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No1 dung

. Cac nat (Nodes) va Danh sich lién két
Tao, tim kiém

2. Wng dung danh sach lién két
Ngan xép (Stack),
Hang doi (Queue)

3. lterators

Con tro nhv iterators

4. Cay (Trees)

Bai gidng c6 st dung hinh vé trong cudn sach “Absolute C++. W. Savitch, Addison Wesley,2002”
2



Gid1 thi¢u
» Danh sach lién két
Puoc xay dwng st dung con trd
Tang giam kich thw&c trong thdi gian chay
» Cay cling str dung con tro
» Con trd la xwong séng ctia nhirng cau tric nay
St dung bién dbng
» Thw vién mau chuan (STL)
C6 nhiPng phién ban dinh nghta sdn clla mot vai cau tric



Cach tiép can

» Cé 3 cach dé x ly nhitng cau truc div liéu nay
Cach tiép can C-style: str dung ham va cau tric toan cuc
vOi moi thtr déu public
S dung 1&p vGOi cac bién thanh vién private va cac ham
accessor — mutator
St dung I&p ban

» Danh séch lién két st dung phuong thire | (hodc 2)

» Ngdn xép, Hang doi s& dung phwong thirc 2

» Cay st dung phuong thire 3



Nut va danh sach lién két

» Danh sach lién két
M6t vi du don gidn clia “cau tric di liéu dong”
Bao gdm nhiéu nat
» Mdi nut la mdt bién kiéu clu tric hodc dbi twong cla
IOp (co thé tao tw dOng vOi I€énh new)
Nt cling bao gdm con trd trd t&i nhirng nit khac
Cung cap “sw lién két”



Nut va con tro

Display 17.1  Nodes and Pointers

head

"rolls"

Ilteal'l

2

end marker




Pinh nghia nut

struct ListNode

string item;
int count;
ListNode *link;

typedef ListNode* ListNodePtr;
» Chuy sy quay vong (circularity)



Con tréo head

» POi twong v&i nhin “head” khéng phdi 1a mdt nat
ListNodePtr head;
La mOt con trd don gian t&i mét nat
Trd t&i nat dau tién trong danh sach
» Head duwoc st dung dé lwu tri vi tri dau tién trong danh
sach
» Cling dwoc st dung nhw doi sO truyén vao ham



Vi du vé truy cap nut

» (*head).count = |2;

Pat bién thanh vién count cla nat trd bdi con trd head bang
|2

» Toan tl thay thé ->
Puoc goi la toan t¢ mi tén (arrow operator)
Ki hiéu viét tat la sww két hop cla hai toan i * va .
Viét lai ciu lénh trén béng: head->count=12;

» cin>>head->item:

Gan chubi nhap vao cho bién thanh vién item



Dau hiéu két thuic (end markers)

» St dung NULL cho con trd nut

Puwoc xem nhw “linh canh” (sentinel) cho cac nut
Chi dinh raéng khéng con lién két sau nut nay

» Cung cap dau hiéu két thic



Truy cap dir liéu trong nut

Display 17.2

Accessing Node Data

head

Before

head->count = 12;
head->item = "bagels";

"rO”S"

head

After

"bagels"

"tea"

NULL

“tea“

NULL




Danh sach lién két

» Nut dau tién goi 1a head
Puwoc trd tdi boi con tro tén la head
» Nt culi ciing cling dac biét
Bién con trd thanh vién clia né la NULL
Dé dang kiém tra két thic cla danh sach lién két



Pinh nghia 16p danh sach lién két

class IntNode

{
public:
IntNode() { }
IntNode(int theData, IntNode* theLink) : data(theData),link(theLink) { }
IntNode* getLink() {return link;}
int getData() {return data;}
void setData(inttheData) {data = theData;}
void setLink(IntNode* pointer) {link=pointer;}
private:
int data;
IntNode *link;
2

typedef IntNode** IntNodePtr;



Lop danh sach lién ket

» Chuay ham kh@i tao 2 tham sO
Cho phép tao cac nut voi di¥ liu riéng biet va thanh vién lién
két dwoc chi dinh
Vi du: IntNodePtr p2 = new IntNode(42,p1);



Tao nut dau tién

» IntNodePtr head;

Khai bao bién con trd head
» head = new IntNode;
Cap phat ddng cho nit moi
Nut dau tién da trong danh sach va dwoe gan cho head

» head->setData(3);
head->setLink(NULL);
Pat di liéu cho ndt head

Pat lien két cla nat dau 1a NULL, b&i ching ta m&i chi cé |
nut!



