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Gioi thiéu

® Mo6n hoc gioi thiéu:

@® CAac cau truc di¥ liéu co ban

@ Cac giai thuat dién hinh trén cac cau trdc div liéu do
® Dung phwong phap hwéng doi twong.
5 Ngon ng( lap trinh minh hoa:

® Ma gia (pseudocode)

® C++ (khéng dwoc giang day chinh thirc trong mon
hoc)
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NoOi dung

# Chwong 1. Téng quan
® Chwong 2. Stack
® Chwong 3. Queue
s Chwong 4. Stack va Queue lién két
i Chwong 5. Bé qui
i Chwong 6. List va String
i Chuwong 7. Tim klem
i Chwong 8. Sap xép
i Chuwong 10. Cay nhi phan
i Chwong 11. Cay nhiéu nhanh
® Chwong 9. Bang va truy xuat thdng tin

) ) )
m m m m w =

!
| |

EH Bach Khoa T:).ﬁwr‘woa Cong nghé Thong tin L_L‘ﬁr_ hitps:/ib.comal ST ATEU mON hoc



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Tai lieu tham khao

u [1] Kruse, R. L., and Ryba, A. J. 1999. Data Structures
and Program Design in C++. Prentice-Hall Inc.

w [2] Tran, N. N. B. 2001. Giao trinh Cau trac Dir liéu va
Giai thuat. KhoaCNTT, DH Bach KhoaTp.HCM

u [3] Jesse Liberty, 1997. Teach Yourself C++ in 21
days. ISBN: 0-672-31070-8, SAMS

u [4] Davis Chapman, 1998. Teach Yourself Visual C++ 6
in 21 days. ISBN: 0-672-31240-9, SAMS

— — i T —
E)H Bach Khoa Tp.ﬁﬁﬂ%oa Cong nghé Thong tin L_;ﬁr_

https://fb.com/tajI@P@thmtéu mon hoc



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Van dé ngdn ngir lap trinh

® Dung C++ dé dién dat => C6 van dé?
u M3 gia (pseudo code)
@ Gia lap, thwong 1a dé hiéu, khéng chi tiét dén cac ky
thuat lap trinh
@ O cap d6 hét sirc tdng quat: gan ngdn nglr tw nhién

® Hodac rat chi tiét: nhw dung ngén nglr twa Pascal, twa
C++
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Giai thuat bang ma gia

® Vi duy: Ma gia cua bubble sort

Giai thuat 1

Giai thuat 2

Algorithm Bubble sort

Input: The list A of n elements is
given
Output: The list A is sorted

1. loop for n time
1.1. for each pair in the list
1.1.1. ifitis notin ordered
1.1.1.1. exchange them
End Bubble sort

Algorithm Bubble sort

Input: The list A of n elements is
given
Output: The list A is sorted

1. for outter in 0..(n-2)

1.1. for inner in 0..(n-2- outter)
1.1.1. if Ainner+1 < Ainner
1.1.1.1. swap Ainner, Ainner+1

End Bubble sort
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Giai thuat bang ngdn ngir 1ap trinh

® Viduy: Lap trinh cu thé Bubble sort

Giai thuat 1: Pascal

Giai thuat 2;: C++

procedure BubbleSort(var A: list);
var i,.int;
begin
fori:=1ton-1do
forj:=1to (n-1-i) do
if A[j+1] <A[j] then

begin
tmp = A[j]; Al :==AL+1];
A[j+1] := tmp;
end;
end;

void BubbleSort(list A)
{

inti, j;
for (i=0; i < n-2; i++)
for (j=0; j<(n-2-i); j++)
if (A[+1] <A[]) {
tmp = A[l; All :=A[+1];
A[j+1] := tmp;
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So sanh ma gia va NNLT

® Nhan xét:
® M3 gia 1: gan voi cach trao doi clia con nguwdi nhat
nhwng kho lap trinh nhat
® M3 gia 2: dé 1ap trinh hon
5 Phwong phap:
® Dau tién: cach giai quyet van dé bang may tinh s6
(giai thuat bang ma gia)
@ Sau do: ngdn ng 1ap trinh cu thé
® Hoc:
@ Nh& giai thuat (ma gia)
@ Dung NNLT cu thé dé minh chirng
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Cau trac mén hoc

® Cau truc:
@ Ly thuyét: 42 tiét/hoc ky

@ Thwe hanh: 14 tiét/hoc ky

@B

al tap lon: 4 bai

u Tilé diém:
® Kiém tra gira ky : 20%

@ Thwc hanh va bai tap I&én: 20%

® Thi cudi ky: 60%
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Bai tap

® Pé bai tap:
@ Tap bai tap in san
@ C4c bai trong sach tiéng Anh
® Tw swu tam
= Giai bai tap:
@ Gio trén lop
@ Gio thwe hanh
@ Gio tiép sinh vién
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Bai tap Ion

® Muc dich:
@ Hiéu bai
@ Lam bai & nha

® SO lwong: 4 bai, nhan dé va ndp bai theo lich
hoc

5 Panh gia: thang diém A,B,C,D

® Hinh thire: Bai lam bang giay, file va ndp qua
web

https://fb.com/taiI@P@thmtéu m 6n h oc
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Thwe hanh

® Muc dich:
@ Ren luyén kha nang lam bai doc lap
@® S& dung nhuan nhuyén cac kién thirc da hoc.
@ Giai bai tap + Trao dbi cac thac mac
® Thoi lweng:
@ 4 buoi
@ La cac bubi hoc ly thuyét dwoc chuyén thanh
® Kiém tra lay diém & budi cudi cung
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NOi dung thi

® Hai ndi dung chinh:

@ Phan ly thuyét:
» Thuwc hién giai thuat bang tay (v& hinh minh hoa)
» Thiét ké cau truc di liéu theo yéu cau
» Panh gia do6 phwrc tap giai thuat

@ Phan 13p trinh:
» Trinh bay giai thuat chi tiét bang ma gia
» Hién thwe bang ngén ngl 1ap trinh C++
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Trao doi phuc vu hoc tap

® Trang Web:
@ hitp://www.dit.hcmut.edu.vn/~thang/CTDL
® C6 cac muc: héi dap, thong tin chi tiét, lich gidng day
® Can bd giang day:
@ ThS. Nguyén Ngé Bao Tran (tran@dit.hcmut.edu.vn)
® ThS. Bui Hoai Thang (thang@dit.hcmut.edu.vn)
® Tro giang:
@® Nguyén Lwu Bang Khoa (nldkhoa@dit.hcmut.edu.vn)
@® Duwong Ngoc Hiéu (dnhieu@dit.hcmut.edu.vn)
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Sinh vién senior

® Sinh vién senior:
@A
@B
®C
@D

® Cac budi tiép SV phuc vu mdn hoc:

@ T.Thang:
@ C.Tran:
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CAU TRUC DI LIEU VA",
GIAlI THUAT (501040)

Chwong 1: Tong quan
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Giai bai toan bang phan mém

u 1. Xac dinh bai toan

u 2. Thiét ké phan mém

® 3. Thiét ké dir liéu

5 4. Thiét ké va phan tich giai thuat

m5 L

ap trinh va g& roi

u 6. Kiém tra phan mém
u 7. Bao tri
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Lap trinh hwéng doi twong (OOP)

® Chwong trinh = tap cac doi twong twong tac nhau.
® Poi twong (object) = thudc tinh + tac vu

local data

, of object
doi twong
(object) OO
entry
local data
of operation
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Kiéu triru twong

® Kiéu triru twong (abstract type): dinh nghia
interface (tap cac entry)
5 Entry
@ Tén method
® Danh sach tham s hinh thirc
@ Dac ta chire nang
# Chwa co di¥ liéu bén trong, chwa dung dwoc
u Chi dung dé thiét ké y niém
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Hién thwc va str dung

u Class: hién thwc cua abstract type
@ Dinh nghia cac di lieu
@ Dinh nghia cac phuwong thirc + ham phu trg (ndi bd)
@ Dinh nghia cac phwong phirc ‘constructor’ va
‘destructor’ néu can
® PO twong = mot instance cua mét class
# Thong diép (message):
® dung twong tac lan nhau = 1&i goi phwong thirc clia
cac doi twong

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

® Tinh bao dong:

@ Che dau cau trac div liéu bén trong.

® Che dau cach thrc hién thwe doi twong.
u Ké thira:

@ Dinh nghia thém cac di liéu va phwong thrc can
thiét tv mot class co san.

@ Cho phép overwrite/overload.
@ Cho phép dung thay thé va kha nang dynamic biding.
u Bao gop:

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

Internal data

rnal functio
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Khai bao mot class tren C++

class Student { * khai bdo mot Iop méi

pr'v?rt]f:sw S .| khaibdo di lidu bén trong
string StudentName; | constructor

pub|ISCtZUdent(); 4/// copy constructor
Student(const Student &) destructor
~Student() | overload assignment operator
void operator=(const Student &) « | S
void print(); phwong thiee (hanh vi)

I

void main() { S
Student aStudent;«———— A (919 [Tt Gl ULAEITE
sStudent.print(); - goi phwong thirc

}
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Dung ghi chu lam ro nghia

% 1. Ghi chd vao dau moi ham
@ (a) Nguoi 1ap trinh, ngay, ban sao
@ (b) Muc dich cua ham
@ (c) Input, output
@ (d) Cac chi dan dén cac tai liéu khac (néu co)
@ Co thé dung dang: Precondition va Postcondition
# 2. Ghi chu vao mdi bién, hang, kiéu
# 3. Ghi chu vao méi phan cua chwong trinh
® 4. Ghi chu méi khi dung céac ky thuat dac biét

()
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Dung ghi chu lam ro nghia - Vi du
void Life::update() o
I* Pre: grid dang chtra mét trang thai cua thwc thé song ,
Post: grid sé chira trang thai tién hoa mai cua thwe thé sdng nay */
{

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

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

case 3: /ITé bao sé sbng
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

® Stub:
@ Viét cac prototype truwdc
@ Viét dummy code dé thr nghiém

eV

i du:

bool user says yes( ) {

return(true);

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

u [Luat:

@® Mot ma tran cac té bao 1a song hay chét

@ Cac té bao lan can duwoc tinh 1a tdm 6 xung quanh

@ Qua trinh tién hoa ap dung cho mdt trang thai hién tai

® Mot té bao song la song & thé hé ké néu cé 2 hodc 3
té bao s6ng lan can va chét trong trwong hop khac

® Mot té bao dang chét sé song & thé hé ké néu né co
chl',nh >§éc 3 té bao song lan can, néu khéng n6 van
chét tiép.

® Tat ca céc té bao dwoc kiém chirng ciing mét lic dé
quyét dinh trang thai sbng, chét & thé hé ké

— — i
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Tro choi Life — Vi du

ol 1110
L

2 1"1 |20

(] 9 ‘E' 't-. L]
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Tro choi Life — Thiét ke phwong thire

returned.

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

Pre:
Post:

void Life :: update()

The Life object contains a configuration.

The Life object contains the next generation of config-
uration.

void Life ::initialize( )
Pre: None.

=er.

Post: The Life object contains a configuration specified by the

void Life : : print{ )
Pre:
Post: The configuration is written for the user.

The Life object contains a configuration.
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Tro choii Life — Thiét ké 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);

X
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Troé choi Life — Pém so té bao song
lan can

u 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];
# Sai ché nao?
@ Néu nhu row hoac col 1a ngay cac bién cua array
@ C4ac gia tri cua céac té bao khodng 1a 1 hodc 0
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Troé choi Life — Thay doi thiet ke

® Giai phap:
® Thémvao 2 cotva2hanggiacodgiatrilubnla 0
@ Khai bao di¥ liéu: grid[maxrow + 2][maxcol + 2]

maxcol
0 1 2 cus 5 hedg //maxcol+1

0 ’

1

2

® ”
.‘,\ | b
MAXIOW ®
LY

maxrow + 1
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Tro choi Life — Giai thuat cap nhat

Algorithm Update ,
Input: mét trang thai sc“)ng o
Output: trang thai cua thé hé ké tiep

1. Khai bao maot grid moi
2. Duyét qua toan b6 té bao cla trang thai hién tai
2.1. Pém sb té bao séng xung quanh 6 hién tai
2.2. Néu 1a 2 thi trang thai m&i chinh [a trang thai cii
2.3. Néu 1a 3 thi trang thai mai 1a séng
2.4. Nguwoec lai 1a 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() ,
I* Pre: grid dang chtra mét trang thai cua thue thé sbng ,
Post: grid sé chira trang thai tién hoa mai cua thwe thé sdng nay */
{

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

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

case 3: /ITé bao sé sbng
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

= S lién quan gitra CTDL va giai thuat:
@ Cau trdc dir liéu cu thé: chon gidi thuat
@ Giai thuat cu thé: chon cau truc di¥ liéu
® Cau truc div liéu triru twong:
® D liéu cu thé bén trong
@ Cac phwong thuee: interface ra bén ngoai
@ Thich hop cho phwong phap huwédng doi twong
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Mo ta stack

® Mot stack la mét cau
trac dir liéu ma viéc
thém vao va loai bo
dwoc thwe hién tai
mot dau (goi 1a dinh —
top cua stack).

® L.a mot dang vao sau
ra trwéc — LIFO (Last
In First Out)

 DH Béch Khoa Tp.GERP P45 ®h0a Cong nghé Thong tin ﬁr hipsi/focomalieuspitbeing 2: Stack | =t
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Vi du veé stack

# Stack rong:

= Pay (push) Q vao:

® Pay A vao:
® Lay (pop) ra mot => duwoc A:

® Lay ra mot => dwoc Q va stack réng:

Q
Q.
Q.

E)H Bach Khoa T}.ﬁﬁﬂ%oa Cong nghé Thong tinL_L‘ﬁ[
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Wng dung: Pao ngwoc danh sach

® Yéu cau: Pao ngwoc mot danh sach nhap vao
u Giai thuat:

1. Lap lai nlan
1.1. Nhap vao moét gia tri
1.2. DAy né vao stack

2. Lap khi stack chwa réng
2.1. Lay mdt gia tri tir stack
2.2. Inra

https://fb.com/tai|ieu@f:ﬁﬂ;81ng 2: Stack
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Pao ngwoc danh sach — Vi du

Can nhap 4 sb vao

Ban dau Nhap 1 Nhap 5 Nhap 7 Nhap 3
3
7 7
5 5 5
1 1 1 1

) ) ) , ’ Stack da rong
Layra=>3 Layra=>7 |4yra=>5 Léyra=>1 Nging

‘—\U'I\IOO
‘—\U'I\l

[BH Béach Khoa fbﬁﬁﬂ%oa Coéng nghé 'Fh(“)ng tin
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Pao ngwoc danh sach — Ma C++

#include <stack>

i _ < str dung STL
using namespace std, (Standard Template Library)
int main( ) { khai bao mét stack co kiéu di liéu

int n; "~ cUa cac phan t& bén trong la double
double item;

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

el == [1; _ _ day mot sb vao trong stack
for (inti=0;i<n;i++){ I
cin >> item; _ | kiém tra xem stack c6 khac réng khéng
numbers.push(item); /
} i | 14y gia tri trén dinh cua stack ra,
while (Inumbers.empty( )) { stack khéng doi
cout << numbers.top( ) <<"";
numbers.pop( ); lay gia tri trén dinh cta stack ra khéi stack,
3} . dinh cua stack bay gi® la gia tri ke tiép

rDH Bach Khoa ﬁa.ﬁﬁ%’@%@%oa Cong nghé Thong tinE -hﬁr hitps!//fb.com/talieHitpding 2: m
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Kiéu triru twwong (abstract data type)

® PN1: M6t kiéu (type)
@ mot tap hop
® moi thanh phan cla tap hop nay la cac gia tri (value)
@® Vi du: int, float, char la cac kiéu co ban
® 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 co chiéu dai n-1 thudc kiéu T
> t1a mot gia tri thudc kiéu T.

