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LOI GIOI THIEU

Gido trinh mén Céu truc dir liéu va giai thudt duoc bién soan dya theo
chuong trinh chi tiét hoc phan Cau trac dir liéu va giai thuét cua hé Cao dang
chuyén nganh Lap trinh may tinh va Thiét ké web thudc khoa Cong nghé Thong
tin.

Gido trinh cung cdp mét sb giai thudt sap xep, tim kiém trén danh sich va cac
thao tac trén cdy nhi phén, cdy nhi phén tim kiém. Qua dé gitp HS-SV blet cach
chon lya céu trac dir lidu phu hop cling nhu cach lya chon giai thuat va tdi wu giai
thuét cho cac bai toan thuc té.

Gido trinh 1a tai liéu giang day va hoc tdp chinh thic cho HS-SV khoa Coéng
nghé Thong tin truong CB Ly Ty Trong TP. HCM.

Thanh ph6 H6 Chi Minh, ngay 01 thang 08 nam 2020

Giang vién bién soan: Nguyén Van Giang
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Chwong 1: MO PAU

Mbi bai toan thuc té déu bao gém nhiéu dbi twong dif lidu va cac yéu cau cin xur 1j
trén nhitng ddi tuong d6. Pé dung may tinh giai quyét cac bai toan thuc té mot cach hiéu
qué can chi ¥ dén hai vin dé 1a cAu trac dir liéu va gidi thuat.
I. CAU TRUC DU LIEU ( DATA STRUCTURE )

Céu tric dir liéu cua bai toan 1a cach thirc t6 chuc dir lidu sao cho phan anh dung thyc
té bai toan. CAu triic dir liéu 13 tdp hop cac bién va cac kiéu dir liéu duoc lién két voi

nhau.

Vi du: Trong bai toan quan ly sinh vién thi cich khai bdo cic bién biéu dién cac dir

liéu nhu ho tén, ngay sinh, diém,...1a cAu tric dit liéu cua bai toan.
Mot cdu tric dit liéu tot phai thoa man cac tiéu chuan sau:
. Phén éanh ding thyec té
Piy 14 tiéu chuin trong nhat, quyét dinh tinh ding dén cta toan bd bai toan

Vi du: Khi cén luu trir mé sinh vién ma chon bién kiéu sé nguyén thi s& gap truc tric
khi sir dung chuong trinh néu truong hop ma sinh vién c6 ky thu chir. O day ta ding
chudi ky tur thi hop Iy hon

. Phu hop véi cac thao tac xir ly trén dir liéu do

Vi du: Néu céc thao tac x6a phan tir trong danh sach hay chén phin tir vao mot danh
sach duoc thuc hién thuong xuyén thi ding danh sach lién két phu hop hon danh sach ké

(mang).
. Tiét kiém tai nguyén cia hé théng (thoi gian,bd nhé)

Tuy thude vao truong hop cu thé, ta quan tim dén thoi gian xir 1y hon hay viée tiét
kiém bd nhé hon ma ta chon cdu triic dir liéu phi hop vi hai yéu té nay thuong mau thuan

v&i nhau.
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Vi dy: Khi can sap xép dir liéu, néu ta ding cac bién tam thi s& tén bd nhé hon nhung
thoi gian xtr 1y lai nhanh hon.
IL. GIAI THUAT ( ALGORITHMS )

Giai thudt 1a trinh tu céc thao tac xur ly dit liéu dé giai quyét bai toan.

Céch biéu dién giai thudt, cach tinh d6 phirc tap cua giai thuat d dugc trinh bay trong
gido trinh moén Toan ting dung cho tin hoc.
I11. MOI QUAN HE GIUA CAU TRUC DU LIEU VA GIAI THUAT

Theo Niklaus Wirth , mdt nha khoa hoc méy tinh néi tiéng va 13 tac gia ciia ngdn ngir

lap trinh Pascal:

Data structures + Algorithms = Programs

Céu trac dir liéu va giai thudt c6 mdi quan hé chit ché véi nhau. Giai thuit phan anh
céc phép xir 1y, con ddi tugng xir Iy cia giai thut lai chinh la dir liéu. Pé xac dinh dugc
giai thuat phil hop can phai biét n6 tac dong dén nhiing loai dir li¢u nao va khi chon lya

mdt cau tric dit liéu ciing can phai hiéu rd nhitng thao tic nao s& duoc tac dong 1én no.

Vi du: Viét chuong trinh nhdp vao mot sé tw nhién N (t6i da 9 chir s6). Hiy xuit N
theo chidu dao nguoc. (ching han néu INPUT la 1443493 thi OUTPUT la 3943441).

Bai toan nay chi yéu cau, nhip N va xuit N theo chidu dio nguoc. Ta c6 thé giai bai
toan nay theo hai cach sau day:

Giai thuat 1: Néu dir liéu ciia N duge t6 chire theo bién kiéu unsigned long thi doan
xtr 1y chinh dugc viét nhu sau:

while (n!=0)

{

cout <<n%10;

n=n/10;
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Giai thuat 2: Néu dir liéu cua N dugce t6 chirc theo bién kiéu chudi. Thi ta c6 thé su

dung ngay ham strrev (ham dio nguoc chudi cia C).

