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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10

A L L —
NH.ANH

NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.







Giai bai toan bang phan mém

& 1. Xac dinh bai toan

B 2. Thiét ké phan mém

@ 3. Thiét ké dir liéu

B 4. Thiét ké va phan tich giai thuat
B 5. Lap trinh va g& roi

B 6. Kiém tra phan mém

E 7. Bao tri
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Lap trinh hwéng doi twong (OOP)

B Chuwong trinh = tap cac doi twong twong tac nhaul

B Doi twong (object) = thudc tinh + tac vu
local data

of object

doi twong
(object)

entry

local data
of operation
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Kiéu triru twong

B Kiéu triru twong (abstract type): dinh nghia
interface (tap cac entry)
= Entry
& Tén method
B Danh sach tham s hinh thic
M Dac ta chirc nang
B Chwa c6 dir lieu bén trong, chwa dung dwoc
B Chi dung dé thiét ké y niém
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Hién thwc va swr dung

@ Class: hién thwc cua abstract type
& Dinh nghia cac di liéu
& Dinh nghia cac phwong thirc + ham phu tro (ndi bd)
& Dinh nghta cac phwong phirc ‘constructor’ va
‘destructor’ néu can
B Poi twong = mdt instance ciia mot class
E Thong dieép (message):
® dung twong tac lan nhau = &1 goi phwong thirc cla
cac doi twong

Student aStudent;
aStudent.print();
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Pac diem caa OOP

E Tinh bao dong:

® Che dau cau trac div liéu bén trong.

® Che dau cach thire hién thwe doi twong.
B K& thira:

i Dinh nghia thém cac d liéu va phuwong thirc can

thiét twv mot class co san.

& Cho phép overwrite/overload.

® Cho phép dung thay thé va kha nang dynamic biding.
® Bao gop:

B Mot doi twong chira nhiéu doi twong khac.
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Cau truc cua doi twong

Internal data

ﬂternal function

hternal function1
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Khai bao moét class tren C++

class Student { ~ khai bdo mét I&p mé
private: khai bao di lidu bén
Int StudentID; “ '

string StudentName,; | constructor

Suole: // copy constructor
Student(); /

Student(const Student &) - destructor
~Student() e

overload assignment operator
void operator=(const Student &) « | r 7 "
phwong thirc (hanh vi)

void print(); -

12

void main() { -
Student aStudent; « khai bao mét doi twong
sStudent.print(); < goi phuwong thire

}
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Dung ghi chu lam ro nghia

® 1. Ghi cht vao dau moi ham

& (a) Nguwoi lap trinh, ngay, ban sao

® (b) Muc dich cua ham

& (c) Input, output

® (d) Céac chi dan dén cac tai liéu khac (néu co)

H C6 thé dung dang: Precondition va Postcondition

B2 G
® 3. G
24.G

NI C
NI C

NI C

NG vao mdi bién, hang, kiéu
U vao mdi phan cta chwong trinh

U mOi khi diing cac kY thuat dac biét
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Dung ghi chu lam ro nghia — Vi du
void Life::update() o
[* Pre: grid dang chtra mét trang jthéi cua thuyc thé song o
Post: grid sé chira trang thai tién héa méi cua thwe thé song nay */

{

Int row, col;
int new_grid[maxrow + 2][maxcol + 2]; //Chtra trang thai ma&i vao day
for (row = 1; row <= maxrow; row++)
for (col = 1; col <= maxcol; col++)
switch (neighbor_count(row, col)) {

case 2: /[Trang thai cla té bao khéng dbi
new_grid[row][col] = grid[row][col]; break;

case 3: /ITé bao sé sdng
new_grid[row][col] = 1; break;

default: /ITé bao sé chét

new_grid[row][col] = 0;
}
for (row = 1; row <= maxrow; row++)
for (col = 1; col <= maxcol; col++) ,
grid[row][col] = new_grid[row][col]; //Cap nhat cac té bao cung luc
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Stub va driver

B Stub:
B Viét cac prototype truédc
® Viét dummy code dé thtr nghiém
& Vi du:
bool user says yes( ) {
return(true);

}
& Driver:

® Viét mot chwong trinh nhoé dé kiém tra
E Thw vién ca nhan:
& Gom cac ham dung chung thanh thw vién
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Tro choi Life

& Luat:

B M6t ma tran cac té bao 1a song hay chét

B C4c té bao lan can dwoc tinh 1a tdm 6 xung quanh

B Qua trinh tién hoa ap dung cho mét trang thai hién tai

Mot té bao song la song 6’,thé hé ké néu cé 2 hoac 3
té bao song lan can va chét trong trirong hop khac

B Mot té bao dang chét sé song & the hé ké néu né co
chinh xac 3 teé bao song lan can, neu khong no van
chét tiép.

M Tat ca céc té bao duoc kiém chirng ciing mét lic dé
quyét dinh trang thai sdng, chét & thé hé ké
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Tro choi Life — Vi du
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Tro choi Life — Thiét ké phwong thirc

int Life :: neighbor_count(int row, int col)

Pre: The Life object containg a configuration, and the coor-
dinates row and col define a cell inside its hedge.

Post: The number of living neighbors of the specified cell is
returned.

void Life :: update()
Pre: The Life object contains a configuration.
Post: The Life object contains the next generation of config-

uration.
void Life : :initialize( )
Pre: None.
Post: The Life object contains a configuration specified by the
user.

void Life :: print{ )
Pre:  The Life object contains a configuration.

Post: The configuration iz written for the user.
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Tro choi Life — Thiet ke class

const int maxrow = 20
const maxcol = 60;

class Life {
public:
void initialize( );
void print();
void update( );
private:
Int grid[maxrow][maxcol];
Int neighbor_count(int row, int col);

I}
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Tro choi Life — Pém so té bao song
lan can

B Ma C++:
count=0
for (i=row — 1;i <=row + 1; i++)
for (j =col — 1;j<=col + 1; j++)
count += grid[i][j];
count —= grid[row][col];

B Sai chd nao?
B Néu nhw row hodc col 1a ngay cac bién cua array
B Cac gia tri cua cac té bao knong la 1 hoac 0
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Tro choi Life — Thay doi thiet ké

® Giai phap:
@ Thém vao 2 cbét va 2 hang gia co gia tri lubn la 0
& Khai bao di¥ lieu: gridfmaxrow + 2][maxcol + 2]

[EIEEITIS
[TIREIREY £l
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) DH Bach Khoa Tp.HCM = M Khoa Cong nghé Thong tin =

Tro choi Life — Giai thuat cap nhat

Algorithm Update ,
Input: mot trang thai sc“)ng -
Output: trang thai cua thé hé ké tiép

1. Khai bao maot grid moi
2. Duyét qua toan bo té bao cla trang thai hién tai
2.1. Pém sb té bao sbng xung quanh 6 hién tai
2.2. Néu la 2 thi trang thai mai chinh 1a trang thai ci
2.3. Néu la 3 thi trang thai ma&i 1a séng
2.4. Nguoc lai la chét
3. Cap nhat grid m&i vao trong grid ci

End Update
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Tro choi Life — Ma C++ cap nhat
void Life::update() o
[* Pre: grid dang chtra mét trang jthéi cua thuyc thé song o
Post: grid sé chira trang thai tien héa maéi cua thiyrc thé song nay */

{

Int row, col;
int new_grid[maxrow + 2][maxcol + 2]; //Chtra trang thai ma&i vao day
for (row = 1; row <= maxrow; row++)
for (col = 1; col <= maxcol; col++)
switch (neighbor_count(row, col)) {

case 2: /[Trang thai cla té bao khéng dbi
new_grid[row][col] = grid[row][col]; break;

case 3: /ITé bao sé sdng
new_grid[row][col] = 1; break;

default: /ITé bao sé chét

new_grid[row][col] = 0;
}
for (row = 1; row <= maxrow; row++)
for (col = 1; col <= maxcol; col++) ,
grid[row][col] = new_grid[row][col]; //Cap nhat cac té bao cung luc
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Két luan

® Sv lién quan gitra CTDL va giai thuat:
B Cau trac di¥ liéu cu thé: chon giai thuat
® Giai thuat cu thé: chon cau truc di liéu
B Cau truc di¥ liéu triru twong:
B D liéu cu thé bén trong
& Cac phwong thure: interface ra bén ngoai
& Thich hop cho phwong phap hwéng doi twong
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Cnuwong




Mo ta stack

& Mot stack [a mOtE e
truc dir liéu ma viéc
thém vao va loai bo
duwoc thuwc hién tai
mot dau (goi la dinh —
top cua stack).

E La mo6t dang vao sau
ra trwdc — LIFO (Last
In First Out)
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Vi du veé stack

B Stack rong:

B Day (push) Q vao:

B Day A vao:
B Lay (pop) ra mdt => dwoc A:

B Lay ra mot => dwoc Q va stack réng:

ol [e[=] [l [l |
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UWng dung: Pao ngwoc danh sach

B Yéu cau: Ddo ngwoc mot danh sach nhap e
® Giai thuat:

1. Lap lai n lan
1.1. Nhap vao moét gia tri
1.2. Day né vao stack

2. Lap khi stack chwa rong
2.1. Lay mot gia trj tir stack
2.2. Inra
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Pao ngwoc danh sach - Vi du

Can nhap 4 sbé vao

Ban dau Nhap 1 Nhap 5 Nhap 7 Nhap
3

V4 V4

5

L 1 | 1 1

) ) ) ) , , Stack da rong
Layra=>3 Llayra=>7 |4yra=>5 Layra=>1 Ngirng

‘H o |~

7
)
1 2]
:
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Pao ngwoc danh sach — Ma C++

#include <stack>

: o str dung STL

using namespace std; (Standard Template Library)

int main( ) { khai bao mét stack c6 kiéu di liéu
Int n; ~ cla cac phan t& bén trong |1a double
double item;

stack<double> numbers;
cout << "Bao nhieu so nhap vao? "

cin >>n, | _ day mét sO vao trong stack
for (inti=0;i<n;i++) { [
cin >> item; // kiém tra xem stack c6 khac réng khéng

numbers.push(item);/
} L |4y gié trj trén dinh cla stack ra,

while (Inumbers.empty( )) { stack khong doi

cout << numbers.top( ) << " "

numbers.pop(); lay gia tri trén dinh clia stack ra khoi stack,
} } : dinh cua stack bay gi& la gia tri ké tiép
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Kiéu triru twong (abstract data type)

B DN1: Mét kiéu (type)
& mot tap hop
B méi thanh phan cda tap hop nay la cac gia tri (value)
@ Vi du: int, float, char la cac kiéu co ban
B DN2: Mot day cua kiéu T
@ co chiéu dai bang 0 la réng
@ co chiéu dai n (n>=1): bd th tw (Sn-1, t)
Sn-1: day c6 chiéu dai n-1 thudc kiéu T
t 1a mot gia tri thudc kiéu T.
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Stack triru twrong

E Mot stack kieu T:

B M6t day hivu han kiéu T

B M6t s tac vu:
B 1. Khdi tao stack rong (create)
B2. Kiém tra réng (empty)
B3. DAy mot gia tri vao trén dinh cua stack (push)
BE4. Bo6 gia tri dang co trén dinh cua stack (pop)
B5. LAy gia tri trén dinh cua stack, stack khéng déi (top)
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Thiéet ké stack

enum Error_code {fail, success, overflow, underflow};

template <class Entry>

class Stack {

public:
Stack(); //[constructor
bool empty() const; //kiém tra réng
Error_code push(const Entry &item);  //day item vao
Error_code pop(); //bd phan t& trén dinh
Error_code top(Entry &item); /N\ay gié tri trén dinh
//khai bao mdt sd6 phwong thire can thiét khac

private:
//khai bao di¥ liéu va ham phu tro chd nay

%
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Thiét ké cac phwong thirc

template <class Entry>

bool Stack<Entry>::empty() const;

Pre: Khdng co

Post: Tra vé gia trji true néu stack hién tai 1a rébng, nguoc lai thi tra vé false

template <class Entry>

Error_code Stack<Entry>::push(const Entry &item);

Pre: Khdng co

Post: Néu stack hién tai khdng day, item s& dwoc thém vao dinh cua stack.
Ngworc lai tré vé gia tri overflow cua kiéu Error_code va stack khéng dbi.

template <class Entry>
Error_code Stack<Entry>::pop() const;
Pre: Khdng co
Post: Néu stack hién tai khéng réng, dinh cla stack hién tai sé& bj hay ba.
Ngworc lai trd vé gia tri underflow cta kiéu Error_code va stack khéng dbi.

template <class Entry>

Error_code Stack<Entry>::top(Entry &item) const;

Pre: Khdng co

Post: Néu stack hién tai khéng réng, dinh cla stack hién tai sé& dwoc chép vao tham
bién item. Nguorc lai trd vé gia tri fail ctia kiéu Error_code.
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Hién thwc stack lién tuc

Count aniry
0
[@] [1] [2] [maxstack — 1]
al Stack is ermpty
CoLnt 2rtry
1 *
[@] ] [2] [maxstack — 1]
ib) Push the first entry
LNt entry
| M \ w | % | = | = | -
[0 [1] [2] [m—1]n] [maxstack — 1]

| M items on the stack
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Khai bao stack lién tuc

const int maxstack = 10; //small number for testing

template <class Entry>
class Stack {
public:
Stack();
bool empty( ) const;
Error_code pop();
Error_code top(Entry &item) const;
Error_code push(const Entry &item);
private:
Int count;
Entry entry[maxstack];
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Pay moét phan tir vao stack

® Giai thuat:
1. Néu con chd tréng trong stack
1.1. Tang vi tri dinh 1én 1
1.2. Chtra gia tri vao vi tri dinh cua stack
1.3. Tang sb phan ti 1&n 1

top — 5

1 gount=3
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Bo phan tir trén dinh stack

® Giai thuat:
1. Néu con phan t& trong stack
1.1. Giam vi tri dinh di 1
1.2. Giadm sé phan t di 1

top— | 7

eount=3
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Thém/Bé phan tir - Ma C++

template <class Entry>
Error_code Stack<Entry>:: push(const Entry &item) {
If (count >= maxstack)
return overflow:

else
entry[count++] = item;
return success;

}

template <class Entry>
Error_code Stack<Entry>:: pop() {
If (count == 0)
return underflow;
else
count--;
return success;
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Lay gia tri trén dinh stack

® Giai thuat:
1. Néu con phan t& trong stack
1.1. Tra vé gia tri tai vi tri dinh

B Ma C++:

template <class Entry>
Error_code Stack<Entry>:: top(Entry &item) {
If (count == 0)
return underflow;
else
item = entry[count - 1];
return success;
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Reverse Polish Calculator

® MO ta bai toan:
B Cé4c toan hang dwoc doc vao trwée va day vao stack
B Khi doc vao toan tl, lay hai toan hang ra ti stack,
tinh toan véi toan t nay, roi day két qua vao stack
B Thiét ké phan mém:
B Can mot stack dé chira toan hang
B Can ham get_command dé nhan I&nh tir ngwdi dung
B Can ham do_command dé thuc hién 1énh
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Reverse Polish Calculator
— Thiet ké chtrc nang

B Tap lénh:
| “?’: doc mot gia tri roi day vao stack
B Toan t& “+, -, *, */" lay 2 gi tri trong stack, tinh
toan va day két qua vao stack
B Toan t ‘=": in dinh cua stack ra
® ‘q’: két thuc chwong trinh
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Reverse Polish Calculator — Vi du

Tinh toan biéu thtrc: 3 5 + 2 * =

5 5
3 3 3 8
Bandau Toantr?  Toantk ? Toan tlr + P4y 8 vao
Nhapvao3 Nhapvao5 LayrabSva3
Tinh3+5=>8
2 | 2 |
8 8 16 16
Toantr ? Toantd * Pay vao 16 Toan tr =
Nhap vao 2 Layra2va8 Inra 16

Tinh8*2=>16
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Reverse Polish Calculator —
Ham get command

char get command() {
char command;
bool waiting = true;
cout << "Select command and press < Enter > :";
while (waiting) {
cin >> command;
command = tolower(command);

if (command == ‘?" || command == ‘=’ || command ==+’ ||
command == ‘-’|| command == "’ || command == /' ||
command == ‘q’) waiting = false;

else {

cout << "Please enter a valid command:" << endl|
<< "[?]push to stack [=]print top" <<endl|
<< "[+] [-]1 [*1 [/] are arithmetic operations" << end|
<< "[Q]uit." << endl;

}
}

return command:
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Reverse Polish Calculator —
Giai thuat tinh toan véi toan tuw

Algorithm Op_process
Input: toan t& op, stack chira cac toan hang
Output: stack chira cac toan hang sau khi tinh xong toan t& op

1. Néu stack khdng réng
1.1. L&y dinh stack ra thanh p
1.2. Bé phan t& trén dinh stack
1.3. Néu stack réng
1.3.1. Pay p nguoc lai
1.3.2. Bao 16i va thoat
1.4. Lay dinh stack ra thanh g
1.5. Bd phan ti trén dinh stack
1.6. Tinh toan (q op p)
1.7. Day két qua vao stack

End Op_process
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Reverse Polish Calculator —
Ma C++ cho toan twr cong

If (numbers.top(p) == underflow)
cout << "Stack réng";
else {

numbers.pop();

If (numbers.top(q) == underflow) {
cout << "Stack chi co 1 tri”;
numbers.push(p);

}

else {
numbers.pop( );

If (numbers.push(q + p) == overflow)
cout << "Stack day”;
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Reverse Polish Calculator —
Chwong trinh chinh

#include "stack.cpp"

//prototype

void introduction();

void instructions( );

char get_command();

bool do_command(char command, Stack<double> &numbers);

iInt main() {
Stack<double> stored _numbers;
Introduction( );
Instructions( );

while (do_command(get_ command( ), stored _numbers));

}

/limplementation
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Reverse Polish Calculator —
Ham do command

bool do_command(char command, Stack &numbers) {
double p, q;
switch (command) {
case '?":
cout << "Enter a real number: " << flush; cin >> p;
If (numbers.push(p) == overflow)
cout << "Warning: Stack full, lost number" << endl; break;
case '="
If (numbers.top(p) == underflow) cout << "Stack empty" << endl;
else cout << p << endl; break;

/[ Add options for further user commands.
case ‘q’. cout << "Calculation finished.\n"; return false;

}

return true,

}
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Mo ta queue

® Mot queue 1a mot ciu truc di liéu ma viéc thém vao duwoc tHl
hién & mét dau (rear) va viéc lay ra dwgc thwe hién & dau con lai
(front)

® Phan tl vao truwdc sé ra trudc — FIFO (First In First Out)

, DH Bach Khoa Tp.HCM = s Khoa Cong nghé Thdng tin = = Chuwong 3: Queue = :



Queue triru twrong

B Mot queue kieu T:

B M6t day hivu han kiéu T

B M6t s tac vu:
B 1. Khéi tao queue rong (create)
B2. Kiém tra réng (empty)
B3. Thém mét gia tri vao cudi cia queue (append)
B4. Bd gia tri dang c6 & dau cua queue (serve)
B5. LAy gia tri & dau clia queue, queue khdng dbi (retrieve)

| DH Bach Khoa TCM = s Khoa Cong nghé Tng tin = = Chuwong 3: Queue = .



