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CAU TRUC DU LIEU




Cac bai toan thuc
té thuong rat

Phai xac dinh dugc

o Cac lien quan
dén bai todn
o Cdc cdn thiét

dé giai quyét bai todn




Cau truc
di liéu

la cdch té churc va thao tdc
co hé thong trén dir liéu

Mo ta

» Cdc dir liéu cdu thanh

= Mobi lién két vé mdt cdu
truc gitra cac dw liéu
do

Cung cap cac thao tac
trén dir lieu do

DPac trung cho 1 kiéu dit
liéu




Dit liéu, kiéu dit liéu &
cau truc dir lieu

Machine Level Data Storage 0100110001101001010001
Primitive Data Types 28 3.1415 ‘A’

"

Basic Data Structures array
High-Level Data Structures stack queue list

hash table tree



Cac
kiéu dix lieu

Kiéu di¥ liéu cor ban
(primitive data type)
=Pai dién cho cac dir li€u
giong nhau, khong thé
phéan chia nho hon dworc
nira

*Thwong dwoc cac ngon
ngtr lap trinh dinh nghia
san

=Vidu

sC/C++: int, long, char, bool..
sThao tdc trén cdc s6 nguyén:

+-*/ .

Kiéu di¥ liéu co6 ciu tric
(structured data type)
*PDuoc xay dung tw cac
kiéu dir liéu (co ban, c6
cau truc) khac

*C6 thé dwoc cac ngon
ngtr 1ap trinh dinh nghia
san hodc do l4p trinh vién
tw dinh nghia



1. Mang

2. Danh sach
3. Ngan xép
4. Hang doi
5. Cay



Méng




Mang
Array

= DAy hitu han cic phan tr lién ti€p c6 cung kiéu va tén
= M6t hay nhiéu chiéu

o C khéng gi¢i han s6 chiéu ctia mdng

Cu phap
DataType ArrayName[size],
mdng nhiéu chiéu
DataType ArrayName[size 1][size 2]...[s1ze n];



Khoi tao gia tri
mang

= C1. Khi khai bao

float y[5] = { 3.2, 1.2, 4.5, 6.9, 3.6 }

int mf6][2] ={ {1, 1}, {1, 2}, {2,1} {2, 2
b 03,14 {3, 2} }

char s1[6] { 'H', 'a', 'n', 'o', 'i1', "\@' }, //hodc
char s1[6] "Hanoil";

char s1[] = "Dai hoc Bach Khoa Hanoi1"; //L = 24

int m[][] ={ {1, 2, 3}, {4, 5, 6} };

= C2. Khai bao roi gan gia tri cho tirng phan tir cia mang.

int m[4];
mlfo] = 1; m[1] = 2; m[2] = 3; m[3] = 4;



2.
Danh sach




Danh sach
List

= Danh sach

> Tdp hop cdc phdn tir cuing kiéu
o S6 lwong cdc phan tir ctia danh sdch khéng cé dinh
= Phéan loai

= Danh sdch tuyén tinh:
» C6 phan tir dau tién, phan ti cudi cung
» Thi¥ tw triedrc / sau cia cac phan tir dwoc xac dinh ro rang, vi du
sap theo th tw tang din, gidm dan hay thi tw trong bang chit cai
» Cac thao tac trén danh sach phai khong lam anh hwéng dén trat
tw nay

> Danh sdch phi tuyén tinh: cdc phdn tir trong danh sdch khéng

dworc sap thir tw



Danh sach
List

= Lwu trr

o Str dung viing cdc 6 nh¢ lién tiép trong b6 nhé =2 danh sdch ké
tiép
o St dung viing cdc 6 nhé khéng lién tiép trong bé nhé 2 danh
sdch moc noi

» Danh sach ndi don

» Danh sach noi kép



Thao tac tren
danh sach

= Khé'i tao danh sdch (create)

= Kiém tra danh sdch rong (isEmpty)

= Kiém tra danh sdch dady (isFull)

= Tinh kich thwdc (sizeOf)

= X6a rong danh sdch (clear)

= Thém mot phdn tir vao danh sdch tai mét vi tri cu thé (insert)
= Loai b6 mét phdn tir tai mot vi tri cu thé khéi danh sdch
(remove)

= Ldy mét phadn tik tai mét vi tri cu thé (retrieve)

= Thay thé gid tri ctia mét phdn twr tai moét vi tri cu thé (replace)
= Duyét danh sach va thwc hién mot thao tdc tai cdc vi tri trong
danh sach (traverse)



Danh sach
ke tiép

= St dung mot vector lwu trit gom mot so cac 6 nhé lién tiép
o Cdc phdn tir lién ké nhau dwoc lwu tri trong nhitng 6 nhé lién
ké nhau
= Méi phdn ti¥ cia danh sdch ciing dwoc gdn mot chi sé chi thir tw
dworc lwu trir trong vector
s Tham chiéu dén cdc phan ti str dung dia chi dworc tinh giéng
nhw lwu trir mang.

n-1

o 1| 2 i last




Danh sach
ke tiép

« Uu diém
o Téc db truy cdp vao cdc phan tir ctia danh sdch nhanh
» Nhwoc diém

o> Cdn phdi biét trwdc kich thwéc toi da cua danh sdch
2

o Thuwe hién cdc phép todn b sung cdc phdn ttr mdi va loai bé cdc
phdn tir cii khd tén kém
?