RG rang giai thuat 2 thuan loi hon so véi giai thuat 1. Tuy nhién néu yéu cau ctia
bai toan thay ddi - ching han can tinh téng cac chir sé ciia s6 N thi giai thuat 1 lai to ra c6

uru thé hon so v&i giai thuat 2.
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Chuwong 2: TIM KIEM VA SAP XEP
2.1. TIM KIEM (SEARCHING)

Tim kiém thong tin 1a mot cong viée rat thuong gip trong thuc té va ciing 1a trong
nhitng tng dung quan trong trong may tinh. Chang han ta dua vao tén clia mot nguoi va
yéu cau may tinh dua ra danh sach cac s6 dién thoai tuong ng. Hoic ta dua vao ho tén
hay ma s6 cua mot ngudi trong co quan va yéu ciu may tinh trich ra cac thong tin ca

nhén lién quan dén nguoi do.

Trong bai nay, ching ta s€ tim hi€éu modt s giai thudt tim kiém dir liéu co ban va

thuong duoc sir dung. Cac giai thuat tim kiém dit liéu duoc chia thanh hai nhém:

- Tim kiém néi (Internal Searching): Khi s6 lugng cac dit liéu duge tim kiém nho va co

thé chira & bd nhé trong cua may tinh (RAM).

- Tim kiém ngoai (External Searching): Khi ) lugng dir li€u duoc tim kiém 16, phai

luu & bo nhé ngodai (disk/tape).

Tuy nhién trong chwong nay, chiing ta chi ban dén cac giai thuat tim kiém noi.

2.1.1. Bai to4n tim kiém
INPUT:

Diy (a) gdm n phan tir ag,a,...,a.1.
x 1a gia tri cua phan tir cAn tim
OUTPUT:
k (0 <k <n-1) néu a, = x, k14 vi tri xuit hién ciia x trong diy (a)
- 1 néu trong diy khong c6 phan tir nao bang x

Dé don gian, trong chuong niy ta xét diy (a) gdm cac s6 nguyén, x cin tim ciing 14 sb

nguyén va ding mang dé biéu dién day (a).
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2.1.2. Tim tuyén tinh (Linear search)
2.1.2.1. Y twéng ciia giai thuat

Lén luot so sanh x v&i cac a[i] (i=0,1,2,...,n-1).
Néu c6 a[i] = x thi ding va tra vé i
Néu khong c6 a[i] nao bang x thi tra vé -1.

Vi du 1 : Cho day s6 (a)

i 0 1 2 3 4 3 6 7(n-1)

afi] 12 2 8 5 1 6 8 15

Néu x=8 thi két qua tra vé 1a 2

Néu x=7 thi két qua tra vé 1a -1
Luwu y : Giai thuat tim tuyén tinh ludn tra vé vi tri xuat hién dau tin cua x trong day s6.
2.1.2.2. Cai dat

int linearSearch (int a[], int n, int x)
{
int 1 = 0;
while ((i<n) && (a[i]!=x))
i++;
if ( i==n)return -1;
return i; }

2.2.2.3. Thuét ton cai tién

Néu dit thém phz“m tr cAm canh (sentinel) & cudi mang (cho a[n]=x) thi trong mang
luon c6 phan tir bang x nén vong lap while luén két thiic ma khong can kiém tra diéu kién

i<n.

int LinearSearch (int a[], int n, int x)
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int 1 = 0;al[n]=x;

while (al[i]!=x)
i++;

if( i==n)return -1;

return 1i;

}
Péanh gia giai thuat:

Truong hop S4 1an so sanh Ghi chu
Tét nhét 1 Phan tir dau tién c6 gia tri x
Xau nhat n+1 Khong c6 x trong mang
Trung binh (n+1)/2 Gia str x4c sudt cac phan tir trong mang
nhan gia tri x 1a nhu nhau.

Do phiic tap cua giai thuat 1a :T(n)= O(n)

2.3. Tim nhi phin (Binary search)
2.3.1. Y twéng ciia giai thuét

Trong trudng hop day (a) d dugce sép thir tu ting dan thi ta ¢6 thé tim nhanh phén tir c6
khéa x bang phuong phap tim nhi phan nhu sau, giéng nhu cach tra tir trong tir dién:

Gia sir dy tim kiém hién thoi 1a : a[l], a[l+1],...,a[r] (1<)
Goi m=(l+r)/2 va so sanh a[m] vdi x :

Néu a[m]<x thi x chi c6 thé xut hién ¢ bén phai a[m], pham vi tim kiém duoc thu

hep tir a[m+1],...,a[r] . Thuc hién lai giai thuat véi l=m+1

Néu a[m]>x thi x chi ¢6 thé xuat hién & bén trai a[m], pham vi tim kiém duoc thu

hep tir a[l],...,a[m-1] . Thyc hién lai giai thuat vdi r=m-1

Giai thuat ding khi I> r va tra vé -1
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Vi du 2: Cho day s6 (a)

i 0 1 2 3 4 5 6 7(n-1)

ali] 2 3 5 7 8 8 10 15

Néu can tim x=10 :
e 1=0,r=7"m=3,a[3]=7<x
e |[=4,r=7m=5,a[5]=8<x
* 1=6,1="7:m=6,a[6] =10 =x (tim thdy). Giai thuat dimg va tra vé 6.
Néu can tim x=6 :
e 1=0,r=7_m=3,a[3]=7>x
e |=0,r=2:m=1,a[l]=3<x.
o [=2,r=2:m=2,a[2]=5<x.
e 1=3,r=2:giai thuat dimg vi 1 > rva tra vé -1
2.3.2. Cai dat:
int binarySearch(int a[],int n,int x)
{
int 1=0,r=n-1,m;

do
{

m=(l+r)/2;
if (x==a[m])return m;
else

if (x<a[m]) r=m-1;

else l=m+1l;
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}
while (1l<=r);
return -1;