E)H Bach Khoa T}.ﬁﬁﬂ%oa Cong nghé Thong tinL_L‘ﬁ[
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Stack triru twong

®m Mot stack kiéu T:

® M6t day hivu han kiéu T

® M6t sb tac vu:
» 1. Kh&i tao stack rong (create)
»2. Kiém tra réng (empty)
» 3. D4y mét gia tri vao trén dinh cda stack (push)
»>4. B0 gia tri dang c6 trén dinh cua stack (pop)
»5. Lay gid tri trén dinh cla stack, stack khéng ddi (top)

E)H Bach Khoa T}.ﬁﬁﬂ%oa Cong nghé Thong tinL_L‘ﬁ[
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Thiét ké stack

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

template <class Entry>

class Stack {

public:
Stack(); //constructor
bool empty() const; //kiém tra réng
Error_code push(const Entry &tem);  //day item vao
Error_code pop(); //bd phan tt trén dinh
Error_code top(Entry &item); /&y gia tri trén dinh
//khai bdo mét s6 phwong thire can thiét khac

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

I

— — i T —
E)H Bach Khoa Tp.ﬁWr‘Moa Céng nghé Thong tinL_;ﬁr,_
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Thiét ke cac phwong thirc

template <class Entry>

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

Pre: Khéng co6

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

template <class Entry>

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

Pre: Khéng cé

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

template <class Entry>
Error_code Stack<Entry>::pop() const;
Pre: Khéng co
Post: Néu stack hién tai khéng réng, dinh cua stack hién tai s& bj hdy bd.
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: Khéng co

Post: Néu stack hién tai khdng réng, dinh cla stack hién tai sé dwoc chép vao tham
bién item. Nguworc lai trd vé gia tri fail cta kiéu Error_code.

— — i
E)H Bach Khoa Tp.ﬁWr‘Moa Cong nghé Thong tin L_;ﬁr_
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Hien thwc stack lien tuc

count antry

0

[@] 1] [2] [maxstack — 1]
[a) dtack is empty.

count antry

1 *
[@] 1] [2] [maxstack — 1]

(b) Push the first entry.

count antry
| H ‘ # ¥ * * &
[0 1] [2] [n-1]n] [maxstack — 1]
c) M items on the stack

FE)H Bach Khoa Tp.ISERFE™ ‘Khoa Cdng nghé Thong tinE -ﬂﬁz,r hitpsiifb.comallietsHitpiing 2: Stack [ —'r@
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Khai bao stack lien tuc

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];

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

E)H Bach Khoa T—p.ﬁﬁ%’r‘woa Cong nghé Thang tinl__t‘ﬁr,_
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Pay mét phan tr vao stack

® Giai thuat:

1. Néu con ché trong

trong stack

1.1. Tang vi tri dinh [én 1
1.2. Chtra gia tri vao vi tri dinh cua stack

1.3. Tang sb

tOp —> 5

phan tt [én 1

count=3

 DH Bach Khoa Tp. ISP EM$38® 04 Cong nghé Thong tin
l
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Bo phan tir trén dinh stack

m Giai

thuat:

1. Néu codn phan ti trong stack
1.1. Giam vi tri dinh di 1
1.2. Giadm s6 phan t di 1

FE)H Bach Khoa Tp.IGERP]

top —

O | N

count=3

Moa Cong nghé Théng tin

g
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Thém/Bé phan tir - Ma C++

template <class Entry>

if (count >= maxstack)
return overflow;
else

return success;

}

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

entry[count++] = item;

template <class Entry>
Error_code Stack<Entry>:: pop() {
if (count == 0)
return underflow;
else
count--;
return success;

}

E)H Bach Khoa T—p.ﬁﬁ%’r‘woa Cong nghé Thang tinl__t‘ﬁr,_
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L3y gia tri trén dinh stack

u Giai thuat:
1. Néu con phan ti trong stack
1.1. Tra vé gia tri tai vi tri dinh

5 Ma C++:

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

E)H Bach Khoa T—p.ﬁﬁ%’r‘woa Cong nghé Thang tinl__t‘ﬁr,_
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Reverse Polish Calculator

= M6 ta bai toan:
@ Cac toan hang dwogc doc vao trudc va déy vao stack
@ Khi doc vao toan tor, lay hai toéjn hang ra tu stack,
tinh toan voi toan tr nay, roi day két qua vao stack
® Thiét k& phan mém:
@® Can mét stack dé chira toan hang
@ Can ham get_command dé nhan I&nh t&r ngudi dung
® Can ham do_command dé thuc hién lénh

— — i T —
 DH Bach Khoa Tp.ﬁﬁﬂ““ ‘Khoa Céng nghé Thdng tin ‘ﬁr_
1 L 1

https://fb.com/taiIieu@ﬁw;g;ng 2: Stack -



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Reverse Polish Calculator
— Thiét ké chirc nang

5 Tap lénh:
@ “?2: doc mét gia tri roi day vao stack
< TOén,th’ ‘jr’, ‘2 P:lay 2 gia tri trong stack, tinh toan
va day két qua vao stack
@ Toan t ‘=": in dinh cua stack ra
@ ‘q": két thuc chwong trinh

https://fb.com/taiIieu@ﬁw;g;ng 2: Stack -
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Reverse Polish Calculator — Vi du

Tinh toan biéu thtrc: 3 5 + 2 * =

5 3
3 3 3 3
Bandau Toantyr?  Toantl ? Toan tir + Pay 8 vao
Nhapvao3 Nhapvaob5 Layrab5va3
Tinh3+5=>8
2 2
8 8 16 16
Toan ter ?  Toan ti * Pay vao 16 Toan t&r =
Nhapvao2 Layra2va8 Inra 16
Tinh8 *2=>16

— — i T —
 DH Bach Khoa Tp.ﬁﬁﬁ\ﬂ““ ‘Khoa Céng nghé Thdng tin ‘ﬁ(_
1 L 1
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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:" << end|
<< "[?]push to stack [=]print top" <<endl|
<< "[+] [-] [*] [/] are arithmetic operations" << endl|
<< "[Q]uit." << endl;

return command;
— — i o . .
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Reverse Polish Calculator —
Giai thuat tinh toan v&i toan tw

Algorithm Op_process
Input: toan t& op, stack chira cac toan hang

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

End Op_process

Output: stack chira cac toan hang sau khi tinh xong toan t& op

— — i T —
E)H Bach Khoa Tp.ﬁﬁﬂ%oa Cong nghé Thong tin L_;ﬁr_
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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)

Y
Ay,

cout << "Stack day’;

— — i T —
E)H Bach Khoa Tp.ﬁWr‘Moa Céng nghé Thong tinL_;ﬁr,_
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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);

int main( ) {
Stack<double> stored numbers;
introduction( );
instructions( );

while (do_command(get_command( ), stored_numbers));

}

//implementation

— — i T —
E)H Bach Khoa Tp.ﬁWr‘Moa Céng nghé Thong tinL_;ﬁr,_
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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;

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

}

return true;

}

— — i T —
E)H Bach Khoa Tp.ﬁWr‘Moa Cong nghé Thong tin L_;ﬁr_

https://fb.com/tai|ieu@f:ﬁﬂ;81ng 2: Stack



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

| BH Bach Knoa Tp. SERPF<3IR0a Cong nghe Thang fin| _;-%!r

-

- https://fb.com/tailieu@:\te?a;ng 2 Stack

—



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Mo ta queue

® Mot queue 1a mdt cau truc di liéu ma viéc thém vao dwoc thuc
hién & mbt dau (rear) va viéc lay ra dwoc thwe hién & dau con lai
(front)

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

[_DT-I Bach Khoa Tp.ﬁﬂ'ﬁ’@%ﬁhoa Cong nghé Thong ting _;'%[1 hitps/Ifb.comtalligetiiisitg 3: Queue Jr@
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Queue triru tong

® M6t queue kiéu T:

® M6t day hivu han kiéu T

® M6t sb tac vu:
» 1. Kh&i tao queue rong (create)
»2. Kiém tra réng (empty)
» 3. Thém mot gia tri vao cudi cia queue (append)
»4. B gia tri dang c6 & dau cla queue (serve)
»5. LAy gia tri & dau cua queue, queue khoéng doi (retrieve)

E)H Bach Khoa T}.ﬁﬁﬂ%oa Cong nghé Thong tinL_L‘ﬁ[
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Thiét ké queue

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

template <class Entry>
class Queue {

public:
Queue(); /[constructor
bool empty() const; //kiém tra réng
Error_code append(const Entry &item); //day item vao
Error_code serve(); //bd 1 phan t& & dau
Error_code retrieve(Entry &item); INay gia tri & dau
//khai bdo mét sé phwong thirc can thiét khac

private:

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

%

— — i T —
 DH Bach Khoa Tp.ﬁﬁﬁ\ﬂ““ ‘Khoa Céng nghé Thdng tin ‘ﬁ(_
1 L 1
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Thiét ke cac phwong thirc

template <class Entry>

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

Pre: Khéng co6

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

template <class Entry>

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

Pre: Khéng cé

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

template <class Entry>

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

Pre: Khéng co

Post: Néu queue hién tai khédng réng, dau cta queue hién tai sé& bj hay ba.
Nguworc lai trd vé gia tri underflow cta kiéu Error_code va queue khdng dbi.

template <class Entry>
Error_code Queue<Entry>:retrieve(Entry &item) const;
Pre: Khéng co
Post: Néu queue hién tai khdng rong, dau cla queue hién tai sé dwgc chép vao tham
bién item. Nguorc lai tré vé gia tri underflow cla kiéu Error_code.
Q)

— — i
E)H Bach Khoa Tp.ﬁWr‘Moa Cong nghé Thong tin L_;ﬁr_

https://fb.com/tailiwg 3: Queue



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

M& rong queue

= Co6 thém cac tac vu:
@® Kiém tra day (full)
@ Tinh kich thuwoce (size)
@ Giai phong queue (clear)
@ Lay gia tri & dau va bd ra khdi queue (serve_and_retrieve)
u M3 C++:
template <class Entry>
class Extended queue: public Queue<Entry> {

public:
bool full( ) const; b céo kha n3ng public,
int size( ) const; orotected, private
void clear( );
Error_code serve _and_retrieve(Entry &item);
I

E,TE)H Bach Khoa TB.IQW”‘M% Cong nghé Théng tin| ;ar hitps:fb.com/lligsfig 3: Q:—ue_I:L e
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Tinh thira hwong

® Dung tinh thtra hwéng:
® Extended_queue c6 day du cac thanh phan ctia Queue
® Thém vao doé céac thanh phan riéng cdia minh

class Queue

methods:
CQueue (constructor)
append
Serve
ratrieve
empty

inheritance

class Extended_queue

=

data members

Base class

methods:
Extended_queue (constructor)
append |
SEVE } «—— inherited
ratrieve
ampty
size
clear
full

serve_and retrieve

data members —— inherited
additional data members

FE)H Bach Khoa Tp.ISERPP™ ‘Khoa Céng nghé Théng tinE -ﬁﬁr

Derived class
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Queue lién tuc

® Dung mot array: Co xu huwédng doi vé cudi array
® Hai cach hién thwc dau tién:
@ Khi lay mét phan ti ra thi dong thdi doi hang 18n mot vi tri.

@\A\B\C\D\ @\B\C\D\ \ @\B\C\D\E\

Ban dau Lay ra 1 phan to: Thém vao 1 phan tor
doi tat ca ve truoc

@® Chi doi hang vé dau khi cudi hang khéng con chd

@\A\B\C\D\ <:\ \B\C\D\ @\B\C\D\E\

Ban dau Lay ra 1 phan tr Thém vao 1 phan tu:
doi tat ca ve trwdc dé
trong ché thém vao

' DH Bach Khoa Tp.GERP ™ ®hoa Cong nghé Thang tin a*ﬁr nitps:/fib.comallifestiipsg 3: Queue | T Q
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Queue la array vong (circular array)

1 0 max — 1

0
1 front
: /
e
Linear
implementation front rear
0 1 2 T occupied / max — 1

max — 2

rDH Bach Khoa Tp.ﬁW’FT%@%oa Cong nghé Thong ting a—ef hitps!//fb.com/taliqestihesig 3: Qm
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Array vong voi ngon ngitr C++

® Xem array nhw la mo6t vong:
@ phan t& cudi cla array ndi vé&i phan tir dau cla array
® Tinh toan vi tri ké:
@i=((i+1)==max)?0:(i+1);
@if((i+1)==max)i=0;elsei=i+1;
@i=(i +1)%max;

 DH Bach Khoa Tp. ISt EM$<8%h 04 Cong nghé Thong tin ‘ﬁ(
1 L 1
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Pieu kié

n bién cua queue vong

(ueue

containing

one item

rear /_\fmnt

Kemowve the item.

Empty

quens

rear "/ \frﬂﬂt

Queue

with one

empty
position

rear / \fr{:nt

Insert an itern.
r

Full

quele

rear / \‘*fmnt

E)H Bach Khoa TB.IQW”‘M% Cong nghé Thong tin[ _;ar hipsiifbcomaliEstihsiig 3: Queue E =
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Mot so6 cach hién thwe queue lién tuc

u MGt array voi front la phan t&r dau va tat ca cac phan t
sé& dwoc doi 1én khi lay ra mot phan to.

# Mot array c6 hai chi muc ludn tang chi den phan tr dau
va cuoi.

= MGt array vong c6 chi muc front va rear va mét 6 luén
trong.

= MGt array vong ¢6 chi muc front va rear va mét co (flag)
cho biét queue 1a day (réng) chuwa.

% Mot array vong voi chi muc front va rear c6 cac gia tri
dac biét cho biét queue dang rong.

u Mot array vong v&i chi muc front va rear va mét sO
chwra sé phan tir cia queue.

[BH Bach Khoa Tp.ﬁﬁﬂ%oa Cong nghé Théng tin ‘ﬁ( s/ ook Hg 3: 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];

X

— — i T —
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Khé&i tao va kiém tra rong

m Kho

| tao:

template <class Entry>
Queue<Entry>::Queue( ) {

count = 0;
rear = maxqueue
front = 0;

}
® Kiém tra rong:
template <class Entry>

bool Queue<Entry>::empty( ) const { trong queue
return count == 0;

}

E,TE)H Bach Khoa Tp.IGERP]

_1’

Dung bién cou

nt dé

biét s6 phan tir

Moa Cong nghé Thong tin

&=
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Thém mot gia tri vao queue

® Giai thuat:
1. Néu hang day
1.1. Bao 16i overflow
Tinh toan vi tri cudi ma&i theo array vong
Gan gié tri vao vi tri cudi méi nay
Tang s6 phan tt 1&n 1
Bao success

bk b

front rear

v v
Sl AlB|C D
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Loai mot gia tri khoi queue

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

front rear

| |

https://fb.com/tailiwg 3: Queue
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Thém/loai mot gia tri — Ma C++

template <class Entry>

count++;

rear = ((rear + 1) == maxqueue)
entry[rear] = item;

return success;

}

Error_code Queue<Entry>::append(const Entry &item) {
if (count >= maxqueue) return overflow;

?0: (rear+1);

template <class Entry>

Error_code Queue<Entry>::serve() {
if (count <= 0) return underflow;
count——;

return success;

}

front = ((front + 1) == maxqueue) ? 0 : (front + 1);

— — i T —
E)H Bach Khoa Tp.ﬁWr‘Moa Cong nghé Thong tin L_;ﬁr_
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Wng dung: Gia lap phi trwéng

- n > - Ay
o g — e A
5 M6 ta: B LA
, ,

— y o
.--"" r

@ 1. Sl dyr?hang doi runway cho viéc cat va ha canh.

— — —

@ 2. M6t may bay cérthé cat hodc ha canh trong mot
don vi thoi gian.