Them vao
danh sach ke tiép

= Diéu kién tién quyét:

> Danh sdch phdi dwoc khéi tao roi

> Danh sdch chwa dady

> Phan tir thém vao chwa cé trong danh sdch
= Piéu kién hiu nghiém:

> Phdn ti¥ cdn thém vao coé trong danh sdch

insert(3, ‘z’)

.0123456
a|b|c|d|e|f|g

count=9



Them vao
danh sach ke tiép

Algorithm Insert
Input: index 1a vi tri cin thém vao, element la gia tri cin thém vao
Output: tinh trang danh sach

if list day
return overflow
if index nam ngoai khoang [0..count]
return range_error
//Doi tdt cd cdc phan tir tir index vé sau 1 vi tri
for i = count-1 down to index
entry[i+1] = entry/[i]
entry[index] = element // Gdn element vao vi tri index
count++ // Tdng sé phan tir Ién 1
return success;

End Insert




Xoa khoi
danh sach ke tiép

7

count=7



Xoa khoi
danh sach ke tiéep

Algorithm Remove
Input: index 1a vi tri cin x6a bo, element la gia tri 13y ra dwoc
Output: danh sich da x6a b6 phan tir tai index

if list rong
return underflow
if index nam ngoai khoang [0..count-1]
return range_error
element = entry[index] //Ldy element tai vi tri index ra
count-- //Gidm s6 phdn tir di 1
//Doi tdt cd cdc phdn tie tir index vé truwéee 1 vi tri
for i = index to count-1
entry[i] = entry[i+1]
return success;

End Remove




Duyet
danh sach ke tiép

Algorithm Traverse
Input: ham visit dung dé tac dong vao tirng phan t
Output: danh siach dwoc cap nhiat bang ham visit

//Quét qua tdt cd cdc phdn twr trong list
for index = 0 to count-1

Thi hanh ham visit dé duyét phan tr entry[index]

End Traverse




Danh sach

~nTm

noi1 don

= M6t phan t trong danh
sach bang mot nut
« Thanh phan mot nut:
= [INFO: chtra thong tin
(ndi dung, gid tri) ttng
vo&i phdn tir
o NEXT: chira dia chi
cua niit tiép theo

» Can nam dwoc dia chi
cla nat dau tién trong
danh sach

2

INFO

= Xm2Z

lists,

Stacks | ¥ are L
Stacks > are -
but -

are J_
lists. simple
structures. simple
important | data }




Danh sach

~nTm

noi1 don

= Nut = dir liéu + moc noi
* Dinh nghia:

typedef struct hoso

{ .

¥

typedef struct node {
struct hoso data;

struct node *next; } Node;
= Tao nut méi:
Node *p = malloc(sizeof(Node))
= Giai phong nut:
free(p);



Khoi tao va
truy cap

= Khai bdo m6t con tro

Node *Head;

= Head la con tro tro dén nut dau cia danh sach. Khi danh
sach rong thi Head = NULL.

= Mot sb thao tac véi danh sach noi don

Thém mot nut mdoi tai vi tri cu thé
Tim nut co gia tri cho trwoc

Xoa mot nut co gia tri cho truwoc
Ghép 2 danh sdch néi don

Hily danh sdch néi don

L W k=



Truyén danh sach
moc no1 vao ham

= Khi truyén danh sach méc noi vao ham, chi can truyén Head.
= St dung Head dé truy cidp toan bd danh sach
> Note: néu ham thay doi vi tri niit ddu ctia danh sdch (thém hodc
x6a nut dau) thi Head sé khong con tré dén ddu danh sdch
> Do do6 nén truyén Head theo tham bién (hodc trd lai mét con tré
moi)



Tim
nut

int FindNode(int x)

= Tim nut co gia tri x trong danh sach.

= Néu tim dworc tra lai vi tri ca nit.Néu khong, tra lai 0.
int FindNode(Node *head, int x) {

Node *currNode = head;
int currIndex = 1;

while (currNode && currNode->data != x) {
currNode = currNode->next;
currIndex++;

}

if (currNode) return currlndex;
else return 9;



Them
nut

= Cac trwong hop cua thém nut
1. Thém vao danh sdch rong
2. Thém vao ddu danh sdch

3. Thém vao cudi danh sdch
4.  Thém vao giira danh sdch

= Thuc té chi can xét 2 treong hop
> Thém vao ddu danh sdch
= Thém vao giira hodc cudi danh sdch
?



Them
nut

Node *InsertNode(Node **head, int index, int x)
= Thém mot nut ma&i voi dir liéu la x vao sau nut thir index
= Néu thao tac thém thanh cong,tra lai nit dwoc thém. Ngwoc lai tra
lai NULL.

» (Néu index < 0 hodc > d6 dai ctia danh sach, khéng thém dwoc.)