}
banh gia gidi thuat:

Truong hop | S6 lan so sanh Ghi cha

Tét nhét 1 Phén tir gifra ciia mang co gid trj x

Xau nhit log:n Khéng c6 x trong mang

Trung binh | logon/2 Gia sir xdc sudt cac phan tir trong mang nhén gia
tri x 1a nhu nhau

D6 phuec tap cua giai thuat 1a :T(n)= O(log,n)
2.2. SAP XEP (SORTING)

Sép xép cling la mdt cong viéc thuong gip, ching han nhu sip xép theo thir tur
alphabet c6t ho tén trong danh sach 16p hodc trong danh ba dién thoai, ....Phan 1&n, muc

dich cua bai toan sap xép thuong 1a dé trg gitp phép tim kiém duoc nhanh chéng.

Trong bai nay, ching ta s& tim hiéu mot sé giai thuat sip xép co ban va thuong dugc

sir dung. Céc giai thuét sip xép duogc chia thanh hai nhém:

- Sép xép noi (Internal Sorting): Khi sb lugng cac dir liéu duoc sip xép nho va co thé

chira & by nh¢ trong ctia may tinh (RAM).

- Sép xép ngoai (External Sorting): Khi sb lugng dit liéu duoc sip xép 16n, phai luu &

bd nhé ngoai (disk/tape).

Tuy nhién trong chuong nay, chiing ta chi ban dén cac giai thuat sip xép néi.
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2.2.1. Bai toan siap xép

Cac dbi tuong can dugc sép xép 1a cac méu tin gém mot hodc nhiéu treong. Mot trong
céc truong duogc goi 1a khoa (key), kiéu ciia n6 1a mot kiéu c6 quan hé thi tw (nhu cac
kiéu sb nguyén, sb thue, chudi ky tu...). Muc dich cua viéc sfip xép 1a t6 chirc lai cac méu

tin sao cho cac khoa ciia ching dwoc sép thir ty ting dan hay giam dan.

Trong phan nay ching ta gia sir can sip xép ddy (a) gdm n sb nguyén theo thir ty ting

dan. Bé don gian, ta s& dung mang dé biéu dién diy (a).

2.2.2. Phwong phap déi chd true tiép (Interchange Sort)
2.2.2.1. Vi du minh hoa

Vidu 1: S3p x€p day s6 sau theo th( tu tang dan.

Budc | a[0] | a[1] | a[2] | a[3] a[5] | a[6] | a[7]
(D) 8 10
8 10
®) 10
12 10
10
10
10
10
10
10
10
10
10
10
(0)
KQ 1 12

Néu bé qua céc thao tac trung gian trong mdi budc ta s& dwoc két qua & timg budc

—
N

AN [ BB (W W W === O O
e el e e e il G i

NNNNNNNNNNN@@@~®

o) b0

&hh-&bb#h@e@

mmmmm@@@—-—@m@mmm
SIS

sl BF O BF P B

ooooj—-@oo@oxa\oxmoxo\oxoxox
[S) RIS

— R\ A | ()| [ B[S |B [ (s
ow)

nhu sau:

Budce | a[0] | a[l] | a[2] | a[3] | a[4] | a[5] | a[6] | a[7
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0 @12 [8 |5 |1 |6 |4 |10
1 1 @8 s [2 [6 [4 [0
2 2 @18 |5 |6 |4 |10
3 4 |@2) |8 |6 |5 |10
4 5 (@18 |6 |10
5 6 /s [0
6 g |1 |10
kQ |1 [2 14 |5 |6 |8 |10 |12

. Phuong phép nay duogc goi 1a phuong phéap dbi chd truc tiép, vi & bude i ta dbi chd
truc tiép a[i] véi 1an luot timg phan tir trong day hién thoi néu phin tir nay nho hon no.
2.2.2.2. Y twéng caa giai thuat
Giai thuat gdbm n-1 bude (tir bude i= 0 dén budc i= n-2).

O budce 0, ta phai sép xép sao cho a[0] s¢ la ph?m tir nho nhat day a[0],...,a[n-1].

O budce 1, ta phai sép xép sao cho a[1] s¢ la phén ttr nho nhét day a[1],...,a[n-1]

Téng quat:

O budc i, ta phai sip xép sao cho a[i] s& 1a phan tir nho nhét day a[i],...,a[n-1], bing
céch : so sanh a[i] véi céc a[j] (i<j<n-1), néu thay a[i]>a[j] thi héan vi a[i] véi a[j].

2.2.2.3. Cai dat

void interchangeSort(int a[], int n)
{
int i,73;
for (i=0; i<n-1;i++)
for (J=i+lyj<n. ;3++)
if (alil>al3jl)
swap (alil,al]]);

}
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Trong d6 ham swap() 1a ham hoan vi 2 s6 trong thu vién <iostream>
Panh gia giai thuat:

Sb lugng cac phép so sanh khéng phy thudc véao tinh trang cua diy sb ban diu, o

budc i luén phai so sanh (n—i-1) lan .