@ 3. Tai mét thoi dlem, 50 may bay dén 13 ngéu nhién

@ 4. May bay ha canh t QC wu ti

i g TT?T“‘ ks .
Plane lﬁalgh.__. r--ﬂm-”‘ %Jﬁ:_:“'&;:qiaj;éﬂ*—kﬁ;m « < e X

= &5) Gaqﬁ?alhayeho’ Céffha M_anh ﬁudc chwa vVao cac
——hang doi tvong (rgva Vo

Rumway \?}:1# ?
_;.:l"'::-_'d::'::_-‘-_-_-_-_-—_- e —

Takeoff queue
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Gia lap phi trwoong — Hang dovi

enum Runway_activity {idle, land, takeoff};

class Runway {
public:
Runway(int limit);

void shut_down(int time) const;
private:

Extended queue landing;

Extended queue takeoff;

int queue_limit;

Error_code can_land(const Plane &current);
Error_code can_depart(const Plane &current);
Runway_activity activity(int time, Plane &moving);

— — i T —
E)H Bach Khoa Tp.ﬁWr‘Moa Céng nghé Thong tinL_;ﬁr,_
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Gia lap phi triwoong — Ha canh

Error_code Runway :: can_land(const Plane &current) {
Error_code result;
if (landing.size( ) < queue_limit)
result = landing.append(current);
else
result = fail;
num_land_requests++;
if (result I= success)
num_land refused++;
else
num_land accepted++;
return result;

— — i T —
E)H Bach Khoa Tp.ﬁWr‘Moa Céng nghé Thong tinL_;ﬁr,_

https://fb.com/tailiwg 3: Queue



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Gia lap phi trvong

— X ly

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;

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

E)H Bach Khoa T—p.ﬁﬁ%’r‘woa Cong nghé Thang tinl__t‘ﬁr,_
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Gia lap phi trwro'ng — Gia lap
for (int current_time = 0; current_time < end_time; current_time++) {
int number_arrivals = variable.poisson(arrival_rate);
for (inti = 0; i < number_arrivals; i++) {
Plane current_plane(flight_number++, current_time, arriving);
if (small_airport.can_land(current_plane) != success)
current_plane.refuse( );

}

int number_departures = variable.poisson(departure_rate);

for (intj = 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);

}
}

— — 7 e ——— = " = —_—
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Con tro
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Biéu dién con tré bang C++

® Khai bao bién:

@ ltem *item_ptr1, * item_ptr2;
® Tao mé&i doi twong:

@ item_ptr1 = new ltem;
® Huay bd doi twong:

@ delete item_ptr1;
® S dung:

@ *item_ptr1 = 1378;

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

@ item_ptr2 = NULL;

Y

777

Y

@(E@

1378

]

FE)H Bach Khoa T}.ﬁWﬂMoa Cong nghé Théng tin| _;a[

L



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Sw dung con tro trong C++

# DPja chi cta bién:
@ Bién: int_ptr = &x;
@ Array: arr_ptr = an_array;
85 Dynamic array:
@ Trong C++, array c6 thé dwoc quan ly nhw mét con
tréo va nguoc lai
@ Vidu:
int arr[3] = {0, 1, 2, 3};
int *arr_ptr = arr;

[Inra0—-1-2
cout << *arr_ptr<<“-7"<<*arr_ptr+ 1) <<“-" << arr_ptr[2];

 DH Bach Khoa Tp. ISt EM$<8%h 04 Cong nghé Thong tin ‘ﬁ(_
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Gan con tro trong C++

p @—V Music

.G

Calculus

Gan ndi dung: binh thwong

e

P @—* Calculus

q @ =1 Calculus

*p

*P

*{

Gan con tré: nguy hiém

P Music

q @—» Calculus
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Thiéet ké node lién két

® Can:
@ D lieu
@ Con trd dé tré dén node sau
& Constructor

Mode entry entry Node «next

o

Mode

rDH Bach Khoa ﬁa.ﬁﬁ%’@%@%oa Cong nghé Thang tinE -hﬁr ChuoltiF 4> Staekys clieue Iiém
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Thiet ké node lién két bang C++

template <class Entry>
struct Node {

Entry entry; // data members
Node<Entry> *next;
Node( ); Il constructors
Node(Entry item, Node<Entry> *add on = NULL);
Storage area :
| reserved
¢ H?tde_entr}fﬁ by machine |
e ' used to contain__ |
Node_entry entry
information |
| MNode *next Jl Pointer

FE)H Bach Khoa TB.ﬁW”‘Moa Cong nghé Thong tinL_L‘ﬁ[ ChuoHg 4> Stadk s Glleue lien két
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Vi du vé&i node lién keét

Node<char> first node(‘a’);
Node<char> *p0 = &first_node;
Node<char> *p1 = new Node<char>('b’);

pO->next = p1;
Node<char> *p2 = new Node<char>('c’, p0);
p1->next = p2;

p1 p2
first_node
p@ — a > b > C

 DH Béch Khoa Tp.GERP P45 ®h0a Cong nghé Thong tin ‘ﬁr_ ChuditF4° Stadic s Gtleue lien két
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Stack lién két

'[DFI_H'DEIE tc,p_rl,:'de

G_-L- (—| ot |

Empty stack

Stack of slze 1

‘_ top rniddle bottom
top_node entry - entry : a entry y +

rDH Bach Khoa Tp.ﬁW’FT%@%oa Cong nghé Thang ting a—ef ChuoltiF 4> Staekys clieue Iiém



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Khai bao stack lién két

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;

X

— — i v L. . p
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Thém vao mét stack lién két

® Giai thuat
® 1. Tao ra mdét node mai v&i gia tri can thém vao
® 2. Tré né dén dinh hién tai cia stack
@ 3. Tro dinh cua stack vao node moi

new_top
new node
top_node L

(5 T old top « middle . last

E)H Bach Khoa T—p.ﬁﬁ%’r‘woa Cong nghé Thong tinL_;ﬁr,_ Chuoigf 4 St4di Y Ctleue lien két
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Bo dinh ciia mét stack lién ket

® Giai thuat:
® 1. Gan moét con tré dé gitr dinh cua stack
@ 2. Tro dinh cua stack vao node ngay sau dinh hién tai
@ 3. Xba node cl di

top _node

3

old_top

A\ 4

old top ¥ middle » old last
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Thém/Bé dinh ciia mot stack lién két
— 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;

— — i v L. . p
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Sw khéng an toan con tro trong C++

u Két thuc bién stack nhwng bé nhé con lai:

@ delete stacko; / \

stackO

— top *middle = last |73

—

® Gan hai stack: ca hai dung chung mét vang di liéu

@ stack2 = stack1; stack? /

» top *middle » last

|||—

stack1

/i top *middle * last |

—
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Pam bao an toan con tro trong C++

u Destructor:
@® Sé duoc goi ngay trudc khi dbi twong két thuc thdi gian song
@® Dung x6a hét vang dir liéu
u Copy constructor:
® Sé dwoc goi khi khoi tao bién luc khai bao, hodc truyén di liéu
bang tham tri
@® Sao chép ngudn thanh mdt ving di liéu moi
= Assignment operator:
® Sé duoc goi khi gan dbi twong nay vao doéi twong khac
® Xoa vung dir liéu cta dich va dong thdi sao chép ngudn thanh
mot vung dir liéu moi

E)H Bach Khoa T—p.ﬁﬁ%’r‘woa Cong nghé Thong tinL_;ﬁr,_ Chuoigf 4 St4di Y Ctleue lien két
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Xoéa vung dwr |

u Gial

1. Trong khi stack chwa réng

FE)H Bach Khoa Tp.IGERP]

thuat:

1.1. Bo dinh cua stack

u Ma C++:
while (lempty())

pop();

ieu

dang cé
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Sao cheép vung dir lieu

® Giai thuat:
1. Tao mot dinh ciia danh sach m&i véi dir liéu cta dinh
nguon

2. Gilr mdt con trd dudi chi vao cudi danh sach moi

2. Duyét qua danh sach nguén
2.1. Tao m6t node méi voi div liéu tr node nguf“)n hién tai
2.2. NGi vao cudi danh sach maoi
2.3. Con tré dudi la node moi

 DH Béch Khoa Tp.GERP P45 ®h0a Cong nghé Thong tin ‘ﬁr_ ChuditF4° Stadic s Gtleue lien két
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Sao cheép vung dir lieu — Vi du

copy.top_node

<:> S a " b " C

copy_node
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Sao chép vung dir lieu — Ma C++

Node<Entry> *new_top, *new_copy, *copy_node = copy.top _node;
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);
Nnew_copy = new_copy->next;
}
) 3
clear(); //x6a rong dir lieu hién tai trwéc
top_node = new _top; // thay thé di¥ liéu bang danh sach mai.

Chuoig4° Stk Gtleue lien két
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Queue lién két

® Thiét ké:
@ Dung hai con trd chi dén dau va cudi clia danh sach
ront AW lieu (front va rear) e

qD— front middle last

® Khé&i tao rong: gan ca front va rear vé NULL

\ 4

\ 4

front rear
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Khai bao Queue lién két

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;

X

— — i v L. . p
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Thém phan tir vao mot queue lién ké

u Giai thuat:
1. Tao mdt node ma&i v&i div liéu can thém vao
2. Néu queue dang rong
2.1. front va rear la node moi
3. Nguworc lai

3.1. NO6i node mé&i vao sau rear

3.2. rear chinh la node moi

"Inew_last
front rear ' =

% O
front » middle last

— — i v L. . p
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Bo phan tir khoi mét queue lién ket

® Giai thuat:
1. Dung mét con tré dé gitr lai front hién tai
2. Néu queue c6 mdt phan tir

2.1. Gan front va rear vé NULL

3. Nguoc lai
3.1. Trd front dén nat ké sau
4. Xoéa nut cd di rear
front Q
Q > front ¥ middle » last
old_front
E)H Bach Khoa T—p.ﬁﬁ%’r‘woa Cong nghé Thong tinL_;ﬁr,_ Chuot 4> St4ee v Gitleue lien két
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Thém/Bo phan tir ciia moét queue lién

két — Ma C++

templa

}

te <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_rear;

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;

E)H Bach Khoa Tp.IGERP]
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Kich thwéc cia mot queue lién ket

u Giai thuat:
1. Khé&i tao bién démla 0
2. Duyét qua danh sach
2.1. DPém tang s6 phan ti 1&n 1

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

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

}

return count;

Chuoig4° Stk Gtleue lien két
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Wng dung: tinh toan da thirc

® Dung lai bai reverse Polish calculator

@ Thiét ké cau truc di¥ liéu cho da thirc:
® Mot ban ghi cé thanh phan mi va hé sb
® Mot danh sach cac ban ghi theo thi tw gidm ctia s6 mi
® C6 thé dung queue

1.0 5.0

=== ="

A 4 = 5 — i

|7

3.0 -2.0 1.0 4.0

@——- 5 3 2 0
P L2 L L2 = L l

axi-2x3 4 x4 4 -
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Giai thuat coéng hai da thirc 1

Algorithm Equals_sum1
Input: p,q la hai da thirc
Output: da thirc tong

1. Trong khi p va q chwa rong
1.1. L&y phan t& front cia p va q thanh p_term, q_term
1.2. Néu bac clia p_term I&n (hodc nhd) hon bac cda q_term
1.2.1. Day p_term (hodc g_term) vao két qua
1.2.2. Bé phan t& dau trong p (hoac trong q)
1.3. Nguworc lai
1.3.1. Tinh hé s m@&i cho s6 hang nay
1.3.2. Day vao két qua
2. Néu p (hodc q) chua rong
2.1. P4y toan bd p (hodc q) vao két qua

End Equals_sum1

— — i v L. . p
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Vi du cdng hai da thirc bang giai
thuat 1

p=3x-2x*+x>+4

<3.0, 6> < -2.0, 4> »<1.0, 3> »<4.0, 0>

g = 5x° + 2x4 + 4x2 + 2x

<5.0, 5> »<2.0, 4> »<4.0, 2> »<2.0,1>

P+q=3x°+5x°+x3+4x%2+2x +4

<3.0, 6> »<b5.0, 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, g_term;
while (p.empty( ) && !g.empty()) {
p.retrieve(p_term); q.retrieve(g_term);
if (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);
P}
while ('p.empty()) { p.serve_and_retrieve(p_term); append(p_term); }
while (!g.empty()) { g.serve_and_retrieve(q_term); append(qg_term); }

— = | e " . p
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Giai thuat coéng hai da thirc 2

Algorithm Bac _da_thuc
Input: da thirc
Output: bac cua da thirc

1. Néu da thire rdng
1.1. T(é vé -1 ‘ ‘
2. Tra vé bac cua phan ti dau

End Bac _da_thuc

— — i v L. . p
'DH Béch Khoa Tp. e ‘Khoa Cdng nghé Thong tin ‘ﬁ(_ ChuoHg 4> Stadk s Glleue lien két
L\ Lt

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

1. Trong khi p hodc q chwa rong
1.1. Néu bac cla p I&n hon bac clia g
1.1.1. L&yt p thanh term
1.1.2. DAy term vao két qua
1.2. Néu béac cla q Ién hon bac cta p
1.2.1. L&yt q thanh term
1.2.2. Day term vao két qua
1.3. Nguworc lai
1.3.1. Lay p_term, q_termt p va q
1.3.2. Tinh téng hai hé sb
1.3.3. Néu hé sb két qua khac khéng
1.3.3.1. Dy vao két qua
End Equals_sum?2

-(30)
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Vi du cdng hai da thirc bang giai
thuat 2

p=3x-2x*+x>+4

<3.0, 6> < -2.0, 4> »<1.0, 3> »<4.0, 0>

g = 5x° + 2x4 + 4x2 + 2x

<5.0, 5> »<2.0, 4> »<4.0, 2> »<2.0,1>

P+q=3x°+5x°+x3+4x%2+2x +4

<3.0, 6> »<b5.0, 5> »<1.0, 3> »<4.0, 2>

»<2.0, 1> »<4.0, 0>
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Ma C++ cong hai da thurc 2

while (Ip.empty( ) || !q.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(q_term);

} else {
p.serve _and_retrieve(p_term);
g.serve_and_retrieve(q_term);
if (p_term.coefficient + g_term.coefficient != 0) {

Term answer_term(p_term.degree,
p_term.coefficient + q_term.coefficient);
append(answer_term);

I

— — i v L. . p
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Khai niém dé qui

u Khai niém (dinh nghia) dé qui co dung lai chin
Nno.
@ Vi du: giai thtra cua n |a 1 néu n la 0 hodc la n nhan
cho giai thira cia n-1 néun >0
# Qua trinh dé qui goébm 2 phan:
@ Trvdng hop co so (base case)
® Trvong hop dé qui: cd gang tién vé trworng hop co
sé
® Vi du trén:
@ Giaithraclanla1néunlao
@ Giai thira cla n Ia n * (giai thtra cia n-1) néu n>0

— — i
 DH Bach Khoa Tp.ﬁﬁﬂ““ ‘Khoa Céng nghé Thdng tin ‘ﬁf_
1 L 1

- htpsiifo comtali ey 5: DG qui



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Tinh giai thira

® Binh nghta khong dé qui:
@nl=n*(n-1)*"...%1
® Pinh nghta dé qui:

@®nl= (1 néu n=0
{ n*(n-1)

néu n>0
m M3 C++:
int factorial(int n) {
if (n==0) return 1;
else return (n * factorial(n - 1));

 DH Bach Khoa Tp. ISt EM$<8%h 04 Cong nghé Thong tin ‘ﬁ( hips:/Ifbcom @l Siiyhg 5: D& qui |
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Thi hanh ham tinh giai thwa

v

factorial (3)
n=3

factorial (2)
/ n=2

<«— | 3*factorial(2) /

2*factorial(1) /

factorial (1)

n=1

1*factorial(0) /

A

factorial (0)

n=0

E)H Bach Khoa T—p.ﬁﬁ%’r‘woa Cong nghé Théng tin
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Trang thai hé thong khi thi hanh ham

tinh giai thira

Stack hé théng
factorial(0)
factorial(1) | factorial(1) | factorial(1)
factorial(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 hg théng

Travéter 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

E)H Bach Khoa Tp.IGERP]

Moa Cong nghé Théng tin

{ > E‘

https://fb.com/tailie@ﬁnwﬁg 5: Dé qui



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Bai toan Thap Ha noi

® Luat:
@ Di chuyén méi lan mot dia
® Khéng duwoc dat dia Ion [én trén dia nho

' DH Bach Khoa Tp.SEM P45k ®hoa Cong nghé Thong tin -ﬂﬁr nips/beomtalieEkEhg 5: D& qui | T e
it
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Bai toan Thap Ha néi — Thiet ké ham

