LOTNOI DPAU

Gido trinh nay sé& trinh bay céc cu trac dit liéu co ban va thuat giai. Cac kién thirc vé cdu trac dir
liéu va thuat giai dong vai trd quan trong trong viéc dao tao cir nhan toan — tin hoc, cong ngh¢
thong tin. Sach nay duogc hinh thanh trén co s& cac bai giang vé ciu trac dir lidu va thuat giai ma
tac gia da giang day nhiéu nam tai khoa Toan — Tin hoc Pai hoc Khoa Hoc Tu Nhién, Pai hoc
Quéc Gia thanh phd HO Chi Minh va khoa Céng Nghé Thong Tin cac trudng ban. Gia trinh
duogc viét chu yéu dé l1am tai liéu tham khao cho sinh vién cac nganh Toan — Tin hoc va Cong
nghé Thong tin, nhung né ciing rat bd ich cho cac doc gia khac can co hiéu biét day di hon vé
cau trac dir liéu va thuat giai.

Tac gia mo ta va cai dat cac cau trac dir liéu va thuat giai trong ngén ngtr C, vi C la ngdn ngir co
ban giang day trong truong dai hoc, duoc nhiéu ngudi biét dén va 13 ngdn ngir duogc sir dung
nhiéu dé trinh bay thuat toan trong cac tai liéu khac nhau. Hinh anh va cac doan ma c6 thé 14y tir
http://www.math.hcmus.edu.vn/~ptbao/DataStructure/Book/

Noi dung gi4o trinh céu trac dit liéu va thuat giai dugc t6 chirc gdm 04 chuong:
e Chuong 1: Toéng quan
0 Khai ni¢m thuat giai
O Phan tich thuat giai
0 Truru tugng hoa dir licu

e Chuong 2: Tim kiém va sip xép
0 Timkiém
0 Sap xep

e Chuong 3: Danh séach lién két
0 Cau trac mang
Danh sach lién két
Danh sach lién két don va nhimng thao tac co ban
Danh sach lién két doi va nhiing thao tac co ban
Ngan xép
Hang doi
Ung dung mé rong caa danh sach lién két

O O0O0O00O0

e Chuong 4: Cay — Cay nhij phan tim kiém

o Cay tong quéat

0 Cay nhi phén

o Cay nhi phan tim kiém

o CayAVL
Mic du di rat cd ging nhiéu trong qué trinh bién soan gido trinh, song khong khoi con nhiéu
thiéu s6t va han ché. Rat mong nhan dugc sy dong gop y kién quy bau cua quy thay cd, cac ban
sinh vién va cac ban doc dé gido trinh ngay mot hoan thién hon.

Tac gia
Pham Thé Bao.

Trangi



CHUONG 1: TONG QUAN

I. Khai niém thuat giai

Il.  Phan tich thuat giai

Bang 1.1 Phén loai d phuc tap.

0(1) Hang

Olog, N logarit

OWN)

0(VYN)

Can thac

O(VN)

O(N) Tuyén tinh

O(N?) Binh phuong

O(N?3) Bac ba Pa thirc
O(N™) Pa thuc

O(cMvsic>1 Mi

O(ND Giai thira
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III.

I
—o0o)
Do phire ta ON)
7P P O(lag,(N))
B ——— O{N"log,(N))
—_— O(NZ}
oY
— T

Triru twong hoéa dir liéu

Hinh 1.1: D6 thi biéu dién do phuc tap cua thuat toan theo N.
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CHUONG 2:  TIM KIEM VA SAP XEP

I. TimKkiém

Il. Sap xép 7 ,
i.  Thuat todn Interchange Sort (doi chd truc tiep)

Thuét toan
Thuit toan InterchangeSort(A,n)
Input: Mang A c6 n phan tir
Output: Mang A duogc sap xép
for(i « 0 to n-2) do
for(j « i+1 ton-1) do
if(A[iI]>A[j]) then A[i] <> Aj]
return;
e Vidu )
Choddyso 12 2 8 5 1 6 4 15
Buéc 1:
i=1 i=2

@e@eéeoa

Budc 2:

oéeéoooe

=4
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Va cac budc tiép theo cho dén budc tha n-1.