Thiet ke queue

enum Error_code {fall, success, overflow, underflow};

template <class Entry>

class Queue {

public:
Queue(); //constructor
bool empty() const; //kiém tra rdng
Error_code append(const Entry &item); //day item vao
Error_code serve(); /Ibd 1 phan t&r & dau
Error_code retrieve(Entry &item): /Nay giéa tri & dau
//khai bao mot s6 phwong thirc can thiét khac

private:
//khai bao dir liéu va ham phu trg ché nay

I
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Thiét ké cac phwong thirc

template <class Entry>

bool Queue<Entry>::empty() const;

Pre: Khdng co

Post: Tra vé gia tri true néu queue hién tai la réng, nguwoec lai thi tra vé false

template <class Entry>

Error_code Queue<Entry>:.append(const Entry &item);

Pre: Khdng co

Post: Néu queue hién tai khong day, item sé& dwoc thém vao cubi clia queue.
Ngworc lai tré vé gia tri overflow cua kiéu Error_code va queue khéng dbi.

template <class Entry>

Error_code Queue<Entry>::serve() const;

Pre: Khdng co

Post: Néu queue hién tai khéng réng, dau cta queue hién tai sé bj hiy bd.
Ngworc lai tré vé gia tri underflow cta kiéu Error_code va queue khéng dbi.

template <class Entry>

Error_code Queue<Entry>::retrieve(Entry &item) const;

Pre: Khdng co

Post: Néu queue hién tai khéng réng, dau ctia queue hién tai sé dwoc chép vao tham
bién item. Nguoc lai trd vé gia tri underflow cda kiéu Error_code.
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M¢& rong queue

B Co6 thém cac tac vu:
@ Kiém tra day (full)
@ Tinh kich thwéce (size)
@ Giai phong queue (clear)
@ Lay gia tri & dau va bd ra khdi queue (serve_and_retrieve)
B Ma C++:
template <class Entry>
class Extended_queue: public Queue<Entry> {

public:
bool full() const; \Cé cac kha nang public,
Int size( ) const; protected, private
void clear();
Error_code serve_and_retrieve(Entry &item);
I
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Tinh thwra hwong

E Dung tinh thtra hwéng:
@ Extended_queue cé day du cac thanh phan cia Queue
@ Thém vao do cac thanh phan riéng ctia minh

class Queue class Extended_queue
methods: methods:
CQueue (constructor) Extended_queue (constructor)
append append |
Serve inheritance Sarve
. _ » —— inherited
retrieve retrieve
empty ampty
data members sIZe
| clear
Base class full

serve_and retrieve

data members —— inherited
additional data members

Derived class
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Queue lién tuc

B Dung mét array: Cé xu hwdng doi vé cudi array
B Hai cach hién thwc dau tién:
®@ Khi lay mét phan tlr ra thi ddng théi doi hang 1én mot vi tri.

CS\A\B\C\D| CS\B\C\D\ | @\B\C\D\E|

Ban dau Lay ra 1 phan to: Thém vao 1 phan to
doi tat ca vé trude

B Chiddi hang vé dau khi cudi hang khéng con chd

@\A\B\C\D| <:\ ‘B‘C‘D| CZI‘B‘C‘D‘E|

Ban dau Lay ra 1 phan to Thém vao 1 phan tw:
doi tat ca vé trwdce dé
trong choé thém vao
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Queue la array vong (circular array)

front rear

)

inear
implementation front rear

0 1 2 occupied / max — 1

max — 2
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Array vong v&i ngon ngir C++

B Xem array nhw la mo6t vong:
® phan tl cudi cua array ndi v&i phan t&r dau cua array
® Tinh toan vi tri ké:
Bi=((+1)==max)?20:(i+1);
Eif(1+1)==max)1=0;elsei=1+1;
B1=(+1)%max;
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Piéu kién bién cia queue vong

Queue

containing

one item /_\'\
rear front

FEemove the item.

Empty
queue

rear -"/‘ 1K“‘fr{m’r

Queue £
with one

. y ’
cp Y rear / \ front

position

[nsert an iterm.

i

Full

jquele

rear ,/ \*frcmt
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Mot s6 cach hién thwe queue lién tuc

E MOt array voi front la phan te dau va tat ca cac ph
sé& dwoc doi 1&n khi lay ra mot phan to.

B Mot array co hai chi muc ludn tang chi dén phan tlr dau
va cuol.

B Mot array vong co chi muc front va rear va mét 6 ludn
trong.

B Mot array vong c6 chi muc front va rear va mét co (flag)
cho biét queue la day (réng) chuwa.

B Mot array vong voi chi muc front va rear co cac gia tri
dac biét cho biét queue dang rong.

® Mot array vong ve&i chi muc front va rear va moét sO
chira sé phan tir cia queue.
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Hién thwc queue lién tuc

const int maxqueue = 10; // small value for testing
template <class Entry>
class Queue {
public:
Queue( );
bool empty( ) const;
Error_code serve();
Error_code append(const Entry &item);
Error_code retrieve(Entry &item) const;
protected:
Int count;
Int front, rear;
Entry entry[maxqueue];
b
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Khéi tao va kiém tra réng

@ Khei tao:
template <class Entry>
Queue<Entry>::Queue( ) {

count = 0;
rear = maxqueue — 1;
front = O;

}

@ Kiém tra rong:
template <class Entry>
bool Queue<Entry>::empty( ) const {

return count == 0; «

Dung bién count dé
biét s6 phan to
trong queue
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Thém mot gia tri vao queue

& Giai thuat:
1. Néu hang day
1.1. B&o 16i overflow
Tinh toan vj tri cudi ma&i theo array vong
Gan gia tri vao vj tri cudi mai nay
Tang sb phan ti [&n 1
Bao success

r s WD

front rear

| !
Sl A|B|C D
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Loai mot gia tri khoéi queue

& Giai thuat:
1. Néu hang réng
1.1. Bao 16i underflow
2. Tinh toan vi tri dau méi theo array vong
3. Giam sb phan t di 1
3. Bao success

front rear

| |
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Théml/loai mot gia tri — Ma C++

template <class Entry>

Error_code Queue<Entry>::append(const Entry &item) {
If (count >= maxqgueue) return overflow;
count++;
rear = ((rear + 1) == maxqueue) ? 0 : (rear + 1);
entry[rear] = item;
return success;

}

template <class Entry>
Error_code Queue<Entry>::serve() {
If (count <= 0) return underflow;
count—-;
front = ((front + 1) == maxqueue) ? 0 : (front + 1);
return success;
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Wng dung: Gia lap phi trwedng

i Mé té _________‘_-;--i 14,' _______ L_f.l--"-,‘
- F)

—

-

— o —

& 2. MOt may bay cothéecat hodc ha canh trong mot
don vi thoi gian.
® 3. Tai mot thoi diém,;s6 may bay dén |1a ngau nhién.

ﬁt"trs

S 17S dyﬁg hang dgi runway cho viéc cat va ha canh.

-

& 4. May bay ha canh gtroc %ﬂﬂrmmaym
. Pl'melﬁalglh._e e g m‘ﬁ*ﬁl—iﬂi- '-'1—“15"“ T s

.:____;-"-"'_"-__-Z-'- i 5; Ca(ﬁ'l%albayﬁhﬁ ca tfh_qganh dUOC chira VAo Gac
_—hangdgi twon :Va ygl S0 Iwo;ggm han.

Runmway \_Z?Fx__
_b—-'-__" — fe e AR T B T [|EEEEL
o T, - EE
[ . 4 x .

e e
m—

Takeoff queue
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Gia lap phi trroong — Hang dovi

enum Runway_activity {idle, land, takeoff};

class Runway {

public:
Runway(int limit);
Error_code can_land(const Plane &current);
Error_code can_depart(const Plane &current);
Runway_activity activity(int time, Plane &moving);
void shut_down(int time) const;

private:
Extended queue landing;
Extended queue takeoff;
Int queue_limit;
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Gia lap phi trroong — Ha canh

Error_code Runway :: can_land(const Plane &current) {
Error_code result;
If (landing.size( ) < queue_limit)
result = landing.append(current);

else

result = falil;
num_land_requests++;
If (result '= success)

num_land refused++;
else

num_land_accepted++;
return result;
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Gia lap phi treong — Xw ly

Runway_activity Runway::activity(int time, Plane &moving) {

Runway_activity in_progress,

If (landing.empty()) {
landing.retrieve(moving);
In_progress = land,
landing.serve( );

} else if (takeoff.empty()) {
takeoff.retrieve(moving);
In_progress = takeoff;
takeoff.serve();

} else
In_progress = idle;

return in_progress;
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Gia lap phi trrroong — Gia lap
for (int current_time = 0; current_time < end_time; current_time++) {
int number_arrivals = variable.poisson(arrival_rate);
for (int i =0; 1 < number_arrivals; i++) {
Plane current_plane(flight_number++, current_time, arriv
If (small_airport.can_land(current_plane) != success)
current_plane.refuse();

}

Int number_departures = variable.poisson(departure_rate);

for (int j = 0; j < number_departures; j++) {
Plane current_plane(flight_number++, current_time, departing);
If (small_airport.can_depart(current_plane) != success)

current_plane.refuse();

}

Plane moving_plane;

switch (small_airport.activity(current_time, moving_plane)) {
case land: moving_plane.land(current_time); break;
case takeoff: moving_plane.fly(current_time); break;
case idle: run_idle(current_time);
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Biéu dién con tré bang C++

® Khai bao bién:

( 9—» 7
E Item *item_ptrl, * item_ptr2;

B Tao m&i dbi twong: =

77

& item_ptrl = new Item;

B Huy bd doi twong:

C,
@ delete item_ptrl; ( 9 - \ % J
€,

B S dung:

& *item_ptrl = 1378;

& cout << Student_ptr -> StudentID;
® Con tro NULL:

& item_ptr2 = NULL; @
) DH Bach Khoa Tp.HCM = s Khoa Cong nghé Thong tin = = Chuong 4: Stack va Queue lién két = : e
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Sw dung con tré trong C++

® Dia chi cla bién:
® Bién: int_ptr = &x;
& Array: arr_ptr = an_array;
E Dynamic array:
& Trong C++, array co thé dwoc quén ly nhw mét con
tro va nguoc lai
& Vi du:
int arr[3] = {0, 1, 2, 3},
Int *arr_ptr = arr;
[Inra0—-1-2
cout << *arr_ptr << “ -7 <<*arr_ptr + 1) <<“ -7 << arr_ptr[2];
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Gan con tro trong C++

p@—'- Music *)
q@ =1 Calculus *(]

Gan noéi dung: binh thuwdng Gan con tré: nguy hiém
p i e =1 Calculus *p P Music

*[0 = %] P=q
q @—» Calculus *q q @ »| Calculus
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Thiét ké node lién két

® Can:
e D liéu
B Con tré dé tré dén node sau
&2 Constructor

Mode _entry entry Mode =next

o

Mode
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Thiét ké node lién két bang C++

template <class Entry>
struct Node {

Entry entry; /[ data members
Node<Entry> *next;
Node(); // constructors

Node(Entry item, Node<Entry> *add on = NULL);

Storage area
[ reserved

by machine
used to contain |
_r'-h:ude_entmr entrz

information

Mode _entry )

. Mode snext { Pointer
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) 4
N

Vi du v&i node lién ket

Node<char> first_node(‘a’);
Node<char> *p0 = &first_node;
Node<char> *pl = new Node<char>('b’);

pPO->next = p1;
Node<char> *p2 = new Node<char>(‘c’, p0);
pl->next = p2;
pl p2
first_node

a > b > C

i

A
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Stack lién ket

top_node top_node (= =

®__|?_ @— Mode —

| mpty stacl

top middle baottom
top_node entry entry entry * +
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Khai bao stack lién ket

template <class Entry>
class Stack {
public:
Stack();
bool empty( ) const;
Error_code push(const Entry &item);
Error_code pop();
Error_code top(Entry &item) const;
Stack(const Stack<Entry> &copy);
~Stack();
void operator=(const Stack<Entry> &copy);
protected:
Node<Entry> *top_node;

3
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Thém vao mot stack lién ket

® Giai thuat
@ 1. Tao ra mdt node méi véi gia tri can thém vao
@ 2. Tré n6 dén dinh hién tai cla stack
@ 3. Tro dinh cua stack vao node moi

new_top

S

new node

top_node

B

&

\ 4

old top

» middle

last

Chuwong 4: Stack va Queue lién két = ; @
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Bo dinh ciia mot stack lién két

® Giai thuat:
@ 1. Gan mdt con trd dé gitr dinh cla stack
@ 2. Tré dinh cua stack vao node ngay sau dinh hién tai
& 3. Xda node cu di

top_node

C

old_top

\ 4

old top ¥ middle > old last
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Thém/Bé dinh cia mét stack lién ket
- Ma C++

template <class Entry>

Error_code push(const Entry &item) {
Node<Entry> *new_top = new Node<Entry>(item, top_node);
If (new_top == NULL) return overflow;
top_node = new_top;

template <class Entry>
Error_code pop() {
Node<Entry> *old_top = top_node;
If (top_node == NULL) return underflow;
top_node = old_top->next;
delete old_top;
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Sw khong an toan con tro trong C++

B Két thuc bién stack nhwng bd nhé con lai:
i delete stackO:;

stackO

L top *middle * last |7/

—

® Gan hai stack: ca hai dung chung mét vung dir liéu

@ stack2 = stackl;: stack?