Minh hoa thém mot nut cho head
cua danh sach lién két

Display 17.3 Adding a Node to the Head of a Linked List

Node created by
Linked list before insertion new IntNode(12, head)

/ N

head
i
head Y
15
Y [ —F—
3
NULL Y
3
NULL

Linked list after execution of
head = new IntNode(12, head);

\

—

head

[ ] -




Truong hop bi mat nuat

Display 17.5

Lost Nodes

Linked list before insertion

head

15

NULL

head

Situation after executing

head = new IntNode;
head->setData(theData);

12

15

NULL

>—L05tH0d65




Chen mdt nut vao gitta
danh sach lién két (1/2)

Display 17.6 Inserting in the Middle of a Linked List

head 5
| __..I:
| Node created by

¢ new IntNode(5, afterMe->getLink( ));
afterMe
I 3
L ——

' 5 “/////,
I 9 ‘
afterMe->getLink( )
iz highlighted.
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Chen modt nut vao gilra
danh sach lién két (2/2)

afterMe

L —F—~
= 5

f

Final result of / - |
afterMe—>setLink( 9
|

new IntNode(theData, afterMe->getLink( )));




Xoa mot nut

Display 17.7 Removing a Node

head

[
before->setLink(discard->getLink( ));

Y
1 /

delete discard;

head

L—— L —=—|

before

D,

discard

NULL

before
——1—
discard -7 - )
= o
(O
5 —y
NULL




Tim kiém trong danh sach lién két

» Ham v&i hai d6i sO
IntNodePtr search(IntNodePtr head, int target);

// Diéu kién trudc: con trd head trd t&i dau danh sach lién két
// Con tro cla nut cudi cting la NULL.
/I Néu danh sach réng, head 1a NULL
// Trd vé con trd t&i n(t dau tién chira gia tri target
/I Néu khéng tim thay, trd vé NULL
» Pon gian la duyét qua (traversal) danh sach
Giong nhw duyét mang
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Ma gid cho ham tim kiém
(Pseudocode)

while (con trd here chwa trd t&i nut dich hodc nut cudi)

{

dich chuyén con trd here t&i nit tiép theo trong danh sach

if (nat dwoc tro bdi here chra gia tri dich)
return con_tro;

else
return NULL;
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Thuit toan cho ham tim kiém

while (here->getData() != target &&
here->getLink() != NULL)
here = here->getLink();

if (here->getData() == target)
return here;

else
return NULL;
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Ngan xep
(Stack)

» Céu tric di liéu ngin xép
Lay ra di liéu theo th( tw ngwoc voi khi dwoc lwu triv
LIFO — Last-in/First-out (vao sau, ra trr¢c)
» Ngin xép dwoc st dung cho nhiéu tac vu
Truy vét nhirng I goi ham
Quan ly bd nh&
» SO dung danh sach lién két dé cai dat ngin xép
» Thao tac Push: thém di¥ liéu vao ngin xép
P&y vao tl vj tri dau tién clia ngin xép
» Thao tic Pop: |y di liéu ra khdi ngin xép
Lay ra tlr vi tri dau tién clia ngan xép
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Minh hoa ngan xép

Display 17.12 A Stack

pushing

popping
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File giao dién cua
mot 16p khuoén mau ngan xép (1/2)

Display 17.13  Interface File for a Stack Template Class

1 //This is the header file stack.h. This is the interface for the class
2 //Stack, which is a template class for a stack of items of type T.

3  #ifndef STACK_H

4 #define STACK_H

You might prefer to replace the

5 namespace StackSavitch parameter type T with const T&.
6 {

7 template<class T>

8 class Node

9 {
10 public:
11 Node(T theData, Node<T>* thelLink) : data(theData), link(theLink){}
12 Node<T>* getlLink( ) const { return link; }
13 const T getData( ) const { return data; }
14 void setData(const T& theData) { data = theData; }
15 void setLink(Node<T>* pointer) { link = pointer; }
16 private:
17 T data;
18 Node<T> *1ink;
19 };
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File giao dién cua
mot 16p khuoén mau ngan xép (2/2)

Display 17.13 Interface File for a Stack Template Class
20 template<class T>
21 class Stack
22
23 public:
24 Stack();
25 //Initializes the object to an empty stack.
Copy constructor
26 Stack(const Stack<T>& aStack); -
27 Stack<T>& operator =(const Stack<T>& rightSide);
28 virtual ~Stack(); = The destructor destroys the stack
and returns all the memory to the
29 void push(T stackFrame); freestore.
30 //Postcondition: stackFrame has been added to the stack.
31 T pop();
32 //Precondition: The stack is not empty.
33 //Returns the top stack frame and removes that top
34 //stack frame from the stack.
35 bool isEmpty( ) const;
36 //Returns true if the stack is empty. Returns false otherwise.
37 private:
38 Node<T> *top;
39
40 }//StackSavitch
41  #endif //STACK_H
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Driver 16p khudén mau ngan xép
chuong trinh mau (1/3)