1. Tim nut thw index — currNode
2. Tao nut moi
3

Moc néi niit moi vao danh sdch .__*_l ~--.3-

newNode->next = currNode->next; .:l
currNode->next = newNode; Nods



Node *InsertNode(Node **head,int index,int x)

{

if (index < @) return NULL; Tim nut thu index,
int currlndex = 1;

Node *currNode = *head;
while(currNode && index > currlIndex) {
currNode = currNode->next;

currIndex++;

néu khoéng tim
duogc tra vé NULL

}
if (index > @ && currNode== NULL) return NULL;

Node *newNode = (Node*) malloc(sizeof(Node));

newNode->data = x;
0) { '

if (index ==

newNode->next = *head; MU RLloReEIINeES
*head = newNode; umm .
else { Thém vao sau currNode

newNode->next = currNode->next;
currNode->next = newNode; }
return newNode;




Xoa
nut

int DeleteNode(Node **head, int x)
= X6a nut co gia tri bang x trong danh sach.
= Néu tim thay nut, tra lai vi tri cia no.
Néu khong, tra lai O.
= Giai thuat
= Tim nut co gia tri x (twong tw nhw FindNode)
= Thiét Idp nut trwée cua nut cdn xéa ndi dén niit sau clia
niit cdn xoa
s Gidi phong bé nho cdp phdt cho niit cdn xoa
= Giong nhw InsertNode, cé 2 trvong hop
» Nut can x6a la nat dau tién ctia danh sach
» Nt cin x6a nam & gitra hoac cudi danh sach



int DeleteNode(Node **head, int x) {
Node *prevNode = NULL;

Node *currNode = *head; . S

int currlndex = 1;

while (currNode && currNode->data != x) {
prevNode = currNode;

currNode = currNode->next;
currlndex++;

}

i (currvode) ¢

if (prevNode) {
prevNode->next = currNode->next;
free (currNode);

} else {
*head = currNode->next;

free (currNode); .
) X6a nut head

return currlndex;

}

return 0;




Huy
danh sach

void DestroylList(Node *head)
= Dung dé gidi phong bd nhé dwoc cap phat cho danh sach.

= Duyét toan bd danh sach va xéa lan lwot tirng nut.

void DestroyList(Node* head) {
Node *currNode = head, *nextNode= NULL;
while(currNode != NULL) {
nextNode = currNode->next;
free(currNode); // giai phéng nut vira duyét
currNode = nextNode;



Mang va
danh sach lién két

Viéc lap trinh va quan ly danh sach lién két khé hon mang, nhwng né ¢
nhitrng wu diém

= Linh dong: danh sach lién két c6 kich thwéc tang hodc gidm rat linh
dong.
> Khéng cdn biét trwéc cé bao nhiéu niit trong danh sdch. Tao niit mai
khi can.
> Ngworc lai kich thwdre ctia mdng la cd dinh tai thoi gian bién dich
chwong trinh. )
= Thao tac thém va x6a dée dang
= P& thém va xéa mét phdn tir mdng, cdn phdi copy dich chuyén phan ti.
s V@i danh sdch moc ndi, khéng cdn dich chuyén ma chi cdan thay doi cdc
moc néi



Danh sach
no1 kép

= M6i nat khong chi n6i dén nut tiép theo ma con ndi dén nut
tredc no

» C6 2 m6i ndi NULL: tai nuit dau va nut cudi ctia danh sach

= Pu diém: tai mOt ndt cé thé tham nut truedc né moét cach dé
dang. Cho phép duyét danh sach theo chiéu ngwoc lai

Oh G EeEcE

Head



Danh sach

AT

no1 kép

= M6i nit ¢6 2 m6i noi
o prev hoi dén phdn twr trwdrc
> next néi dén phadn tir sau

typedef struct Node {
int data;
struct Node *next;

struct Node *prev;
} Node;

| | |
/10 I 20 | {40 55 |

Head

currNode->prev
P currNode  .urrNode->next



Danh sach

~nTm

noi1 kép

= Thém nut New nam ngay trwéc Cur (khéng phai nat dau
hodc cu6i danh sach)

New->next = Cur;

New->prev= Cur->prev,

Cur->prev= New;

(New->prev)->next = New;

/el Jsl] Il

Head 140

Cur

New



Danh sach
no1 kép

= X6a nut Cur(khong phai nat dau hodc cubi danh sach)

(Cur->prev)->next = Cur->next;

(Cur->next)->prev Cur->prev;

free (Cur);

/el Jsl] Il

Head 140

Cur

New



Danh sach no61 kép véi
nut dau gia

» Danh sach khéng rong

» Danh sach rong -




Danh sach noéi1 kép véi
nut dau gia

= Tao danh sach ndi kép rong

Node *Head = malloc (sizeof(Node));
Head->next Head;
Head->prev = Head;

= Khi thém hodc xba cac nut tai dau, gitta hay cuoi danh sach?