® Ham dé qui:
@ Chuyén (count-1) dia trén dinh cla cot start sang cot
temp
@ Chuyén 1 dia (cudi cung) cla cdt start sang c6t finish
@ Chuyén count-1 dia tir cot temp sang c6t finish

[[-]1
[ - )

FE)H Bach Khoa Tp.ISERFE™ ‘Khoa Cdng nghé Thong tinE -ﬂﬁz,r hitps/ifbcom'alliesiipiihg 5: D& qui [ —'r@
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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);

 DH Bach Khoa Tp. ISt EM$<8%h 04 Cong nghé Thong tin ‘ﬁ(
1 L 1
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Bai toan Thap Ha noi — Thi hanh

]
L move (2, 1,3, 2)
~
me‘ﬂ {1,1,2,3) - Outer call
LI‘HG"-'E (0, 1,3 2) e p— st recursive call.
[ } Trivial recursive call
"Move digk 1 from 1 to 2." First instruction printed
move (0,3, 2, 1)
t }-u I'rivial recursive call
e U1yc] f first recursive call
"Move disk 2 from 1 t0 3." Secand instruction |',|'i|'|||--'|_
L_ move i1, 2, 3, 1)
move (0, 2,1, 3) Second recursive call.
] — Trivial recursive call.
"Move disk 1 from 2 to 3." Third instruction printed
move (0, 3,1, 2)
t } Trivial recursive call
et [ of sevond recursive call
+—— [End of cuter call.

hS oy
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Bai toan Thap Ha néi — Cay dé qui

mows (3, 1, 2,2)

meove (2,1, 2, 9) move (2,2, 3, 1)

move (1,4, 2, 1)

e (1, 1,3, 2)

/\

e (0, 1, 2, 9 o {0, 2, 1, 2 e (0,2, 3, 1) rcwe (0, 1, 2,9
e {0, 2, 2 1) o (0, 1, 2,3 ek (0, 2, 1, 2 e {0, 2, 2, 1)

move (1,2, 1, 3)

rDH Bach Khoa Tp.ﬁW’FT%@%oa Cong nghé Thong ting a—ef hiips!//fb.com/tali et g 5: Dm
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Thiet ke cac giai thuat dé qui

® Tim bwdc chinh yéu (buwdc dé qui)
® Tim qui tac ngirng
® Phac thao giai thuat
@ Dung cau lénh if dé lwa chon trwérng hop.
u Kiém tra diéu kién ngirng
® Dam bao Ia giai thuat luén dirng lai.
u Ve cay dé qui
@ Chiéu cao cay anh hwdng Ilwong bé nhé can thiét.
@ SO nut la sb lan bwdc chinh yéu dwoc thi hanh.

— — i T —
 DH Bach Khoa Tp.ﬁﬁﬂ““ ‘Khoa Céng nghé Thdng tin ‘ﬁf_
1 L 1
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Cay thi hanh va stack hé thong

Cay thi hanh

11
[
i\ JENY !
ARNANAC ) fc [
3 l | TN f
B |D E
1 tf, i
1Bl el [c
B cll |c
) ) __|B B _|D E|le|E E
:‘ A A B B Cle|C C
ERIECIBTE M M
[
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beé qui dudi (tail recursion)

® Pinh nghia: cau I&énh thwc thi cudi cung 1a I&i goi

dé qui dén chinh no.

® Khir: chuyén thanh vong lap.

M

]

P

Recursion

 DH Bach Khoa Tp. ISt EM$<8%h 04 Cong nghé Thong tin ﬁr
l a

l

[teration

M

M

l

P

! S

P
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Khw dé qui duéi ham giai thwra
factorial(5) =5 * factorial(4) nl

=5 {-'.'1 & fﬂDtﬂFlEl'{ }] (n—1)

=5 (4% (3% fact:::rlali ),

=5 % {..-_1 % |: I:: fﬂﬂtﬂflﬂ'{ }]}} (n-2)
=5 (4 (3 (2= (1« factorial(0))))) :
=5% (4% (3% (2: [1 1))

=5+ (4% (3% (2%1)) ’
=54 (4 % (3% 6)) !
=5%(4*g)

= 5% 24 .

= 120.

® Giai thuat:
product=1
for (int count=1; count < n; count++)
product *= count;

E,TE)H Bach Khoa Tp. ISR P42 ®hoa Cong nghé Thang tinE -jﬁl,r hepsifibcomialiqSieig 5: D@ qui E iy
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Day so Fibonacci

® Dinh nghia:
®F,=0
®F, =1
®F =F_,+F_,khin>2

®Vidu:0,1,1,2,3,5,8, 13, 21, 34, ...

® Ham dé qui:

int fi

bonacci (int n) {

if (n<=0) return O;
if (n==1) return 1;
else return (fibonacci(n-1) + fibonacci(n-2));

}

FE)H Bach Khoa Tp.IGERP]

Moa Cong nghé Théng tin

g
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D3y so Fibonacci — Cay thi hanh

Fz
O
Fﬁ Ff- +«— Pa3tinh roi
FE ® i Fli F_.j_ ] & Fﬂ
GiFs JQV\FR /QLF 1Q\F /QLFR O
I 4
9, ) 0 0 (0 )
F, F
O LF, Fs3) R QLR O b Fa Fr Fo B Fo
II!:1 F1
) » » )
Fi Fq S

3 {F, D)
Fi

TAYe

Fi  Fq
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Day so Fibonacci — Khir dé qui

# Nguyén tac:

@ Dung bién lwu trir gia tri da tinh cda F .,
@ Dung bién lwu triv gia tri da tinh cta F,_,
@ Tinh F,=F_, +F,, valwu lai dé dung cho lan sau

u Giai thuat:

int Fn2=0, Fn1=1, Fn;
for (inti=2;i<=n;i++){
Fn=Fn1 + Fn2;
Fn2 =Fn1; Fn1 = Fn;
}

E)H Bach Khoa T—p.ﬁﬁ%’r‘woa Cong nghé Théng tin
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Bai toan 8 con Hau

E)H Béch Khoa Tp.SEHP]

= 7 ——
Moa Coéng nghé Thang tin L_L‘ﬁr_
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Bai toan 4 con Hau

ehylp | 2 |9 Wyl o | 2|0 X [ 7 |3 oy

X | X [yl 2 X [ x [x ¢y [ x| x|x |ty |y

X [ x Xy xR iR x X My
X | x| x| x X | x [yl x ity

Diead end Dead end aolution solurion
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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 mdi 6 trén ban c& ma con an toan
2.1.1. thém m6bt con hau vao 6 nay
2.1.2. dung lai giai thuat Solve véi trang thai moi

2.1.3. bd con hau ra khai 6 nay ‘\
End Solve

Vét can

 DH Bach Khoa Tp. ISt EM$<8%h 04 Cong nghé Thong tin ‘ﬁ(
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Bai toan 8 con Hau — Thiéet ke
phwong thuec

bool Queens :: unguarded(int col) const;

Post: Returns true or false according as the square in the
first unoceupied row (row count) and column col is not

guarded by any queen.

void Queens :: insert(int col);
Pre: The square in the first unoccupied 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 has been ineremented 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.

E)H Bach Khoa Tp.ﬁW’FTWoa Cong nghé Théng tin( _;a[ s/ comaliqiiiihg 5: D qui
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Bai toan 8 con Hau — Thiét ke dir liéu
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];

5

— — i T —
 DH Bach Khoa Tp.ﬁﬁﬂ““ ‘Khoa Céng nghé Thdng tin ‘ﬁf_
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Bai toan 8 con Hau — Ma C++

void Queens :: insert(int col) {
queen_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 = Ilqueen_squareli][col];
//kiém tra trén dworng chéo 1én
for (i=1; ok && count — i >=0 && col — i >=0; i++)
ok = lqueen_square[count - i][col - if;
//kiém tra trén dwérng chéo xudng

for (i = 1; ok && count — i >= 0 && col + i < board_size; i++)

ok = lqueen_square[count — i][col + i];
return ok;

— — i T —
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Bai toan 8 con Hau — Géc nhin khac

LIp e |e=ft I||I|I'III,I.'JI|
[ = | G001 |0 |03 o0 az
=) o1 az || o=
{—= |40 1412 |13 1.0 i1 12 12
10 i1 12 1.2
o nlai 2 1] 2
2= | 2 22|24 20 || 21 az || 28 2 2
o= | a0 |34 |32 |33 AN ETR IR TR T a1 || 2z || 2e lovwer right
1 1 2 L |zt le=fi
LAl I'!I " 1= I AIMCLOns
a3 o0
02 o
oA o H"'- 3 -|"'f 8 03
1.2 13 1.0 11
10 11 S_n 1 12 12
2
][22 il |20 [y
20 =1 o 23
az 34 a0 21
50 = e 34
N, o L
™, *, . i - 4 r o
I I

liffererce = rowy — column urm = row + ool urmn
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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

— — i T —
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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_freeg[i] = true;

upward_freel[j] = true;
for (intk =0; k < (2 * board_size — 1);
downward_free[k] = true;

for (intj=0;j < (2 * board_size — 1); j++)

K++)

void Queens :: insert(int col) {
queen_in_row[count] = col;
col_free[col] = false;

count++;

}

upward_free[count + col] = false;
downward_free[count — col + board size — 1] = false;

— — i T —
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Bai toan 8 con Hau — Panh gia

Thiét ké dau
Size 8 9 10 11 12 13
Number of solutions 92 352 724 2680 14200 73712
Time (seconds) 0.05 021 1.17 6.62 3911 243.05
Time per solution (ms.) 054 060 162 247 2.75 3.30

Thiét ké moi

Size 8 9 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.) 011 0.14 030 039 042 047
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Danh sach triru twong

# Mot danh sach (list) kiéu T

® M6t day hivu han kiéu T

® Mot sb tac vu:
» 1. Kh@i tao danh sach réng (create)
»> 2. Kiém tra rébng (empty)
» 3. Kiém tra day (full)
» 4. Tinh kich thwéc (size)
» 5. X6a réng danh sach (clear)
» 6. Thém moét gia tri vao danh sach tai mét vi tri cu thé (insert)
» 7. Lay mdt gid tri tai mot vi tri cu thé ra khoi danh sach (remove)
» 8. Nhan vé gia tri tai mot vi tri cu thé (retrieve)
» 9. Thay thé mot gia tri tai mot vi tri cu thé (replace)
» 10. Duyét danh sach va thi hanh mot tac vu tai mai vi tri (traverse)
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Thiét ke 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;

the List is full or not.

Post: The function returns true or false according to whether

E)H Bach Khoa Tp.ﬁﬁW’FTWoa Cong nghé Thong tin{ _;-af ﬂCﬁ%ﬁ@"@?ﬂﬁ%ﬁ%@%h va chudi
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Chi so6 cac phan tw

# Danh chi s6 mét danh sach cé n phan to:
® Danh chis6 tv 0, 1, ... cac phan t
@ \Vidu: ay aq, a,, ..., a4
® Phan t&r a, dirng sau a, , va trwdc a g, ., (Néu co)
® Dung chi so:
@ Tim thay mot phan tl, trd vé vi tri (chi sd) clia né.
® Thém vao mét phan ter tai vi tri idx thi chi sd cac
phan tt cl tw idx tré vé sau déu tang 1én 1.
® Chi s0 nay duoc dung bat ké danh sach dwoc hién
thwe thé nao & cap vat ly.

=0

— — i -
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Phwong thirc 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
is 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 is 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.

rDH Bach Khoa Tp.ﬁW’FT%@%oa Cong nghé Thong ting a—ef CHEFYRE B 4T §3ch va chudi ‘ —j@
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Phwong thirc retrieve va replace

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

Post: If 0 < position < n, where n is 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 is 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.

FE)H Bach Khoa Tp.ﬁW’%T%m%oa Céng nghé Théng ting -ﬂ—ef CHitFong'8. D' Sach va m



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

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(print_int);

alist.traverse(increase_int);

}

“ 9,
’

}

_Khi goi tham s6 ham,
chuwong trinh dich phai
nhin thay ham dwoc goi.

Tuy theo muc dich ma goi
cac ham khac nhau.

rDH Bach Khoa Tp.ﬁW’FT%@%oa Céng nghé Thong ting a—ef
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Hién thwec danh sach lién tuc

template <class List_entry>
class List {
public:
Il 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:
/I data members for a contiguous list implementation
int count;
List_entry entry[max_list];

|5
— — i -
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Thém vao moét danh sach lién tuc

insert(3, 'z)

count=8

FE)H Bach Khoa Tp.ISERPP™ ‘Khoa Céng nghé Théng tinE -ﬁﬁr
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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 vao
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 tat ca cac phan tir 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 sb phan to 1én 1
6. return success;

End Insert

— — i -
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Ma C++ them vao mot danh sach lién
tuc

template <class List_entry>
Error_code List<List_entry> :: insert(int position, const List_entry &x) {
if (full())
return overflow;
if (position < 0 || position > count)
return range_error;
for (int i = count — 1; i >= position; i——)
entry[i + 1] = entry]i];
entry[position] = x;
count++;
return success;

— — i -
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Xoéa tir mot danh sach liéen tuc

remove(3, X)

count=3

FE)H Bach Khoa Tp.ISERPP™ ‘Khoa Céng nghé Théng tinE -ﬂﬁz,r
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Giai thuat x6a tir moét danh sach lién
tuc

Algorithm Remove
Input: position la vi tri can x6a bQ, x la gia tri lay ra duoc
Output: danh sach da xéa bé phan t tai position

1. if list réng
1.1. return underflow
2. if position ndm ngoai khoéng [0..count-1]
2.1. return range_error
3. x = entry[position] //Lay x tai vi tri position ra
4. count-- //Gidm sé phén t di 1
//Doi tat ca céc phén t tir position vé trude 1 vi tri
5. for index = position to count-1
5.1. entry[index] = entry[index+1]
6. return success;

End Remove

— — i -
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Giai thuat duyét mét danh sach lién
tuc

Algorithm Traverse ‘
Input: ham visit dung de tac dong vao twng phan te
Output: danh sach dwoc cap nhat bang ham visit

//Quét qua tat cé cac phan ti trong list
1. for index = 0 to count-1 ’ ‘
1.1. Thi hanh ham visit dé duyét phan t& entry[index]

End Traverse

— — i -
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Ma C++ duyét mot danh sach lién tuc

template <class List_entry>
void List<List_entry> :: traverse(void (*visit)(List_entry &))
I* Post: Tac vu cho bdi ham visit sé dwoc thi hanh tai moi
thanh phan cua list bat dau tt vi tri 0 tr& di. */
{
for (inti = 0; i < count; i++)
(*visit)(entry[i]);

 DH Bach Khoa Tp. ISt EM$<8%h 04 Cong nghé Thong tin ‘ﬁ(
1 L 1
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Danh sach lién két don (DSLK dorn)

!

Stacks . - are
Stacks . -— are
Stacks L are

but

= |ists.
.
Lf
r—*(ists. simple | ®
k‘. }
fstructures. simple | &
= important »| data e

o
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Hién thwc DSLK don

template <class List_entry>
class List {

public:

Il Specifications for the methods of the list ADT go here.

Il The following methods replace compiler-generated defaults.
List( );

~List( );
List(const List<List_entry> &copy);
void operator = (const List<List_entry> &copy);
protected:
I/l Data members for the linked list implementation now follow.
int count;
Node<List_entry> * head;
Il The following auxiliary function is used to locate list positions
Node<List_entry> *set_position(int position) const;

5
— — i -
E)H Bach Khoa Tp.ﬁﬁﬂ%oa Cong nghé Thong tin L_;ﬁr_
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Tim vi tri tren DSLK don

% Nhu cau:
@® Nhap vao chi s6 ciia mot phan tr
@ Cho biét do 1a phan t& nao (con trd chi dén phan tir)
5Y twdng:
@ Bat dau tir phan tlr dau tién
® Di chuyén dung position buéc thi dén dwoc phan i
can tim
® Phai dam bao |a position nam trong khoang
[0..count-1]

 DH Bach Khoa Tp. ISt EM$<8%h 04 Cong nghé Thong tin ‘ﬁ(_
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Gia

| thuat tim vi tri tréen DSLK don

Algorithm Set position

Input: position 1a vi tri can tim ‘
Output: con tro chi dén phan t tai vi tri can tim

1. set qto head
2. for index =0 to position

End Set position

//Thi hénh position bu’,c’yc’
2.1. advance g to the next element //Trd g dén phan t ke tiép
3. return g

set_position(2)

index=0 index=1 Index=2
head
o— B B [~
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Ma C++ tim vi tri trén DSLK don

template <class List_entry>
Node<List_entry> *List<List_entry> :: set position(int position) const
I* Pre: position la vi tri hop 1€ trong list, 0O < position < count.