S 1A ’nh='rj Ca :n(n- 1)
0 lan so sa %‘(n i-1) i
S6 lrong phép hoan vi lai thude vio két qua so sanh:

- Trudng hop t6t nhat (day co thi ty ding) khéng can hoan vi.

- Trudng hop xau nhit (dy c6 thir tw ngugc) mdi lan so sanh 1a mot 1an hoan vi.

Truong hop S6 lan so sanh | S6 lan hodn vi
Tt nhat n(n-1)/2 0
X4u nhét n(n-1)/2 n(n-1)/2

Do phic tap cua giai thuat 13 : O(n?)

2.2.3. Phwong phap sip xép bing cach phian hoach (Quick Sort)
2.2.3.1. Y twéng ciia giai thuat

Gia sir ta can sip ting dan day a[l],....a[r]
Budc 1: Chon x=a[(1+1)/2] lam mébc, i=l, j=r
Buge 2:
Trong khi a[i]<x thi tdng i 1én 1 don vi
Trong khi a[j]>x thi giam j xuéng 1 don vi
Néu i<=j thi hoan vi a[i], a[j] roi tang i, giam j
Néu i<=j thi quay lai budc 2, nguoc lai qua budce 3

Budce 3:
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Néu 1<j (day a[l],...,a[j] co tur 2 phﬁn tir tro 1én ) thi thyc hién lai giai thuat voi r=j
Néu i<r (day a[i],...,a[r] co tr 2 phﬁn tir trd 1€n ) thi thuce hién lai giai thudt voi 1=i

2.2.3.2. Vi du minh hoa

Vi du 5: Sép xép diy s6: 2,9, 5,4, 7, 6, 8 theo thir tu ting dan.

0 1 2 3 4 5 6
1=0, r=6, x=4 i i j j i J
2 9 5 @) 7 6 8
i i j i i
2 “@) 5 9 7 6 8
=0, r=1, x=2 ij ij
2) 4
=2, r=6, x=7 i i ] ]
5 9 (7 6 8
] 1j i
5 6 (7 9 8
=2, r=3, x=5 j i i]
3 6
=5, r=6, x=9 i ]
) 8
] i
8 )
Két qua 2 4 5 6 7 8 9

2.2.3.3. Cai dat

void quickSort(int a[],int 1,int r)
{

int i,j,int x;
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x=al[ (1+r)/2];
i=1;3=xr;
do
{
while (a[il<x) 1i++;
while (al[jl>x) j--;
if (i<=3)
{
swap(alil,aljl)

i++;

}while (i<j);
if (1<3j) quickSort(a,l,j):
if (i<r) quickSort(a,i,r):;
}
Danh gia gidi thuat:
Trong truong hop trung binh d§ phuc tap twong duong vai O(nlogn)
BAI TAP
1. Cho day sb : £ 5 H 2 1 1 7 15

Hiy tinh s6 lan so sanh dé tim ra s6 x=1 trong ddy so trén bang cac phuong phap tim

kiém tuyén tinh (c6 dung phan tir cAm canh) & tim kiém nhj phan.
Cho biét két qua sau khi tim kiém theo hai phuong phap trén.
2. Viét ham tim tat ca vi tri xut hién cta sd x trong mot day $6.

3. Viét chuong trinh cho phép thuc hién lan luot cac cong viée sau:
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- Nhap mot day sb
- Sép xép day sb da nhap theo thi tu ting dan

- Nhap mot s0 x va kiém tra x c6 trong day so hay khong, néu co thi xuat tat ca cac so

bang x trong diy s6, nguoc lai chén x vao diy s dé duoc day co6 thir tu ting dan.

4. Minh hoa timg budc cach sip xép day sb : 5, 15, 12, 2, 10, 12, 7, 0, 7 bang céac
phuong phap da hoc.

5. Viét chuong trinh tao mdt menu cho phép ngudi dung chon lya dé thuc hién thao sép

xép day s tang dan hodc giam din bang mot trong cac phuong phép da hoc.

6. M6 rong bai tap 4, cho phép hién thi trén man hinh két qua cta day s6 sau timg budc

sap xep .

7. Gia st trong mot cong ty, ho so moi nhan vién dugc Iuu vai cac thong tin sau: ma so

nhan vién, ho tén, luong, s6 dién thoai. Hay viét chuong trinh hoan dé:
a. Nhap danh sach thong tin ciia cac nhan vién.
b. Xuét danh sach nhan vién va cac thong tin ra man hinh theo dang bang.
¢. Tim mot nhan vién ¢6 ma sé cho trude.
d. Sép xép danh sach nhan vién ting dan theo luong

Sép xép danh sach nhén vién giam dan theo luong, néu ciing luong thi ting theo ho

o

tén.
8. Viét chuong trinh thuc hién cac cong viée sau :
a. Nhip vao mot ma tran cAp m x n gdm cac s nguyén
b. Sip xép cac phan tir trén mdi dong theo thir ty tang dan.

c. Sap xép cac phan tir ctia ma trén theo tr tu ting dan tir trai qua phai va tir trén xuéng

dudi
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9. Viét ham tron 2 mang sd nguyén c6 thir ty ting (g0m m va n phan tir) thanh mot mang

c6 thu tu tang

Chuwong 3: CAY (TREE)
3.1. CAU TRUC CAY
3.1.1. Pinh nghia

Cay 1a mot tap hop T (c6 thé bang rng) cac phan tir goi 1a node, trong d6 c6 mét node
dac biét duoc goi la géc, cac node con lai dugc chia thanh nhitng tap roi nhau Ty, T, ...,

T. theo quan hé phan cép, trong d6 T; ciing 1a mot cay.

Vi du sau day hinh anh ctia mot cay gém 9 node, mdi node chira mot ky tu:

Node A goi 1a node gdc cua cay.
Céc node B,C 1a node gbc cua cac ciy con ciia A.