10 20 40 35 70



void insertNode(Node *Head, int item) {
Node *New, *Cur;
New = malloc(sizeof(Node));
New->data = item;
Cur = Head->next;
while (Cur != Head){
if (Cur->data < item)
Cur = Cur->next;
else
break;
}
New->next = Cur;
New->prev= Cur->prev;
Cur->prev= New,
(New->prev)->next = New;




void deleteNode(Node *Head, int x){
Node *Cur;
Cur = FindNode(Head, x);
if (Cur != NULL){
Cur->prev->next = Cur->next;
Cur->next->prev= Cur->prev;
free(Cur);




3.
Ngan xép




Ngan xép

danh sach ma xoa va thém
phan tu bat buéc phai
cung dugc thuc hién tai
mot dau duy nhdt (dinh)




Thao tac tren

ngan xep
Push Top "“"\ e
= Thém motphantlr = Phan t dinh

= P:Tran (overflow) = P:Stackrong

Pop s Full / Is Empty
= X6a mot phan tir
= P:Underflow



Luu tru
ngan xep

« Lwu triv ké tiép
= st dung mdng
« Lwu trit moc noi

o st dung danh sdch méc néi (sau)

_ _ stackAry count stackMax top
Top - 3 5 2
— / -

I | | | | [ |
e — [0l [11 [2] [3] [4]

(a) Conceptual

(b) Physical array




Cau truc dir lieu
dung mang dong

/* Stack cua cac s6 nguyén: intstack*/

typedef struct IntStack {
int *stackArr; /* mang luwu trir cac phan to */
int count; /* s6 ptl hién cdé cua stack */
int stackMax; /* gidi han Max cla s6 phan t& */
int top; /* chi s6 cla phan tu dinh */

} IntStack;



Tao
ngan xep

IntStack *CreateStack(int max){
IntStack *stack;
stack =(IntStack *) malloc(sizeof(IntStack));
if (stack == NULL)
return NULL;
/*Kh&i tao stack rong*/
stack->top = -1;
stack->count = 9;
stack->stackMax= max;
stack->stackArr=malloc(max * sizeof(int));
return stack ;



Thém vao ngan xép
Push

int PushStack(IntStack *stack, int dataln) {
/*Kiém tra tran*/
if(stack->count == stack->stackMax)

return 0;

/*Thém phan t& vao stack */
(stack->count)++;
(stack->top)++; /* Tang dinh */
stack->stackArr[stack->top] =dataln;
return 1;



Xo6a khoi ngan xép
Pop

int PopStack(IntStack *stack, int *dataOut){
/* Kiém tra stack rong */
if(stack->count == 0)

return 0;

/* Lay gia tri phan t bi loai*/
*dataOut=stack->stackArr[stack->top];
(stack->count)--;
(stack->top)--; /* Giam dinh */
return 1;



Kiém tra rong day
Top, 1IsEmpty, 1sFull

Top
int TopStack(IntStack *stack, int *dataOut){
if(stack->count ==0) // Stack roéng
return 0;
*dataOut = stack->stackArr[stack->top];
return 1;

}

Kiém tra rong
int IsEmptyStack(IntStack *stack){
return(stack->count == 0);

Kiém tra day
int IsFullStack(IntStack *stack) {
) return(stack->count==stack->stackMax);



Ung dung
Bai toan doi co so

Chuyén mot so tir hé thip phan sang hé co so6 bat ky
- (co's6 8) 28,,= 3 x 81+ 4 x 80=34,
" (cos604)72,,=1%43+0x%x 4%+ 2 x 41+ 0 x 49= 1020,
* (cors6 2) 53, =
1x2°+ 1 %24+ 0% 23+ 1 %22+ 0% 21+ 1% 20=110101,



Pau vao sO thap phan n, co'so b

Paura s0 hé co s6 b twong dwong

1. Chir s6 bén phai nhat ctia két qua=n % b. Pay
vao Stack.

2. Thay n=n / b (dé tim cac so ti€p theo).

3. Lap lai bwéc 1-2 cho dén khin = 0.

4. Ratlan lwot cac chir so lwu trong Stack,

Vidu: Do6i 3553 sang co’ s3-8 -

chuyén sang dang ky tw twong trng v&i hé co
sO triedre khi in ra két qua

6
7 7
4 4 4 67418
1 1 1 1
Stack réng n%8 =1 n%8 =4 n%8 =7 n%8 =6
n = 3553 |nfB =444 n/8=55 n/8 =6 n/8=0

n =444 n=55 n=6 n=0



Ung dung

Bai toan do1 co soO

* POi v&éihé coso 16
> DI sang ky tw twong trng
char *digitChar= “0123456789ABCDEF”;

char d = digitChar[13]; // 13,,= Dy
char f = digitChar[15]; // 13,,= Fy



void DoiCoSo(int n,int b) {
char*digitChar= "©123456789ABCDEF*;
//Tao mot stack luu trir két qua
IntStack *stack = CreateStack(MAX);
do{
//Tinh chitr s6 bén phdi nhat,day vao stack
PushStack(stack, n% b);
n/= b; //Thay n = n/b dé tinh tiép
} while(n!= 0@); //Lap dén khi n = ©
while( !IsEmptyStack(stack) ){
// Rut 1an lugt tirng phan tlrcua stack
PopStack(stack, &n);
// chuyén sang dang ky tu va in két qua
printf(“%c”, digitChar[n]);




Ung dung
Tinh biéu thitc dung ky phap hau t6

= Biéu thirc s6 hoc dwoc biéu dién bang ky phép trung t6.

= V&i phép todn 2 ngdi: Moi todn tir dwoc ddt giira hai todn hang.
Véi phép todn mot ngoi: Todn tw dwoc ddt trwwdc todn hang

-2+3*5 <=> (-2)+ (3 *5)

= Thir tw wu tién cua cac toan twr
O>">*=%=/ >+ =-



Ung dung
Tinh biéu thic dung ky phap hau to

Ky phap hiu to
* Toan hang dat trwdc toan tw
= Khong can dung cac dau ().

