Bai 4:CAY, CAY NHI PHAN, CAY NHI PHAN TiM KIEM
1. CAu trac cay

1.1. Pinh nghia 1:

Cay la mot tap hop T cac phan tir (nut trén cay) trong d6 c6 1 nat dic
biét TO duoc goi 1a gdc, cac nit con Khac duge chia thanh nhiing tap roi
nhau T1, T2, ..., Tn theo quan hé phan cép trong d6 Ti cling 13 mot cay.

NGt & cap i s& quan Iy mot s6 nut & cap i+1. Quan hé nay ngudi ta con
goi la quan h¢ cha-con.

1.2. Mot s6 khai niém co ban

- Bac ctia mot nat: 13 s6 cay con ctia nat do .

- Bac ctia mot cy: 13 bac 16n nhét cta cac nut trong cdy. Cy co bac n thi
goi 1a cay n-phan.

- Nt gbe: nat khong ¢ nit cha.

- Nt 14: ntit c6 bac bang 0 .

- N1t nhanh: nit c6 bac khac 0 va khong phai 1a gbc .

- Mtrc cua mot nut:

Muc (TO) = 1.
Goi1 T1, T2, T3, ..., Tn 1a cac cay con cua TO
Muc (T1) = Muc (T2) = ... = Muc (Tn) = Muc (TO0) + 1.

- D¢ dai duong di tir gbe dén nut x: 13 s6 nhanh can di qua ké tir gdc dén x.
- Chiéu cao h cta cdy: muc 16n nhit cta cac nit 14.
1.3. M6t sé vi du vé déi twong cac ciu truc dang cay

- S0 6 to chirc ctia mot doanh nghiép

- S0 db t6 churc cay thu muc



2. CAY NHI PHAN
2.1 Binh nghia

Cay nhi phan 1a cdy ma moi nut c6 toi da 2 cdy con

Cay nhi phan c6 thé ing dung trong nhiéu bai toan thong dung. Vi du
dudi day cho ta hinh anh cia mdt biéu thire toan hoc:
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2.2. M6t sé tinh chat cta cay nhj phan:

- SO nut ¢ mure 1 < 2,
- SO nat & mire 14 < 2", véi h 1a chiéu cao cia cay.

- Chiéu cao cta cdy h > logzN (N - sb nut trén trong cay).

2.3. Biéu dién cay nhj phan T

Cay nhi phan 1a mot cau triic bao gdm cac phan tir (nat) dugc két ndi
v6i nhau theo quan hé “cha-con” véi mdi cha c6 ti da 2 con. Dé biéu dién
cay nhi phan ta chon phuong phép cap phat lién két. Ung v6i mot nut, ta
dung mdt bién dong luu trit cac thong tin:

+ Thong tin Iuu trit tai nat.

+ Pia chi nat gdc cua cay con trai trong bd nhd.

+ Pia chi nat gdc cua cay con phai trong bo nhd.

Khai bdo nhu sau:
typedef struct tagTNODE
{

Data Key;//Data 14 kiéu dit liéu ing v&i thong tin luu tai niit

struct tagNODE *pLeft, *pRight;



}TNODE;
typedef TNODE *TREE;
2.4. Cac thao tac trén cay nhi phan

Tham cac nut trén cay theo thw tw trwéc (Node-Left-Right)

void NLR(TREE Root)

{
iIf (Root = NULL)
{
<Xt Iy Root>; /Xt Iy twong trng theo nhu cau
NLR(Root->pLeft);
NLR(Root->pRight);
b
by

Tham cac nut trén cay theo thir tw gilra (Left- Node-Right)

void LNR(TREE Root)

{
if (Root '= NULL)
{
LNR(Root->Left);
<Xt Iy Root>; /Xt Iy twong rng theo nhu cau
LNR(Root->Right);
b
b

Tham cac nut trén cay theo thir tw sau (Left-Right-Node)

void LRN(TREE Root)
{



if (Root '= NULL)

{

LRN(Root->Left);

LRN(Root->Right);

<Xt Iy Root>; //X1r 1y tuong tng theo nhu cau

}
}
Ung dung phuong phap nay trong viéc tinh tong kich thudc ctia thu myc.
Ung dung tinh toan gia tri ctia biéu thirc.
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(3 + 1)x3/(9 — 5+ 2) — (3x(7 — 4) + 6) = —13



2.5. Biéu dién cay téng quat bang cay nhij phan

Nhuoc diém cua cic cu tric cdy tong quat 1a bic cia cic nit trén cay
c6 thé rat khac nhau = viéc biéu dién gip nhiéu khé khin va lang phi. Hon
nita, viéc xay dung céac thao tac trén cdy tong quat phirc tap hon trén cay nhi
phan nhiéu.

Vi vay, néu khong qua can thiét phai stir dung cdy tong quét, ngudi ta
s& bién dbi cdy tong quat thanh cay nhi phan.

Ta c6 thé bién d6i mot ciy bat ky thanh mot cdy nhi phan theo qui tic
Sau:

- Gitt nfit con trai nhat lam con tréi.

- Cac nut con con lai bién do61 thanh nut con phai.