> top *middle » last

—

stackl

. top *middle " last |7
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Pam bao an toan con tro trong C++

E Destructor:
@ Sé dwoc goi ngay trwde khi doi twong két thic thdi gian sdng
®@ Dung x6a hét vung di liéu

E Copy constructor:

@ Sé dwoc goi khi khaoi tao bién luc khai bao, hodc truyén di liéu
bang tham tri
@ Sao chép ngudn thanh mét vang di liéu maoi
B Assignment operator:
#@ Sé dwoc goi khi gan doi twong nay vao doi twong khac
B Xoa vung di liéu cua dich va dong théi sao chép nguén thanh
mot vung dir lieu moi
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Xoéa vung dir lieu dang cé

® Giai thuat:
1. Trong khi stack chwa rong
1.1. Bo dinh cua stack

B Ma C++:
while (empty())
pop();
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Sao chép vung dir liéu

® Giai thuat:
1. Tag mot dinh cua danh sach m&i v&i dir liéu cua dinh
nguon

2. Gilr mot con tréd dudi chi vao cudi danh sach moi

2. Duyét qua danh sach ngudn
2.1. Tao m6t node maoi voi dir liéu tr node nguén hién tai
2.2. N&i vao cudi danh sach méi
2.3. Con tro dubi la node mé&i
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Sao chép vung dir lieu — Vi du

copy.top_node

<::> J a » b " C

copy_nhode
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Sao chép vung dir lieu — Ma C+

Node<Entry> *new_top, *new_copy, *copy_node = copy.top _nodes
If (copy_node == NULL) new_top = NULL,;
else {
// Sao chép vung di¥ liéu thanh danh sach maoi
new_copy = new_top = new Node<Entry>(copy_node->entry);
while (copy_node->next '= NULL) {
copy_node = copy_node->next;
new_copy->next = new Node<Entry>(copy_node->entry);
new_Ccopy = New_Ccopy->next;
}
) )
clear(); //xba rong dir liéu hién tai trwvdc
top_node = new_top; // thay thé di¥ liéu bang danh sach mai.
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Queue lién két

B Thiét ké:
® Dung hai con tré chi dén dau va cudi ctia danh sach
front d liéu (front va rear) rear
front * middle * last

® Khéi tao rdng: gan ca front va rear vé NULL

front rear
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Khai bao Queue lién ket

template <class Entry>
class Queue {
public:
Queue( );
bool empty( ) const;
Error_code append(const Entry &item);
Error_code serve();
Error_code retrieve(Entry &item) const;
~Queue();
Queue(const Queue<Entry> &original);
void operator = (const Queue<Entry> &original);
protected:
Node<Entry> *front, *rear;

%
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Thém phan tlr vao moét queue lién ké

® Giai thuat:
1. Tao mot node mai v&i di liéu can thém vao
2. Néu queue dang réng
2.1. front va rear la node moi

3. Nguoc lai new rear
3.1. Nbi node mé&i vao sau rear
3.2. rear chinh la node moi
new _last
front rear ] 1
4
front | middle ] last
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Bo phan tir khoi mét queue lién ket

® Giai thuat:
1. Dung mdt con tro dé gilr lai front hién tai
2. Néu queue c6 mdt phan to
2.1. Gan front va rear vé NULL
3. Nguwoc lai
3.1. Tré front dén nut ké sau

4. Xobéa nut ca di rear

front

C

old_front

\ 4 \ 4

vw

\ 4

front middle last
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Thém/Bé phan tir cia mét queue lié
két — M3 C++

template <class Entry>

Error_code append(const Entry &item) {
Node<Entry> *new_rear = new Node<Entry>(item);
If (new_rear == NULL) return overflow;
If (rear == NULL) front = rear = new_reatr;
else { rear->next = new_rear,; rear = new_rear; }
return success;

}

template <class Entry>

Error_code serve() {
If (front == NULL) return underflow;
Node<Entry> *old_front = front;
front = old_front->next;
If (front == NULL) rear = NULL;
delete old_front;
return success;
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Kich thwéc cia mét queue lién ket

® Giai thuat:
1. Khai tao bién dém 1a 0
2. Duyét qua danh sach
2.1. Dém tang sb phan t 1&n 1

E Ma C++:
Node<Entry> *window = front;
int count = 0;

while (window !'= NULL) {
window = window->next;
count++;

}

return count;
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Wng dung: tinh toan da thirc

® Dung lai bai reverse Polish calculator

® Thiét ké cau trac di¥ lieu cho da thirc:
@ M6t ban ghi cé thanh phan mi va hé sb
@ Mot danh sach cac ban ghi theo thr tw gidm cla sd m
B Céthé dung queue

o) Gty ©
o Bl

= a =

@——- 5 3 2 0
i L i
I —2x% 4+ x?4 4
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Giai thuat cong hai da thirc 1

Algorithm Equals_suml
Input: p,q la hai da thirc
Output: da thire tdng

1. Trong khi p va q chwa réng
1.1. L&y phan t& front cda p va q thanh p_term, q_term
1.2. Néu bac clia p_term Ién (hodc nhd) hon bac ciia g_term
1.2.1. Pay p_term (hodc q_term) vao két qua
1.2.2. B6 phan tlr dau trong p (hoac trong q)
1.3. Ngwoc lai
1.3.1. Tinh hé s mé&i cho s6 hang nay
1.3.2. DAy vao két qua
2. Néu p (hoac q) chwa rong
2.1. B4y toan bd p (hodc q) vao két qua

End Equals suml
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Vi du cdng hai da thirc bang giai
thuat 1

Pp=3x-2x*+x3+4

<3.0, 6> < -2.0, 45 <10, 3> * <4.0, 0>

g = 5x° + 2x* + 4x? + 2x

<5.0, 5> *<2.0, 4> »<4.0, 2> »<2.0, 1>

p+q=3x5+5x>+x3+4x%+2x + 4

<3.0, 6> *»<5.0, 5> »<1.0, 3> »<4.0, 2>
» <2.0, 1> * <4.0, 0>
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Ma C++ cong hai da thirc 1

Term p_term, q_term;
while ('p.empty( ) && !'g.empty()) {
p.retrieve(p_term); g.retrieve(g_term);
iIf (p_tem.degree > q_term.degree) {
p.serve(); append(p_term);
} else if (q_term.degree > p_term.degree) {
g.serve(); append(q_term);
}else {
p.serve(); g.serve();
If (p_term.coefficient + q_term.coefficient !=0) {
Term answer_term(p_term.degree,
p_term.coefficient + q_term.coefficient);
append(answer_term);
138
while (!p.empty()) { p.serve_and_retrieve(p_term); append(p_term); }
while (!q.empty()) { g.serve_and_retrieve(q_term); append(q_term); }
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Giai thuat cong hai da thirc 2

Algorithm Bac_da thuc
Input: da thirc
Output: bac cua da thirc

1. Néu da thirc réng
1.1. Travé -1
2. Tra vé bac cda phan t& dau

End Bac_da thuc

Algorithm Equals_sum?2
Input: p,q la hai da thirc
Output: da thire tdng

1. Trong khi p hodc q chwa réng
1.1. Néu bac cda p I&n hon bac cla g
1.1.1. LAy tl p thanh term
1.1.2. DAy term vao két qua
1.2. Néu bac cua q I&n hon bac cla p
1.2.1. Ly tlr q thanh term
1.2.2. DAy term vao két qua
1.3. Nguoc lai
1.3.1. Lay p_term, q_term t&r p va q
1.3.2. Tinh tdng hai hé sb
1.3.3. Néu hé sb két qua khac khdng
1.3.3.1. DAy vao két qua
End Equals_sum2
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Vi du cdng hai da thirc bang giai
thuat 2

Pp=3x-2x*+x3+4

<3.0, 6> < -2.0, 45 <10, 3> * <4.0, 0>

g = 5x° + 2x* + 4x? + 2x

<5.0, 5> *<2.0, 4> »<4.0, 2> »<2.0, 1>

p+q=3x5+5x>+x3+4x%+2x + 4

<3.0, 6> *»<5.0, 5> »<1.0, 3> »<4.0, 2>
» <2.0, 1> * <4.0, 0>
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Ma C++ cong hai da thirc 2

while (p.empty() || !g.empty()) {
Term p_term, g_term;
If (p.degree( ) > q.degree()) {
p.serve_and_retrieve(p_term);
append(p_term);
} else if (q.degree() > p.degree()) {
g.serve_and_retrieve(q_term);
append(g_term);
}else {
p.serve_and_retrieve(p_term);
g.serve_and_retrieve(q_term);
If (p_term.coefficient + q_term.coefficient = 0) {
Term answer_term(p_term.degree,
p_term.coefficient + _term.coefficient);
append(answer_term);

IR
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Khai niéem dé qui

® Khai niem (dinh nghia) dé qui co dung lai c
no.
@ Vi dy: giai thiva clia n 1a 1 néu n la 0 hoac la n nhan
cho giai thtta cuan-1 néun>0
B Qua trinh dé qui gém 2 phan:
@ Trwdng hop co so (base case)
B Treong hop dé qui: cd gang tién vé trwdrng hop co’
SO
& Vi du trén:
® Giaithraclanla1néunlao
® Giai thira clia n 1a n * (giai thtra cia n-1) néu n>0
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Tinh giai thira

E Dinh nghia khong dé qui:
Enl=n*(n-1)*...%1
E Dinh nghia dé qui:

@n! = { 1 néu n=0
n* (n-1)! néu n>0
E Ma C++:

Int factorial(int n) {
If (n==0) return 1,
else return (n * factorial(n - 1));
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Thi hanh ham tinh giai thira

v
factorial (3)

n=3

factorial (2)
/ n=2
«— | 3*factorial(2) /

- .. / factorial (1)
n=1
2*factorial(1) /

2 . / factorial (0)
1*factorial(0){ [ N=0

return 1;
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Trang thai hé thong khi thi hanh ha

Stack hé thong

tinh giai thwa

factorial(0)

factorial(1) | factorial(1) | factorial(1)
|factoria|(2) factorial(2) | factorial(2) | factorial(2) | factorial(2)
factorial(3) || factorial(3) | factorial(3) | factorial(3) | factorial(3) | factorial(3) | factorial(3)
t
Th&i gian hé théng
Travétlyr Travétr Travétyr  Travé tw
Goi ham Goi ham Goi ham Goi ham ham ham ham ham
factorial(3) factorial(2) factorial(1) factorial(O) factorial(0) factorial(1) factorial(2) factorial(3)
t
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Bai toan Thap Ha noi

& Luat:
& Di chuyén mdi lan mét dia
B Khdéng duoc dat dia Ion [én trén dia nho
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Bai toan Thap Ha ndi — Thiet ké ham

B Ham dé qui:
B Chuyén (count-1) dia trén dinh cla cot start sang cot
temp
B Chuyén 1 dia (cudi cung) cla cot start sang cot finish
B Chuyén count-1 dia tir cot temp sang cot finish

[[-]1
[ - )
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Bai toan Thap Ha noi — Ma C++

void move(int count, int start, int finish, int temp) {
If (count >0) {
move(count — 1, start, temp, finish);
cout << "Move disk " << count << " from " <<
start
<< "to " << finish << "." << end|;
move(count — 1, temp, finish, start);
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Bai toan Thap Ha noi — Thi hanh

& move (2,1, 3, 2)
~
‘mwet'l.'l.z.ﬂj - (uter call
| move 0,1, 3, 2) ~—t———— First recursive call
[ ] [rivial recursive call
"Move digk 1 from 1 to 2. First instruction printed
move (0, 3,2, 1)
t ] [rivial recursive call
et [ of first recursive call
"Move disk 2 from 1 to 3." Second instruction P inted
L move (1, 2,3, 1)
move I:':lI 2, '1, 3} Second recursive call
] [rivial recursive call
"Move disk 1 from 2 to 3." Third instruction printed
move (0,3, 1,2)
t J [rivial recursive call
T — I|||I'||"\-"'|||'|||"|||"\-|'|"-\.|II
+— Fnd of outer call

AN
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Bai toan Thap Ha noi — Cay dé qui

Mo (3, 1, 2,2)

move (2,1, 2, 8 move (2, 2, 3, 1)

move (1.4, 2, 1)

miove (0,1, 2, 5 moes (0, 2, 1, 5 e (0,2, 9, 1) Fcwe (0, 1, 2,9
o {0, 2,2, 1) Mo (0, 1, 2, 3 ek (0, 2, 1, 2) e {0, 2, 2, 1)

move (1,2, 1, 2)
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Thiét ke cac giai thuat dé qui

B Tim bwdc chinh yéu (bwédc dé qui)
B Tim qui tdc ngirng
® Phac thao giai thuat
B Dung cau Iénh if dé Iwa chon trwdng hop.
B Kiém tra diéu kién ngirng
B Dam bao la giai thuat lubn dirng lai.
B Ve cay dé qui
® Chiéu cao cay anh hwéng lwong bd nhé can thiét.
& SO nut la s6 lan bwdc chinh yéu dwoc thi hanh.
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Cay thi hanh va stack hé thong

Cay thi hanh
Mr’:% . Mime —
e ERY
Al ﬂ{zah- C \ 1! P
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beé qui dudi (tail recursion)

® Binh nghta: cau Iénh thuc thi cudi cung 14 18
dé qui dén chinh no.
B Khir: chuyén thanh vong lap.

M M

[teration P T

P | P
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Khor dé qui dudéi ham giai thwra
factorial(5) =5 * factorial(4) nl
= 5 « (4 = factorial(3))

=5+ (4 = (3 * factorial(2)))
= 5% (4 % (3 % (2 » factorial(1)))) (n-2)
=5 (4% (3% (2= (1 « factorial(0))))) :
=5 (4 (3% (2 (1 1))
=5% (4% (3% (2% 1)) .
=5* (4 * (3 * 6)) 1!
= 5% (4 * B)
= 5% 24 0!
= 120.
® Giai thuat:

product=1
for (int count=1; count < n; count++)
product *= count;
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Day so Fibonacci

E Dinh nghia:
BF,=0
BF =1

MF =F,_ +F._khin>2
®Vidu:0,1,1,2,3,5,8, 13, 21, 34, ...
E Ham dé qui:

Int fibonacci (int n) {
If (n<=0) return O;
If (n==1) return 1,
else return (fibonacci(n-1) + fibonacci(n-2));

| DH Bach Khoa TCM = s Khoa Cong nghé Tng tin = = Chuwong 5: Bé qui = :



Day so Fibonacci — Cay thi hanh

F
L}
For ~fs +— Da tinh roi
Fs i e Faso F
dir. JRVE /dir QMR /dlr MO
N i
0/ D a7/ WY (0N
F, F
Q(Fy Fa) Q d(r, N0 ' Y (R, Ny Fe B R
I"__1 Fi
0/ D 0/ D
Fi Fo Fi Fo

d(F, .
Fi

T

Fi  Fo
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Day so Fibonacci — Khir dé qui

B Nguyén tac:
® Dung bién lwu trir gia tri da tinh cta F,,
@ Dung bién lwu trir gia tri da tinh cia F,,,
@ Tinh F, =F,, + F., va lwu lai dé dung cho lan sau
B Giai thuat:

Int Fn2=0, Fnl1=1, Fn;
for (inti=2;1<=n;i++) {
Fn=Fnl + Fn2;
Fn2 = Fnl; Fnl = Fn;
}
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Bai toan 8 con Hau

) DH Bach Khoa Tp.HCM = 2 Khoa Cong nghé Thong tin = 4 Chuong 5: Dé qui = - @




Bai toan 4 con Hau

e |2 |2 el e [ 2 | 2 X (el 2 | 9 iy

X x [ e O I S B e’ B I O I O O ke I

| K| K| X S keI O IS I I O I S I hy
X | x| x| x 0| |ely| x iy

||- i end ||-'|-||'|||| sl tior molutiom
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Bai toan 8 con Hau — Giai thuat

Algorithm Solve
Input trang thai ban co
Output

1. if trang thai ban c& chira du 8 con hau
1.1. In trang thai nay ra man hinh
2. else
2.1. for mbi 6 trén ban c& ma con an toan
2.1.1. thém moét con hau vao 6 nay
2.1.2. dung lai giai thuat Solve v&i trang thai méi
2.1.3. bo con hau ra khai 6 nay
End Solve
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Bai toan 8 con Hau - Thiét ké
phwong thirc

bool Queens :: unguarded(int col) const;

Post: Returns true or false according as the square in the
first unoccupied row (row count) and column col is not
guarded by any queen.

void Queens :: insert(int col);

Pre: The square in the first unoceupied row (row count) and
column col is not guarded by any queen.

Post: A queen has been inserted into the square at row count
and column col; count hag been incremented by 1.

void Queens :: remove(int col);
Pre: There is a queen in the square in row count — 1 and
column col.

Post: The above gueen has been removed; count has been
decremented by 1.

bool Queens ::is_solved( ) const;

Post: The function returns true if the number of queens al-
ready placed equals board_size; otherwise, it returns
false.
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Bai toan 8 con Hau — Thiét ké dir lié
don gian

const int max_board = 30;

class Queens {
public:
Queens(int size);
bool is_solved( ) const;
void print( ) const;
bool unguarded(int col) const;
void insert(int col);
void remove(int col);
Int board_size; // dimension of board = maximum number of queens
private:
Int count; // current number of queens = first unoccupied row
bool queen_square[max_board][max_board];
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Bai toan 8 con Hau — Ma C++

void Queens :: insert(int col) {
gueen_square[count++][col] = true;

}
bool Queens :: unguarded(int col) const {
INt i
bool ok = true;
for (i = 0; ok && i < count; i++) //kiém tra tai mot cot
ok = lgueen_squareli][col];
//kiém tra trén dwdng chéo I1én
for (i=1; ok && count — i >= 0 && col — i >=0; i++)
ok = lqueen_square[count — i][col —i];
//kiém tra trén dwdng chéo xudng
for (i=1; ok && count — i >= 0 && col + i < board_size; i++)
ok = lqueen_square[count — i][col + i];
return ok;
}
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Bai toan 8 con Hau — Goc nhin khac
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Bai toan 8 con Hau — Thiéet ké méi

const int max_board = 30;
class Queens {
public:
Queens(int size);
bool is_solved( ) const;
void print( ) const;
bool unguarded(int col) const;
void insert(int col);
void remove(int col);
int board size;
private:
int count;
bool col free[max board];
bool upward_free[2 * max board — 1];
bool downward_free[2 * max board - 1];
Int queen_in_row[max board]; //column number of queen in each row
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Bai toan 8 con Hau — Ma C++ m¢&i

Queens :: Queens(int size) {

board size = size;

count = 0;

for (inti=0; i <board_size; i++)
col_free[i] = true;

for (intj=0; j < (2 * board_size — 1); j++)
upward_free[j] = true;

for (int k =0; k < (2 * board_size — 1); k++)
downward_free[k] = true;

void Queens :: insert(int col) {
gueen_in_row[count] = col;
col_free[col] = false;
upward_free[count + col] = false;
downward_free[count — col + board size — 1] = false;
count++;
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Bai toan 8 con Hau — Panh gia

Thiét ké dau
Size H 9 10 11 12 13
Number of solutions 92 352 724 2680 14200 73712
Time (seconds) 0.05 0.21 1.17 6.62 3911 243.05
Time per solution (ms.) 0.54 060 162 247 275 3.30
Thiét ké moi
Size 8 o 10 11 12 13
Number of solutions 92 352 724 2680 14200 73712
Time (seconds) 0.01 0.05 022 1.06 594 3444
Time per solution (ims.) 0,11 0.14 030 039 042 047
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Danh sach triru twwong

B M6t danh séach (list) kiéu T

@ M6t day hiru han kiéu T

@ Mot so tac vu:
1. Khéi tao danh sach réng (create)
| 2. Kiém tra réng (empty)
3. Kiém tra day (full)
4. Tinh kich thwoc (size)
5. X6a rong danh sach (clear)
6. Thém mat gia tri vao danh sach tai moét vi tri cu thé (insert)
7. Lay mét gia tri tai mot vj tri cu thé ra khéi danh sach (remove)
8. Nhan vé gia tri tai mot vj tri cu thé (retrieve)
9. Thay thé mét gia tri tai mot vi tri cu thé (replace)
10. Duyét danh sach va thi hanh mot tac vu tai moi vi tri (traverse)
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Thiét ké cac phwong thirc

List:: List();
Post: The List has been created and is initialized to be empty.

bool List::empty() const;

Post: The function returns true or false according to whether
the List is empty or not.

void List:: clear();
Post: All List entries have been removed; the List is empty.

int List:: size() const;

Post: The function returns the number of entries in the List.

bool List:: full() const;

Post: The function returns true or false according to whether
the List is full or not.
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>

Chi s6 cac phan tw

B Panh chi s6 mdt danh sach cé n phan to:
B Danh chisd tir 0, 1, ... cac phan tr
8 Vidu: ay, a;, a,, ..., a1
®@ Phan t& a4, drng sau a4, , va trwdc ay,., (néu co)
B Dung chi so:
B Tim thay mét phan tl, tra vé vi tri (chi sd) cda no.
B Thém vao mét phan tl tai vi tri idx thi chi s céac
phan t& cl tw idx tré vé sau déu tang 1én 1.
® Chi sb nay dwoc ding bat ké danh sach dwoc hién
thwe thé nao & cap vat ly.
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Phwong thiec insert va remove

Error_code List::insert(int position, const List_entry &x);

Post: If the List is not full and 0 < position < n, where n
1s the number of entries in the List, the function suc-
ceeds: Any entry formerly at position and all later en-
tries have their position numbers increased by 1, and
X 18 inserted at position in the List.