ii.  Thuat toan Bubble Sort (ndi bot)
Thuét toan

Thuat toan BubbleSort(A,n) // nhe ndi 1én

Input: Mang A c6 n phan tir
Output: Mang A duoc sip xép
for(i «— 0 to n-2) do
for(j « n-1to i+1) do
if(A[j-1] > A[j]) then A[-1] & A[j]

return;

Thuat toan BubbleSort1(A,n) // nang chim xubng
Input: Mang A ¢6 n phan tir
Output: Mang A dugc sip xép
for(i <~ n-1to 1) do
for(j « Otoi-1) do
if(A[j] > A[j+1]) then A[j] & A[j+1]

return;

Thuat todn BubbleSort2(A,n) // két hop vira ning va nhe
Input: Mang A c6 n phan tu
Output: Mang A dugc sip xép
up < 0; down « n-1;
while (up < down) do
for (j « up to down-1) do
if(A[j] > A[j+1]) then A[j] © A[j+1]
down « down -1,
for(j « down to up+1) do
if(A[j-1] > A[j]) then A[j-1] <> A[j]
up <~ up + 1,

return;
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Chodaysé 12 2 8 5 1 6 4 15
Budc 1:

,0.00609

@@05@09@

?@ﬁﬁ@@@@

®5§oeoe®

53@0000@

Budc 2:
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iii.  Shaker Sort
Thuat toan

j=6

Va cac budc tiép theo cho dén budc thir n-1.

Thuat toan ShakerSort(A,n)
Input: Mang A ¢6 n phan tir
Output: Mang A dugc sap xép
up < 0; down < n-1;hv « 0;
while (up < down) do
for (j « up to down-1) do
if(A[j] > A[j+1]) then
Alll & Al+1];
hv « j;
down « hv;
for(j «— down to up+1) do
if(A[j-1] > A[]j]) then

Alj-1] < A[j];
hv « j;
up < hv;
return;
e Vidu
Choddyss 12 2 8 5 1 6 15

Budc 1: nhe ndi sau d6 dén nang chim
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Budc 2: thay vi bat dau tai vi tri ¢ gia tri 12 12 (vi tri r = 7) thi ching ta s&
bit dau tai vi tri r = 6 dé cho phan tir nhe ndi lén. Rdi sau d6 cho phan tir nang
chim xuédng.
Céc budc cir tiép tuc cho dén khi | = r thi dung.

iv.  Thuat toan Insertion Sort (chén truc tiép)

Thuét toan
Thuat toan InsertionSort(A,n)
Input: Méng A c6 n phan tir
Output: Mang A c6 thu tu
for(i < 1ton-1)do
X « A[i];
j <« i-1;
while (x < A[j] && j>0) do
A[j+1] <« Al
IR
Afj+1] « x;
return;
e Vidu
Choddysé 12 2 8 5 1 6 4 15
Budc 1:
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00000000

=2

Budc 2:

..3@00

=3

Budc 3:

00000000

=4

Va cac budc tiép theo cho dén n.

v.  Thuéat toan Binary Insertion Sort (chén nhi phan)
Thuét toan

Thuat toan BinarylnsertionSort(A,n)

Input: Mang A ¢6 n phan tir

Output: Mang A c6 thu tu

for(i « 1ton-1)do
X « A[i];
k < BinarySearchForPosition(A,i,x);
for(j «i to k+1) do

Alll « AlI-11;

A[K] « x;

return;

vi.  Thuét toan Shell Sort
Thuét toan

Thuat toan ShellSort(A,n)
Input: Mang A c¢6 n phan tir
Output: Mang A c6 thu tu
Chon h[0], h[1], ..., h[k-1] = 1;
for(i « 0to k-1)do
Phén hoach méang A thanh t ddy c¢6 chiéu dai h[i]
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for(j <« Otot-1)do
InsertionSort(day con da phan hoach);

return;

e Vidu )
Choddyso 12 2 8 5 1 6 4 15
Xét cac budc nhay h = {5, 3, 1}

Budc 1: phan hoach mang A thanh 03 diy con c6 budc nhay 5, sip xép timng
day con nay.