Display 17.14  Program Using the Stack Template Class

//Program to demonstrate use of the Stack template class.
#include <iostream>

#include "stack.h"

#include "stack.cpp"

using std::cin;

using std::cout;

using std::endl;

using StackSavitch: :Stack;

co N Oy U1 AW N

(continued)
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Driver 16p khudén mau ngan xép
chuong trinh mau (2/3)

Display 17.14 Program Using the Stack Template Class

9 1int main()

10 {

11 char next, ans;

12 do

13 {

14 Stack<char> s;

15 cout << "Enter a line of text:\n";
16 cin.get(next);

17 while (next != "\n’)
18 {

19 s.push(next);

20 cin.get(next);
21 }
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Driver 16p khudén mau ngan xép
chuong trinh mau (3/3)

22 cout << "Written backward that is:\n";
23 while ( ! s.isEmpty() )

24 cout << s.pop();

25 cout << endl;

26 cout << "Again?(y/n): ";

27 cin >> ans;

28 cin.ignore(10000, ’\n’);

29 }while (ans != 'n’ & ans != 'N’);

30 return 0;

31}

SAMPLE DIALOGUE . o
The ignore member of cin is

Enter a line of text: discussed in Chapter 9. It
straw discards input remaining on the
Written backward that is: line.

warts

Again?(y/n): y

Enter a line of text:
I love C++

Written backward that is:
++C evol |

Again?(y/n): n
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Hang doi (Queue)

» MOt cau tric dir liéu phd bién khéc

X ly di¥ liéu theo cach First-in/First-out (vao trw&c/ra trrdec
- FIFO)

D liéu dwoc chén vao cudi danh sach
D@ liéu dwore 18y ra tlr dau danh sach

31



File giao dién cua
mot 16p khuoén mau hang doi (1/3)

Display 17.16  Interface File for a Queue Template Class

1

2 //This 1is the header file queue.h. This is the interface for the class
3 //Queue, which is a template class for a queue of items of type T.

4  #ifndef QUEUE_H

5 #define QUEUE_H

This is the same definition of the template class

6 namespace QueueSavitch Node that we gave for the stack interface in

7 Display 17.12. See the tip “A Comment on

8 template<class T> Namespaces™ for a discussion of this duplication.
9 class Node
10 {
11 public:
12 Node(T theData, Node<T>* thelLink) : data(theData), link(theLink){}
13 Node<T>* getLink( ) const { return link; }
14 const T getData( ) const { return data; }
15 void setData(const T& theData) { data = theData; }
16 void setLink(Node<T>* pointer) { link = pointer; }
17 private:
18 T data;

(continued)
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File giao dién cua
mot 16p khuoén mau hang doi (2/3)

Display 17.16 Interface File for a Queue Template Class

19
20

21
22
23
24
25
26

27

28

29

30

Node<T> *1ink;
};
You might prefer to replace the
parameter type T with const T&.
template<class T>
class Queue

{
public:

Queue( );
//Initializes the object to an empty queue.

- Copy constructor
Queue(const Queue<T>& aQueue);

Queue<T>& operator =(const Queue<T>& rightSide);

The destructor destroys
the queue and returns all
the memory to the
freestore.

virtual ~Queue( ) ; ==
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File giao dién cua
mot 16p khuoén mau hang doi (3/3)

31 void add(T item);

32 //Postcondition: item has been added to the back of the queue.
33 T remove( );

34 //Precondition: The queue is not empty.

35 //Returns the item at the front of the queue

36 //and removes that item from the queue.

37 bool isEmpty( ) const;

38 //Returns true if the queue is empty. Returns false otherwise.
39 private:

40 Node<T> *front;//Points to the head of a linked list.

41 //Items are removed at the head

42 Node<T> *back;//Points to the node at the other end of the linked list.
43 //Items are added at this end.

44 1

45 }//QueueSavitch

46  #endif //QUEUE_H
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Driver 16p khuén mau giao dién:
chuong trinh mau

12 do

13 {

14 Queue<char> q;

15 cout << "Enter a line of text:\n";
16 cin.get(next);

17 while (next != ’\n’)

18 {

19 g.add(next);

20 cin.get(next);

21 }

22 cout << "You entered:\n";

23 while ( ! g.isEmpty() )

24 cout << g.remove( );

25 cout << endl;

26 cout << "Again?(y/n): ";

27 cin >> ans;

28 cin.ignore (10000, ’'\n’);

29 twhile (ans != 'n’ & ans != 'N’);
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Iterators

» Xay dwng dé duyét di liéu
Cho phép bat ky hanh ddng nao dwoc yéu cau trén di liéu

» Con tro thwd'ng duwgc str dung nhu iterator

» Nh¢ lai: danh sich lién két — mét cau trac dii liéu
nguyén mau/dién hinh (prototypical)