Else: The function fails with a diagnostic error code.

Error_code List:: remove(int position, List_entry &x);

Post: If 0 < position < n, where n 1s the number of entries in
the List, the function succeeds: The entry at position is
removed from the List, and all later entries have their
position numbers decreased by 1. The parameter x
records a copy of the entry formerly at position.

Else: The function fails with a diagnostic error code.
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Phwong thuec retrieve va replace

Error_code List:: retrieve(int position, List_entry &x) const;

Post: If 0 < position < n, where n 1s the number of entries
in the List, the function succeeds: The entry at position
is copied to x; all List entries remain unchanged.
Else: The function fails with a diagnostic error code.

Error_code List::replace(int position, const List_entry &x);

Post: If 0 < position < n, where n 18 the number of entries
in the List, the function succeeds: The entry at position
is replaced by x; all other entries remain unchanged.
Else: The function fails with a diagnostic error code.
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Phwong thirc traverse va tham so

ham

void List:: traverse(void (*visit)(List_entry &));

0 and doing each in turn.

Post: The action specified by function *visit has been per-
formed on every entry of the List, beginning at position

void print_int(int &x) { cout << x <<*”;}
void increase_int(int &x) { x++;}

void main() {
List<int> alist;

alist.traverse(increase_int);

L
alist.traverse(print_int); /

| Khi goi tham s6 ham,

chwong trinh dich phai
nhin thay ham dwoc goi.

Tuy theo muc dich ma goi
cac ham khac nhau.
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Hién thwc danh sach lién tuc

template <class List_entry>
class List {
public:

/[ methods of the List ADT

List();

Int size( ) const;

bool full() const;

bool empty() const;

void clear();

void traverse(void (*visit)(List_entry &));

Error_code retrieve(int position, List_entry &x) const;

Error_code replace(int position, const List_entry &x);

Error_code remove(int position, List_entry &x);

Error_code insert(int position, const List_entry &x);
protected:

/[ data members for a contiguous list implementation

int count;

List_entry entry[max_list];
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Thém vao mot danh sach lien tuc
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Giai thuat thém vao mét danh sach
lién tuc

Algorithm Insert
Input: position la vi tri can thém vao, x la gia tri can thém vz
Output: danh sach da thém vao x

1. if list day

1.1. return overflow
2. if position nam ngoai khoang [0..count]

2.1. return range_error

//Doi tét ca cac phan ti tir position vé sau 1 vi tri
3. for index = count-1 down to position

3.1. entry[index+1] = entry[index]

4. entry[position] = x //Gan x vao vij tri position
5. count++ //Téng s6 phan t 1én 1
6. return success;

End Insert
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Ma C++ them vao mot danh sach lie
tuc

template <class List_entry>
Error_code List<List_entry> :: insert(int position, const List_entry &x) {
it (full())
return overflow;
If (position < O || position > count)
return range_error;
for (int i = count — 1; | >= position; i——)
entry[i + 1] = entry]i];
entry[position] = x;
count++;
return success;
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Xoéa tir mot danh sach lién tuc
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) DH Bach Khoa Tp.HCM = M Khoa Cong nghé Thong tin =

Giai thuat x6a tir mét danh sach lién
tuc

Algorithm Remove
Input: position la vi tri can x6a bo, x la gia tri 1ay ra dwoc
Output: danh sach da xéa bo phan ti tai position

1. if list réng
1.1. return underflow
2. if position nam ngoai khoang [0..count-1]
2.1. return range_error
3. X = entry[position] /L&y x tai vi tri position ra
4. count-- //Gidm sé phén to di 1
//Doi tat ca cac phan ti tir position vé trudc 1 vi tri
5. for index = position to count-1
5.1. entry[index] = entry[index+1]
6. return success;

End Remove

2 Chwong 6. Danh sach va chubi = :



Giai thuat duyét mét danh sach lién
tuc

Algorithm Traverse ‘
Input: ham visit dung dé tac déng vao trng phan ter
Output: danh sach duwoc cap nhat bang ham visit

//Quét qua tat ca cac phan tir trong list
1. for index = 0 to count-1 ‘
1.1. Thi hanh ham visit d& duyét phan t& entry[index]

End Traverse
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Ma C++ duyéet mot danh sach lien tuc

template <class List_entry>
void List<List_entry> :: traverse(void (*visit)(List_entry &))
/[* Post: Tac vu cho bdi ham visit sé dwoc thi hanh tai moi
thanh phan cla list bat dau ttr vi tri 0 tré di. */
{
for (int1=0; i < count; i++)
(*visit)(entryl[i]);
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Danh sach lién két don (DSLK don)

|

Stacks

Stacks

dare

Stacks

dre

dare

but

lists.
lists. simple
structures. simple
pad
important data
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Hién thwc DSLK don

template <class List_entry>
class List {

public:

I/ Specifications for the methods of the list ADT go here.

I/l The following methods replace compiler-generated defaults.
List();

~List();
List(const List<List_entry> &copy);
void operator = (const List<List_entry> &copy);

protected:

// Data members for the linked list implementation now follow.
Int count;

Node<List_entry> * head,;
I/l The following auxiliary function is used to locate list positions
Node<List_entry> *set_position(int position) const;

]
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Tim vi tri tréen DSLK don

® Nhu cau:
B Nhap vao chi s6 cia mét phan to
B Cho biét d6 la phan t& nao (con trd chi dén phan t)
B Y twdng:
B Bat dau tr phan tlr dau tién
i Di chuyén ding position bwéc thi dén dwoc phan ti
can tim
B Phai ddm bao la position nam trong khoang
[0..count-1]
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head

Giai thuat tim vi tri trén DSLK don

Algorithm Set position
Input: position la vi tri can tim
Output: con tré chi dén phan t tai vi tri can tim

1. set qto head

2. for index =0 to position //Thi hanh position bwéc
2.1. advance qto the next element //Tré q dén phan t& ké tiép

3. return g

End Set position

; O set_position(2)
-/ Index=0 Index=1 Index=2
X y Z m

C
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Ma C++ tim vi tri tren DSLK don

template <class List_entry>
Node<List_entry> *List<List_entry> :: set_position(int position) const
[* Pre: position la vi tri hop Ié trong list, 0 < position < count.

Post: Tra vé mot con trd chi dén Node dang & vi tri position

*/
{
Node<List_entry> *q = head,;
for (int 1 =0; i < position; i++)
g = g->next;
return q;
}
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Thém vao mot DSLK don

previous _node following_node
phan tl tai vi tri poSTHer
> X > y —
1 / n . A > N
phan t tai vi tri position-1 \ bay gio, phan tw nay
cO vi tri position+1
new_node

QO

&

bay gi®r, phan tlr nay
cO vi tri position

\
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Giai thuat thém vao mét DSLK don

Algorithm Insert
Input: position la vi tri thém vao, x la gia tri thém vao
Output: danh sach da thém vao x tai vi tri position

1. Néu position > 0
1.1. Tro previous dén phan tl tai vi tri position-1
1.2. Trd following dén phan tl sau previous
2. Ngworc lai
2.1. Tré following dén head
3. Tao ra node maoi la new_node voi gia tri X
4. Trd next ctia new_node dén following
5. Néu position 1a 0
5.1. Tré head dén new_node
6. Ngworc lai
6.1. Trd next cla previous dén new_node
7. Tang s6 lwong cac phan tr 1én 1
End Insert
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Ma C++ them vao moét DSLK do’

template <class List_entry>
Error_code List<List_entry> :: insert(int position, const List_entry
If (position < O || position > count)
return range_error;
Node<List_entry> *new_node, *previous, *following;
If (position > 0) {
previous = set_position(position — 1);
following = previous->next;
} else following = head,;
new_node = new Node<List_entry>(x, following);
If (new_node == NULL) return overflow;
If (position == 0) head = new_node,
else previous->next = new_node;
count++;
return success;
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Xéa bo tr mot DSLK don

previous_node following_node
> X y —p Z —p
i / \ A A
phan t& tai vi tri position-1 \

phan ti tai vi tri position

phan t tai vi tri position+1

bay gi®, phan t& nay
cO vi tri position
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DSLK kép (Doubly linked list)

f
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Dinh nghia DSLK keép

template <class List_entry>
class List {

public:

// Add specications for methods of the list ADT.

// Add methods to replace compiler generated defaults.
protected:

// Data members for the doubly-linked list implementation follow:

Int count;

mutable int current_position;

mutable Node<List_entry> *current;

// The auxiliary function to locate list positions follows:

void set_position(int position) const;

I _—
/

Céac ham hang (const) co thé thay dbi gia tri cla cac bién mutable nay
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Dinh nghia Node cho DSLK kep/.

template <class Node_entry>
struct Node {
/[ data members
Node_entry entry;
Node<Node entry> *next;
Node<Node_ entry> *back;
/[ constructors
Node();
Node(Node entry, Node<Node entry> *link_back = NULL,
Node<Node_entry> *link_next = NULL);
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Tim vi tri trong DSLK kép

set_position(B8)

current
Q current_position
) —- ) —-
X ‘ > y ‘ > Z ‘ > m
position =5 position = 6 position = 7 position = 8
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Thém vao trong DSLK kép

phan t& tai vi tri position-1
previous Q / following

phan ti tai vi tri position
v

A

A .
current C/ >

new_node Q i
i cy/ phan tr nay bay gio
phan tir nay bay gic co vj tri 1a position+1
cO vi tri la position

y

a
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Thém vao trong DSLK kép

Algorithm Insert ‘
Input: x la gia tri can thém vao tai position (O<=position<=coun
Output: danh sach da thém gia tri x vao vi tri position

1. if position la 0

1.1.if sbphant®1a 0

1.1.1. Trd following dén NULL

1.2. Trd preceding dén NULL
2. else

2.1. Trd preceding dén vi tri position -1, following dén vi tri position
3. Tao ra phan ti* m&i new_node
4. Trd next va back cia new_node dén following va preceding
5. if preceding khac réng

5.1. Trd next cua preceding dén new_node
6. if following khac réng

6.1. Trd back cla following dén new_node
7. Tang sb phan t&r 1én 1
End Insert
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Ma C++ thém vao trong DSLK kep

template <class List_entry>
Error_code List<List_entry> :: insert(int position, const List_entry &x)
Node<List_entry>*new node, *following, *preceding;
If (position < 0O || position > count) return range_error;
If (position == 0) {
if (count == 0) following = NULL;
else { set_position(0); following = current; }
preceding = NULL;

} else{

set_position(position — 1);

preceding = current; following = preceding->next;
}
new_node = new Node<List_entry>(x, preceding, following);
iIf (new_node == NULL) return overflow;
If (preceding !'= NULL) preceding->next = new_node;
if (following != NULL) following->back = new_node;
current = new_node; current_position = position;
count++;
return success;
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So sanh cach hién thwc lien tuc va
cach hién thwc lién két

B DS lién tuc thich hop khi: B DSLK thich hop kh®

@ Kich thwdce tivng phan tir 1a # Kich thwoce tivng phan tir 14
rat nhé lon

@ Kich thwdc cua ca danh @ Kich thwdc cua danh sach
sach (s6 phan tr) da biét khodng biét trudc
khi lap trinh @ C6 nhiéu sy thém vao, loai

@ C6 it sw thém vao hay loai bd, hay xap xép cac phan
bd & gilra danh sach ter trong danh sach

& Hinh thire truy cap truc
tiep la quan trong
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Chuodi (string)

B Chubi la mot day cac ky tw
E Vidu:
@ “This is a string” 1a 1 chudi co 16 ky tw
E “ 1 mo6t chudi rong (c6 0 ky tw)
B Chudi triru twong:
@ Co thé xem la danh sach
B8 Co cac tac vu thwdng dung:
Sao chép (strcpy)
NGi két (strcat)
Tinh chiéu dai (strlen)
So sanh 2 chudi (strcmp)
Tim mot chudi trong chudi khac (strstr)
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Chuoi trén C

® Co kiéu la char *
B Két thuc bang ky tw \0’ (NULL)
B SO6 phan t& trong bd nh& nhiéu hon chiéu dai chubi
a1
B Can chuan bi bd nh& can thiét khi thao tac
& Vi du:

char *strl, *str2:

delete str2;
str2 = new char|strlen(strl) + 1];
strcpy(str2, strl);
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t ké lai kiéu dir liéu chudi

[}

Thi

class String {
public: // methods of the string ADT
String( );
~String( );
String (const String &copy); /I copy constructor
String (const char * copy); /I conversion from C-string
String (List<char> &copy); // conversion from List
void operator = (const String &copy);
const char *c_str() const; // conversion to C-style string
protected:
char *entries;
int length;
I
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Thiét ke cac toan ttr can thiet

bool operator == (const String &first, const String &second),
bool operator > (const String &first, const String &second);
bool operator < (const String &first, const String &second);
bool operator >= (const String &first, const String &second);
bool operator <= (const String &first, const String &second);
bool operator !=(const String &first, const String &second);

bool operator == (const String &first, const String &second) {
return strcmp(first.c_str(), second.c_str()) == 0;
}
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Khéi tao vé&i chuoi C

String :: String (const char *in_string)
[* Pre: The pointer in_string references a C-string.
Post: The String is initialized by the C-string in_string. */

{
length = strlen(in_string);
entries = new char[length + 1];
strcpy(entries, In_string);

}
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Khéi tao véi danh sach ky tw

String :: String (List<char> &in_list)
[* Post: The String is initialized by the character List in_list. */
{

length = in_list.size();

entries = new char[length + 1];

for (inti=0; i <length; i++)

In_list.retrieve(i, entriesli]);

//Gan \0’ dé két thuc chudi

entries[length] = \0’;
}
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Khai niém tim kiém

B Cho biét:
B M6t danh sach cac ban ghi (record).
B Mot khoa can tim.
B Tim ban ghi co khéa trung véi khoa can tim
(néu co).
B Do dd hiéu qua:
® S6 1an so sanh khda can tim va khoda cla cac ban ghi
& Phan loai:
B Tim kiém néi (internal searching)
® Tim kiém ngoai (external searching)
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Ban ghi va khéa

® Ban ghi:
& Khoa
& D lieu
B Khoa:
& So sanh duoc
® Thuwdng la sb
® Trich khda tr ban ghi: =

B So sanh cac ban ghi —

Johnson 5
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Ban ghi va khéa trén C++

class Key {

public: // Add any constructors and methods for key data.
private: // Add declaration of key data members here.

b

bool operator == (const Key &x, const Key &y);

bool operator > (const Key &x, const Key &y);

bool operator < (const Key &x, const Key &y);

bool operator >= (const Key &x, const Key &y);

bool operator <= (const Key &x, const Key &y);

bool operator = (const Key &x, const Key &y);

class Record{
public:
operator Key( ); // implicit conversion from Record to Key .
// Add any constructors and methods for Record objects.
private:
/[ Add data components.