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

*
{
Node<List_entry> *q = head;
for (inti = 0; i < position; i++)
d = g->next;
return q;
}

— — i -
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Thém vao mot DSLK don

previous_node following_node
phan t& tai vi tri position
X g y »
. / n . A > .
phan t& tai vi tri position-1 \ bay gio, phan tw nay
cO vi tri position+1
new_node |

&

Q)

bay gi®, phan t& nay
cO vi tri position
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Giai thuat théem vao moét 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 t tai vj tri position-1
1.2. Trd following dén phan tlr sau previous
2. Ngworc lai
2.1. Tré following dén head
3. Tao ra node m¢i la new_node voi gia tri x
4. Trd next cia new_node dén following
5. Néu position 1a 0
5.1. Tré head dén new_node
6. Ngworc lai
6.1. Trd next cia previous dén new_node
7. Tang sb lwong cac phan t 1én 1
End Insert

— — i -
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Ma C++ them vao mot DSLK don

}

template <class List_entry>
Error_code List<List_entry> :: insert(int position, const List_entry &x)

if (position < 0 || 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;

— — i -
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Xéa bo tir mot DSLK dorn

previous_node following_node
> X =) y 7: Z ->
i / \ A A
phan t tai vi tri position-1 \

phan t& 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 keép (Doubly linked list)

>— 1
L
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Dinh nghia DSLK keép

template <class List_entry>
class List {
public:
I/l Add specications for methods of the list ADT.
I/l Add methods to replace compiler generated defaults.
protected:
/I Data members for the doubly-linked list implementation follow:
int count;
mutable int current_position;
mutable Node<List_entry> *current;
Il The auxiliary function to locate list positions follows:
void set_position(int position) const;

Cac ham hang (const) c6 thé thay dbi gia tri cila cac bién mutable nay
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Dinh nghia Node cho DSLK keép

template <class Node_ entry>
struct Node {
Il data members
Node_ entry entry;
Node<Node entry> *next;
Node<Node entry> *back;
Il constructors
Node( );
Node(Node entry, Node<Node entry> *link_back = NULL,
Node<Node entry> *link_next = NULL);

— — i -
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Tim vi tri trong DSLK kép

set _position(8)

current
@ current_position
< X < : y < : Z < : m
position = 5 position = 6 position =7 position = 8
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Theém vao trong DSLK keép

phan tt tai vi tri position-1

phan t& tai vi tri position
N

p—
——

previous Q / following
=
X
current Q <
y :
new_node Q .

phan tlr nay bay giO/
cO vi tri la position

rDH Bach Khoa ﬁa.ﬁﬁ%’@%@%oa Céng nghé Thong tinE -hﬁr
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Theém vao trong DSLK kep

Algorithm Insert
Input: x la gia tri can thém vao tai position (0<=position<=count)
Output: danh sach da thém gia tri x vao vi tri position

1. if positionla 0

1.1.ifsdphant 14 0

1.1.1. Tré 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 t& m&i new_node
4. Trd next va back cilia new_node dén following va preceding
5. if preceding khac rong

5.1. Trd next clia preceding dén new_node
6. if following khac rong

6.1. Trd back cua following dén new_node
7. Tang s6 phan ti [én 1
End Insert
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Ma C++ thém vao trong DSLK keép

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 < 0 || 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);
if (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;

— — i -
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So sanh cach hién thuwc lién tuc va
cach hién thwec lién ket

® DS lién tuc thich hgp khi:  ® DSLK thich hop khi:

® Kich thwoce tieng phan to 13 ® Kich thudc tieng phan ti 14
rat nhd I&n

@ Kich thwéce cua ca danh @ Kich thwéc cua danh sach
sach (sd phan tir) da biét khéng biét trvdc
khi 1ap trinh ® C6 nhiéu sy thém vao, loai

@® Co it sw thém vao hay loai bd, hay xap xép cac phan
bd & gilra danh sach tr trong danh sach

=z H]nh thire truy cap truc
tiep la quan trong
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Chuoi (string)

# Chudi | mot day cac ky tu
= Vidu:
® “This is a string” 1a 1 chubi co 16 ky tw
@ “’ |a mot chudi rong (c6 0 ky tw)
# Chudi triru twong:
® Co thé xem Ia danh séch
@ Co cac tac vu thwong dung:
» Sao chép (strcpy)
> No6i két (strcat)
» Tinh chiéu dai (strlen)
» S0 sanh 2 chudi (stremp)
> Tim mot chudi trong chudi khac (strstr)

 CHEUREBAHHA SEch va chudi
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Chuoi trén C

® Co kiéu la char *
1 Két thuc bang ky tw \0’ (NULL)
@ SO phan tl trong bd nh& nhiéu hon chiéu dai chudi
la 1
# Can chuan bij bd nh& can thiét khi thao tac
@ Vidu:

char *str1, *str2;

delete str2;
str2 = new char[strlen(str1) + 1];
strcpy(str2, str1);

— — i -
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Thiet ke lai kieu dir lieu chuol
class String {
public: /| methods of the string ADT
String( );
~String( );
String (const String &copy); Il copy constructor
String (const char * copy); /I conversion from C-string
String (List<char> &copy); Il conversion from List
void operator = (const String &copy);
const char *c_str( ) const; Il conversion to C-style string
protected:
char *entries;
int length;
I

— — i -
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Thiéet ké cac toan t&r 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 stremp(first.c_str( ), second.c_str( )) == 0;
}

— — i -
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Khéi tao véi chuoi C

String :: String (const char *in_string)
I* 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);

}

E)H Bach Khoa T}.ﬁﬁﬂ%oa Cong nghé Thong tinL_L‘ﬁ[
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Khéi tao v&i danh sach ky tw

String :: String (List<char> &in_list)
I* 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.retri

eve(i, entries[i]);

/IGan “\0’ dé két thuc chudi
entries[length] = \0’;
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Khai niém tim kiém

# Cho biét:
@ M6t danh sach cac ban ghi (record).
® M6t khoa can tim.
# Tim ban ghi c6 khoa trung véi khda can tim
(néu co).
u Po dd hiéu qua:
@ SO lan so sanh khéa can tim va khéa cua céc ban ghi
® Phan loai:
@ Tim kiém néi (internal searching)
@ Tim kiém ngoai (external searching)

E)H Bach Khoa T—p.ﬁﬁ%’r‘woa Cong nghé Thang tinl__t‘ﬁr,_
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Ban ghi va khéa

= Ban ghi:
@ Khoa
@ D lieu
® Khoa:
@ So sanh duwoc
@ Thuwong la so
® Trich khoéa tir ban ghi:

@ So sanh cac ban ghi

Johnson

rDH Bach Khoa Tp. SR P48 %hoa Cong nghé Thong tin{ -jﬁr
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Ban ghi va khoéa trén C++

class Key {

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

I

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 .
Il Add any constructors and methods for Record objects.
private:
I/l Add data components.

5
— — i T —
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Ham tim kiém

i Tham sb vao:
® Danh sach can tim
® Khoa can tim

® Tham s ra;
@ Vi tri phan td tim th

ay (néu co)

® Két qua ham: kiéu Error_code

@ Tim thay: success

@ Khoéng tim thay: not_present

 DH Bach Khoa Tp. ISP EM$38® 04 Cong nghé Thong tin
L\

{ > E‘

https://fb.com/@ﬁ@@ﬂ@wty. Tim ki é m



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Tim tuan tw (sequential search)

5 position = 2
Target key
1 3 3 6 7
13 21 8 |15

rDH Bach Khoa T:).IQWFFT%@%oa Céng nghé Thong tinE -h%r

return success

Sé 1an so sanh: 3
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Tim tuan tw - khéng tim thay

9
Target key

71352162815><

return not_present

S6 1an so sanh: 8

 DH Bach Khoa Tp. HEM P42 Rhoa Céng nghé Thong tin a—ef Mips /b comSPSHET. Tim kiém |
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Tim tuan tw - Ma C++

Error_code sequential_search(const List<Record> &the_list,
const Key &target, int &position)
I* 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;

}

— — i T —
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Tim tuan tw - Panh gia

® S0 |an so sanh trén khda doi véi danh sach cdn
phan to:
@ Tim khong thanh cong: n.
@ Tim thanh céng, trwdng hop tot nhat: 1.
@ Tim thanh céng, trwdng hop xau nhat: n.
@ Tim thanh cbng, trung binh: (n + 1)/2.

 DH Bach Khoa Tp. ISt EM$<8%h 04 Cong nghé Thong tin ‘ﬁ(
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Tim trén danh sach co thw tw

# Danh sach co thw tw (ordered list):
@ Phan t tai vi tri i cd khéa nhd hon hoac bang phan
ter tai vi tri j (i<j).
® Tim tuan tw co thé két thuc s&m hon:
@ Khi khda can tim nhd hon khoa cla phan t& hién tai.
u Tra gia:
® Mbi bwdce 1ap can kiém tra xem ngirng duwoc chua.
® TOn 2 phép so sanh trén khéa cho méi lan 1ap.

@ SO phép so sanh “co vé” gap ddi so véi phép tim trén
danh sach bat ky.

-9

— — i T —
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Quan ly danh sach cé thir tw

® Thtra hwong tw List va
@ Hiéu chinh (override) lai cac phwong thire insert,
replace: Dam bao la danh sach két qua van con th
tw.
® Thiét ké thém (overload) phwong thirc insert mai
knong can tham so position.

class Ordered_list: public List<Record> {
public:

Error_code insert (const Record &data);

X

— — i T —
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Thém vao danh sach co thw tw
- Giai thuat

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

// Di tim vi tri position ma khoéa ctia x ndm gitka khda ctia cac phan tcr
// tai vj 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

— — i T —
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Thém vao danh sach co thw tw
- Ma C++

Error_code Ordered _list :: insert(const Record &data)

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);

}

I* 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

J

— — i T —
E)H Bach Khoa Tp.ﬁﬁﬂ%oa Cong nghé Thong tin L_;ﬁr_

https://fb.com/teijﬁﬂj‘ﬁﬁjgn?. Tim klém



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Thém vao danh sach (viét deé)
- Giai thuat

Algorithm Insert_overridden ‘
Input: position la vi tri can thém vao, xlé gia tri can thém vao
Output: danh sach da thém x vao va van co thuo tw

// Kiém tra xem c6 théa ma@n ma khoéa cta x ndm giira khéa cua
// c&c phan tur tai vi tri position — 1 va position.
1. if position >0
1.1. list_data = phan t& tai vj tri position -1
1.2. if x nho hon list_data
1.2.1. cO I0i
2. if position < count
2.1. list_data = phan t( tai vj tri position
2.2. if xI&n hon list_data
2.2.1. cO I0i
3. Thém vao tai vi tri nay

End Insert_overridden

— — i T —
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Tim nhi phan (binary search)

1Y twdng:
@ So sanh khoa can tim v&i phan to gidra.
@® Néu n6 nhd hon thi tim bén trai danh sach.
@ Nguoc lai tim bén phai danh sach.
@ Lap lai déng tac nay.
® Can 2 chi muc top va bottom dé giol han doan
tim kiém trén danh sach.

# Khda can tim néu c6 chi nam trong doan nay.

— — i T —
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Tim nhi phan — Cach 2

position = 3
10
Target key
0 1 3 4 5 6 7 8 9
2| 5 10112113 15|18 |21 |24
t 1 ?
| | |
bottom middle top

E)H Bach Khoa Tp.ﬁﬁ%’@%ﬁ—hoa Céng nghé Thong ting AJ

return success
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Tim nhi phan — Giai thuat 2

1.

2.

End Binary search2

Algorithm Binary search2

Input: target 1a khoa can tim, bottom va top la gidi han danh sach
Output: position la vi tri néu tim thay

if bottom > top
1.1. return not_present
if bottom <= top
2.1. list_data = phan t 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. iIf x<list_data
2.3.1. call Binary_search2 v&i doan bén trai (bottom, mid-1)

24. else
2.4.1. call Binary_search2 v&i doan bén phai (mid+1, top)

— — i T —
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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;

— — i T —
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Tim nhi phan — Cach 1

position = 3
10
Target key
0 1 2 3 4 3) 6 7 8 9
2| 5 10112113 15|18 |21 |24
t 1 ?
| | |
bottom middle top

E)H Bach Khoa Tp.ﬁW@TWoa Céng nghé Thong tin( -j;af

return success

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

Algorithm Binary_search1
Input: target la khoa can tim, bottom va top la gi¢i han danh sach
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 search1

— — i T —
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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 &position) {
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;

}
}

— — i T —
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[1

(1) (@) |3] [F] 4] [F] 5] [F] C6) (@)

Cay so sanh cua giai thuat 1

F

2
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Cay so sanh cua giai thuat 2

F

R 8
F F F (4)
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Tim nhi phan — DPanh gia

Successful search

binary_search_1 len +1
binary_search_2 21lgn — 3

Unsuccessful search

lgn +1
21gn

FE)H Bach Khoa Tp.ISERPP™ ‘Khoa Céng nghé Théng tinE -ﬁﬁr
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So sanh trong trieo'ng hop trung
binh cac giai thuat

6 Sequential =+ 2048 |-
+ Binary 2 1024 |-
51 7 7 512 |
AP 256 |
+ -
ot :

1 ‘;t{'_j:..---”r Binary 1 128 |- Sequential

f+,./.-j; 64 |-

¥ 32 -

3 - Binary 2
Binary +/+/

2 |- £ + Sequential ol Binary 1
4 L
I s 9 |-
1
| | | | | | [ 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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DPanh gia dé phuc tap cua giai thuat

® So sanh v¢&i cac ham co ban:

@®gn =1 Constant function

® g(n) =logn Logarithmic function
@®g(n)=n Linear function

® g(n) = n? Quadratic function
®g(n) =nd Cubic function
@®g(n)=2" Exponential function

 DH Bach Khoa Tp. ISt EM$<8%h 04 Cong nghé Thong tin ‘ﬁ(_
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Po6 phirc tap tinh bang tiém can

DeriNITION If lim J(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—0C g(n)
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:

— — i T —
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Do tang cua cac ham chung

1000 b e |

3000 =
n 1 lgn n nlgn n? n® 2"
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 10° 1.07 x 10%1

1000

n
0 9 10 15 20

Lineat

SCd 1’ -
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Ky hiéu Big-O

f(n) Bac cuafsovéig lim .. (f(n)/g(n)
o(g(n)) |< :nhd hon han 0

O(g(n)) | < : nhd hon hodc bang a

O(g(n)) | = : bing a#0

Q(g(n)) |= :1&n hon hodc bang a # 0 hodc I3 «

Thir tw ting dan vé do lon:

O(1) O(gn) O(n) O(nign) OM2) O(n3) O(2"

E)H Bach Khoa Tp.IGERP]

Moa Cong nghé Théng tin
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CAU TRUC DI LIEU VA"
GIAI THUAT (501040)

[}
I
i
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Chuwong 8: Sap tht tw
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Khai niéem

® Sap th tw:
® Dau vao: mot danh sach
@ Dau ra: danh sach c6 th tw tang (hodc gidm) trén
kKhoa
® Phan loai:
@ Sap th tw ngoai (external sort): tap tin
@ Sap thk tw ndi (internal sort): bd nhé
® Gia thiét:
® SAp thr ty noi
® Sap tang dan

E)H Bach Khoa T}.ﬁﬁﬂ%oa Cong nghé Thong tinL_L‘ﬁ[
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Insertion sort