» Con tro: vi du dién hinh cla iterator,duyét qua danh sich
tW vi tri dau tién
Node_ Type *iterator;

for (iterator = Head;iterator != NULL; iterator=iterator->Link)
Do Action
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Lop iterator

» Linh hoat hon so v@i con trd

» Cac toan t& dwo'c nap chOng dién hinh nhw
++ dich chuyén tién iterator sang vi tri tiép theo
-- dich IUi iterator vé vi tri trir&'c
== so sanh bang v0i iterator
I=so sanh khac vOi iterator
*truy cap mot vi tri/muc

» L&p cau tric dir liéu sé c6 2 ham thanh vién
begin():trd iterator vé vi tri dau tién trong cau truc
end():kiém tra iterator c6 & vj tri cudi khéng
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Vi du 16p iterator

» Duyét qua cau truc di¥ liéu cé tén ds:
for (i=ds.begin();i!=ds.end();i++)
process *i /[*iis current data item
» ila mOt iterator
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Gidi thiéu vé cay
» Cay la mét cau tric di liéu phivc tap
» Gi&i thiéu nhitng diéu co’ ban trong bai hoc nay
Xay dwng, thao tac vOi cay
St dung ndt va con tro
» Nh@& lai danh sich lién két: cic nut chi c6 mot con trd
tQi vi tri nut tiép theo
» Cay c6 2 con tro, hodc tham chi nhiéu hon, toi nhirng
nut khac
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Cay nhi phan (1/2)

Display 17.23 A Binary Tree

root

Left subtree Right subtree
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Cay nhi phan (2/2)

class IntTreeNode

{
public:
IntTreeNode(int theData, IntTreeNode* left, IntTreeNode* right)
: data(theData), leftLink(left), rightLink(right){}
private:
int data;
IntTreeNode *leftlLink;
IntTreeNode *rightLink;
};

IntTreeNode *root;
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Thudc tinh cua cay

» Bwong di
T dinh t&i moOt nat bae ky
Khéng quay vong, di theo con trd sé& dén vi tri cudi clng
» Chay & diy mbi nut co 2 lién két
Puwoc goi la cay nhi phan (binary tree)
Kiéu phd bién nhat cla ciy
» Nt gOc (root node)
Twong tw nhw head clia danh sach lién két
» Nut la (leaf nodes)
C4 hai bién lien két déu la NULL (khong cé cy con)
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Cay va d¢ quy
» Théy rang: ciy c6 cau tric dé quy
» MGi cy c6 2 ciy con
Mai cay con lai ¢6 hai ciy con clané ...

» Cé thé st dung cic thudt toan dé quy dé tim kiém!

43



Xu ly cay — 3 phuong phap
(Tree processing)

I. X ly preorder (preorder processing)
X ly di¥ liéu & nut goc
X ly cay con bén trai
X ly cay con bén phai
2. X ly in-order
X ly cay con bén trai
X ly di¥ liéu & nit gbc
X ly cay con bén phai
3. X ly post-order
X ly cay con bén trai
XU ly cay con bén phai
X ly di¥ liéu & nut goc
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Luu tro cay

» Vidu cla chuing ta Iwu gia tri theo mét cach dac biét
Quy luat lwu trir di¥ liéu trong cay nhj phan
D{ liéu & ciy con bén trai nhd hon di liéu gbc
D@ liéu & cay con bén phai I&n hon diF liéu gbc
2 quy tac trén dwoc ap dung dé quy v&i tirng ciy con
»  Cay sl dung co' ché lwu triv:
Puworc goi 1a ciy nhj phan tim kiém (Called binary search tree - BST)

Duyét cay:

Inorder - values "in order"
Preorder - "prefix" notation
Postorder —> "postfix" notation
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Tom tat
» Nutla ciu tric hodc dbi twong clia 1&p

M6t hodc nhiéu thanh vién la con trd

Cac nut duoc két nOi b&i con tro thanh vién

Tao nén cAu tric ma kich thwdc cé thé thay dbi trong lic chay chwong trinh
» Danh sach lién két

Danh sach cac nit ma mdi nit trd t&i phan tl tiép theo

Két thic clia danh sach lién két v&i con trd NULL
Ngin x€p cé cau tric LIFO
Hang doi cé c4u tric FIFO
Xay dwng iterator cho phép duyét qua phan tlr di liéu trong cau tric diy
liGu
» Cautruc di liéu cay

MOi nGt ¢6 nhi€u hon 2 con tro thanh vién

M0i con tro tro t&i nit khic hodic ciy con khac
» Cay nhj phan tim kiém

Mot vai quy ludt lwu trir dic biét gilip cho viéc tim kiém nhanh hon

v Vv VvV Vv
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