¥
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Ham tim kiém

B Tham s vao:
® Danh sach can tim
B Khoa can tim
B Tham so ra:
B Vi tri phan t& tim thay (néu co)
B K&t qua ham: kiéu Error_code
® Tim thay: success
B Khéng tim thay: not_present
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Tim tuan tw (sequential search)

position = 2
5

Target key
o) 1 2 3 4 5 6 7

13| 5 (216 | 2| 8|15

return success

Sé lan so sanh: 3
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Tim tuan tw - khéng tim thay

9
Target key

0 1 2 3 4 5 6 7

1352162815><

return not_present

Sé lan so sanh: 8

| DH Bach Khoa TCM = s Khoa Cong nghé Tng tin = = Chwong 7. Tim kiém = :



Tim tuan tw - M4 C++

Error_code sequential_search(const List<Record> &the_list,
const Key &target, int &position)
[* Post: If an entry in the_list has key equal to target, then return success
and the output parameter position locates such an entry within the list.
Otherwise return not_present and position becomes invalid. */
{
Int s =the_list.size( );
for (position = 0; position < s; position++) {
Record data;
the_list.retrieve(position, data);
If (data == target) return success;

}

return not_present;

}
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Tim tuan tw - Panh gia

B SO lan so sanh trén khoa doi véi danh sacH
phan to:
& Tim khong thanh cong: n.
® Tim thanh cdéng, trwdng hop tot nhat: 1.
® Tim thanh cdéng, trwdng hop xau nhat: n.
& Tim thanh cong, trung binh: (n + 1)/2.
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Tim trén danh sach co6 thir tw

E Danh sach co th tw (ordered list):
@ Phan tt tai vij tri i cé khéa nhé hon hodc bang phan
te tai vi tri j (i<)).
® Tim tuan ty co thé két thac sém hon:
B Khi khda can tim nhé hon khéa cta phan t& hién tai.
® Tra gia:
B Mbi bude 13p can kiém tra xem ngirng dwoc chua.
B Ton 2 phép so sanh trén khoéa cho méi 1an 1ap.
B SO phép so sanh “co vé&” gap doi so véi phép tim trén
danh sach bat ky.
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Quan ly danh sach cé thir tw

E Thira hwong tw List va

& Hiéu chinh (override) lai cac phwong thirc insert,
replace: Dam bdo la danh sach két qua van con th
tw.

@ Thiét ké thém (overload) phwong thirc insert mai
khdéng can tham so position.

class Ordered_list: public List<Record> {
public:

Error_code insert (const Record &data);

%
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Thém vao danh sach co thw tw
- Giai thuat

Algorithm Insert
Input: x la gia tri can thém vao
Output: danh sach da thém x vao va van co thu tw

// Bi tim vi tri position ma khoéa cta x ndm gitra khoa cla céc phén tur
// tai vi tri position — 1 va position.
1. for position = 0 to size
1.1. list_data = phan t( tai vi tri position
1.2. if x nhd hon hodc bang list_data
1.2.1. thém vao tai vi tri nay
1.2.2. ngwng lai

End Insert
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Thém vao danh sach co thw tw
- Ma C++

Error_code Ordered _list :: insert(const Record &data)
[* Post: If the Ordered_list is not full, the function succeeds: The Record
data is inserted into the list, following the last entry of the list with a strictly
lesser key (or in the rst list position if no list element has a lesser key).
Else: the function fails with the diagnostic Error_code overflow. */
{
Int s = size();
Int position;
for (position = 0; position < s; position++) {
Record list_data;
retrieve(position, list_data);
If (data <= list_data) break;
}

return List<Record> :: insert(position, data);
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Thém vao danh séach (viet dé)
- Giai thuat
Algorithm Insert_overridden

Input: position 1a vi tri can thém vao, x la gia tri can thém vag
Output: danh sach da thém x vao va van co thu tw

// Kiém tra xem c6 thda man ma khéa cta x ndm gitra khoa cua
// cac phan ttr tai vi tri position — 1 va position.
1. if position >0
1.1. list_data = phan t( tai vi tri position -1
1.2. if x nho hon list_data
1.2.1. ¢6 10i
2. 1If position < count
2.1. list_data = phan t tai vi tri position
2.2. If xlon hon list_data
2.2.1. ¢O I0i
3. Thém vao tai vi tri nay

End Insert_overridden
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Tim nhi phan (binary search)

B Y twdng:
i So sanh khoda can tim véi phan tir gitra.
#@ Néu né nhd hon thi tim bén trai danh sach.
B Nguoc lai tim bén phai danh sach.
& Lap lai dong tac nay.

B Can 2 chi muc top va bottom dé gi®i han doan
tim kiém trén danh sach.

B Khoa can tim néu co chi nam trong doan nay.
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Tim nhi phan — Cach 2

position = 3
10
Target key
o) 1 2 3 4 ) 6 I 8 9
2151811011213 |15|18|21 |24
t t t
| | |
bottom middle top

return success

SO 1an so sanh: 7
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Tim nhi phan - Giai thuat 2

Algorithm Binary _search?2
Input: target Ia khoéa can tim, bottom va top la gi¢i han danh sa
Output: position la vi tri néu tim thay

1. if bottom > top
1.1. return not_present
2. If bottom <= top
2.1. list_data = phan tl tai vi tri mid = (bottom + top)/2
2.2. if x ==list_data
2.2.1. position = mid
2.2.2. return success
2.3. If x<Ilist _data
2.3.1. call Binary_search2 v&i doan bén trai (bottom, mid-1)
2.4. else
2.4.1. call Binary_search2 v&i doan bén phai (mid+1, top)

End Binary _search?2
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Tim nhi phan 2 - Ma C++

Error_code recursive_binary 2(const Ordered_list &the list,
const Key &target, int bottom, int top, int &position

Record data;
if (bottom <= top) {
int mid = (bottom + top)/2;
the_list.retrieve(mid, data);
if (data == target) {
position = mid,;
return success;
}
else if (data < target)
return recursive _binary 2(the list, target, mid + 1, top, position);
else
return recursive_binary 2(the list, target, bottom, mid — 1, position);

}

else return not_present;

}
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Tim nhi phan - Cach 1

position = 3
10
Target key
o) 1 2 3 4 ) 6 I 8 9
21 5(18110/12113|15|18|21 |24
t t t
| | |
bottom middle top

return success

SO 1an so sanh: 4
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Tim nhi phan - Giai thuat 1

Algorithm Binary _searchl
Input: target Ia khoéa can tim, bottom va top la gi¢i han danh sa
Output: position la vi tri néu tim thay

1. if bottom == top
1.1. if x == phan t tai vi tri bottom
1.1.1. position = bottom
1.1.2. return success
2. if bottom > top
2.1. return not_present
3. if bottom < top
3.1. if x <phan t& tai vi tri mid = (bottom + top)/2
3.1.1. call Binary _search1 v¢&i doan bén trai (bottom, mid-1)
3.2. else
3.2.1. call Binary_search1 v&i doan bén phai (mid, top)

End Binary _searchl
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Tim nhi phan 1 - Ma C++

Error_code recursive_binary 1(const Ordered list &the_list,
const Key &target, int bottom, int top, int &positio

Record data;
If (bottom < top) {// List has more than one entry.
the list.retrieve((bottom + top)/2, data);
If (data < target)
return recursive_binary_ 1(the list, target, mid + 1, top, position);
else // Reduce to bottom half of list.
return recursive_binary 1(the list, target, bottom, mid, position);
} else if (top < bottom)
return not_present; // List is empty.
else { position = bottom;
the_list.retrieve(bottom, data);
If (data == target) return success;
else return not_present;

}

}
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Cay so sanh cua giai thuat 2
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Tim nhi phan — Panh gia

Successful search Unsuccessful search
binary_search_1 len +1 lgen+1
binary_search_2 2lgn — 3 21gn
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So sanh trong trwro'ng hop trung
binh cac giai thuat

6 Sequential =+ 2048 [~
/+ Binary 2 1024 |-
51 P 512
L T 256 |
4 ié-i""'_I_#Binar}-'l 128 S'E'C[H'E"ﬂtiﬂl
+¢i“ 64 |-
3 /+;+ 32~ Binary 2
Binary +" 16 |-
//
- £ +7 Sequential 8- Binary 1
4 -
I el 7 |-
1
| | | | | | I I I I I |
0 2 4 6 8 10 12 1 2 4 8 32 128 512 2048
linear scale log-log scale
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Panh gia dé phurc tap cua giai thuat

B So sanh v¢&i cac ham co ban:

Egn)=1 Constant function

& g(n) =logn Logarithmic function
Eg(n)=n Linear function

@ g(n) = n? Quadratic function
@ g(n)=n3 Cubic function
Eg(n)=2" Exponential function
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D6 phtrc tap tinh bang tiém can

DeriNtTION If lim f(n)
H— 00 g{n)

f(n) has strictly smaller order of magnitude than g(n).

f(n) .

1s finite and nonzero then:

= 0 then:

If lim

n— 00 g{ﬂ)
f(n) has the same order of magnitude as g(n).

If lim 2

n—>00 g (n)
f(n) has strictly greater order of magnitude than g(n).

— o0 then:
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Do tang cua cac ham chung

4000

000

n 1 lgn n nlgn n2 n3 on

,. 1 1000 1 0 1 1 2

2000 = 10 1332 10 33 100 1000 1024
100 1 6.64 100 664 10,000 1,000,000 1.27 x 10%

1000 1 9.97 1000 9970 1,000,000 109 1.07 x 10%

1000
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Ky hiéu Big-O

f(n) e Bac cuafso véig lim, ... (f(n)/g(n)
o(g(n)) |< :nhd hon han 0
O(g(n)) |< : nhd hon hodc bang a
O(g(n)) |= : bang az0
Q(g(n)) | = :1&n hon hodc bang a # 0 hodc 1a «

Tho tw tdng dan vé dé I&on:
O(1) O(lgn) O(n) O(nlgn) O(N?) O(n3 O(2")
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Khai niém

B Sap the tuw:
# Dau vao: moét danh sach
® Dau ra: danh sach cé thi tw tdng (hodc gidm) trén
khoa
& Phan loai:
B Sap th tw ngoai (external sort): tap tin
B Sap th tw ndi (internal sort): bd nhé
B Gia thiét:
B Sap thi tw noi
B Sap tang dan
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Insertion sort

1 [Insert
, second
entry

hen
COW
cat

ram

[II""I|

cat
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Insertion sort - Danh sach lién tuc

Before Sorted Unsorted

e

"l—__liI L .
= current = currant b .
Remowve current; — 1
shift entries right
——
current
iyt T "l_.__l'
:‘:III'I,-:'Il I:':--ZII'I,-. | [_III'---ZZ-|'|I |
= current = current
)} . - . r
Reinsert current; e
Y
4

Unsorted
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Giai thuat insertion sort — Danh sac
lién tuc

Algorithm Insertion_sort
Input: danh sach can sap thw tw
Output: danh sach da dwoc sap thw tw

1. for first_unsorted = 1 to size

//Tim vi tri hop ly dé chen gia tri dang ¢6 vao

1.1. current = list[first_unsorted]

1.2. position = first_unsorted

1.3. while (position>0 and list[position - 1] > current)
//Doi chb céc phan ti I6n vé sau
1.3.1. list[position] = list[position - 1]
1.3.2. position = position - 1

//Chép phan ti truée dé vao dung vi tri cta no

1.4. list[position - 1] = current

End Insertion_sort
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Ma C++ Insertion sort — Danh sach
lién tuc

template <class Record>
void Sortable_list<Record> :: insertion_sort( ) {
Int first_unsorted; // position of first unsorted entry
Int position; I/ searches sorted part of list
Record current; // holds the entry temporarily removed from list
for (first_unsorted = 1, first_unsorted < count; first_unsorted++)
If (entry[first_unsorted] < entry[first_unsorted — 1]) {
position = first_unsorted,;
current = entry[first_unsorted]; // Pull unsorted entry out of the list.
do {
I/ Shift all entries until the proper position is found.
entry[position] = entry[position — 1];
position——; // position is empty.
} while (position > 0 && entry[position — 1] > current);
entry[position] = current;
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Insertion sort — DSLK

head —) last_sorted —) (— first_unsorted

L T [ P b w b — [ - [ - i P+ F W

Case 1: *first_unsorted belongs at head of list
head last_sorted —} — first_unsorted

AT DT E

Case 2:  *first_unsorted belongs between *trailing and *current

head —} trailing —\ current w last_sorted w l Y/—Tirst_ur'ls~1:|rt.9|::!
. o— (_, . s

L ]

w
|
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Giai thuat Insertion sort - DSLK

Algorithm Insertion_sort
Input: danh sach can sap th tw va co it nhat 1 phan t
Output: danh sach da dwoc sap thw tw

1. last_sorted = head
//Bi doc danh sach lién két
2. while (last_sorted chwa la phan t& cudi)
2.1. first_unsorted 1a phan ti ké cla last_sorted
//Chén vao dau?
2.2. if (dir liéu cua first_unsorted < di¥ liéu cua head)
//Chén vao dau
2.2.1. G& first_unsorted ra khoi danh sach

2.2.2. Noi first_unsorted vao dau danh sach
2.2.3. head = first_unsorted
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Giai thuat Insertion sort — DSLK (tt.)

2.3. else
//Tim vi tri hop ly dé chén gia tri dang c6 vao
2.3.1. tailing = head
2.3.2. current 1a phan t& ké cua tailing
2.3.3. while (di¥ liéu cua first_unsorted > dir liéu cua current)

2.3.3.1. Di chuyén tailing va current dén phan t&r ké
2.3.4. if (first_unsorted chinh la current)

2.3.4.1. last_sorted = current /D& dung vi tri roi
2.3.5. else

2.3.4.1. G& first_unsorted ra khoi danh sach
2.3.4.2. Noi first_unsorted vao gitra tailing va current

2.4. Dichuyén last_sorted dén phan tir ké

End Insertion_sort
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Ma C++ Insertion sort - DSLK

template <class Record>
void Sortable_list<Record> :: insertion_sort( ) {
Node <Record> *first_unsorted, *last_sorted, *current, *trailing;
if (head !'= NULL) {
last_sorted = head,;
while (last_sorted->next '= NULL) {

first_unsorted = last sorted->next;

If (first_unsorted->entry < head->entry) {
last_sorted->next = first_unsorted->next;
first_unsorted->next = head;
head = first_unsorted; }

else { trailing = head,;
current = trailing->next;
while (first_unsorted->entry > current->entry) {

trailing = current;
current = trailing->next;

}
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Ma C++ Insertion sort — DSLK (tt.)

If (first_unsorted == current)
last_sorted = first_unsorted,;
else {
last_sorted->next = first_unsorted->next;
first_unsorted->next = current;
trailing->next = first_unsorted,;
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Panh gia Insertion sort

® Danh sach c6 th& tw ngau nhién:
@ So sanh trung binh la n?/4 + O(n)
® Doi cho trung binh 1a n2/4 + O(n)

B Danh sach co th ty tdng dan: tot nhat
B So sanh n-1 1an
®@ D&i chd 0 1an

B Danh sach cé th& tw gidm dan: té nhat
® So sanh n2/2 + O(n) lan
B D&i chd n2/2 + O(n) lan
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Selection sort — Danh sach lién tuc

Unsorted Sorted,

small keys laroe keys

Maximum ,/ \

LITISOTTE j |~.;| N

LLTTern ]lllH]I]-ZZ'I'I

“u"-.';';i] )

Unsorted small kevs Sorted., lar ae Kevs
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Giai thuat Selection sort

Algorithm Selection_sort
Input: danh sach can sap thu tw
Output: danh sach da dwoc sap thw tw

1. for position = size — 1 downto 0 ,
//Tim vi tri phén tlr c6 khéa Ion nhat trong phan chuwa sap thir tw

1.1. max=0 //Gi& sty phén tir dé & tai 0
1.2. for current = 1 to position //Xét cac phan t con lai
1.2.1. if (list[current] > listfmax]) /Néu c6 phan t nao Ién hon
1.2.1.1. max = current /thi gity lai vi tri do

//Dbi ché phan tir nay véi phan tir dang xét
1.3. temp = listfmax]

1.4. listimax] = list[position]

1.5. list[position] = temp

End Selection_sort
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Ma C++ Selection sort

template <class Record>
void Sortable list<Record> :: selection_sort( ) {
Record temp;
for (int position = count — 1; position > 0; position——) {
int largest = O;
for (int current = 1; current <= position; current++)
If (entry[largest] < entry[current])
largest = current;
temp = entry[max];
entry[max] = entry[position];
entry[position] = temp;

}

}
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Panh gia Selection sort

B Danh sach bat ky
® SO lan so sanh: n(n-1)/2
® SO lan doi chd: 3n

B So sanh v&i insertion sort:

Selection Insertion (average)
Assignments of entries 3.0n+ O(1) 0.25n% 4+ O (n)
Comparisons of keys 0.517% + O(n) 0.251n% + O (n)
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Bubble sort

sorted

Bwdc 1 6 4 7 2
' sorted

Buwdc 2 4 5) 2 3
' sorted

Bwdc 3 4 | 2 | 3 | 6
' sorted

Buwdc 4 2 |1 3| 4|6
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Giai thuat Bubble sort

Algorithm Bubble sort
Input: danh sach can sap thu tw
Output: danh sach da dwoc sap thw tw

1. for step =1 to size-1
//V&i méi cdp phan tir ké bat ky, sap thir tw ching.
//Sau mébi budc phan t cubi ctia danh séch hién tai la Ién nhat,
/Wi vay duwroc trir ra cho buréc ké tiép
1.1. for current = 1 to (size - step)
//Néu cdp phan tir ké hién tai khéng dung thir tw
1.1.1. if (list[current] < list[current-1])
//D6i chb ching
1.1.1.1. temp = list[current]
1.1.1.2. list[current] = list[current-1]
1.1.1.3. list[current-1] = temp

End Bubble sort
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Ma C++ Bubble sort

template <class Record>
void Sortable list<Record> :: bubble sort() {
Record temp;
for (int position = count — 1; position > 0; position——)
for (int current = 1; current < position; current++)
If (entry[current] < entry[current-1]) {
temp = entry[current];
entry[current] = entry[current-1];
entry[current-1] = temp;