]||||.|i:|| [II"-| Il [II"-i'I'l. ]II"-i'I'l. ]II”"hl 't
order second third fourth fitth
2y BNy = LN T entry
e | e |
sorted hen cat cat cat
A
unsortecd §|COW COWwW y COwW COWwW
cat hen awea
ram ram hen
_"'"
awe 2we Falm
A
dog dog 5 dog
E,TE)H Bach Khoa TB.IQW”‘M% Cong nghé Théng tin| ;ar

Insert
sixth
entry
P A—

cat
M Ty

COwW

dog
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Insertion sort - Danh sach lién tuc

Before :
aorted Unsorted ’5
= current = current L .
Eemowve current; - 1
shift entries right
-
| current
0 i —.‘._"_u_"
Sorted Sorted Unsorted
= current = current
. y
Reinsert current; r
Y
e v Jh f
Sorted Unsorted
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Giai thuat insertion sort — Danh sach

lién tuc

Algorithm Insertion_s:ort ’
Input: danh sach can sap thw tw
Output: danh sach da dwoc sap thuo tw

1. for first_unsorted = 1 to size
//Tim vi tri hop ly dé chén gié tri dang ¢6 vao
1.1. current = list[first _unsorted]
1.2. position = first_unsorted

//Doi chb céc phan tir Ién vé sau
1.3.1. list[position] = list[position - 1]
1.3.2. position = position - 1

1.4. list[position - 1] = current

End Insertion_sort

1.3. while (position>0 and list[position - 1] > current)

//Chép phéan ti truée dé vao dung vi tri cta noé

— — i T —
E)H Bach Khoa Tp.ﬁWr‘Moa Cong nghé Thong tin L_;ﬁr_

https://fb.co@ﬂ%ﬁ%u@ft Sép ther tU’



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Ma C++ Insertion sort — Danh sach
lién tuc

template <class Record>
void Sortable list<Record> :: insertion_sort( ) {
int first_unsorted; /I position of first unsorted entry
int position; Il searches sorted part of list
Record current; Il 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 {
Il Shift all entries until the proper position is found.
entry[position] = entry[position — 1];
position—-; Il position is empty.
} while (position > 0 && entry[position — 1] > current);
entry[position] = current;

}

— — i T —
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Insertion sort — DSLK

head —\} last_sorted —\} first_unsorted

-— — B —— -— -— —

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

o\
A - TP -

——

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

head —w trailing —\ current \y last_sorted w I {—first_unsurted

FE)H Bach Khoa Tp.ﬁW'&TWoa Cong nghé Thong ting .4,{ hitps /b op{Fgiig 8" Sdp tmj@
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Giai thuat Insertion sort - DSLK

Algorithm Insertion_s:ort , , ‘
Input: danh sach can sap tht tw va cdé it nhat 1 phan ter
Output: danh sach da dwoc sap thuo tw

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

2.2.2. NOi first_unsorted vao dau danh sach
2.2.3. head = first_unsorted

— — i T —
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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 la phan t& ké cla tailing
2.3.3. while (d{¥ liéu cua first_unsorted > dir liéu cua current)
2.3.3.1. Di chuyén tailing va current dén phan tir 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. G0 first_unsorted ra khoi danh sach
2.3.4.2. Noi first_unsorted vao gilra tailing va current

2.4. Dichuyén last_sorted dén phan ti ké

End Insertion_sort

— — i T —
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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;

}

— — i T —
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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;

E,TE)H Bach Khoa TB.ﬁW”‘Moa Cong nghé Thong tinL_L‘ﬁ[
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Panh gia Insertion sort

® Danh sach c6 thi tw ngau nhién:
@ So sanh trung binh la n4/4 + O(n)
@ Doi cho trung binh 1a n2/4 + O(n)

# Danh sach co thi tw tadng dan: tot nhat
@ So sanh n-1 1an
® Doi ché 0 1an

® Danh séach c6 th tw gidm dan: t& nhat
® So sanh n%/2 + O(n) lan
® Doi chd n2/2 + O(n) Ian

 DH Bach Khoa Tp. ISt EM$<8%h 04 Cong nghé Thong tin ‘ﬁ(_
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Selection sort

E)H Bach Khoa Tp.IGERP]
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hen hen ewe / dog P cat cat

F LY F

cow cow cow | |\ / |cow ; Cow = cow

cat cat cat cat \ dog dog

ram dog dog ewe ewe ewe

ewe ewe hen hen hen hen

dog ram ram ram ram ram
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Selection sort — Danh sach lién tuc

Unsorted
small keys

Sorted.

large keys

Maximum /_/ \

unsorted key

Current pi S1T101N

Unsorted small ]if'—_‘(a

Sorted, large keys
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Giai thuat Selection sort

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

1. for position = size - 1 downto O , ‘ ,
/Tim vij tri phan tir c6 khéa Idn nhat trong phan chuwa sap thir tw

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

//D6i chb phan tr nay véi phan tir dang xét
1.3. temp = list[max]

1.4. listfmax] = list[position]

1.5. list[position] = temp

End Selection_sort

— — i T —
 DH Bach Khoa Tp.ﬁﬁﬂ““ ‘Khoa Céng nghé Thdng tin ‘ﬁf_
1 L 1

https://fb.co@ﬂ%ﬁ%u@ft Sép ther tU’



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

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 = 0;
for (int current = 1; current <= position; current++)
if (entry[largest] < entry[current])
largest = current;
temp = entry[max];
entry[max] = entry[position];
entry[position] = temp;

E)H Bach Khoa T—p.ﬁﬁ%’r‘woa Cong nghé Thang tinl__t‘ﬁr,_
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Panh gia Selection sort

® Danh séach bat ky
@ SO lan so sanh: n(n-1)/2
@ S lan doi chd: 3n

® So sanh voi insertion sort:

Selection Insertion (average)

Assignments of entries 3.0n4+ O(1) 0.25n% 4+ O (n)
Comparisons of keys 0.5n% 4+ O(n) 0.25n% + O(n)
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Bubble sort

' sorted

Budc 1 0 4 ! 2 3
' sorted

Budc 2 4 6 2 3 7
' sorted

Buéc 3 4 2 3 §) !
' sorted

Budc 4 2 3 4 8] 7
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Giai thuat Bubble sort

Algorithm Bubble_sort
Input: danh sach can sap thw fup
Output: danh sach da dwoc sap thuo tw

1. for step = 1 to size-1
//V&i mbi cdp phan tir ké bat ky, sdp thi tw ching.
//Sau méi buéc phan tr cudi cta danh sach hién tai la I6n nhét,
/Wi vay duoce triv ra cho buéc ké tiép
1.1. for current = 1 to (size - step)
//Néu cdp phén ti ké hién tai khdng dung ther tu
1.1.1. if (list[current] < list[current-1])
//D6i chb chung
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

— — i T —
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Ma C++ Bubble sort

template <class Record>

Record temp;

temp = entry[current];

entry[current-1] = temp;

}

void Sortable_list<Record> :: bubble sort( ) {
for (int position = count — 1; position > 0; position—-)
for (int current = 1; current < position; current++)

if (entry[current] < entry[current-1]) {

entry[current] = entry[current-1];

E)H Bach Khoa T}.ﬁﬁﬂ%oa Cong nghé Théng tin
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Bubble sort la exchange sort

Algorithm Exchange_sort
Input: danh sach can sap thu tw

1. exchanged = true
2. while exchanged

2.1. exchanged = false
2.2. for current =1 to size — 1

End Exchange sort

Output: danh sach da dwoc sap the tw

//Gid st¥ 1an 18p nay khéng cé sw déi ché thi né da co thur tw

//Néu cdp nay khéng co thir tw thi doi chd va ghi nhan lai
2.2.1. if (list[current] < list[current-1])
2.2.1.1. exchange (current, current-1)
2.2.1.2. exchanged = true

— — i T —
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Panh gia Bubble sort

® S0 lan so sanh: n(n-1)/2
® SO lan doi cho:
® Danh sach co th tw tdng dan: tot nhat 1a 0 1an
® Danh sach cé th tw gidm dan: t& nhat 1a 3*n(n-1)/2

 DH Bach Khoa Tp. ISt EM$<8%h 04 Cong nghé Thong tin ‘ﬁ(
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Chia dé tri

®Y twdng:
@ Chia danh sach ra lam 2 phan
@ Sap th tv riéng cho tirng phan
@ Tron 2 danh sach riéng doé thanh danh sach cé thw tw
= Hai giai thuat:
@ Merge sort:
» Chia déu thanh 2 danh sach

»Sap thw tw riéng
> Tron lai
& Quick sort:
» Chia thanh 3 phan: nhd, gitra (pivot), I&n
»Sap thi tw riéng

E,TE)H Bach Khoa TB.ﬁW”‘Moa Cong nghé Thong tinL_L‘ﬁ[
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Panh gia so giai thuat chia dé tri

# Gia sr 2 danh sach co s6 phan t& la n’ = n/2

= Dung insertion sort riéng cho tirng manh

% Trén 2 danh sach ton (0’ + n’) = n lan so sanh

# SO lan so sanh tong cdng: 2*((n/2)%/2 + O(n/2))
+n =n?%/4 + O(n)

® So sanh va&i insertion sort la n4/2 + O(n)
u Co6 vé nhanh hon

— — i T —
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Merge sort

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

26 33 35 29 4 k 12 19 22

29 35 19 12 12 19

\ /\J

26 33 39 |29 19
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Panh gia Merge sort

® PO phure tap:
@ Co t6i da Ign mirc
® O mbi mirc, can tron n phan to
® Han ché:
@ Danh séch lién tuc: di chuyén cac phan t& nhiéu
@ Nén dung trong DSLK

Lower bound: lgn! ~nlgn — 1.44n + O (log n)
Mergesort: nlgn — 1.1583n 4+ 1,
Insertion sort: %ﬂg + O(n)
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Giai thuat Merge sort - DSLK

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

1. if (c6 it nhat 2 phan tk)
//Chia danh séach ra 2 phan bang nhau:
1.1. second_half = divide_from (sub_list)
//Sap xép riéng tirmng 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

— — i T —
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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 I= 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);

E)H Bach Khoa T—p.ﬁﬁ%’r‘woa Cong nghé Thang tinl__t‘ﬁr,_
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Chia doi DSLK

midpoint

sub_list

@—»3 4 | 8 =9—__L

[ » » N
» » » »

second half —
- position
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Giai thuat chia doéi DSLK

Algorithm divide from
Input: danh sach can chia doi
Output: hai danh sach dai gan bang nhau

1. if (c6 it nhat 1 phan tk)
//Dung mét con tré di chuyén nhanh gap 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 1an
1.3.2. Di chuyén midpoint dén phan tt ké
1.4. Cat danh sach ra 2 phan tai vi tri nay

End divide from

— — i T —
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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;
if (position = NULL) {
midpoint = midpoint->next;
position = position->next;
}
}

second_half = midpoint->next;
midpoint->next = NULL;
return second_half;

//Di chuyén mét lan
/Dteng ngay trweoc diém gidra

//Di chuyén Ian thi hai

//Phén sau la sau diém dimng
//Tach doéi danh sach

— — i T —
E)H Bach Khoa Tp.ﬁﬁﬂ%oa Cong nghé Thong tin L_;ﬁr_

https://fb.cor@ﬂ%ﬁréuglft Sép thU’ tU’



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Tron 2 DSLK co thir tw

first

G

combined

? Y

Dummy node

> \I_; 8 >
‘\\

second

=7

3 5

; last

7
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Giai thuat trén hai DSLK c6 thuw tw

Algorithm Merge
Input: hai DSLK first va second co thur tw
Output: mét DSLK co thir tw

1. last_sorted la mbt node gia
2. while (first va second khac NULL)  //C4 hai van con
2.1. if (d® liéu cua first nhé hon dir liéu cua second)

2.1.1. Néi first vao sau last_sorted //G& phén to to

2.1.2. last_sorted la first /DSLK 1

2.1.3. Chuyén first dén phan t&r ké //gén vao két qua
2.2. else

2.2.1. Nbi second vao sau last_sorted  //G& phan tu tir

2.2.2. last_sorted la second /DSLK 2

2.2.3. Chuyén second dén phan tr ké  //gdn vao két qua
2.3. if (danh sach first con)
2.3.1. NAi first vao sau last_sorted
2.4. else
2.4.1. Nbi second vao sau last_sorted
End Merge

— — i
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Ma C++ tron hai DSLK cé thwr tw

}

template <class Record>
Node<Record> *Sortable_list<Record> ::

merge(Node<Record> *first, Node<Record> *second) {
Node<Record> combined, *last_sorted = &combined;
while (first I= 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;

= — 7 e ——— = ‘ — - —
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Quick sort
Sort (26, 33, 35, 29, 19, 12, 22)

Phéan thanh (19, 12, 22) va (33,35,29) véi pivot=26

Sort (19, 12, 22)
Phéan thanh (12) va (22) vd&i pivot=19
Sort (12)
Sort (22)
Combine into (12, 19, 22)

Sort (33, 35, 29)
Phéan thanh (29) va (35) vdi 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 can sap xép -
Output: danh sach da dwoc sap xép

1. if (c6 it nhat 2 phan tk)
//Phén hoach danh sach thanh 3 phan:
//- Ph&n nhdé hon phan ti giira
//- Phén t giira
//- Phén I6n hon phén t 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 c&n ghép lai la thanh danh séach co thir tu

End quick_sort
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Ma C++ Quick sort tréen danh sach
lién tuc

template <class Record>
void Sortable_list<Record> :: recursive quick_sort(int low, int high) {
//Phéan duoc sdp xép trong danh séch tur vi tri low dén vi tri high
int pivot_position;
if (low < high) {
//pivot_postition Ia vi tri cia phan t gitra
pivot_position = partition(low, high);

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

//Danh séch két qua da co thir tw trong khodng tor low dén high

— — i T —
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Phan hoach cho quick sort

pivot

< pivot

= pivot

|y

‘T

last_amall

piviot

< pivol

|

last amall

piviot

= pivol

= pivot
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Phan hoach cho quick sort (tt.)

‘ piviot = pivot ‘ ‘ = pivot
I I |
low last _small high
= pivot piviot = piviot
| I |
Let) pivol_position high
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Giai thuat phan hoach

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

//Chon phan t tai vi tri gitra Ia phan tr 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 ca cac phan tir con lai
4.1. if listlindex] < 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] //Trd phan ti pivot vé lai chinh gitra
6. Vi tri pivot chinh la last_small

End partition

— — i T —
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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 déi chd 2 phan ti 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;

— — i T —
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Vi du quick sort

recursive_quick_sort(0,6)

low=0

mid=(low+high)/2=3

pivot
pivot_position = partition(0,6) — | 26
0 1 2 3 4 3 6
79 | 35 | 33 | 26 | 29 | 12 | 22
index

recursive _quick_sort(0,2)

recursive _quick_sort(4,6)

DH Bach Khoa Tp.SEM ™ Khoa Céng nghé Thong tin :-a&(
)

high=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 |12 | 26 | 29 | 33 | 35
L )

low=0 high=2

mid=(low+high)/2=1
recursive_quick_sort(0,0)

index

(Khéng lam gi ca)
recursive_quick_sort(2,2)

E)H Bach Khoa Tp.ﬁﬁ%’@%ﬁ—hoa Céng nghé Thong ting AJ
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Vi du quick sort (tt.)

recursive_quick_sort(4,6)

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

pivot

12 | 19 | 22 | 26 | 28 | 33 | 35
5 = Y
low=4 high=6
mid=(low+high)/2=5 e
recursive_quick_sort(4,4) (Khéng 1am gi cd)

recursive_quick_sort(6,6)

E)H Bach Khoa Tp.ﬁﬁ%’@%ﬁ—hoa Céng nghé Thong ting AJ

- https://fb.cor@ﬂ%ﬁaugft S é D the tU’ o



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Lnsorted

Tirm
Ciot
Eva
Ry
Tom
Kim
GiLry
ATy
Jon
Ann
Jirn
Ky
Raon
Jan

Pivot is
first key.
Chot
Amy
AN
Guy
Jim
Jan

Tim Gy Pivot is
cantral key.