Vi du

a*b*c*d*e*f —> ab*c*d*e*f*

1+(-5)/(6*(7+8)) => 15-678+%*/+

(x/y-a*b) * ((b+x)-y) => xy/ab*-bx+yy”"-*

(x*y*z -x"2 [ (y*2 -z"3) + 1/z) * (x-y) =>
xy*z*¥x2/y2*737 -/ -1z /+xy —*



(7-11)*2 +3
Biéu thirc hiu to:

711-2*3 +

bl
P




Ung dung
Tinh biéu thitc dung ky phap hau t6

= Tinh gi4 tri cia m6t mot biéu thirc hiu t6 dwoc lwu trong
mot xau Ky tw va tra vé gia tri két qua
= Quy woc
- Todn hang: La cdc s nguyén khong dm mat chir sé (cho don
gidn)
- Todn tir: +,-,%/,%,"



bool isOperator(char op) {

return op == '+°¢ op == '-' |‘
Op == 'k ¢ Op == '00‘
op == A op == AN ;
}
int compute(int left, int right, char op) {
int value;
switch(op){
case '+' : value = left + right; break;
case '-' : value = left - right; break;
case '*' : value = left * right; break;
case '%° : value = left % right; break;
case '/' : value = left / right; break;
case '~ : value = pow(left, right);

return value;




int TinhBtHauTo(string Bt) {
int left, right, kq;
char ch;
IntStack *stack = CreateStack(MAX);
for(int i=0; i < Bt.length(); i++)

ch = Bt[i];
if ( isdigit(ch) )
PushStack(stack, ch-'0");
// day toan hang vao stack
else if (isOperator(ch)) {
// rut stack 2 1lan dé 18y 2 toan hang
left va right
PopStack(stack, &right);
PopStack(stack, &left);
kq =compute(left, right, ch);
// Tinh "leftop right"
PushStack(stack, kq);
// Pay kg vao stack
} else //khong phai toan hang hoac toan tu
printf(“Bieu thuc loi”);

// K&t thic tinh toan, gid tri biéu thuc
// nam trén dinh stack, dua vao kg
PopStack(stack, kq);

Return Kkgqg;




4.
Hang do1




Hang do1

danh sdch ma viéc thém
phai dugc thuc hiéen tai
mot dau con xéa phai thuc
hién tai dau kia.




Thao tac tren
hang do1

= Thém mot phantlr = Phan t& dau
= P:Tran (overflow) = P:Queuerong

Dequeue Rear

= X6a mot phan tir = Phan ti cuoi
= P: Underflow = P: Queue rong



Hang do1
Queue

= Phan tir dau hang sé dwoc phuc trweéee, phan tir nay duoc goi
la front, hay head ctia hang. Twong tw, phan tir cudi hang,
cling la phan tir vira dwoc thém vao hang, dwoc goi la rear
hay tail cua hang.
= Biéu dién hang doi

- M6 hinh vt Iy

» Hién thwc tuyén tinh

o Hién thwc ddy vong



Mo hinh
vat ly

» Dung mang. Phai nam giit ca front va rear.
= Gitt front ludn la vi tri dau caa day.
> Thém phdn tir vao hang = thém vao cudi dady.
o Ldy ra 1 phdn twr ra = dich chuyén tdt cd cdc phadn tir ctia ddy
lén 1 vi tri.
* Twong tw hinh dnh hang doi trong thwc té
= Khong phu hop voi lwvu triv trong may tinh



Mo hinh
hién thuc tuyén tinh

= Dung 2 chi so front va rear dé lwu tritr dau va cu6i hang ma
khong di chuyén cic phan ti.

> Thém phdn tir vao hang = Tdng rear 1én 1 va thém phdn tir vao

vi tri do

o Ldy ra 1 phan tir ra = Ldy phdn tir tai front va tdng front Ién 1
* Nhwoc diém: front va rear chi tang ma khong gidam = lang
phi b0 nh&

= Khdc phuc: Khi hang doi rong thi ta gdn lai front=rear=ddu ddy

Queue Queue
front rear

o] [ [2] [3] [4] [5] [6] [7] [8] [e] [10] [11] [12][13] [14] [15] [16]




Mo hinh
hien thuc day vong

= Dung 1 diy tuyén tinh dé mo6 phong 1 day vong.

= Cdc vi tri trong vong tron dwoc ddnh s ttr 0 dén max-1, trong
do max la téng sé phan tir
= Dé thwce hién ddy vong, chiing ta ciing st dung cdc phdn tir dwoc
ddnh sé twong tw ddy tuyén tinh.
o Sw thay doéi cdc chi sé chi don gidn la phép ldy phdn dw sé hoc:
khi mét chi sé vot qud max-1, né dc bat ddu tré lai voi tri 0.