}
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Bubble sort la exchange sort

Algorithm Exchange sort
Input: danh sach can sap thw tw
Output: danh sach da dwoc sap thw tw

1. exchanged = true
2. while exchanged
//Gid st¥ 1an 18p nay khéng cé sw déi ché thi né da cé thir tw
2.1. exchanged = false
2.2. for current=1to size -1
//Néu cdp nay khéng cé thir tw thi déi chd va ghi nhan lai
2.2.1. if (listfcurrent] < list[current-1])
2.2.1.1. exchange (current, current-1)
2.2.1.2. exchanged = true

End Exchange_sort
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Panh gia Bubble sort

B SO lan so sanh: n(n-1)/2

@ SO lan doi cho:
® Danh sach c6 thi tw tdng dan: tot nhat 1a 0 1an
B Danh sach ¢ thi tw gidm dan: t& nhat 1a 3*n(n-1)/2
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Chia dé tri

B Y twdng:
B Chia danh sach ra lam 2 phan
H Sap th tw riéng cho tirng phan
& Tron 2 danh sach rieng do thanh danh sach co tho tw
® Hai giai thuat:
& Merge sort:
Bl Chia déu thanh 2 danh sach
B Sap thw tw riéng
B Tron lai
& Quick sort:
B Chia thanh 3 phan: nhd, gitra (pivot), I&n
B Sap the tw riéng
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Panh gia so giai thuat chia dé tr

B Gia s 2 danh sach c6 sé phant l1an’ =n

E Dung insertion sort riéng cho trng manh

B Tron 2 danh sach ton (n’ + n’) = n lan so sanh

B SO lan so sanh tdng cong: 2*((n/2)2/2 + O(n/2))
+n =n?4/4 + O(n)

B So sanh v&i insertion sort 1a n%/2 + O(n)

E C6 vé nhanh hon
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Merge sort

7

26 33 35 29 19 12 22 12 19 22 26 29 33 35

A

) DH Bach Khoa Tp.HCM = M Khoa Cong nghé Thong tin = ol Chwong 8. Sap thi tw = :



Panh gia Merge sort

B Do phure tap:
B C6 toi da Ilgn mire
@ O mbi mirc, can trdn n phan tir
® Han ché:
B Danh sach lién tuc: di chuyén cac phan ti nhiéu
& Nén dung trong DSLK

Lower bound: lgn! = nlgn — 1.44n + O(log n)
Mergesort: nlgn — 1.1583n + 1,
Insertion sort: iﬂz + O(n)
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Giai thuat Merge sort - DSLK

Algorithm Merge_sort
Input: danh sach can sap thw tw
Output: danh sach da dwoc sap thw tw

1. if (co it nhat 2 phan tk)
//Chia danh séch ra 2 phan bang nhau:
1.1. second_half = divide_from (sub_list)
//Sap xép riéng tirng phan
1.2. Call Merge_sort v&i sub_list
1.3. Call Merge_sort v&i second_half
//Trdn hai phan nay véi nhau
1.4. Call Merge v&i sub_list va second_half

End Merge_sort
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Ma C++ Merge sort

template <class Record>
void Sortable_list<Record> ::
recursive_merge_sort (Node<Record> * &sub_list) {
If (sub_list '= NULL && sub_list->next '= NULL) {
Node<Record> *second_half = divide_from(sub_list);
recursive_merge_sort(sub_list);
recursive_merge_sort(second_half);
sub_list = merge(sub _list, second_half);

}

}
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Chia doi DSLK

midpoint

sub_list

(o—f 3

)

second_half

position
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Giai thuat chia doi DSLK

Algorithm divide_from
Input: danh sé&ch can chia déi
Output: hai danh sach dai gan bang nhau

1. if (co it nhat 1 phan tk)
//Dung mét con tré di chuyén nhanh gép déi con tré con lai
1.1. midpoint = sub_list
1.2. position 1a phan t& ké ctia midpoint
1.3. while (position is not NULL)
1.3.1. Di chuyén position dén phan t& ké 2 Ian
1.3.2. Di chuyén midpoint dén phan tir ké
1.4. Cat danh sach ra 2 phan tai vi tri nay

End divide from
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Ma C++ chia doi DSLK

template <class Record>
Node<Record> *Sortable_list<Record> ::
divide_from (Node<Record> *sub_list
Node<Record> *position, *midpoint, *second_ half;
If ((midpoint = sub_list) == NULL) return NULL,;
position = midpoint->next;
while (position '= NULL) {

position = position->next; //Di chuyén moét 1an
If (position '= NULL) { //Dtrng ngay truée diém gitra
midpoint = midpoint->next;
position = position->next; //Di chuyén lan ther hai
}
) ‘ ,
second_half = midpoint->next; //Phan sau la sau diém ding
midpoint->next = NULL,; //Tach dbi danh sach

return second_half;
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Tron 2 DSLK co thwr tw

first

(= 3 8 4 : 8 =
combined ‘Q\
’? \
' last
Dummy node
second %

(= B .7
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Giai thuat tron hai DSLK cé thur tw

Algorithm Merge
Input: hai DSLK first va second co6 tho tw
Output: mét DSLK co6 thir tw

1. last_sorted la mét node gia i
2. while (first va second khac NULL) //Ca hai van con
2.1. if (d liéu cua first nho hon dir liéu cua second)

2.1.1. Noi first vao sau last_sorted //G& phan tu tir

2.1.2. last_sorted la first [IDSLK 1

2.1.3. Chuyén first dén phan ti ké //gaén vao két qua
2.2. else

2.2.1. Nbi second vao sau last_sorted //G& phén t to

2.2.2. last_sorted la second [IDSLK 2

2.2.3. Chuyén second dén phan tir ké  //gdn vao két qua
2.3. if (danh séach first con)
2.3.1. Nobi first vao sau last_sorted
2.4. else
2.4.1. Nbi second vao sau last_sorted
End Merge
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Ma C++ tron hai DSLK cé thw tw

template <class Record>
Node<Record> *Sortable_list<Record> ::
merge(Node<Record> *first, Node<Record> *seco
Node<Record> combined, *last _sorted = &combined,;
while (first '= NULL && second !'= NULL) {
If (first->entry <= second->entry) {
last_sorted->next = first;
last_sorted = first; first = first->next;
}else {
last_sorted->next = second;
last_sorted = second; second = second->next; }

}
if (first == NULL)
last_sorted->next = second,;
else
last_sorted->next = first;
return combined.next;
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Quick sort
Sort (26, 33, 35, 29, 19, 12, 22)

Phéan thanh (19, 12, 22) va (33,35,29) vd&i pivot=26

Sort (19, 12, 22)
Phan thanh (12) va (22) vdi pivot=19
Sort (12)
Sort (22)
Combine into (12, 19, 22)

Sort (33, 35, 29)
Phan thanh (29) va (35) voi pivot=33
Sort (29)
Sort (35)
Combine into (29, 33, 35)

Combine into (12, 19, 22, 26, 29, 33, 35)
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Giai thuat Quick sort

Algorithm quick_sort
Input: danh sach cansap xép
Output: danh sach da dwogc sap xép

1. if (co it nhat 2 phan tk)
//Phén hoach danh séach thanh 3 phan:
/I- Ph&n nhé hon phén tw giira
/l- Phén to gitra
/I- Phé&n Ién hon phan te gitra
1.1. Phan hoach danh sach ra 3 phan
1.2. Call quick_sort cho phan bén trai
1.3. Call quick_sort cho phan bén phai
//Chi can ghép lai la thanh danh séch cé thir tw

End quick _sort
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Ma C++ Quick sort trén danh sach
lién tuc

template <class Record>
void Sortable_list<Record> :: recursive_quick_sort(int low, int high) {
//Phéan duwoc sdp xép trong danh séch ttr vi tri low dén vi tri high
Int pivot_position;
if (low < high) {
//pivot_postition la vi tri ca phan ti giira
pivot_position = partition(low, high);

recursive_quick_sort(low, pivot_position — 1);
recursive_quick_sort(pivot_position + 1, high);

//Danh séach két qua da co thir tw trong khoang tor low dén high
}

}
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Phan hoach cho quick sort

piviol < pivot = pivot

| | !

[ last =mall i
A || ]

T T

pivol < [pivot = piviot < pivot

| |

last amall i

piviot < pivot > pivot

| |

last srmall i
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Phan hoach cho quick sort (tt.)

pivot < piviot ‘ ‘ = pivot
| I
| last small high
< pivot pivot = pivot
| T
Ll pivot_position high
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Giai thuat phan hoach

Algorithm partition ‘ ,
Input: danh sach can phan hoach twv low dén high
Output: da phan hoach lam 3 phan, vi tri pivot dwoc ghi nhan

//Chon phén ti tai vi tri gitra la phan t& pivot va chuyén vé dau
1. swap list[low], list[(low+high)/2]
2. pivot = list[low]
3. last_small = low
4. for index = low+1 to high //Quét qua tat cé cac phan tir con lai
4.1. if list[index] < pivot
4.1.1. last small = last small + 1
4.1.2. swap list[last_small], listlindex] /#/Chuyén qua phan nhé hon

5. swap list[last_small], list[low] //Tré phan t pivot vé lai chinh giira
6. Vi tri pivot chinh la last_small

End partition
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Ma C++ phan hoach

template <class Record>
int Sortable_list<Record> :: partition(int low, int high) {
//Gid str ham swap (ind1, ind2) sé dbi chb 2 phén tu tai 2 vi tri d6
Record pivot;
swap(low, (low + high)/2);
pivot = entry[low];
int last_small = low;
for (int index = low + 1; index <= high; index++)
If (entry[index] < pivot) {
last small = last_ small + 1;
swap(last_small, index);

}

swap(low, last_small);
return last_small;
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Vi du quick sort

recursive_quick_sort(0,6)
pivot

pivot_position = partition(0,6) - | 26

0 1 2 3 4 5 6
79 |35(33| 26| 29| 12| 22

low=0 \ / high=6

mid=(low+high)/2=3
recursive_quick sort(0,2) Index

recursive_quick sort(4,6)
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Vi du quick sort (tt.)

recursive_quick_sort(0,2)
pivot

pivot_position = partition(0,2) - | 19

0 1 2 3 4 5 6

2119|1226 | 29|33 35
y N . y N

low=0 high=2

mid=(low+high)/2=1

recursive_quick_sort(0,0)

iIndex

(Khéng lam gi ca)
recursive_quick_sort(2,2)
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Vi du quick sort (tt.)

recursive_quick_sort(4,6)
pivot

pivot_position = partition(4,6) 33
o 1 2 3 4&

12 |19 (22126 | 29 | 33| 35

&
low=4 high=6
mid=(low+high)/2=5 Tl
recursive_quick_sort(4,4) (Khéng lam gi c3)

recursive_quick_sort(6,6)
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[ In=ormed

Pivat is Tim Guy Pivot is
Tim first key. central key.
Diat 1

Eva

Ry Dot Tom
Toam
Kaim
Gy Amy Eva Eva Jon
AT
Jon
T.—: Ann Ry AlTTy Jim Tom
Keary

Fan

Jan Kirm

Dot Jan Kim

Guy Ron Ann

Kay Roy

Jar

Ron Tim

Jim Ky
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Panh gia Quick sort

B Trwdng hop xau nhat:
B M6t bén réng va mét bén 1a n-1 phan t& => n(n-1)/2
B Chon phan ti pivot:
® Dau (hay cudi): trwdng hop xau xay ra khi danh sach
dang co tho tw (hoac tht tw nguorc)
® O trung tdm, hodc ngau nhién: trudng hop xau kho
xay ra
B Trwong hop trung binh:
ECnN=2nInn+0(N)=1.39nlign+ O(n)
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Heap va Heap sort

® Heap (dinh nghta lai):
B Danh sach c6 n phan t& (ttr 0 dén n-1)
a2 a,,, vaa, = a,,, (a lon nhat trong 3 phan to)
E Pac tinh:
H a, |4 phan t& I&n nhat
# Danh sach chwa chac co th tw
B Nlra sau clia danh sach bat ky thda dinh nghia heap

B Heap sort:
M Lay a, ra, tai tao lai heap => Phan t& I&n nhat
H L3y a, moi ra, tai tao lai heap => Phan t&r Ion ké
o ...
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Giai thuat Heap sort

Algorithm heap_sort
Input: danh sach can sap xép cé n phan t
Output: danh sach da sap thw tw

/X4y dwng heap ban dau

1. Call build_heap

//Lan lwot 1ay phan tr dau ra dem vé cudi danh séach hién tai

//ri x8y dung heap tré lai

2. forindex =size-1to 0 /lindex 1a vi tri cudi ctia phan con lai
2.1. swap list[0], listindex]  /Pbi phan td I6n nhat vé cubi

/X8y duwng lai heap v&i sé phan tir gidm di 1
2.2. Call rebuild_heap index-1

End heap_sort
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Ma C++ Heap sort

template <class Record>

void Sortable list<Record> :: heap _sort() {
Record current;

//X4y dung heap ban dau

build_heap( );

for (int last_unsorted = count — 1; last_unsorted > 0O; last_unsorted—-)
{

//Gitr lai phén td cubi cii

current = entry[last_unsorted]; // Extract last entry from list.
//Chép phan tir dau (Ién nhéat) vé vij tri nay
entry[last_unsorted] = entry|[O];

/X8y duwng lai heap bdng cach chén phan ti current vao ding vi tri
iInsert_heap(current, 0, last_unsorted — 1);
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Biéu dién Heap

® Dang cay nhi phan:
® Node goc la aj
i 2 node con cla phan )
3; 2k2kIa22 pen i Bacs C< Of Ob Ok
mO mrc cuc“'gi cung, Cac f_fi-ﬂ M
node lap day tw bén
trai sang bén phai Heap

(cay nhj phan gan day pld| flb|k|a -:J
du) '

O =
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Vi du Heap sort

current

= |
o W
— |
O O
A (o
D |~

0

T N

< O
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Vi du Heap sort (tt.)

r

f p
s O Op O
current
7N 7
2 Y
O 1 2 3 4 5 6 7] 8
riflp|ld|jc|b|k]a]y
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Vi du Heap sort (tt.)

P

f Kk
"
d (e b Ja
current
" Nr [y
N7 N NI
O 1 2 3 4 5 6]7 8
p|flk|d|c|bja]r]|y
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Vi du Heap sort (tt.)

Kk

SNOLNOLENOL

current
“Nr [y
N I N
0O 1 2 3 4 5|16 7 8
k| f|{bjd|cla]lp|Tr]|y
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Vi du Heap sort (tt.)

f

current
“Nr [y
N I N
0O 1 2 3 415 6 7 8
fld|bjalclk|p|r]|y
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Vi du Heap sort (tt.)

\ current
/

<
Y

O 1 2 314 5 6 7 8
d{ic|bjla]J]f|k|p]|Tr|y

) DH Bach Khoa Tp.HCM = M Khoa Cong nghé Thong tin = ol Chwong 8. Sap thi tw = :



Vi du Heap sort (tt.)
PN

) o
A

/N

"Nd Y f Yk {p
A N N N

/ \ current
7Y
]

)
Y

o |lo
D |
o (w
— | A
= |on
O O
= |~

< |00
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Vi du Heap sort (tt.)
b

a Qc

/N /N

Ad \/\f Ak \/\p
N N N N
/ \ current
" Nr /\y
N N
O 112 3 4 5 6 7 8
blalc|d|f|k|[p]|Tr]|Yy
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Giai thuat tai tao lai heap

Algorithm insert_heap

Input: danh sach 1a heap trong khoang ttr low+1 dén high, curre
gia tri can thém vao

Output: danh séch 1a heap trong khoang tir low dén high

1. Bat dau kiém tra tai vj tri low
2. while (chwa kiém tra xong dén high)
2.1. Tim I&n nhat trong bd ba phan ti current, list[2k+1], list[2k+2]
2.2. if (phan t& dé la current)
2.2.1. Ngurng vong lap
2.3. else
2.3.1. D&i phan t& I&n nhat 1&n vi tri hién tai
2.3.2. Kiém tra bat dau tir vi tri cla phan t& I&n nhat nay

3. Pua current vao vj tri dang kiém tra

End insert_heap
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Ma C++ tai tao lai heap

template <class Record>
void Sortable_list<Record> ::

nsert_heap(const Record &current, int low, int hig
int large = 2 * low + 1; /Pty I6n gia swr la tai 2k+1
while (large <= high) {

If (large < high && entry[large] < entry[large + 1])

large++; //P.ttr I6n tai 2k+2
If (current >= entry[large])
break; //Néu current la Ién nhét thi théi
else {
entry[low] = entry[large]; //Khéng thi day p.tir Ién nhét 1én
low = large; //rbi tiép tuc kiém tra vé sau

large = 2 * low + 1;
}
}

entry[low] = current; //Pay la vi tri thich hop cho current
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Giai thuat xay dwng heap ban dau

Algorithm build_heap ‘ ,
Input: danh sach bat ky can bién thanh heap
Output: danh sach da la heap

//Nira sau ctia 1 danh séch bat ky théa tinh chat ctia heap
//Ta tim cach xay dwng heap nguworc twr gitra vé dau
1. for low =size/2 downto O

//TCr Vi tri low+1 dén cubi danh séch dang la heap
1.1. current = list[low];

//Xay duwng lai heap trong khoang [low, size-1]
1.2. Call insert_heap v&i current, low va size — 1