Day 3
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jsiH]
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00—
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00
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Budc 2: phan hoach mang A thanh 03 diy con c6 budc nhay 3, sip xép ting
ddy con nay.
Day 3

=
st
s

Day 1

O6-
O00-
00

00
00
O0-

00-
00-

Buoc 3: sap xép mang cé cacphantr:4 1 8 5 2 12 6 15 bang
chén truc tiép dé cé mang sap xép hoan toan.

vii.  Thuat toan Selection Sort (chon truc tiép)
Thuét toan

Thuat toan SelectionSort(A,n)

Input: Mang A ¢6 n phan tir

Output: Mang A c6 thu tu

for(i « 0ton-2)do
K<«
for( < i+1ton-1)do

if( A[K] > A[j] ) then k< j;

A[K] < Al[il;

return;
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e Vidu )
Chodayso 12 2 8 5 1 6 4
Budc 1: chon duoc 1 1a phan tir bé nhat, hoan doi 1 va 12.

000000006
00000000

Budc 2: chon duoc 2 14 phan tir bé nhat trong di lidu con lai.

L L JoJoXalolole

Budc 3: chon duoc 4 12 phan tir bé nhit trong dit liéu con lai, hoan d6i 4 va 8.

00000000
00000000

Céc budc tiép theo cho dén cudi chung ta duoc mang sap xép toan bo.

15

viii.  Thuat todn Heap Sort
Thuat toan

Thuét toan HeapSort(A,n)
Input: Mang A c6 n phan tir
Output: Mang A c6 thu tu
CreateHeap(A,n);
for(k <~ n-1to 1) do
A[0] & ALK];
InsertHeap(A,0,k-1);
return;

Thuat toan CreateHeap(A,n)
Input: Mang A c6 n phan tir
Output: Mang A 1a heap max
for(k < (n+1)/2-1to 0) do
InsertHeap(A,k,n-1);
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return;

Thuét toan InsertHeap(A,l,r)
Input: Mang A chta heap  Qefr41 Quefrsz - Arighe
Output: Mang A chtaheap et Qiefesr - Arighe
p < 2*left;
if(p > right) then return;
if(p < right) then
iIf(A[p] < A[p+1]) then p « p+1,;
if(A[left] < A[p])
Alleft] <> Alpl;
InsertHeap(A,p,right);

return;

e Vidu )
Chodayso 12 2 8 5 1 6 4 15
Giai doan 1: hiéu chinh day ban dau thanh heap max
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Lan truydn vige higuchih
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?@GOGGO

00000000

Giai doan 2: Sap xép day sé dua trén heap

é@@eoeoé

Pt lien cidi

He&uchhhlgi heap

000000006
é0000@¢®

Heéuchh lgi heap
e,

O0000000
éeeeo¢®@

HEuchhih lgi heop
e

Q0000006
éeee¢©®®

Céc budc lam tiép tuc cho r giam dan thi chling ta s& c6 mang dugc sap xép.

iX.  Thuat toan Quick Sort
Thuat toan
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Thuat todn QuickSort(A,left,right)
Input: Mang A c6 céc phan tir & vi tri tir left dén right.
Output: Mang A duoc sap xép tir left dén right.
Chon phan tir X;
i<—left; j«right;
while (i <j) do
while (A[i] < X) do i«i + 1;
while (A[j] > X) do j«j -
if (i <j) then
AlilAll;
i +1;
j<i-1
if (j > left) then QuickSort(A,left,j);
if(right > 1) then QuickSort(A,i+1,right);
return;

e Vidu )
Chodayso 12 2 8 5 1 6 4 15
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Budc 2:

Budc 3:
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Budc 4:

@@.@??
00000000

Thuat todn Merge Sort

Thuat toan

Thuéat toan MergeSort(A,left,right)
Input: Méang A c¢6 cac phan tir & vi tri tir left dén right.
Output: Mang A duoc sip xép tir left dén right.
if(left < right) then
mid <« (left+right)/2 ;
MergeSort(A,left,mid);
MergeSort(A,mid+1,right)
Tron A[left,mid] va A[mid+1,right] thanh A[let,right];
return;

Vidu )
Chodayso 12 2 8 5 1 6 4 15

% Cach chia thir nhat: tuan tu ting phan tir dua va 02 mang con.
Budc 1: phan chia mang A

0600000006
N
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00006
@0

Budc 2: phan chia B thanh B1

va B2.
C thanh C1
va C2.