Tom

Eva
Roy ' Tom
Kim
Ron Roy
Jan Tim
Kay

rE)H Bach Khoa Tp.ﬁW’FT%oa Cong nghé Thong ting 64 hiips//fb.com Al FSG 8" Sap tm
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bDanh gia Quick sort

® Trwdng hop xau nhat:
@® Mot bén rdng va mét bén 1a n-1 phan t& => n(n-1)/2
® Chon phan t pivot:
® Dau (hay cudi): trwdng hop xau xay ra khi danh sach
dang co th tw (hoac thr tw nguwoc)
@ O trung tdm, hodc ngau nhién: trwdng hop xau kho
xay ra
5 Trwong hop trung binh:
@C(n=2nInn+0(n)=1.39nlg n+ O(n)

— — i T —
 DH Bach Khoa Tp.ﬁﬁﬂ““ ‘Khoa Céng nghé Thdng tin ‘ﬁr_
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Heap va Heap sort

# Heap (dinh nghta lai):

@ Danh sach c6 n phan ti (t&r 0 dén n-1)

® a2 a,,, Va a2 a,,, (a lon nhat trong 3 phan t)
® Pac tinh:

® a, la phan tlr I&n nhat

® Danh sach chwa chac cé th tw

@ N(ra sau cua danh sach bat ky thda dinh nghia heap
u Heap sort:

@ Lay a, ra, tai tao lai heap => Phan tlr I&n nhat

® Lay a, m&i ra, tai tao lai heap => Phan t& Ion ké

9 ...

— — i T —
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Giai thuat Heap sort

Algorithm heap_ sort

Output: danh sach da sap tho tw

//X4y dung heap ban dau
1. Call build_heap

//rbi xay dwng heap tré lai

2.2. Call rebuild_heap index-1

End heap sort

Input: danh sach can sap xép cé n phan to

//Lan lwot 14y phan tir dau ra dem vé cubi danh séach hién tai

2. for index = size-1to 0 /findex la vj tri culi cla phéq con lai
2.1. swap list[0], list[index]  /P0bi phan tr I6n nhat vé cudi

/X8y dung lai heap v&i sd phén tr gidm di 1

— — i -
E)H Bach Khoa Tp.ﬁWr‘Moa Céng nghé Thong tinL_;ﬁr,_

- htps /b o AFSRY B S&p thir tu



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Ma C++ Heap sort

template <class Record>

void Sortable_list<Record> :: heap_sort( ) {
Record current;

/X8y dung heap ban dau

build_heap( );

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

//Git¥ lai phan tir cudi cii

current = entry[last_unsorted]; // Extract last entry from list.
//Chép phan tr dau (I6n nhét) vé vj tri nay
entry[last_unsorted] = entry[0];

/X4y dung lai heap bang cach chén phan t current vao dung vi tri
insert_heap(current, 0, last_unsorted — 1);

}

— — i T —
E)H Bach Khoa Tp.ﬁWr‘Moa Cong nghé Thong tin L_;ﬁr_
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Biéu dién Heap

® Dang cay nhi phan:
@ Node goc la a,
® 2 node con clia phan
ter a, la 2 phan tw a,,,
Va A
@® O mwre cudi cung, cac

node 14p day tir bén » e

trai sang bén phai - Heap

(céy nhiphanganday [+ [p[a[r[b[k[a|c]]
du) 0 1 2 3 4 5 6 7 8

FE)H Bach Khoa Tp.SERP P42 ®hoa Cong nghé Thong tinE -ﬁﬁr nps/o oTHIFSRY'8" Sap tm @
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Vi du Heap sort

current

o
-
© N
Q |w
- A
C ;0

A O

QI

rDH Bach Khoa Tp. SR P48 %hoa Cong nghé Thong tin{ -jﬁr
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Vi du Heap sort (tt.)

r

f p
O O OX
current
) )
2 Y
O 1 2 3 4 5 6 7] 8
r{f|lpld|jc|b|k|a]y

E)H Bach Khoa Tp.SERP P45 %hoa Cong nghé Théng tin -jﬁ(
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Vi du Heap sort (tt.)

/p\
f Kk
N
d (e o |@E
current
/\r/\y
N N N/
0 2 3 4 5 6|7 8
p|flkjd|c|bla|r]|y

E)H Bach Khoa Tp.SERP P45 %hoa Cong nghé Théng tin -jﬁ(
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Vi du Heap sort (tt.)

K

N N
d (e [Ja [Jr
current
" N r /\y
N N
0 2 3 4 5|16 7 8
K| f|b|d|c|la|p|Tr]|YV

E)H Bach Khoa Tp.SERP P45 %hoa Cong nghé Théng tin -jﬁ(
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Vi du Heap sort (tt.)

f

Ne o ) )
2 @C @ @
current
" N r /\y
N N
1 2 3 415 6 7 8
fld{bla|c|lk|p]|Tr|y

E)H Bach Khoa Tp.SERP P45 %hoa Cong nghé Théng tin -jﬁ(
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Vi du Heap sort (tt.)

f\b

R

Qd

N ) )
a @' @< @°
/ \ current
" N r /\y
N N
O 1 2 3|14 5 6 7 8
d{c|bjajf|k|p|Tr]|y

E)H Bach Khoa Tp.SERP P45 %hoa Cong nghé Théng tin -jﬁ(
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Vi du Heap sort (tt.)

~

SN

=
PR -
“Ng "Nk [ p
by A N N N
/ \ current
" N r /\y
N N
0O 1 2]3 4 5 6 7 8
cla|lbjd|f|k|p|Tr|y

E)H Bach Khoa Tp.SERP P45 %hoa Cong nghé Théng tin -jﬁ(
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Vi du Heap sort (tt.)

a/b\

N "N ¢
A A
N d N N k "Np
N N N N
/ \ current
" N r /\y
N N
O 112 3 4 5 6 7 8
bilajc|d|f|k|p|Tr]|Yy

E)H Bach Khoa Tp.SERP P45 %hoa Cong nghé Théng tin -jﬁ(
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Giai thuat tai tao lai heap

Algorithm insert_heap

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

Output: danh sach la heap trong khoang tir low dén high

1. Bat dau kiém tra tai vi tri low
2. while (chwa kiém tra xong dén high)
2.1. Tim I&n nhat trong bd ba phan t& current, list[2k+1], list[2k+2]
2.2. if (phan t& d6 1a current)
2.2.1. Ngwng vong lap
2.3. else
2.3.1. Doi phan t& I&n nhat 1&n vi tri hién tai
2.3.2. Kiém tra bat dau tt vi tri cia phan t& I&n nhat nay

3. Pwa current vao vj tri dang kiém tra

End insert_heap

— — i T —
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Ma C++ tai tao lai heap

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

int large =2 * low + 1;
while (large <= high) {

large++;

if (current >= entry[large])
break;

else {
entry[low] = entry[large];
low = large;
large = 2 * low + 1;

}

}

entry[low] = current;

}

nsert_heap(const Record &current, int low, int high) {

/Pt Ion gia str la tai 2k+1

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

/Pt Ion tai 2k+2
//Néu current Ia Ién nhéat thi thoi

//Khéng thi day p.tr I6n nhat 1én
//roi tiép tuc kiém tra vé sau

/Bay la vi tri thich hop cho current

EH Béach Khoa fb.ﬁﬁﬂ%oa Coéng nghé 'Fh(“)ng tin
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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 cta 1 danh séch bat ky thda tinh chéat cta heap
//Ta tim cach xay dwng heap nguoc tir gitra vé dau
1. for low = size/2 downto O

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

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

End build_heap

— — i T —
 DH Bach Khoa Tp.ﬁﬁﬂ““ ‘Khoa Céng nghé Thdng tin ‘ﬁf_
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Ma C++ xay dwng heap ban dau

template <class Record>

Record current = entry[low];

}

}

void Sortable_list<Record> :: build_heap( ) {
//Nira sau ctia 1 danh sach bat ky thda tinh chéat cta heap
//Ta tim céch xay dwng heap nguoc tr gitka vé dau
for (int low = count/2 - 1; low >= 0; low——) {

insert_heap(current, low, count — 1);

 DH Bach Khoa Tp. ISP EM$38® 04 Cong nghé Thong tin
L\
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Vi du xay dwng heap ban dau

Budc 1

Budc 2

Budc 3

Budc 3’

Budc 4
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Pbanh gia Heap sort

® Trworng hop xau nhat:

@C

=2nlg n+ O(n)

@M=nlgn+ O(n)
u So voi Quick sort
@ Trung binh: cham hon quick sort

@ Xau nhat: O(n Ig n) < n(n-1)/2

FE)H Bach Khoa Tp.IGERP]

Moa Cong nghé Théng tin
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Ma tran 2 chiéu vs. 1 chiéu

e
clo|s |t
All, ] a rlr1e | a
tlela]r
.1/
Row-major ordering: Column-major ordering:
—™lclo]|ls |t
C c 0 s t
ﬁ rle| a a Fl € al
C t e a r
[/t elalr L/ L/ L/ l
B[ max_row*i + | C[i + max_col*j]
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Index Name Address Phone

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

=1 30 01 e Q0 DD =

Access Tables

Name Address Phone
2 3 5
6 7 7
1 1 1
5 4 4
4 2 2
7 5 3
3 6 6

rDH Bach Khoa Tp.ﬁW’FT%@‘B&hoa Cong nghé Thong ting .;_{ rpsiitb comalecigng 9. Bang ‘ —;ﬁ@
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Radix sort

Budc 1 Budc 2 Budc 3

8 = = = =
riajlt mjo|p mjaj|p clajr
mio|p mlaj|p rralp cla|t
cia|t tiolp ciajlr cio|t
mjalp riajp tiajr mjalp
clair clalr rjajt mlo|p
tio|p tlajr claj|t rjalp
clo|t riagt mlo|p riagt
tialr cia|t tiolp tialr
rjalp clo]|t clo|t tio|p
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Panh gia Radix sort

# SO lan so sanh 1a O(n k), n 1a s6 phan tlr va k Ta
sO ky tw trén khoa

# S0 sanh voi cac phwong phap khac la n lg n:
® Néu k 1&n va n 1a nhé thi radix sort cham
® Néu k nhé va n Ia I&n thi radix sort nhanh hon

® Bat tién:

@ Viéc tach thanh 27 danh sach con va ghé‘p lai Igc sau
trén DS lién tuc gay ra viéc di chuyén nhiéu phan tw
@ Khoa so sanh 1a chubi nhi phan thi khong tot

— — i T —
 DH Bach Khoa Tp.ﬁﬁﬂ““ ‘Khoa Céng nghé Thdng tin ‘ﬁf_
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Sort by
letter 3

Sort by
etter 2

Sort by
letier 1

m
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Giai thuat Radix sort trén DSLK

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

//Mbi queue chira cac phén tir cé ky tw tuong tng
1. queues la mo6t day co max_character hang

//Lap k budc, kiém tra cac Ky tw tai vi tri k
2. for position = size(kh6a) to 0
2.1. while (danh sach con)
2.1.1. Lay phan t&r dau tién
2.1.2. Tinh toan th tw cda chir cai & vi tri k trong khoa
2.1.3. DAy phan t&r nay vao queue twong rng

2.2. NAi tat ca cac queue lai v&i nhau thanh danh sach

End radix_sort

https://fb.com/tail ieu@%%ng 9. Ba ng
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Ma C++ Radix sort tren DSLK

const int max_chars = 28;
template <class Record>

Record data;
Queue queues[max_chars];

}

}
}

void Sortable_list<Record> :: radix_sort( ) {

rethread(queues); /[ Reassemble the list.

for (int position = key_size — 1; position >= 0; position——) {
Il Loop from the least to the most significant position.
while (remove(0, data) == success) {
int queue_number = alphabetic_order(data.key_letter(position));
queues[queue_number].append(data); // Queue operation.

EH Béach Khoa fb.ﬁﬁﬂ%oa Coéng nghé 'Fh(“)ng tin
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Noi cac queue lién két

u Cach 1:

@ Dung cac CTDL queue

@ Phai dung queue.retrieve va list.insert(list.size(),x)
u Cach 2:

@ Viét lai cac CTDL kiéu queue trong chwong trinh

@ Chi can tim dén cudi méi queue va ndi con trd vao
dau queue sau (hoac dén NULL)

— — i T —
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Tang toc tra cliru

® Tim kiém: ham f: key -> position =>O (Ig n)
® Néu c6 ham f: key -> position v&i toc dd O(1)
@ Vi du: Tra bang vadi key chinh la position
® Ham d6i mot key thanh position: ham Hash

position position

N/ NS

E,TE)H Bach Khoa TB.IQW”‘M% Cong nghé Théng tin| ;ar htps:/fb.com/tlieufSigng . I;Q—g_;j:t Q
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Bang Hash

= Bang Hash
@ Bang
@ Vi tri cia 1 phan tl dwoc tinh bang ham hash
® Ham hash:
@ Nhan vao mo6t khoa
@ Tra vé mot chi so vij tri
@ (C06 thé chuyén vai khoa vé cuing mot vj tri)
® Pung doé trén bang hash:
@ Néu vi tri tim ra dang 1a dir liéu can tim: O(1)
@® Khong dung: gidi quyét dung dé (phai dam bao O(1))

E)H Bach Khoa T—p.ﬁﬁ%’r‘woa Cong nghé Thong tinl__t‘ﬁr,_ T@
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Ham Hash

= Pam bao O(1)

®Vid

u:

@ f(x) = x % m;

@ f(‘abc’) = (char_index(‘a’)*base _number? +
char_index(‘b’)*base_number! +
char_index(‘c’)*base_number®) % hash_size

E,TE)H Béch Khoa Tp.SEHP]

lg%' Khoa Cong nghé Thong tin

&=

' https://fb.com/tailieuc@%li?;&n g9 Bang |-



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Vi du dung bang Hash

Cac khoa: M, O, T, V, I, D, U

hash(x) = char_index(x) % 10

TimV
TimF /

char_index: Space7€fA 1, B=2, .

M |O |T

V/

D

U

F

3| 5| 0

9

4

1

7/
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Phwong phap Dia chi m& (Open
Addressing)

= Bang hash la mét array
® C4c vi tri khi c6 dung do sé tim vi tri m&i bang
cac phwong phap giai quyét:
® Thi tuyén tinh (linear probing):
»Tang chi s6 1én mét: h = (h+i) % hash_size
@ Thtr bac hai (quadratic probing):
»Tang chi s6 1&n theo binh phwong: h = (h + i2)% hash_size
@® Phwong phap khac

»Ngau nhién

— — i T —
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Thiét ké bang Hash dung dia chi mé

Pam bao phép thir tuyén tinh khdng bi 1&p vong

class Hash_table {

public:
Hash_table( );
void clear( );

private:
Record table[hash_size];

%

const int hash_sizg = 997; Il a prime number of appropriate size

Error_code insert(const Record &new entry);
Error_code retrieve(const Key &target, Record &found) const;

 DH Bach Khoa Tp. ISP EM$38® 04 Cong nghé Thong tin
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Giai thuat thém phan tir dung bang
Hash dia chi mo’

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

1. probe = hash(input_key)

3. while (table[probe] khéng rong) //Co dung doé
//Dung céc 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

2. increment = 1 /Dung khi dung do

— — i T —
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Ma C++ thém phan tir dung bang
Hash dia chi mo’

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;
increment += 2;
}
if (table[probe] == null) table[probe] = new_entry;
else if (table[probe] == new_entry) result = duplicate_error;
else result = overflow;

return result;

}

— — i T —
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Phwong phap noi két (chained hash
table)

L — - 'JT_
—HL

— .