End build_heap
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Ma C++ xay dwng heap ban dau

template <class Record>
void Sortable_list<Record> :: build _heap( ) {
//Nira sau cuia 1 danh séach bat ky théa tinh chat clia heap
//Ta tim céch xay dwng heap nguoc tr gitra vé dau
for (int low = count/2 — 1; low >= 0; low——) {
Record current = entry[low];
iInsert_heap(current, low, count — 1);

}
}
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Panh gia Heap sort

B Trwdng hop xau nhat:
EC=2nlgn+0O(n)
BEM=nlgn+ O(n)

B So voi Quick sort

& Trung binh: cham hon quick sort
B X4au nhat: O(n Ig n) < n(n-1)/2
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Ma tran 2 chiéu vs. 1 chieu

e
clo|s |t
All, | a rlje | a
[I, ] |
tlelalr \/
Row-major ordering: Column-major ordering:
—™lclo]|s |t
C c 0 s t
ﬁ Fle| a a r 1 < a 1
C t e a r
ﬁ elalr L/ k_/ b i
B[ max_row*i + j C[i + max_col*]
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Index Name Address Phone

1 Hill, Thomas M. High Towers #317 2829478
2 Baker, John S. 17 King Street 2884285
3 Roberts, L. B. 53 Ash Street 4372296
4 King, Barbara High Towers #802 2863386
5 Hill, Thomas M. 39 King Street 2495723
6 Byers, Carolyn 118 Maple Street 4394231
7 Moody, C. L. High Towers #210 2822214
Access Tables

Name Address Phone

Qo =1 v U7 = Ty D
S U o= -1 W
Ty W= =1
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Radix sort

Buwoc 1 Buwoc 2 Buwéc 3

. 2 = = = =
rjfalt ml{o|p mlalp clalr
ml{o|p mla|p rfalp cla|t
clajt tjo|p clalr clo|t
mlal|p rfalp t{alr mlalp
clal|r cla|r rjfalt mlo|p
tlo|p t{alr clajt rfalp
clo]|t rfajlt mlo|p rjalt
tlalr clajt tjo|p t{alr
rfalp clo]|t clo|t tio|p
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Panh gia Radix sort

B SO lan so sanh 1a O(n k), n 1a s phan tir va
sO ky tw trén khoa

B So sanh v¢&i cac phwong phap khac la n Ig n:
#@ Néu k I&n va n la nhd thi radix sort cham
B Néu k nhd va n 1a I&n thi radix sort nhanh hon

B Bat tién:
& Viéc tach thanh 27 danh sach con \{é ghep lai luc sau

trén DS lién tuc gay ra viéc di chuyén nhiéu phan tw

# Khoa so sanh 1a chudi nhi phan thi khdng tot
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Giai thuat Radix sort trén DSLK

Algorithm radix_sort
Input: danh sach can sap thu tw
Output: danh sach da sap thu tw

//Mbi queue chira cac phan tr co ky tw tiong tng
1. queues la mo6t day c6 max_character hang

//Lap k buéc, kiém tra cac Ky tw tai vi tri k
2. for position = size(khda) to 0
2.1. while (danh sach con)
2.1.1. Lay phan t&r dau tién
2.1.2. Tinh toan th& tw cua chir cai & vi tri k trong khoa
2.1.3. Pay phan t& nay vao queue twong (rng

2.2. NOi tat ca cac queue lai véi nhau thanh danh sach

End radix_sort
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Ma C++ Radix sort trén DSLK

const int max_chars = 28;
template <class Record>
void Sortable list<Record> :: radix_sort( ) {
Record data;
Queue gueues[max_chars];
for (int position = key_size — 1; position >= 0; position——) {
// Loop from the least to the most significant position.
while (remove(0, data) == success) {
Int queue_number = alphabetic_order(data.key _letter(position));
gueues[gueue_number].append(data); // Queue operation.

}

rethread(queues); // Reassemble the list.

}

}
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Noi cac queue lién két

@ Cach 1:

& Dung cac CTDL queue
B Phai dung queue.retrieve va list.insert(list.size(),x)

& Cach 2:

B Viét lai cac CTDL kiéu queue trong chwong trinh

B Chi can tim dén cudi mdi queue va ndi con tré vao
dau queue sau (hoac den NULL)
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Tang toc tra clru

B Tim kiém: ham f: key -> position =>0 (Ig n)
B Néu co ham f; key -> position v&i toc do O(1)
M Vi du: Tra bang v&i key chinh la position
B Ham déi mét key thanh position: ham Hash

position

N/ N

position
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Bang Hash

® Bang Hash
i Bang
® Vi tri ciia 1 phan t& dwoce tinh bang ham hash
E Ham hash:
& Nhan vao mot khda
B Tra vé mot chi sb vi tri
® (C6 thé chuyén vai khoa vé cung mot vij tri)
E Dung do trén bang hash:
B Néu vij tri tim ra dung la di¥ liéu can tim: O(1)
B Khong dung: gidi quyét dung do (phai ddm bao O(1))
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Ham Hash

® Dam bao O(1)
® Vi du:
B f(X) =x% m;
M f(‘abc’) = (char_index(‘a’)*base_number? +

char_index(‘b’)*base _number! +
char_index(‘c’)*base _number®) % hash_size
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Vi du dung bang Hash

Cac khéa: M, O, T, V, |, D, U T |0
U 1
vV 2
M | 3
hash(x) = char_index(x) % 10 D | 4
O |5
TimV 56— Khong cé
Tim F 7
8
9
char_index: Space=
M o [T |v/l [D |u|F
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Phwong phap Dia chi m& (Open
Addressing)

® Bang hash la mét array
B Cac vi tri khi c6 dung dé sé tim vj tri méi bang
cac phwong phéap giai quyét:
® Thi tuyén tinh (linear probing):
B Tang chi sb 1&n mot: h = (h+i) % hash_size
@ Th bac hai (quadratic probing):
B Tang chi sb I&n theo binh phwong: h = (h +i2)% hash_size
& Phwong phap khac
EINgau nhién
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Thiet ké bang Hash dung dia chi mdé

Pam bao phép tht tuyén tinh khdng bi 1ap vong

const int hash_sizg =997, // a prime number of appropriate size

class Hash table {

public:
Hash table( );
void clear();

Error_code insert(const Record &new entry);

Error_code retrieve(const Key &target, Record &found) const;
private:

Record table[hash_size];

3
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Giai thuat thém phan tir dung bang
Hash dia chi m¢

Algorithm Hash_Insert
Input: bang Hash, mau tin can thém vao
Output: bang Hash da c6 mau tin thém vao

1. probe = hash(input_key)
2. increment =1 //Dung khi dung do
3. while (table[probe] khéng rong) //C6 dung do

//Dung céac phép thir (tuyén tinh, bac hai, ...)

3.1. probe = (probe + increment) % hash_size

3.2. increment = increment + 2 //Thtr bac hai
4. table[probe] = new_data

End Hash_insert
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Ma C++ thém phan tir dung bang
Hash dia chi m¢

Error_code Hash_table :: insert(const Record &new entry) {

Error_code result = success;

Int probe_count = 0, increment = 1, probe;

Key null;

probe = hash(new_entry);

while (table[probe] != null && table[probe] = new_entry

&& probe_count < (hash size + 1)/2) {

probe_count++;
probe = (probe + increment)%hash_size;
iIncrement += 2;

}

If (table[probe] == null) table[probe] = new_entry;
else if (table[probe] == new_entry) result = duplicate error;
else result = overflow;

return result;

) DH Bach Khoa Tp.HCM = M Khoa Cong nghé Thong tin = = Chuong 9. Bang = .




Phwong phap noi ket (chained hash
table)

— . - 'JT_
—HL

— .

— = el

—HL

— 1 . 1

—H

—HL

— _ p— .
—L

—H1

— = -
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Loii ich ciia phwong phap noi ké

B Néu sb lwong mau tin Ion: tiét kiém vang nie
® Giai quyet dung do: don gian la day vao cling
MmOt danh sach lién két.
B Bang hash nhd hon nhiéu so véi s lwgng mau
tin.
B X6a mdt phan tr 1a don gidn va nhanh chong.
B PO phtre tap khi tim kiém:
B Néu c6 n mau tin, va bang hash c6 kich thwéc m
B DO dai trung binh cua DSLK [a n/m
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Thiét ke bang Hash noi két

const int hash_size = 997, // a prime number of appropriate size

class Hash table {
public:

//Specify methods here
private:

List<Record> table[hash_size];

3
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Thiét ké cac phwong thirc cua bang
Hash noi két

= Constructor:
@ Goi constructor cia moi danh sach trong array.

E Clear:
@ Goi phwong thire clear cho moi danh sach trong array.

B Retrieval:

B sequential _search(table[hash(target)], target, position);
E Insertion:

& table[hash(new_entry)].insert(0, new_entry);

B Deletion:
B remove(const Key type &target, Record &x);
B Néu tim thay trong danh sach twong &ng thi xoa di
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Panh gia phwong phap dung bang
Hash

B load factor A = s6 mau tin/kich thwdc bang
B Tim kiém v&i bang hash noi két:
B 1+(1/2)A phép thr khi tim thay
H A phép thi khi khéng tim thay.
® Tim v&i bang hash dia chi mé& (thdr ngau nhién):
B (1/N)In (1/(1-N\)) phép thir khi tim thay
B 1/(1-A\) phép thr khi khéng tim thay
B Tim v&i bang hash dia chi m& (thk tuyén tinh):
® (1/2)(1 + 1/(1-N\)) phép thtr khi tim thay
B (1/2)(1 + 1/(1-A\)2) phép thir khi khdng tim thay
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So sanh cac phwong phap

Theoretical comparisons:

Load factor 0.10 0.50 0.80 0.90 0.99 2.00
Successful search, expected number of probes:
Chaining 1.05 1.25 1.40 1.45 1.50 2.00
Open, Random probes 1.05 14 2.0 2.6 4.6 —
Open, Linear probes 1.06 1.5 3.0 5.5 50.5 —

Unsuccessful search, expected number of probes:
Chaining 0.10 0.50 0.80 0.90 0.99 2.00
Open, Random probes 1.1 2.0 5.0 10.0 100. —
Open, Linear probes 1.12 2.5 13. 50. 5000. —

) DH Bach Khoa Tp.HCM = M Khoa Cong nghé Thong tin = = Chuong 9. Bang = .



So sanh cac phwong phap (tt.)

Empirical comparisons:

Load factor 01 0.5 0.8 0.9 099 20
Successful search, average number of probes:
Chaining 1.04 1.2 1.4 1.4 1.5 2.0
Open, Quadratic probes 1.04 1.5 2.1 2.7 5.2 —
Open, Linear probes 1.05 1.6 3.4 6.2 21.3 —

Unsuccessful search, average number of probes:

Chaining 0.10 0.50 0.80 0.90 0.99 2.00
Open, Quadratic probes 1.13 2.2 5.2 119 126. —
Open, Linear probes 1.13 2.7 154 59.8 430. —
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AR DY LIS VA #9
GIAI THUNT (5071040) y

Cnuwong 10: Cay nni pnér)




Pinh nghia

® Cay nhi phan
® Cay rong
H Hoac c6 mdt node goi 1a goc (root) va 2 cay con goi
la cay con trai va cay con phai

& Vi du:
#@ Cay rong:
B Cay co 1 node: 1a node goc

& Cay co 2 node:
o Q
O O
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Cac dinh nghia khac

B Murc:
® Node goc & murc 0.
B Node goc clia cac cay con clia mét node & mirc m la
m+1.
B Chiéu cao:
@ Cayrong la 0.
B Chiéu cao I&n nhat clia 2 cay con cdng 1
B (Hoac: mirc I&n nhat cta cac node cong 1)
E Dwong di (path)
B Tén cac node cua qua trinh di tr node goc theo cac
cay con dén mot node nao do.
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Cac dinh nghia khac (tt.)

@ Node truwdc, sau, cha, con:

B Node x 1a trwdc node y (node y 1a sau node x), néu
trén dwdng di dén y co x.

& Node x |a cha node y (node y la con node x), néu
trén dwdng di dén y node x nam ngay trwdc node y.

® Node I4, trung gian:
& Node |4 la node khong c6 cay con nao.
® Node trung gian khéng la node goc hay node |a.
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Cac tinh chat khac

B Cay nhj phan day du, gén day du:
o2 E)ay du: cac node la lubn nam & mirc cao nhat va
cac nut khéng la nut 14 c6 day da 2 nhanh con.

® Gan day du: Glong nhw trén nhwng cac node Ia nam
& mirc cao nhat (hodc trwdc d6 mot murc) va lap day
tlr bén trai sang bén phai @ mirc cao nhat.

B Chiéu cao cla cay cd n node:
B Trung binnh=[lgn]+1
Ebayduh=Ig(n+1)
B Suy bién h=n

B SO phan t& tai mdc i nhiéu nhat 1a 2
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Phép duyét cay

® Duyét qua tirng node cua cdy (moi node 1 ¥
B Cach duyét:
& Chinh thirc: NLR, LNR, LRN, NRL, RNL, RLN

B Chuan: NLR (preorder), LNR (inorder), LRN
(postorder)
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Vi du vé phép duyét cdy NLR



Vi du vé phép duyét cidy LNR



Vi du vé phép duyét ciy LRN



Cay lien két
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Thiet ke cay lien ket
template <class Entry>
struct Binary _node {
/[ data members:
Entry data;
Binary _node<Entry> *left, *right;
/[ constructors:

Binary node( );
Binary _node(const Entry &x);

template <class Entry>

class Binary tree {

public:
// Add methods here.

protected:
// Add auxiliary function prototypes here.
Binary node<Entry> *root;

¥
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Khéi tao va kiém tra réng

template <class Entry>
Binary _tree<Entry>::Binary_tree() {
root = NULL,;

%

template <class Entry>
bool Binary tree<Entry>::empty() {
return root == NULL;

%
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y ) 4

Thiet ké cac pheép duyét cay

template <class Entry>
void Binary_tree<Entry> :: inorder(void (*visit)(Entry &)) {
recursive_inorder(root, visit);

}

template <class Entry>
void Binary tree<Entry> :: preorder(void (*visit)(Entry &)) {
recursive_preorder(root, visit);

}

template <class Entry>
void Binary_tree<Entry> :: postorder(void (*visit)(Entry &)) {
recursive_postorder(root, visit);

}
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Giai thuat duyét cay inorder

Algorithm recursive_inorder
Input: subroot la con tré node gbc va ham visit
Output: két qua phép duyét

1. if (cay con khéng réng)
1.1. Call recursive_inorder v&i nhanh trai cua subroot
1.2. Duyét node subroot bang ham visit
1.3. Call recursive_inorder v&i nhanh phai cua subroot

End recursive_inorder
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Ma C++ duyét cay inorder

template <class Entry>
void Binary_tree<Entry> ::recursive_inorder
(Binary_node<Entry> *sub_root, void (*visit)(Entry &)) {
If (sub_root '= NULL) {
recursive_inorder(sub_root->left, visit);
(*visit)(sub_root->data);
recursive_inorder(sub_root->right, visit);

}

}
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Khai bao cay nhi phan
template <class Entry>
class Binary tree {
public:
Binary tree( );
bool empty( ) const;
void preorder(void (*visit)(Entry &));
void inorder(void (*visit)(Entry &));
void postorder(void (*visit)(Entry &));
Int size( ) const;
void clear();
Int height( ) const;
void insert(const Entry &);
Binary tree (const Binary_tree<Entry> &original);
Binary tree & operator = (const Binary_tree<Entry> &original);
~Binary_tree( );
protected:
Binary node<Entry> *root;

%
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Cay nhi phan tim kiém — Binary
search tree (BST)

B MOt cay nhi phan tim kiém (BST) 1a mét cal
phan réng hodc moi node cliia cay nay cé cac
dac tinh sau:

& 1. Khoa cua node goc I&n (hay nhd) hon khoa cia
tat ca cac node cua cay con bén trai (hay bén phai)
M 2. Cac cay con (bén trdi, phai) la BST
® Tinh chat;
B Chi can dac tinh 1 1a du
& Duyét inorder sé dwoc danh sach co thw tw
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Vi du BST

Duyét inorder: 1 3 5 6 10 12 13 18 20 25 29 32 35 37 41 50
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Cac tinh chat khac cia BST

® Node cwec trai (hay phai):
B Xuat phat tir node goc
® Di sang trai (hay phai) dén khi khéng di dwoc niva

B Khoa cuia node cwec trai (hay phai) 1a nhd nhat
(hay I&n nhat) trong BST

B BST la cay nhi phan cé tinh chat:

B Khoa cia node goc I&n (hay nhd) hon khoa cla
node cuwc trai (hay cwc phai)
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Thiét ke BST

template <class Record>
class Search_tree: public Binary tree<Record> {
public:
/IViét lai phwong thrc chén vao, loai bd d& ddm bao van la BST
Error_code insert(const Record &new_data);
Error_code remove(const Record &old_data);

[[Thém phwong thire tim kiém dwa vao mot khoa

Error_code tree_search(Record &target) const;
private:

// Add auxiliary function prototypes here.