00

Budc 3: phan chia:

B1 thanh B11 va B12;
B2 thanh B21 va B22;
C1 thanh C11 va C12;

v
v
v
v' C2thanh C21 va C22;

Budc 4: tron:
v’ B11vaB12 thanh B1

0O
OO0
Q0
00

00006
Q00006

Budc 6: tron B va C thanh mang A duoc sip xép hoan toan.

v' B21 va B22 thanh B2

v' CllvaC12thanh C1

v C21va C22thanh C2

Budc 5: tron:
v' BlvaB2thanh B

v’ ClvaC2thanh C
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% Céch chia tht hai: chia mdt ntra dau tién caa A vao B va nta con lai
vao C.
Budc 1: phan chia mang A

Q0000006006

thanh 02 mang con B va C.

@0
00

Qua trinh phan chia thanh cac mang c6 mot phan ti; roi tron lai gidng nhu
cach chia thir nhat dé c6 mang sap xép toan bo.

Budc 2: phan chia B thanh B1

va B2.

xi.  Phuong phép Radix Sort (sip xép theo co sd)
Thuat toan

Thuit toan RadixSort(A,n,k)
Input: Mang A co n phan t, co t61 da k chir sd.
Output: Mang A dugc sép xép.
Khoi tao 10 ngin chira B[0..9] rong;
for (t«< Otok-1)do
for (j « Oton-1)do
Thém A[j] vao B[Digit(A[j].1)1;
for (h < 0 to 9) do
LAy nguogc cac phan tir tir B[h] dwa vao A
return;

Thuat toan Digit(n,k)
Input: s nguyén n va k.
Output: gié tri tai vi tri k ciia sé n.
value <« 1,
for (i<~ O0tok-1)do
value < value * 10;
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return (n / value)% 10;

Vidu

Budc 1: sang theo hang don vi va ldy tir cac sot ra mang.
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Budc 2: sang theo hang chuc va 14y tir cac sot ra mang.
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Budc 2: sang theo hang trim va ldy tir cac sot ra mang.
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CHUONG 3:

DANH SACH LIEN KET

I. Cautric mang

II. Danh sach lién két

o=

Hinh 3.1: M0 td tric quan danh sach lién két.

Cc—n

ki

X

ki

Data

Data | @ Data | @

NULL

NULL

Hinh 3.2: M6 ta DSLK don.

® Dia| @ ® Daa| @

Hinh 3.3: M0 ta DSLK doi.

NULL

Data | @ Data | @ Data | @

Hinh 3.4: M6 ta DSLK vong.

III. Danh sach lién két don va nhirng thao tac co’ ban

Khai bao cai dit trong C dang cau tric:

typedef struct tagNode{
DataType Data; / khai bao dit liéu
struct tagNode *Next;
2
typedef tagNode *Node;
typedef struct tagList{
Node Head; //phan tir dau tién.
Node Tail;  // phan tir cudi, c¢6 thé khdng can ding
}LinkedList;

Trang 21




Khai bao cai dat tron

g C dang hudng ddi twong:

class Node{
friend class LinkedList;
private:
DataType data;
Node *Next;
public:
Node(DataType d=gia tri dac biét ) {
data=d;Next=NULL;}
~Node(){if(Next)delete Next;}

b
typedef Node *LinkedNode;

class LinkedList{
protected:
LinkedNode Head, Tail,
public:
LinkedList(){Head=Tail=NULL;}
~LinkedList(){if(Head)delete Head;}
void insertNode(DataType);
int searchNode(DataType);
void deleteNode(DataType);
void addTail(DataType);
void printList();
void addHead(DataType);
void addAfter(DataType,DataType);
private:
void addTail(LinkedNode);
void addHead(LinkedNode);
LinkedNode createNode(DataType);
void insertNode(LinkedNode);
int searchNode(LinkedNode);
int deleteNode(DataType);
int addAfter(LinkedNode,DataType);

v
@)
v

12

v
\O
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Hinh 3.5. Vi du thém mat phan tir vao dau DSLK don.
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Hinh 3.6. Vi du thém mét phan tir vao cudi DSLK don.
34 H—n

@ —o—
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34

O—— 6 12 9 ——nm

Hinh 3.7. Vi du thém mat phan tir vao sau phan ti q trong DSLK don.
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Hinh 3.8. Vi du hity mét phan tir & ¢au DSLK don.

o —

6

> 12

~ !