VD: Gia str ¢6 ciy tong quat nhu hinh sau:
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Cay nhi phan tuong ung s€ nhu sau:

2.6. Mot cach biéu dién cay nhi phan khac

Doi khi, trén cdy nhi phan, ngudi ta quan tdm dén ca quan hé chiéu
cha con. Khi d6, cdu tric cay nhi phan c6 thé dinh nghia lai nhu sau:



typedef struct tagTNode

{

DataType Key;

struct tagTNode* pParent;
struct tagTNode* pLeft;
struct tagTNode* pRight;

YTNODE;
typedef TNODE  *TREE;

3. CAY NHI PHAN TIM KIEM
3.1. binh nghia:

Cay nhi phan tim kiém (CNPTK) 1a cay nhi phan trong d6 tai mdi nut,
khoa ctia nat dang xét 16n hon khoa cua tat ca cac nat thude cay con trai va
nho6 hon khoéa cua tit ca cac nat thudc cdy con phai.

Duéi day 1a mot vi du vé cy nhi phan tim kiém:

Nho rang budc vé khoa trén CNPTK, viéc tim kiém tré nén c6 dinh
huéng. Hon nita, do cu tric cay viéc tim kiém tré nén nhanh dang ké. Chi
phi tim kiém trung binh chi khoang log,N.



Trong thuc té, khi xét dén cdy nhi phan cha yéu ngudi ta xét CNPTK.
3.2. Cac thao tac trén cay

3.2.1. Tham cac nut trén cay

3.2.2. Tim mét phan ttr x trong cay

TToan:

D@ dang thay ring s6 1an so sanh toi da phai thuc hién dé tim phan tir

X la bang h, véi h 1a chiéu cao cua cay.

Vi du: Tim phan tir 55

3.3.3. Thém mét phan tr x vao cay

Viéc thém mot phan tir X vao cdy phai bao dam diéu kién rang budc
ctia CNPTK. Ta c6 thé thém vao nhiéu vi tri khac nhau trén ciy, nhung néu
thém vao mot nat 14 thi s& dé nhat do ta c6 thé thuc hién qué trinh tuong tu
thao tac tim kiém. Khi chdm dut qua trinh tim kiém ta s& tim dugc vi tri can
thém.



Ham insert tra vé gia tri —1, 0, 1 khi khong du bo nhé, gap nut cii hay
thanh cong:
int insertNode(TREE &T, Data X)

{
if(T)
{
If(T->Key == X) return 0; //da co
If(T->Key > X)
return insertNode(T->pLeft, X);
else
return insertNode(T->pRight, X);
¥
T = new TNode;
if(T==NULL) return -1; //thiéu bo nhé
T->Key =X;
T->pLeft =T->pRight = NULL;
return 1; //thém vao thanh cong
¥

2.4. Hiy mét phan tir c6 khéa x

Viéc hity mot phan tir X ra khoi cay phai bao dam diéu kién rang budc cua
CNPTK.
C6 3 trudng hop khi hity nut X c6 thé xay ra:

X - nut la.

X - chi c6 1 cay con (trai hoac phai).

X ¢6 da ca 2 cay con

Trudng hop tht nhat: chi don gian hiy X vi né khong moc ndi dén phan tir
nao khac.



T 1 hP oy =40

Trudng hop tht hai: trude khi hity X ta méc ndi cha ciia X v6i con duy nhat
cua no.

Teh 2y ¥=37

Truong hop cudi cing: ta khong thé hiy truc tiép do X ¢ du 2 con =
Ta s& hily gian tiép. Thay vi huly X, ta s& tim mot phan tir thé mang Y. Phan
tir ndy co6 t6i da mot con. Thong tin luwu tai Y s& duge chuyén 1én luu tai X.
Sau d6, nut bi hily that sy s& 12 'Y giéng nhu 2 truong hop dau.
Van dé 1a phai chon Y sao cho khi luu Y vao vi tri ctia X, cdy van la
CNPTK.
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C6 2 phan tir thoa mén yéu cau:
Phan tir nho nhét (trai nhat) trén cdy con phai.

Phén tir 16n nht (phai nhét) trén ciy con trai.

Viéc chon Iya phan tir ndo 1 phan tir thé mang hoan toan phu thudc
vao ¥ thich ctia ngudi 1ap trinh. O day, chang toi s& chon phan tir (phai nhat
trén cy con trai lam phan tir thé mang.

VD:
Can huty phan tir 18.

Tih 3 h7y ¥=18

2.5. DANH GIA

Tét ca céc thao tac Tim kiém, Thém méi, X6a trén CNPTK déu c6 do
phtic tap trung binh O(h), véi h 1a chiéu cao cia cay

Trong trong trudng hop tot nhat, CNPTK c6 n niit s& ¢6 do cao h =
log2(n). Chi phi tim kiém khi d6 s& twong duong tim kiém nhi phén trén
mang co thir tu.

Tuy nhién, trong trudng hop x4u nhat, cy c6 thé bi suy bién thanh 1
DSLK. Luc d6 cac thao tac trén s& co do phire tap O(n). Vi vy can co cai
tién ciu tric cia CNPTK dé dat dugc chi phi cho céc thao tac 1a log2(n).
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