3
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Tim kiém trén BST

B Chon hwéng tim theo tinh chat cia BST:
® So sanh véi node goc, néu dung thi tim thay
i Tim bén nhanh trai (hay phai) néu khéa can tim nhé

hon (hay I&n hon) khdéa cua node goc

B Giong phwong phap tim kiém nhi phan

B Thoi gian tim kiém
B Tot nhat va trung binh: O(lg n)
® Té nhat: O(n)
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Giai thuat tim kiém trén BST

Algorithm BST_search
Input: subroot la node gbc va target la khdéa can tim

Output: node tim thay

1. if (cay rong)
1.1. return not_found
2. If (target trung khoa va&i subroot)
2.1. return subroot
3. if (target c6 khdéa nhd hon khda cua subroot)
3.1. Tim bén nhanh trai cua subroot
4. else
4.1. Tim bén nhanh phai cua subroot

End BST_search
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Ma C++ tim kiém trén BST

template <class Record>
Binary _node<Record> *Search_tree<Record> :: search_for _node
(Binary_node<Record>* sub_root, const Record &target) const {

If (sub_root == NULL || sub_root->data == target)
return sub_root;
else if (sub_root->data < target)
return search_for_node(sub_root->right, target);
else return search_for_node(sub_root->left, target);

}
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M3 C++ tim kiem trén BST
(khong deé qui)

template <class Record>
Binary _node<Record> *Search_tree<Record> :: search_for _node
(Binary_node<Record>* sub_root, const Record &target) const {

while (sub_root != NULL && sub_root->data != target)
If (sub_root->data < target) sub_root = sub_root->right;
else sub_root = sub_root->left;

return sub_root;

}
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Phwong thirc tree _search

template <class Record>
Error_code Search_tree<Record> :: tree_search(Record &target) const {

Error_code result = success;
Binary _node<Record> *found = search_for_node(root, target);

if (found == NULL)
result = not_present;

else
target = found->data;
return result;
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Vi du tim kiém trén BST

Ribgeggomiin fem

S6 node duyét: 5
Sé l1an so sanh: 9

Tim kiém 13
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Vi du tim kiém trén BST

Kbée njdaudnd Hem

S6 node duyét: 5
Sé 1an so sanh: 10

Tim kiém 14
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Thém vao BST
Oe C/(De =
b b
d

(a) Insert e (b) Insert b (c) Insert d

d

(d) Insert f (e) Insert a
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Giai thuat thém vao BST

Algorithm BST_insert
Input: subroot la node géc va new_data la di¥ liéu can thém *®

Output: BST sau khi thém vao

1. if (cay rong)
1.1. Thém vao tai vi tri nay

2. 1f (target trung khoa v&i subroot)
2.1. return duplicate _error

3. if (new_data c6 khdéa nho hon khda cua subroot)
3.1. Thém vao bén nhanh trai cua subroot

4. else
4.1. Thém vao bén nhanh phai cua subroot

End BST _insert
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Ma C++ thém vao BST

template <class Record>
Error_code Search_tree<Record> :: search_and_insert
(Binary_node<Record> * &sub_root, const Record &new_data) {

If (sub_root == NULL) {
sub_root = new Binary _node<Record>(new_data);
return sSuccess;
}
else if (new_data < sub_root->data)
return search_and_insert(sub_root->left, new_data);
else if (new_data > sub_root->data)
return search_and_insert(sub_root->right, new_data);
else return duplicate_error;

) DH Bach Khoa Tp.HCM = aKhoa Cong nghé Thong tin = =l Chuwong 10. Cay nhi phan = :



Algorithm BST insert
Input: subroot la node géc va new_data la di¥ liéu can thém vao
Output: BST sau khi thém vao

1. parent la rong va left_or_right 1a “left”
2. while (subroot khéng réng)
2.1. if (target trung khoa vo&i subroot)
2.1.1. return duplicate _error
2.2. if (new_data c6 khoa nho hon khoéa cua subroot)
2.2.2. parent la subroot va left_or_right la “left”
2.2.1. Chuyén subroot sang nhanh trai ctia subroot
2.3. else
2.3.2. parent la subroot va left_or_right la “right”
2.3.1. Chuyén subroot sang nhanh phai ciia subroot
3. if (subroot la rong) //Thém vao tai vi tri nay
3.1. if (parent la réng)
3.1.1. Tao node gbc cua cay
3.2. else
3.2.1. Tao node bén trai hay phai parent tuy theo left_or_right

End BST insert

DH Bach Khoa Tp.HCM Khoa Céng nghé Théng tin Chuong 10. Cay nhi phén




X6éa mot node 1a khoi BST

I
X

1. X0a node nay
2. Gan lién két tr cha cua no6
thanh roéng
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Xéa mét node chi cé moét con

Delete X

1. Gan lién két tlr cha cda no
xudng con duy nhat cua né
2. X0a node nay

A. Puwdng dan dén cac node cua
cay con v co dang:

..U X VvV ..
B. Khdng con node nao trong cay
c6 dworng dan co dang nhw vay.
C. Sau khi x6a node x, duwong
dan dén cac node cua cay con v
co dang:

.U VoL
D. Pwong dan cla cac node khac
trong cay khong dbi.
E. Trwdc do, cac node cua cay
con v nam trong nhanh con cta x
la bén trai (bén phai) cua u va bay
gi®& cling nam bén trai (bén phai)
cda u nén van théa méan BST
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Xéa mot node cé du 2 nhanh co

A. Puwdng dan dén cac node ctia cay con v va z ¢
dang:

B. Néu x6a node x thi dwdng dan dén cac node cua
cay con v va z co dang:

U U B VAR

..Uz ...

D. Diéu nay chi xay ra khi cay con u va v nam vé 2
phia cia u => khong con la BST.

E. Gidi phap la thay gia tri x bang gia tri w thudc cay
nay sao cho:

w I&n hon tat ca khoa clia cac node cla cay con v
w nho hon tat ca khéa cua cac node cla cay con z
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X6a mét node c6 du 2 nhanh con (tt. d‘{}

Replace x by w original w
—_—r

—_—

B i-\.l | TR || CESEOT

of X

W -

1. Tim w |la node trwdc node x trén phep duyét cay inorder
(chinh Ia node cwc phai cua cay con bén trai cua x)

2. Thayxbangw
3. Xda node w ci (gibng trwong hop 1 hoac 2 da xét)
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Giai thuat xéa mot node

Algorithm BST_remove_root
Input: subroot |a node goc can phai xé6a
Output: BST sau khi x6a xong subroot

1. if (trwong hop 1 hoac 2)  //subroot la node la hoac co6 mot con
1.1. Gan lién két cha dén réng hodc nhanh con duy nhat cia subroot
1.2. Xoba subroot

2. else /trieong hop 3: ¢o 2 nhanh con
//Tim node cuwc phai cua cay con trai
2.1. to_delete la node con trai cua subroot
2.2. while (nhanh phai cliia to_delete khdng rong)

2.2.1. di chuyén to_delete sang node con phai
2.2. Thay di liéu cta subroot bang di liéu cla to_delete
2.4. Call BST remove_root v&i to_delete

End BST remove root
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Ma C++ x6a mot node

template <class Record>
Error_code Search_tree<Record> :: remove root
(Binary _node<Record> * &sub_root) {
If (sub_root == NULL) return not_present;
Binary _node<Record> *to_delete = sub_root;
If (sub_root->right == NULL) sub_root = sub_root->left;
else if (sub_root->left == NULL) sub_root = sub_root->right;
else { to_delete = sub_root->left;
Binary _node<Record> *parent = sub_root;
while (to_delete->right '= NULL) {
parent = to_delete;
to_delete = to_delete->right; }
sub_root->data = to_delete->data;
If (parent == sub_root) sub_root->left = to_delete->left;
else parent->right = to_delete->left; }
delete to_delete;
return success; }
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Cay can bang chiéu cao - AVL

B Cay can bang hoan toan:
B S6 node cla nhanh trai va nhanh phai chénh nhau
khong qua 1.

E DN cay AVL:
@ BST
® Tai node bat ky, chiéu cao nhanh trai va nhanh phai
chénh nhau khong qua 1.
B Ky hiéu cho moéi node clia cay AVL:
B Node can bang: -’
& Nhanh trai cao hon: /
B Nhanh phai cao hon: ‘\

) DH Bach Khoa Tp.HCM = 2 Khoa Cong nghé Thong tin = = Chuong 10. Cay nhi phan = . @




Vi du cay AVL
® (O O
:
O O O e

Cay AVL

Khdng phai cay AVL
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Khai bao cay AVL

enum Balance factor { left_higher, equal_height, right_higher };
template <class Record>
struct AVL_node: public Binary node<Record> {

/[ additional data member:

Balance factor balance;

AVL_node( );

AVL node(const Record &x);

void set_balance(Balance factor b);

Balance_ factor get balance( ) const;

template <class Record>
class AVL _tree: public Search_tree<Record> {
public:
Error_code insert(const Record &new data);
Error_code remove(const Record &old data);
private:
// Add auxiliary function prototypes here.

¥
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Vi du 1 them vao cay AVL
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Vi du 2 théem vao cay AVL

k, m: R L
m

Chwong 10. Cay nhij phan = :
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Vi du 2 them vao cay AVL (tt.)
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Cac trang thai khi thém vao

/Q\ /@\ /®\

Thém vao bén phaiva Thém vao bén phai va Thém vao bén phai va
lam bén phai cao |én lam bén phai cao Ién lam bén phai cao Ién

/®\ /Q\ /®\

Chiéu cao cay tdng  Chiéu cao cay khéng déi  Mat can bang bén phai
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Can bang cay AVL — Quay don
rmt

right_tree

right_tree

root

Rotate

left
—_—
4 Tl
h+14]| T
h I h+14| T3 h T, h - T,
Binary _node<Record> *right_tree = root->right;

root->right = right_tree->left;
right_tree->left = root;
root = right_tree;
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Can bang cay AVL — Quay kép

sub_tree

||-'| OIT1E=

.°. right_tree — right_tree

[ ]

Binary _node<Record> *right_tree = root->right;
Binary node<Record> *sub _tree = right_tree->left; ni|
root->right = sub_tree->left;
right_tree->left = sub_tree->right;
sub_tree->left = root;
sub_tree->right = right_tree;

=== root = sub _tree;

old

ree

v

Hoac:

rotate_right(right_tree);
rotate left(root);
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Cac trang thai khi x6éa node

P2 e

T F Ty T2

1 I-\.l.l

/Dp\_ - _ZE)\_ i

T Tz T Tz

i_ase /
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Cac trang thai khi x6a node (tt.)

— /g{a\ .'.'.'.:'-'r;f::._-.._...lL

Ts

h—11

Il-.'_-li -Ir-l

h—14
h—14

Lase
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Cac trang thai khi x6a node (tt.)

h—14

.l
| _||'|| ol | |
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Vi du xéa node cua cay AVL

Aodust
halance

ractors
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Vi du xéa node cua cay AVL (tt.)

Rotate

J
|]I||||-|--|'..|_||.. a

right around m
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Pinh nghia

B Cay da phan
® Cay rong
B Hoac cd mét node goi 1a goc (root) va nhiéu cay con.
B Biéu dién:
® Mb&i node gom ¢6 nhiéu nhanh con
B Mbi node c6 2 lién két first_child va next_sibling
& Dung cay nhi phan
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first_child: black; next_sibling: color

/§ .

PN
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Bieu dién dang nhj phan
p first_child {left) links: black

next_sibling (right) links: color

A Nhi phan:
/O left = black
Q\ right = color
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Thiét ke Trie

class Trie {
public: // Add method prototypes here.
private: // data members

Trie_node *root;

3

const int num chars = 28;

struct Trie_node {
/l data members
Record *data;
Trie_node *branch[num_chars];
/[ constructors
Trie_node();
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Giai thuat tim kiém trén Trie

Algorithm trie_search
Input: target la khoa can tim
Output: mau tin tim thay

1. Bat dau tim tlr node root v&i ky tw dau tién cla target

2. while (con node dé tim va chwa xét hét chudi target)
2.1. Nhay dén node con twong (rng tly theo ky tw tir target
2.2. Xét ky tw ké tiép trong chudi target

3. if (c6 node va di¥ liéu ctia né khac réng)
3.1. return di¥ liéu cua node nay

4. return not_present

End trie_search
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Ma C++ tim kiém trén Trie

Error_code Trie :: trie_search(const Key &target, Record &x) cons
Int position = O;
char next_char;
Trie_node *location = root;
while (location = NULL &&

(next_char = target.key_letter(position)) !'="") {
location = location->branch[alphabetic order(next char)];
position++;

}

If (location != NULL && location->data '= NULL) {
X = *(location->data);
return success;

}

else
return not present;
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Giai thuat them vao Trie
Algorithm trie_insert
Input: new_entry 1a di liéu can thém vao
Output: cay sau khi thém vao dir lieu moi

1. if (cay rong)
1.1. Thém node m¢i vao day
1.2. Két thuc
2. Bat dau tr node root va ky tw dau tién trong khda ctia new_entry
3. while (vAn chwa xét hét chudi clia khoda ctia new_entry)
3.1. next_char la ky tw hién tai trén khoa
3.2. if (node con tai vi tri next_char khéng co)
//Tim va thém cac node trung gian khéng co dir liéu vao
3.2.1. Thém mdt node cé dir liéu réng vao day
3.3. Nhay dén node con twong (rng vai vi tri ciia next_char
3.4. Xétky tw ké tiép cua khoa
4. Thém dir lieu vao node hién tai

End trie_insert

) DH Bach Khoa Tp.HCM = 2 Khoa Cong nghé Thong tin = = Chuong 11. Cay da phéan = . e




Ma C++ thém vao Trie

Error_code Trie :: insert(const Record &new_entry) {

Error_code result = success;

If (root == NULL) root = new Trie_node;

Int position = O;

char next_char;

Trie_node *location = root;

while ((next char = new entry.key letter(position)) !="") {
Int next_position = alphabetic_order(next_char);
If (location->branch[next_position] == NULL)

location->branch[next_position] = new Trie_node;

location = location->branch[next_position];
position++; }

If (location->data !'= NULL) result = duplicate error;

else location->data = new Record(new_entry);

return result;

}
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Panh gia trie

® Tim kiém: Lan so sanh = chiéu dai khoa
B T dién tiéng Anh 100.000 ttr, chiéu dai toi da
15 ky tw:

® Trie: S6 1an so sanh téi da = 15

& Tim nhi phan = k*lg (100.000) = 17k (k: chiéu dai
trung binh cua twr tieng Anh)
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Cay da phan tim kiém

Cay da phan tim kiém ”
bac m: moéi node co tdi da
m nhanh con il B A RERY A
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Cay da phan can bang (B-tree)

E Mot B-tree bac m la moét cay da phan tim k
bac m:
B 1. Tat ca cac node la & cung modt murc.
B 2. Tat ca cac node trung gian trir node goc c6 toi da
m nhanh con va t6i thieu m/2 nhanh con (khac rong).

® 3. SO khoda ciia mdi node trung gian it hon mét so voi
s6 nhanh con va phan chia cac khda trong cac nhanh
con theo cach cla cay tim kiém.

® 4. Node gbc c6 tdi da m nhanh con, toi thiéu la 2
nhanh con khi node goc khong la node 1a hoac khdng
cé nhanh con khi cay chi cé node goc.
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Vi du B-tree

B-tree bac 4 ]
s | =]
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17 ‘\\ all VAR AN
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e
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e
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Thiét ké B-tree

template <class Record, int order>
class B _tree {
public: // Add public methods.
private: // data members
B_node<Record, order> *root;
// Add private auxiliary functions here.

3

template <class Record, int order>
struct B_node {
/[ data members:
Int count;
Record dataforder — 1];
B_node<Record, order> *branch[order];
// constructor:
B_node();
b
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Giai thuat tim kiem trén B-tree

Algorithm search B tree
Input: subroot la goc cua cay va target |a khoa can tim
Output: di liéu tim thay

1. if (cay rong)
1.1. return not_present
2. else
2.1. Tim target trén di¥ liéu cua subroot
2.2. if (tim thay)
2.2.1. return di liéu tim thay
2.3. else
//Tim khéng thdy sé ngteng tai vi tri c6 khéa vira I6n hon khoa cén
/Mtim, & doé co lién két dén nhanh con gém céc khda nhd hon né.
2.3.1. Nhay dén nhanh con cua vi tri khéng tim thay
2.3.1. Call search_B_tree v&i nhanh con moi

End search B tree
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Ma C++ tim kiém trén B-tree

template <class Record, int order>
Error_code B_tree<Record, order> :: recursive_search_tree
(B_node<Record, order> *current, Record &target) {
Error_code result = not_present;
Int position = O;
If (current '= NULL) {
while (position < current->count && target > current->data[position])
position++;
If (position < current->count && target == current->data[position])
result = success;
If (result == not_present)
result =recursive_search_tree(current->branch[position], target);
else
target = current->data[position];

}

return result;

}
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Thém vao B-tree

ag,fb: k:

a b f g f

7 | 5
a b g k
_ 4

a, n, m f

f f J

Il Y ..r"/ 1 N
a b d g h kK m a b d g h k m
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Thém vao B-tree (tt.)

= e
abderghr'kmrg
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Thém vao B-tree (tt.)
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Thém vao B-tree (tt.)

P
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Xoa gia tri tren B-tree

1. Delete h, r:

Promote s
c f m J'|]s and delete from leaf

fﬁ:r rd e g:‘f i rkffﬂlfn pﬂ-—;’;u X

g | t U X

m'*.
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Xoéa gia tri tren B-tree (tt.)
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Xoéa gia tri tren B-tree (tt.)

3. Delete d: .J'I
R
| o o
Combine S I c,f
F '
.|I"III'I H"’h
’ N
..r"" b
.i"r i o llf =
'la b I,@!’ e }I g |
i — ol

Combine
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Xoéa gia tri tren B-tree (tt.)
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