Node A 1a cha cua cic node B,C va B,C la cac node con cua A.

3.1.2. Mt s6 khai niém co ban

3.1.2.1. Béc (degree) ctia mt node

La sb cdy con cuia node do.
Vi du trong cay trén bac ciia node A 1a 2, bac cua node B la 3, bac ciia node C 1a 1
3.1.2.2.Béc cia mot cay

La bac 16n nhat cta cac node trong cdy. Cdy c6 bac n thi goi 1 cdy n-phén.

Vi du cay trén c6 béc 1a 3, vi bac cua node B 14 3 1a bac 16n nhét trong cay

Gidng vién bién soan: Nguyén Van Giang Page 17



Khoa Cong Ngh¢ Théng Tin- Truomg Cao Ping Ly Tu Trong TP. HCM

3.1.2.3. Node la (leaf)

La node c6 bac bang 0.
ViduD,E, F, H, I la cic node 14 cta cay trén
3.1.2.1.. Node nhanh hay node trung gian (interior)

La node c6 bac khc 0 va khong phai 1a node gbc .
Vidu B, C, G la cac node nhnh cua cay trén
3.1.2.5. Miic (level) ciia mt node

Muc (level) cua node géc la0

Miic ciia node khac gdc bang mirc ciia node gdc cta cdy con chira né cong 1.
Vi du trong cay trén:

- Node A 1a gbc nén c6 mtc 1a 0

-Cacnode BvaCcoémuclal

-Cacnode D, E, F, G co muc 1a 2

- Cacnode H val cé muc 1a 3
3.1.2.6. Chiéu cao ciia mdt cay (height)

La s6 mirc 16n nhét cta node c6 trén ciy d6 cong thém 1
Vidu cay trén c6 chiéu cao 1a 4.
3.1.2.7. Node truéc (ancestor), node sau (descendant)

Node A goi 1a node trude ciia node B néu cdy con c6 gdc 1a A chira node B. Va lac do,

node B dugc goi 1a node sau ctia node A.

Vi du trong cdy trén node C 1a node trugc cua cac node H va I. H va I 1a cac node

sau cua node C.
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3.1.2.8. Node cha (parent), node con (child)

Néu A 14 node trudc ciia node B, va mic ciia node B bang mic ciia node A
cong vai 1, thi node A dugc goi 1a node cha cuia node B, va node B dugc goi 1a

node con cta node A.

Vi du trong cay trén B va C la cac node con cta node A. C la node cha ctua G, va

G 1a node con cta C.
3.1.2.9. Chiéu dai dwong di tir goc dén node x (path length)

Bing s6 nhanh tir node gdc dén node x, nghia la bang mirc cua node x.
Vidu trong céy trén duong di tir A dén G 1a 2, duong di tir A dén H 1 3.
3.1.2.10. Chiéu dai dwong di trong (internal path length) ciia ciy

Chiéu dai duong di trong, ky hiéu P’, 1a tong chiéu dai duong di cua tit ca cic node
trong cdy. Goi d; 1a chiéu dai duong di ciia node thir i, v&i ciy c6 n node thi chiéu dai
duodng di trong cua cay dugc tinh theo cong thirc sau:

P! :Zd,

i=l

Chiéu dai duong di trong trung binh cia cay, goi la P, , 1a chiéu dai duong di trong

clia cdy chia cho tong sb node trong cdy, va dugc tinh theo cong thirc:

n

Zd,.
Py =5 —

Vi du cdy trén c6 chiéu dai duong di trong la: 1x0 + (2x1) + (4x2) + (2x3) = 16
Chiéu dai duong di trong trung binh 1a: 16/9 ~ 1.8

3.1.2.11. Chiéu dai dwong di ngdi (external path length) ciia ciy
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Chiéu dai duong di ngoai cta cay, ky hidu P, 1a tong chidu dai cua tat ca cac node
dac biét trong cay. Node dac biét la
nhiing node gid dugc thém vao cay sao
cho bic cua tat ca cac node béng vO1 bac
cua cdy. Hinh bén minh hoa viéc mo
rong cdy voOi cac node dac biét hinh
vuodng tir cdy ban dau. Ciy sau khi m&

rong van c6 bac 1a 3, mdi node gom c6 3

node con. Chidu dai duong di ngoai
duoc tinh theo cong thirc dudi day. Trong do, d'; 1a chidu dai duong di cta node dic biét

thu i

m

BE =) 4

i=

Chiéu dai duong di ngoai trung binh cia cay, goi la P, 1a chiéu dai duong di ngoai

ctia cdy chia cho tong s6 node dic biét m, va dugc tinh theo cong thirc:

m

Z(I'i
P‘l —_id
m

Vi du cay trén co:

- Chiéu dai duong di ngoai cua cay:(1x1) + (2x2) + (10x3) + (6x4) = 59

- Chiéu dai duong di ngoai trung binh cua cay: 59/19 ~ 3.1

Luru y: Ta c6 thé tinh nhanh sé node dic biét cua ciy biang cong thirc sau:
m =(k-1)Xn+1

Véin 1a sb node cua cay, m la s6 node dic biét, k 1a bac cua cay.