Hinh 3.9. Vi du huy mét phan tir & cudi DSLK don.

IV. Danh sach lién két doi va nhirng thao tac co’ ban

Khai bao cai dit trong C dang cau tric:

Hai con tro tro dén hai phan tu
trude va sau (truong hop 1).

Hai con tro tré dén hai phan tir bén
trai va bén phai (truong hop 2).

typedef struct tagNode{
DataType Data,
tagNode *Next;
tagNode *Prev;

typedef struct tagNode{
DataType Data;
tagNode *Left;
tagNode *Right;

V. Ngan xép

VI. Hang dogi

VII. Ung dung mé rong ciia danh sach lién két

Vi du:

Budc 1: tim biéu thirc Ba Lan nguoc cua biéu thirc ”7*8— (2+3)”
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778-(2+3) ‘

7
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(
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+ 78*2
(
3) Z“
- 78*23
)
‘ ‘ 78*23+-
Liy+(-ra
7*8-(2+3)
K&t Qua R
> 78*23+-

Budc 2: tinh gia trj cua biéu thire Ba Lan nguoc
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78*23+-

8*23+-

23 +-

23 +-

78*23+-

8
7

56
Thuc hién phép todn
s

56

5
| 56

)
56

Thuc hién phép todn +

st

Thuc hién phép todn -

th QU.‘:I - 51

Gia
tri

(vi tri
hang, vi
tri cot)
Cpn tré
den node
ké tiep trén
hang

Con tré
dén  node
ké tiép trén
cot

Hinh 3.10. CAu trGc mot node.
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(1. 30 (1. 70
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Hinh 3.11. Vi du minh hoa str dung DSLK nhu mét ciu trdc mang hai chiéu.

Hinh 3.12. Mang céc danh séach lién két.
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CHUONG 4:

CAY - CAY NHI PHAN TIM KIEM

I. Cay tong quat

/ 0
bin 1 tmp 1 | users 1 src
N
john 2 mary 2
portfolio | 5

Hinh 4.2. Mtc va chiéu cao cua cay.

II. Cay nhiphan

Hinh 4.3. Cay nhi phan.

Khai bao cai dat trong C dang cau tric:

bo
cao

typedef struct tagNode{
DataType Data;
struct tagNode *Left;

struct tagNode *Right;

/1 khai bao dir ligu

Trang 28




typedef tagNode *Node;

typedef struct tagBinaryTree{
Node Root;  //phan tir dau tién.
}BinaryTree;

Khai bao cai dat trong C dang hudng ddi tuong:

class tagNode{
friend class BinaryTree;
private:
DataType Data;
tagNode *Left,*Right;
public:
tagNode(Data d=gia tri mac dinh)
{Left=Right=NULL;Data = d}
~tagNode(){if(Left)delete Left;if(Right)delete Right;}
Y
typedef tagNode *Node;

class BinaryTree{

private:
Node Root;

public:
BinaryTree(){Root=NULL;}
~BinaryTree(){if(Root)delete Root;}
// Cac phuong thirc thém, xo04, tim kiém,
// &ém, ...

)3

III. CAy nhi phan tim kiém

Hinh 4.4. Cay nhi phan tim kiém.
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Hinh 4.5. Thém phan tir “37” vao cay NPTK.

Hinh 4.6. Hay mot phan tir l4.

Hinh 4.7. Hay phan c6 mat con.
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Hinh 4.8. Hiy phén ti c6 02 con.

IV. CayAVL

/\

Hinh 4.11. Cay AVL.

#define LH -1 //Cay con trai cao hon
#define EH 0 /[Hai cady con bang nhau
#defineRH 1 //C&y con phai cao hon

Khai bao cai dat trong C dang cau tric:

typedef struct tagAVLNode{

char balFactor; //Chi s6 can bang
DataType Data; / khai bao dit liéu
struct tagAVLNode *Left;

struct tagAVLNode *Right;
j

typedef tagAVLNode *AVLNode;

typedef struct tagAVLTree{ ‘ ‘
AVLNode Root; /[phan tu dau tién.
JAV L Tree;
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Hinh 4.15. Can bang trong truong hop 1.2.
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Hinh 4.16. Can bang trong trudong hop 1.3.
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