» Twong tw v&i viéc cong thém gio trén dong hé mat tron

i = ((i+1) == max) ? 0: (i+l);

hoacif ((i+1) == max) i = @; else i = i+1;
hoaci = (i+1) % max;



Queue Queue
front rear

[0 11 21 [3] [4] [5] [6] [71 [8] f[o] [10] [11] [12] [13] [14] [15] [16]

Bend ends up to form circular queue.
Queue Queue
front rear
1 |

First array
element

Last array
element

Queue
front




hién thuc day vong




[ grape

data \
plum Kiwi Enqueue > plum kiwi_| [ grape
front rear front rear

Queue Operation Queue

plum kiwi | [grape Queue plum kiwi_| [grape
front rear rear front rear

Queue Operation Queue
plum
data
plum Kiwi grape > ‘ I Kiwi grape
front rear Deque ue ) front rear
Queue Operation Queue
plum
data

plum Kiwi grape Queue plum kiwi_| [grape
front rear front front rear

Queue Operation Queue



Cau truc dir lieu
dung mang dong

typedef struct intqueue{
int *queueArr;
int maxSize;
int count;
int front;
int rear;
} IntQueue;



Tao
hang do1

IntQueue *CreateQueue(int max){
IntQueue *queue;
queue = (IntQueue *)malloc(sizeof(IntQueue));
/*Cap phat cho mang */
queue->queueAry= malloc(max *sizeof(int));
/* Kh&i tao queue rong */
queue->front = -1;
queue->rear = -1;
queue->count = 0,
queue->maxSize= maxSize;
return queue;
} /* createQueue*/



Thém vao cudi
hang do1

int enqueue(struct intqueue *queue, int datain)
{
if (queue->count >= queue->maxSize)
return 9;
(queue->count)++;

queue->rear = (queue->rear + 1) % queue-
>maxSize;

gqueue->queueAry[queue->rear] = datain;
return 1;



Xo6a 6 dau
hang do1

int dequeue(struct intqueue *queue, int *dOutPtr)
{if(!'queue->count)
return 9;
*dOutPtr= queue->queueAry[queue->front];
(queue->count)--;

queue->front = (queue->front + 1) % queue-
>maxSize;

return 1;



Lay phan tu
dau

int Front(struct intqueue *queue,int *dOutPtr) {
if(!queue->count)
return 9;
else{
*dOutPtr= queue->queueAry[queue->front];
return 1;



Lay phan tu
cuoi

int Rear(struct intqueue *queue,int*dOutPtr) {
if(!queue->count)
return 0;
else{
*daOutPtr= queue->queueAry[queue->rear];
return 1;



Kiém tra
rong va day

= Empty
int isEmpty(struct intqueue *queue)

{

return(queue->count == 0);

¥

= Full
int isFull(struct intqueue *queue)

{

return( queue->count == queue->maxSize);



Xo0a
hang do1

struct intqueue *destroyQueue(struct intqueue
*queue)

{
if(queue)
{
free(queue->queueAry);
free(queue);

}
return NULL;






Cay
Tree

» Nhwoc diém ciia danh sach: Tinh tuan tu, chi thé hién dwoc
cac moi quan hé tuyén tinh.
= Cy dwoc st dung dé lwu triv cadc thong tin phi tuyén nhw

= Cac thw muc file

o Cdc bworce di chuyén cua cdc qudn cor

= Sor d0 nhdn sw cua to chirc

= Cdy phd hé






Pinh nghia

Mot cay la tap cac nat

o la tdp rong, hodc

o ¢6 1 nut goi la nut géc
c6 0 hodc nhiéu cdy con,
cac cday con ciing la cay




n 2

Biéu dien

cay
(al
M
- A
- N
C
- - B M{(A(NCIB))DO(Y(TX )ELS}))
D ie)
0
- Y
T
- X
E
L
- B
ib)

Figure 4.14 Expressiontree for (a + b * ¢) + ((d * e + f ) * @)



Cac khai niem
co ban

= Canh di vao nut goi la canh vao (indegree), canh di ra khoi
nut goi la canh ra (outdegree).

= SO canh ra tai mot nat goi la bdc (degree) ctia nat d6. Néu
cay khong rong thi phai c6 1 nut goi 1a nut goc (root), nit nay
khéng c6 canh vao

= Cac nut con lai, moi nut phai cé chinh xac 1 canh vao. T4t ca
cac nut déu co thé c6 0,1 hoac nhiéu canh ra



Cac khai niem
co ban
nut géc

nut gitta/nhanh

nat ch @ T
nutanhe%§ T;; \Ei::>

nut
J \

‘I!I'} nut 1a

=)

nut con



Cay
con

MOt nat va tat ca
cac nut con chau

¢ @
¢

B~

©



Puong
d1

T nat cha dén cac nut
con chau cua no. ““““*m_
; Puwong di 2
/ dl 1 J

duwéng di duy nhéat

Pbuong di1: {a, b, 1 j}
PDudng di2: {d, i}



Do sau va
chiéu cao

NGt c6 chidu c;éz \

dfb

4 Chiéucao=4
ﬁ)\ Pé sau 1

Po6saul

@ @

BPd sau 3

Po sau 4






Cay
nhi phan

= Moi nat c6 nhiéu nhat 2 nut con: NGt trai va nut phai
= M6t tap cac nut T dwoc goi la cay nhi phan, néu :

a) N6 la cdy rong, hodc
b) Gom 3 tdp con khéng tring nhau:
1) Mot nut goc

2) Cay nhi phan con trai

3) Cay nhi phan con phai G)\

OO 7
@ cay con phai

cay con trai



Cay nhi phan day du va
cay nhi phan hoan chinh

«Cay nhi phan day
du

sCay nut trw nut ld co
cdp bdng 2

=Cay nhi phan hoan
chinh

= Tdt cd cdc niit ld co cung do
sdu va tdt cd cdc nut giira co
cdp bdng 2




Cay
can bang

= Khoang cach tir 1 nit dén nut goc xac dinh chi phi can deé
dinh vi no:

= ] nutcodob sdu la 5= phal di tor nutgoc va qua 5 canh
= Néu cay cang thap thi viéc tim dén cac nut sé cang nhanh.