Chtng minh:

Céay mo rong co :
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n+m - 1 canh vi mdi node c6 diing mdt canh di dén né trir node goc

k x n canh vi c6 ding k canh tir moi node di ra, khong c6 canh nao di ra tir node dac

biét
VaytacOo:ntm-I1=kxn=m=(k-1)xXn+l

Vi du cy trén la cay cé bac k=3, tong sb node cia cay 1a n=9, do d6 sb node dic biét m

can thém vao dé mo rong cay sé la:
m =(3-1)x9+1 =19

3.1.3. Cay nhi phan (Binary Tree)
3.1.3.1. Dinh nghia

Cay nhi phén 1a cdy ma mdi node c6 t6i da 2 ciy con

Cay nhi phén c6 thé Gmg dung trong nhiéu bai toan thong dung..Vi du ciy nhi phan

dudi day cho ta hinh anh cia mét biéu thirc toan hoc:

/
©
IR

3.1.3.2. Cich chuyén tir cdy bét ky vé cAy nhi phan

Trong thyc té ta thuong gip cac cau trac ¢6 dang cdy nhi phan. Mot ciy tong quat co

thé biéu dién thong qua cay nhi phan theo quy udc:
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- Céc node c6 cung node cha, tuc 1a node anh em, s€ cung nam trén cung mt duong

ngang.
- Cac node con ¢ duong phia dudi

Vi du cdy tam phén ¢ trén dugc mo ta lai theo dang cay nhi phan ¢ hinh dudi day, ma

trong d6 mdi node c6 tdi da 2 ving lién két dén cac node con.

&) © 9
@
B H® © o
NG
(D) .
©
0

3.1.3.3. Biéu dién cay nhi phan

Mbi node trong cdy nhi phan, ngoai ving dir liéu thuc sy, con ¢ 2 ving lién két: mot
dé lién két dén node con (hay cay con) bén trai (left), va mot dé lién két dén node con

(hay cay con) bén phai (right).

M5t cdy nhi phén 1a tap cac node véi cac lién két trai va phai. Node 14 1a node c6 lién

két trai va lién két phai bang NULL.

Mbi cy nhi phan c6 mot node gdc goi la root. Bé tro dén vi tri node gbc nay trong b

nhg, ta dung mét con tro c6 cung kiéu vdi kiéu cua node, va dit tén 1a root.
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| left | data Iright‘

nod
e

NEENENEER
= = — ——

Dé don gian, ta khai béo céu tric dit liéu nhu sau:

typedef struct node
{
int data; //Viung chtla di liéu
node* left; //Trd sang node con bén trai
node* right; //Tré sang node con bén phai
}:
typedef node* tree;
Trong chuong trinh hay mot ham, dé khai bao mdt bién con tro c6 tén root dé tro vao

goc cla cdy, ta viét khai bao nhu sau:

tree root;

3.2. CAY NHI PHAN TiM KIEM (BINARY SEARCH TREE)
3.2.1. Dinh nghia

Cay nhi phan tim kiém, goi tit 14 cdy BST 14 cdy nhi phan ma trong dé tai mdi node,
gia tri cua node 16n hon gia tri ciia cac node cua cdy con bén trai, nho hon gia tri ctua cac

node cta cay con bén phai.

Khi duyét cay BST theo phép duyét LNR, ta s€ dugc day cac gia tri ¢d thir ty tdng

dan.
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Xét mot vi du cdy nhi phan tim kiém sau voi gia tri cdc node 1a cac sb nguyén tir 1 dén

17 a

oeeo e
@ & W

Néu ding phép duyét LNR, ta s& dugc diy co thir tu:

1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17
3.2.2. Mt s6 thao tic trén cy nhi phan tim kiém

3.2.2.1. Thém mdt nut vao cay

Ham InsertTree(root,x) cho phép chn mét node ¢6 khoa x vao cdy co gbc root va tra
vé gia tri —1 khi khong di bd nhd, gid tri 0 khi sb x da co6 trong cay, gi tri 1 khi thao tac
chén thanh cong.

int insertTree(tree &root,int x)

{

if (root!=NULL)
{
if (root->data==x) return O0;
if (root->data >x) return insertTree (root->left, x);

else return insertTree (root->right, x);
else

root=new node;

if (root==NULL) return -1;
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root->data=x;
root->1eft=NULL;
root->right=NULL;

return 1;

}
Vi du: Sau déy 1a mot vi du tao cay nhi phan tim kiém tir ddy s6 nguyén dung giai thuét

tim kiém va chén thém node vao cay. Day so nguyén cho trudc gém cac gia tri:

5,2,46,1,7,3
® @f® (5) (5) (5)
(2) 2 ®© (2 (®
O, O @O ®
chén 5 chén 2 chén 4 chen 6 chén 1l

® ®
oeoee eoee
&

chen7 chén 3

3.2.2.2. Tao cay

void createTree (tree &root)
{
int x;np
cout<<"Nhap n = ";
cin>>n;

for (int i=1;i<=n;i++)
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cin>>x;

insertTree (root, x);

}
3.2.2.3. Duyét cay

Duyét cay (traverse) 1a 1an luot di qua tit ca cac node trong cdy, mdi node chi duoc

duyét duy nhat mot 1an, tuy nhién mdi node c6 thé di qua nhiéu lan.

