt gia dé cho moi
nUt nhanh cla cdy K-phan déu c6 ding K nut
con:
cac nut con dwoc xép thip tw ttr nUt con thir nhat
tOi nut con thr K,
danh sO cac nUt trén cay K-phan tw o, bat dau twr
mUrc 1, va tw “trai qua phai” @ moi mlrc
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6.6.1. Cay K-phan - biéu dién

bang mang

NUt conthtrjclanutila:i* K +j, v&ij=1..K. NUt
cha cla nut x la ndt (x-1) / K.

Ta dung méng T danh s6 tlr o dé lwu cac gia tri trén
cac nut: Gia tri tai nut thl i dwoc lwu trir & phan tor
T[]




6.6.2. Cay K-phan - biéu dién

bang cau truc lién két

Khi biéu dién cay K-phan bang cau tric lién
két, mbi nUt cla cay |a mot cau tric gdm hai
trrong:
Trwro'ng Info: Chtra gia tri lwu trong nut do.
Triong Links: La mt mang gom K phan t(,
phan t thr i (Links[i]) chtra lién két (con tro) toi
nut con thwri.
Dé duyét cay K- phan, chi can gilr lai nit goc



6.7. Cay tong quat

La loai cay khong ¢é rang budc gi vé sb nut
con clla mOi nUt trén ciy
Xét 2 cach biéu dién

Biéu dién bang méang

Biéu dién bang cau truc lién két
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6.7.1. Cay tong quat - biéu dién

bang cau truc lién két

Khilwu triv cay tong quat bang cau truc lién

két, mbi nUt |a mOt cau tric gdm ba trudng:
Trwrong Info: Chira gia tri lwu trong nut do.
Trwong FirstChild: Chtra lién két (con tro) t&i nit
con dau tién (con ca)
Trrong Sibling: Chtra lién két (con trd) t&i nit em
ké can bén phai (nut cung cha v&i nut dang xét, khi
sap thw tw cac con thi nut do drng lién sau nut
dang xet).

INFO Sibling

FirstChild 31