= Hé sO can bang cua cay (balance factor) la s6 chénh léch
gitta chiéu cao ctia 2 cay con trai va phai cia no:

B = HL-HR

= Mot cAy can bang khi B = 0 va cac cay con clia n6 ciing can
bing



Luu tru
cay nhi phan

o
@p L

 Lwu trit ké ti€p: S dung mang

left right
left | & |right left | ¢ |right
4 L
NULL
left | e |right left right
_Z —
left right

* Lwu trit méc nodi: S dung con tro




Cau truc dir lieu
dung mang

typedef struct tree node
{

int data ;
struct tree node *left ;

struct tree node *right ;
}TREE_NODE;



Tao
cay nhi phan

TREE_NODE *root, *1leftChild, *rightChild;
// Tao nut con trai
leftChild= (TREE_NODE *)malloc(sizeof(TREE_NODE));

leftChild->data = 20;

leftChild->left = leftChild->right = NULL;

// Tao nut con phai

rightChild = (TREE_NODE *)malloc(sizeof(TREE_NODE));
rightChild->data = 30;

rightChild->left = rightChild->right = NULL;

// Tao nut goéc
root = (TREE_NODE *)malloc(sizeof(TREE_NODE)); @
root->data = 10;

root->left = leftChild;
root->right = rightChild; @

root->data= 50;// gan 50 cho root _ﬁf \



Duyet
cay nhi phan

= Duyét theo thir tu truéc
= Duyét theo thir tw gitra
= Duyét theo thir tw sau

&) ) <O

(a) Ther tw trwde (b) Ther tw gitra (C) Thir tw sau



Duyet theo thu tu
truoc

1. Tham nut.
2. Duyét cay con trai theo thw tu trudérec.
3. Duyét cay con phai theo thir tw truoc.

a
/ \ Traversal order: abdce
b
C




Duyet theo thu tu
giura

1. Duyét cay con trai theo thi tw giira
2. Tham nut.
3. Duyét cay con phai theo thir tw gitra.

a
/ \ Thr tw duyét: bdaec
b
c




Duyet theo thu tu
sau

1. Duyét cay con trai theo thir tw sau.
2. Duyét cay con phai theo thir tw sau
3. Tham nut

a
/ \ Ther tw duyét: dbeca
b
C




Duyeét theo
thu tu trudc

void Preorder(TREE_NODE *root)

{

if (root != NULL)

{

// tham node

printf("%d", root->data);
// duyet cay con trai
Preorder(root->left);

// duyet cay con phai
Preorder(root->right);



g1 s W

Ung dung cua
duyét cay

Tinh do cao cua cay

Pém so nut 14 trong cay

Tinh kich thwéc ciia cay (s6 nut)
Sao chep cay

X0a cay



Tinh do cao

> ~
cua cay
int Height(TREE_NODE *tree)
{
Int heightLeft, heightRight, heightval;
if( tree== NULL )
heightval= -1;
else
{ // Strdung phuong phap duyét theo th& tu sau
heightLeft= Height (tree->left);
heightRight= Height (tree->right);
heightval= 1 + max(heightLeft,heightRight);2
}
return heightval; 1
}




Pém so
nut l1a

int CountLeaf(TREE_NODE *tree)
{
if (tree == NULL)
return 9;
int count = 0;
//Pém theo thu tu sau
count += CountLeaf(tree->left);// Dém trai
count += CountLeaf(tree->right);//bPém phai
//néu nut tree la nut 14, tang count
if(tree->left == NULL && tree->right == NULL)/j;)\\

count++; O
return count; 1 // \\ 3

} qu

O



Tinh
kich thuéc

int TreeSize(TREE_NODE *tree)
{
if(tree== NULL)
return 9;
else
return( TreeSize(tree->left) +
TreeSize(tree->right) + 1 );



Sao chép




Sao chép
cay

TREE_NODE *CopyTree(TREE_NODE *tree)

{

// Dung dé quy khi cay rong

if (tree== NULL) return NULL;
TREE_NODE *leftsub, *rightsub, *newnode;
leftsub=CopyTree(tree->left);
rightsub= CopyTree(tree->right);

// tao cay mdi

newnode= malloc(sizeof(TREE_NODE));
nhewnode->data = tree->data;
newnode->left = leftsub;
newnode->right = rightsub;

return newnode;



Xoa

cay
void DeleteTree(TREE_NODE *tree)
{

//x6a theo thu tu sau
if(tree != NULL)

{
DeleteTree(tree->left);
DeleteTree(tree->right);
free(tree);