Thao tac duyét cay trén cdy nhi phan tim kiém noi riéng va cy nhi phan néi chung

hoan toan gidng nhau, gdm 6 phép duyét cdy nhi phan theo thir tu ctia node gde nhu sau:

i. PreOrder (node gbc trwéc): Node—Left-Right (NLR) va Node-Right—Left
(NRL).

ii. InOrder (node gbc giira): Left-Node-Right (LNR) va Right-Node—Left
(RNL).

iii. PostOrder (node géc sau): Left-Right-Node (LRN) va Right-Left-Node
(RLN).

Trong chuong trinh mén hoc nay ta xét 3 kiéu duyét chinh c6 thé ap dung trén cay nhi

phan: duyét theo thir tu trude (NLR), thir ty gitra (LNR) va thir tu sau (LRN).

Vi du: Két qua trong g v6i mdi phép duyét da néu trén cho cdy vi du ¢ muc 3 nhu sau:
NLR:ABDEGCFHI
INR:-DBGEACHFI
LRN:DGEBHIFCA

3.2.2.3.1. Duyét theo thir tu truéc (Node-Left-Right)
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Trong phép duyét NLR, ta bat dau duyét tir node goc, sau d6 duyét ciy con bén tréi,
rdi toi cdy con bén phai. D1 vai cac ciy con, ta ciing bit dAu duyét tir node gdc cua cay
con d6, sau d6 1a cic cdy con bén trai va bén phai. Tai mdi node dwoc duyét, ta s& xuat
gia tri ving data cua node do.

Vi cac thao tic duyét hoan toan gidng nhau vé mit ban chat, nén ta sé& cai dat ham

duyét traverseNLR() theo k¥ thuat dé qui nhu sau:

void traverseNLR (tree root) {
{ »
if (root!=NULL) @QQ

{
cout<<root->data<<”\t”;
traverseNLR (root->left) ;

traverseNLR (root->right) ;

}
3.2.2.3.2. Duyét theo thir tr giira (Left- Node-Right)

Trong phép duyét LNR, ta bit dau duyét tir ciy con bén trai, sau do t6i node gbc, va
cudi cung 1a cdy con bén phai. O mdi cy con, ta ciing thuc hién cac thao tac duyét mot
cach dé qui nhu vay.

Ham duyét dé qui traverseLNR() cho phép duy¢t InOrder dugc cai dat nhu sau:

void traverselNR(tree root)

{ Vi
if (root !=NULL) E> @

{
traverselNR (root->left);

cout<<root->data<<”\t”;

Gidng vién bién soan: Nguyén Van Giang Page 27



Khoa Céng Nghé Théng Tin- Trudong Cao Ding Ly Tu Trong TP. HCM

traverselNR (root->right) ;

}
3.2.2.3.3. Duyét theo thir tw sau (Left -Right- Node)

Trong phép duyét LRN, ta bat dau duyét tir cdy con bén trai, sau do tdi ciy con bén
phai, va cudi cing duyét node géc cua cdy con do. O mdi cy con, ta cling thuc hién cac
thao tac duyét mot cach dé qui nhu vay.

Tuwong tu nhu cac phép duyét & trén, ta xay dung ham traverseLRN() theo k¥ thuat dé

qui nhu sau:

void traverseLRN(tree root)

{ @

if (root!=NULL) K
| P

traverselLRN (root->left) ;
traverselLRN (root->right) ;

cout<<root->data<<”\t”;

}
3.2.2.4. Tim phén tir c6 khoa x

Ham tra vé dia chi cua phan tir c6 khoéa (gia tri) bing x:

node* searchTree(tree root,int x)
{
while (root!=NULL)
{
if (root->data==x) return root;

if (root->info>x) root=root->left;
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else root=root->right;

}

return NULL;
}
Nhian xét: S6 1an so sanh tdi da dé tim phan tir x 1a h, v6i h 14 chidu cao cua ciy. Nhu

viy thao tic tim kiém trén cdy BST c6 n node tong chi phi trung binh khoéng O(log,n) .
3.2.2.5. X6a phin tir ¢6 khéa x
3.2.2.5.1. Y twéng ciia giai thuat
Goi p la node c6 khoda x, ta c6 3 truong hop:
Truong hop 1: p la node la

Trudce khi huy p ta cho node cha cua p thay vi tré vao p thi troé vao NULL.

P =9 M%QQ

Trudng hop 2: p ¢6 duy nhit mot cdy con

Truéce khi huy p ta cho node cha cua p thay vi tré vao p thi tré vao node con cua p.

pl —> pl pl — Pl
P P
p2 p2 p2 p2

Trudng hop 3: p ¢ hai cay con

Ta sé& huy gidn tiép p bang cach tim phan tir thé mang q (c6 t6i da mgt ciy con). Dit
lidu luu tai q s& duge chuyén 1én luu tai p. Sau d6 s& huy q.
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Van d¢ 1a phai chon q sao cho sau khi hity cay van la cay BST. C6 2 node thoa man

yéu cau:
Node cuc trai trén cay con phai cua p.
Node cuc phai trén cdy con trai cua p.