}



Ung dung cua
cay nhi phan

= Cay biéu dién biéu thikc
o Tinh gid tri biéu thirc
= Tinh dao ham

= Cay quyét dinh



Cay biéu dien
biéu thic

= ]a mot loai cay nhi phan dac biét, trong do:
1. Moi nit Id chira mét todn hang

2. Moi nut giitka chira mét todn tir
3. Cdy con trdi va phdi ctia mét niit todn tw thé hién cdc biéu

thirc con cdn dwoc danh gid trwdéc khi thwe hién todn tw tai
niit goc

Ak

l_! \//r
/DN
‘g’ ‘5’ /‘+’ . i3

m

I4! ‘2




Cay biéu dien
biéu thic

= Cac mirc chi ra thr tw wu tién

o Cdc mirc (do sdu) cua cdc niit chi ra thit tw wu tién twong doi
cuia chiing trong biéu thirc (khéng cdan diing ngodc dé thé hién
thir tw wu tién).

= Cdc phép todn tai mirc cao hon sé dwoc tinh sau cdac cdc phép
todn c6 mirc thdp.

o Phép todn tai goc luén dworc thwc hién cudi ctng.



Cay biéu dien
biéu thic

= Dé dang dé tao ra cac biéu thitc tién td, trung t6, hau to

V%!

/N /N
il aal B
/N
= 3

- Trung t5: ((8-5)*((4+2)/3))
- Tiénto: *-85 /+42 3
-Hiuté: 85-42+3/*

(thwc chat la cac phép duyét theo thir tw gitta, tredrc va sau)



Cai dat
cay biéu thirc

= Moi nut ¢6 2 con tro

struct TreeNode {
InfoNode info ;// Dt 1liéu
TreeNode *left ;// Trdo tdi ndt con trai
TreeNode *right ; // Trdo t&i nut con phai

s

NULL | |operano | 7 6000

« WhichType . operand

. left . Info . right



Cai dat
cay biéu thirc

= InfoNode c6 2 dang

enum OpType { OPERATOR, OPERAND } ;
struct InfoNode {

OpType whichType;
union // ANONYMOUS union
{

char operator;
int operand ;

s

OPERATOR| ‘+’ OPERAND 7

- WhichType . operation - WhichType . operand



Cai dat
cay biéu thic

int Eval(TreeNode* ptr){
switch(ptr->info.whichType) {
case OPERAND :
return ptr->info.operand;
case OPERATOR :
switch ( tree->info.operation ){
case ‘+’:
return ( Eval(ptr->left) + Eval(ptr->right) )
case ‘-7:
return ( Eval(ptr->left) - Eval(ptr->right) )
case “*’:
return ( Eval(ptr->left) * Eval(ptr->right) )
case ‘/’:
return ( Eval(ptr->left) / Eval(ptr->right) )
}

oo

oo

oo

oo



Cay
tong quat

= Biéu dién giéng nhw ciy nhi phan?
= MOI nuit sé chiva gid tri va cdc con tré tré dén cdc niit con cta
no?
= Bao nhiéu con tro cho mot nut?

Khong hop ly

= Moi nit sé chira gia tri va mét con tro tré dén mot “tap” cac
nut con

= Xay dwng “tap”?



Cay
tong quat

= MOi nut sé cé 2 con tro:

> mét con tré tré dén nut con ddu tién cua né,
o con tro tré dén nit anh em ké véi no

Data

Nut con

4

\ Nut anh

trai nhat /

\\ em ké



Cay tong quat




Duyet
cay tong quat

= Thir tu truoc:

1. Thdam goc

2. Duyét cdy con thir nhdt theo thir tw trwdc

3. Duyét cac cay con con lai theo thwt tw truworc
* Thir tw gitra

1.  Duyét cdy con thir nhdt theo thit tw gitra

2. Tham goc

3. Duyét cac cay con con lai theo thir tw gitra
= Thir tu sau:

1. Duyét cdy con thir nhdt theo thit tw sau

2. Duyét cac cay con con lai theo thir tw sau
3. Thdam géc



Ung dung
Cay quyét dinh

= Dung dé biéu dién loi gidi chia bai toan can quyét dinh lwa
chon
= Bai toan 8 dong tién vang:

» Co 8dong tienvang a, b, c, d, e, f, g, h

> C6 mét dong co trong lwong khéng chudn

= St dung moét can Roberval (2 dia)

= Qutput:

» Pong tién k chuan la nang hon hay nhe hon
» SO phép can la it nhat



Cay
quyét dinh

_—-—-—-_'_-_._.-_-::.-\—.




void EightCoins(a, b, ¢, d, e, f, g, h) {
if (a+b+c == d+e+f) {

if (g > h) Compare(g, h, a);
else Compare(h, g, a);

}

else if (a+b+c > d+e+f){
if (a+d == b+e) Compare(c, f, a);
else if (a+d > b+e) Compare(a, e, b);
else Compare(b, d, a);

}

else{
if (a+d == b+e) Compare(f,c,a);
else if (a+d > b+e) Compare(d, b, a);
else Compare(e, a, b);

}

}
// so sanh x vd&i dong tién chuan z
void Compare(x,y,z){
if(x>y) printf(“x nang”);
else printf(“y nhe”);




Al

Any questions?

Email me at trungtt@soict.hust.edu.vn
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