Viéc chon lua phﬁn tir nao la phén tir thé mang hén toan phu thudc vao y thich cta

ngudi 1ap trinh. O day, chung ta s& chon node cyc phai cta cdy tri lam phéan tir thé mang.

q2

Vi du: Qua trinh lgai bo cac node theo thir tu: 7,5,1,4,2,3,6

root _, Loai bd 7 e Loal b6 5 Loal bo 1
(2 (©
ofiiolo ®/

Loai bo 4 Loai bd 2 Loai bd 3 Loai bo 6 root
— o ——> T —> @ — — L

6 (®)

3.2.2.5.2. Cai dat

Ham removeNode() tra vé 1 néu huy thanh cong va tra vé 0 néu khong tim thiy node

co khoa x.

int removeNode (tree &root,int x)
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if (root==NULL) return O;
if (root->data< x) return RemoveNode (root->right, x);
if (root->data> x) return RemoveNode (root->left, x);
node *p=root;
if (root->right==NULL) oot=root->left; //Trudng hop 1,2
else

if (root->left==NULL) root=root->right;//Trudng hop 2

else

searchStandFor (p, root->left); //Trudng hop 3

delete p;

return 1;

void searchStandFor (tree &p,tree &q)

if (g->right!=NULL)

SearchStandFor (p, g->right) ; //Tim node cuc phai cua

cdy con trai cua p

else //Tim thdy g 1la node cuc phai

p->data=g->data; //Ghi de d&r 1iéu cua g vao p
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pP=qg; //P&t lai p 1la node cuc phai dé& xbéa p
g=g->left; //Cho node cha cua g trdé vao node

con trai cua g

3.2.2.6. Xo0a toan bo cay

Viéc xda toan bd cay cod thé duoc thuc hién thong qua thao tac duyét cay theo thir tu

sau. Nghia 1a ta s& hily cdy con trai, ciy con phai rdi méi hiy node gbe.

void removeTree (tree &root)
if (root!=NULL)
removeTree (root->left);

removeTree (root->right) ;

delete root;

Gidng vién bién soan: Nguyén Van Giang Page 32



Khoa Cong Ngh¢ Thong Tin- Truong Cao Ping Ly Tw Trong TP. HCM

BAI TAP

1. Cho cay sau, hiy cho biét:

O Q@O W
OICANOIO

a. Cacnode 1a ?

b. Cac node nhanh ?

c. Node cha cua node G ?

d. Cac node con cua node C ?

e. Cac node anh em cua node B ?

f. Mtrc cua node D vanode L ?

g. Béc cua node B vanode D ?

h. Béc cua cay ?

i. Chiéu cao ctia ciy nay ?

j. Do di duong ditir A dén F vatir A dén G ?

k. Cac dudng di tir gc A c6 d6 dai 3 trén cdy nay ?
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2. Cho cay nhi phan sau. Hiy viét ddy cac node dugc thim khi duyét cay nay theo cac thir
tu: LNR, NLR, LRN

/ N

& 0
& & \®\
0

3. Cho mdt cay nhi phan T. Hoi ¢ mirc thir 100 cay T c6 téi da bao nhiéu niit ?

4. Cho cay nhi phan tim kiém gom 11 s nguyén, véi thir ty nhap cac nat duge cho nhu

sau: 14, 11, 9, 18, 16, 20, 30, 10, 17, 1, 15
a. Hay vé cay trén.

b. Hay duyét cdy trén theo cac thir tu Node- Left-Right, Left- Node-Right, Left- Right-
Node.

b. Hay v& cay sau khi huy node 14, 16, 11, 18

5. Cho céy nhi phan tim kiém gdm 11 sé nguyén, véi thir tw nhap cac nut dugc cho nhu
sau: 8, 3, 5, 2,20, 11, 30, 9,18, 4

a. Hay v€ cay trén.

b. Hay duyét cay trén theo cac thir ty Node- Left-Right, Left- Node-Right, Left- Right-
Node.

b. Hay v€ cay sau khi huy node 2, 5, 20, 8.
6. Cho cay nhi phan, hay viét cac ham:

a. Pém so nut 1a
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b. Bém s6 nit c6 ding 1 cdy con

c. Bém s6 nut c6 ding 2 ciy con

d. Pém s6 nit c6 khoa nho hon x

e. Pém s6 nut c6 khoa nho hon x va 1én hon y

f. Tinh chiu cao cta céy

g. In ra tAt ca cac niit & muc thir k cia cdy

h. Tinh chiéu dai dudng di trong cia cay

k. Tinh chiéu dai duong di ngoai cta ciy

7. Viét cac ham :

a. Poc cac gia tri tir danh sach lién két don va luu vao mot cay nhi phan tim kiém
b. Duyét cdy nhi phéan tim kiém theo thtr tw NLR va luu vao mot danh sach lién két don
8. Viét chuong trinh nhap va xuit mot cdy nhi phan c6 cac node chira ky tu.

9. Viét ham kiém tra xem hai cdy nhi phan c6 giéng nhau vé hinh dang khéng.
10. Hay viét chuong trinh dung ciu tric cdy nhi phan cho phép:

a. Luu gia pha ciia mot dong ho. Thong tin mdi thanh vién gdm ho tén, nim sinh,

vo/chong, con rudt, con dau/ré (néu co).

b. Tim mdt ngudi theo ho tén xem co trong gia pha hay khong. Néu co thi in tit ca cac

thong tin vé cha, me, anh, chi, em, vg chong ctia nguoi nay.
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