— = g1

—HL

—1 - 1

—HL

—HL

[ JT_ = = =
—HL

—H1

— = —
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Loi ich cia phwong phap noi ké

® Néu so lwgng mau tin Ion: tiét kiém vang nho.
= Giai quyét dung do: don gian la day vao cung
MmOt danh sach lién két.
# Bang hash nhé hon nhiéu so v&i sO lwgng mau
tin.
5 X6a mét phan tir 1a don gian va nhanh chong.
® D6 phire tap khi tim kiém:
@® Néu c6 n mau tin, va bang hash co kich thwée m
@ DO dai trung binh cua DSLK la n/m

— — i T —
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Thiet 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];

%
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Thiet ké cac phwong thirc cia bang
Hash noi ket

u Constructor:
@® Goi constructor ciia moi danh sach trong array:.

ul Clear:

® Goi phwong thirc clear cho moi danh sach trong array.
u Retrieval:

@ sequential_search(table[hash(target)], target, position);
® |nsertion:

@ table[hash(new_entry)].insert(0, new_entry);
u Deletion:

& remove(const Key type &target, Record &x);
@® Néu tim thay trong danh sach twong (rng thi x6a di

— — i
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Danh gia phwong phap dung bang
Hash

# load factor A = sO mau tin/kich thuwdc bang has

® Tim kiém v&i bang hash noi két:
@ 1+(1/2)\ phép thtr khi tim thay
& A phép thr khi khéng tim thay.

# Tim v&i bang hash dia chi mé (thtr ngau nhién):
@ (1/N)In (1/(1-A)) phép th khi tim théy
@ 1/(1-A) phép thtr khi khéng tim thay

® Tim v&i bang hash dia chi mé (thd tuyén tinh):
@ (1/2)(1 + 1/(1-X)) phép th khi tim théy
@ (1/2)(1 + 1/(1-A)?) phép thtr khi khong tim théy

(B Bach Knoa Tp.ACH P4<3{Rnoa Cang nghe Thang tin] ——3|__
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So sanh cac phwong phap

Theoretical comparisons:

Load factor 0.10 050 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 1.4 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. —
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So sanh cac phwong phap (tt.)

Empirical comparisons:

Load factor 0.1 0.5 0.8 0.9 099 2.0
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 0.50 080 0.90 0.99 2.00
Open, Quadratic probes 1.13 2.2 52 119 126. —
Open, Linear probes 1.13 2.7 154 59.8 430. —

rDH Bach Khoa Tp.ﬁW’FT%@%oa Cong nghé Thong ting a—ef nips/b comtaliSEiigng 9. m
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Chuwong 10: Cay nhi phan
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Pinh nghia

u Cay nhi phan
@® Cay rong
® Hoac co mdt node goi la goc (root) va 2 cay con goi
la cay con trai va cay con phai

= Vi du:
@ Cay rong:
@ Cay co 1 node: 1a node goc

@ Cay co0 2 node: Q Q
of X

E)H Bach Khoa TB.IQW”‘M% Cong nghé Thong tin[ _;ar S EEHG O TSy nhi phan
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Cac dinh nghia khac

® Mure:
@ Node goc & murc 0.
@ Node gOc cla cac cay con cila mot node & mirc m 1a
m+1.
# Chiéu cao:
@ Cay rong la 0.
@ Chiéu cao I&n nhat cta 2 cay con cdng 1
@ (Ho&c: mire I&n nhat cla cac node cong 1)
5 Puwong di (path)
@ Tén cac node cua qua trinh di tir node goc theo cac
cay con dén mot node nao do.

s EKEHE 40 CEy nhi phan

— — i
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Cac dinh nghia khac (tt.)

= Node trwdc, sau, cha, con:

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

@ Node x la cha node y (node y la con node X), Néu
trén dwong di dén y node x nam ngay trwd'c node .

# Node Ia, trung gian:
@ Node |a la node khéng c6 cay con nao.
@ Node trung gian khéng la node goc hay node Ia.

— — i T —
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Cac tinh chat khac

# Cay nhi phan day du, gén day dau:
< Day du: cac node 14 luébn nam & mirc cao nhat va
cac nut khéng 1a nut 14 cé day dd 2 nhanh con.

® Gan day du: Glong nhw trén nhwng cac node 14 nam
& mirc cao nhat (hodc trwdc dé mét murc) va lap day
tlr bén trai sang bén phai & mdc cao nhat.

® Chiéu cao cua cay c6 n node:
@ Trung binh h=[lg n] + 1
@Paydah=Ig(n+1)
® Suy bién h=n

® SO phan t& tai mire i nhiéu nhat 1a 2

— — i T —
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Phép duyét cay

® Duyét qua tirng node cla cay (moi node 1 1an)
u Cach duyét:
@ Chinh thrc: NLR, LNR, LRN, NRL, RNL, RLN

® Chuan: NLR (preorder), LNR (inorder), LRN
(postorder)

E)H Bach Khoa T}.ﬁﬁﬂ%oa Cong nghé Thong tinL_L‘ﬁ[
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Vi du vé phép duyét cay NLR

Kétquw ABDH I NEJOKCF LPGM
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Vi du vé phép duyét cay LNR

Kétqu: HDN | B JOEKAFPLCMG
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Vi du vé phép duyét cay LRN

Kétqu: HN | DO JKEBPLFMGCA
rE)H Bach Khoa Tp.ﬁW’FT%oa Céng nghé Thong ting ;_{ ies/E1PEHG 410 Cay nhi m
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Cay lién keét

Jim
Pl ™
Dot Ron
PN AN
Amy Guy Kay Tim
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Thiet ke cay lien ket

template <class Entry>
struct Binary _node {

Il data members:

Entry data;

Binary node<Entry> *left, *right;

Il constructors:

Binary_node( );

Binary node(const Entry &x);

template <class Entry>

class Binary_tree {

public:
I/l Add methods here.

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

5

— — i T —
E)H Bach Khoa Tp.ﬁWr‘Moa Céng nghé Thong tinL_;ﬁr,_

NS/ ERPEHG 10 Cay nhi phan



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Khé&i tao va kiém tra rong

E)H Bach Khoa Tp. IHEHF

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

5

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

5
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Thiéet ké cac phép 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);

}

— — i T —
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Giai thuat duyét cay inorder

Algorithm recursive_inorder
Output: két qua phép duyét

1. if (cAy con khdng rong)

End recursive_inorder

Input: subroot 1a con tré node gdc va ham visit

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 cia subroot

— — i T —
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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);
}
}

E)H Bach Khoa T—p.ﬁﬁ%’r‘woa Cong nghé Thang tinl__t‘ﬁr,_
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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;

- - y e ——— = ‘ T ——
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Cay nhi phan tim kiém — Binary
search tree (BST)

u M6t cay nhi phan tim kiém (BST) 1a mot cay nhi
phan rong hodc moéi node clia cay nay co cac
dac tinh sau:

@ 1. Khoa cua node goc Ion (hay nhd) hon khéa cula
tat ca cac node cua cay con bén trai (hay bén phai)
@ 2. Cac cay con (bén trai, phai) la BST
% Tinh chat;
® Chi can dac tinh 1 1a dd
@ Duyét inorder sé dwgc danh sach cé thu tw

NS/ ERPEHG 10 Cay nhi phan
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Vi du BST

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

= Node cuwce trai (hay phai):
@ Xuat phat tir node goc
@ Di sang trai (hay phai) dén khi khdong di dwoc niva
u Khéda cla node cwec trai (hay phai) 1a nhd nhat
(hay I&n nhat) trong BST
® BST la cay nhj phan cé tinh chat:

® Khoa cuia node goc Idn (hay nhd) hon khoa clia
node cuwc trai (hay cuwc phai)

— — i T —
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Thiét ké BST

template <class Record>
class Search_tree: public Binary tree<Record> {
public:

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:

/I Add auxiliary function prototypes here.

5

/IViét lai phwong thirc chén vao, loai bd dé dam bao van 14 BST
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Tim kiém trén BST

® Chon hwéng tim theo tinh chat cia BST:
@ So sanh v&i node gbc, néu dung thi tim thay
® Tim bén nhanh tréi (hay phai) néu khoéa can tim nhé
hon (hay I&n hon) khéa cua node goc
# Giong phwong phap tim kiém nhi phan
® Thoi gian tim kiém
@ Tot nhat va trung binh: O(Ig n)
® Té nhat: O(n)

— — i T —
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Giai thuat tim kiém trén BST

Algorithm BST_search , ‘
Input: subroot la node goc va target la khoa can tim
Output: node tim thay

1. if (cay rong)
1.1. return not_found
2. if (target trung khda v&i subroot)
2.1. return subroot
3. if (target c6 khdéa nhé hon khoda 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

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);

}

(Binary_node<Record>* sub_root, const Record &target) const {

— — i T —
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Ma C++ tim kiém trén BST
(khong dé qui)

template <class Record>
Binary _node<Record> *Search_tree<Record> :: search_for_node

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;

}

(Binary_node<Record>* sub_root, const Record &target) const {

— — i T —
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Phwong thirc tree_search

template <class Record>

Error _code result = success;

if (found == NULL)
result = not_present;
else
target = found->data;
return result;

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

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

 DH Bach Khoa Tp. ISP EM$38® 04 Cong nghé Thong tin
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Vi du tim kiem trén BST

RiegEio Hom

S6 node duyét: 5
Sé lan so sanh: 9
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Vi du tim kiem trén BST

Kbéde rjdaiimd Heem

S6 node duyét: 5
Sé lan so sanh: 10
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Thém vao BST
O 2 2 2
S &
d
(a) Insert @ (b) Insert b (c) Insert d

d

(d) Insert f (e} Insert &
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Giai thuat thém vao BST

Algorithm BST _insert , ‘
Input: subroot la node géc va new_data la dir li€u can thém vao
Output: BST sau khi thém vao

1. if (cay réng)
1.1. Thém vao tai vi tri nay
2. if (target trung khda v&i subroot)
2.1. return duplicate error
3. if (new_data c6 khda nhd hon khoda 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

— — i T —
 DH Bach Khoa Tp.ﬁﬁﬂ““ ‘Khoa Céng nghé Thdng tin ‘ﬁr_
1 L 1

PSRNG40 Cay nhi phan



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Ma C++ them vao BST

template <class Record>
Error _code Search_tree<Record> :: search_and_insert

if (sub_root == NULL) {
sub_root = new Binary _node<Record>(new_data);
return success;
}
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;

(Binary _node<Record> * &sub_root, const Record &new_data) {

— — i T —
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Algorithm BST _insert , ‘
Input: subroot la node goc va new_data la dir liéu can thém vao
Output: BST sau khi thém vao

1. parent |a réng va left_or_right 1a “left”
2. while (subroot khdong rong)
2.1. if (target trung khoa v&i subroot)
2.1.1. return duplicate_error
2.2. if (new_data c6 khéa nho hon khéa cua subroot)
2.2.2. parent la subroot va left_or_right Ia “left”
2.2.1. Chuyén subroot sang nhanh trai ctia subroot
2.3. else
2.3.2. parent la subroot va left_or_right Ia “right”
2.3.1. Chuyén subroot sang nhanh phai ctia subroot
3. if (subroot la rong) //Thém vao tai vj tri nay
3.1. if (parent |a 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
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Xéa mot node 1a khoi BST

Delete x

—_—.

X

1. Xoa node nay
2. Gan lién keét tr cha cua n6
thanh rong

rDH Bach Khoa Tp.ﬁW’[@’TWoa Cong nghé Thong ting mel.( s RPEHG 40 CAy nhi phan [ j*—@
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Xéa mot node chi c6 mot con

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

Delete x

- - ..U X V ...

B. Khdng con node nao trong cay
c6 dworng dan cé dang nhw vay.
C. Sau khi x6a node x, dwdng
X V| dan dén cac node cla cay con v
cO dang:

R VI VAR
D. Pwéng dan cia cac node khac
trong cay khong doi.
E. Trwde do, cac node cua cay
con v nam trong nhanh con cla x
1. Gan lién két tir cha cda no la bén trai (bén phai) clia u va bay
xudng con duy nhat ctia nd gi®& cling nam bén trai (bén phai)
2. Xb6a node nay clia u nén van thda man BST

[BT-I Bach Khoa—ﬂo.ﬁWF%a Cong nghé Thang tin| _;-a[\n s GG 40" Cay nhi phan | Jﬁ@
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Xéa moét node c6 du 2 nhanh con

A. Puwdng dan dén cac node ctia cay con v va z ¢6
dang: |

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

S § R 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 cla cac node clia cay con v
w nhd hon tat ca khéa ciia cac node cua cay con z

PH Bach Khoa Tp.HER ™ Khoa Céng nghé Thong tin 4 s /KRG 40 CAay nhiphan |~ @,
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X6a mét node c6 du 2 nhanh con (tt.)J{}

Replace x by w
—_—

W is predecessor
of X

W e

Delete
original w

——

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

2. Thay x bang w

3. Xo6a node w cii (gibng trwdng hop 1 hodc 2 da xét)

-

PH Bach Khoa Tp. M 4548 ®h0a Cong nghé Thong tin f-%[r
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Giai thuat x6a mét node

Algorithm BST_remove_root
Input: subroot Ia node gbc can phai xéa
Output: BST sau khi x6a xong subroot

1. if (trwdng hop 1 hoac 2)  //subroot la node la hodac co6 mét con

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 ctia to_delete khéng rong)
2.2.1. di chuyén to_delete sang node con phai

2.2. Thay di liéu cha subroot bang di¥ liéu cua to_delete
2.4. Call BST _remove _root v&i to_delete

End BST remove_root

1.1. Gan lién két cha dén réng hodc nhanh con duy nhat cia subroot

— — i T —
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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; }

— — i T —
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Cay can bang chiéu cao - AVL

# Cay can bang hoan toan:
@ SO node cla nhanh trai va nhanh phai chénh nhau
khong qua 1.

® PN cay AVL.:
&® BST
@ Tai node bat ky, chiéu cao nhanh trai va nhanh phai
chénh nhau khong qua 1.
® Ky hiéu cho moi node cuia cay AVL:
@ Node can bang: -’
& Nhanh trai cao hon: */’
& Nhanh phai cao hon: Y\

— — i T —
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Vi du cay AVL

Khéng phai cay AVL

rE)H Bach Khoa Tp.ﬁW’FT%oa Cong nghé Thong ting 64 oS KNG 10" Cay nhi



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

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:
Il Add auxiliary function prototypes here.

5
— — i T —
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Vi du 1 thém vao cay AVL
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Vi du 2 thém vao cay AVL

K, m: K u: m
o Hotate
left
a m — - K u

I v
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Vi du 2 them vao cay AVL (tt.)

Double
rotation
left
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Cac trang thai khi thém vao

/®\ /@\ /®\

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

/®\ /®\ /®\

Chiéu cao cay tding  Chiéu cao cay khdng ddi  Mat can bang bén phai
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Can bang cay AVL — Quay don

° root right_tree
right_tree
root
Kotate
lett
—_—
h 4 Tl

h+14]| T

hi| Tz lh+14| T hi|T,| hi|lT:

Binary _node<Record> *right_tree = root->right;

root->right = right_tree->left;
right_tree->left = root;
root = right_tree;

rDH Bach Khoa Tp. ISR P42 ®hoa Cong nghé Thang tinE -ﬁﬁr "PIORTIBHG 01 Cay nhi phan [ -
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Can bang cay AVL — Quay kép dﬁ

sub_tree

becomes

o right_tree ——

right_tree

[ ]
| Binary_node<Record> *right_tree = root->right;
Binary _node<Record> *sub_tree = right_tree->left; hil T
root->right = sub_tree->lefft;
right_tree->left = sub_tree->right;
| sub_tree->left = root;

| sub_tree->right = right_tree;
=== root = sub_tree;

old tree
Hoac:

rotate_right(right_tree);
rotate_left(root);
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Cac trang thai khi x6a node

rDH Bach Khoa ﬁa.ﬁﬁ%’@%@%oa Céng nghé Thong tinE -hﬁr

Ty

T2

Ty

T2

F ]
1 L=y
A5

Ty

Th

P D
Height
unchanged

T2

D o (C)e
/[Dx_ Height
reduced

T3
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Cac trang tha

h=14

h—11

E)H Bach Khoa Tp.IGERP]

h—14

h—14

T,

Moa Cong nghé Théng tin

by
I

ai khi x6a node (tt.)

()«
— p()

Ts
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Cac trang thai khi x6a node (tt.)

r
o q
Height
h—1 r reduced
Tallh-2]| T2

h_1 -Ir-l Foor 9 h_1. -Ird_
et h-1
Deleted

Lase A

E,TE)H Bach Khoa TB.ﬁW”‘Moa Cong nghé Thong tinL_L‘ﬁ[
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Vi du x6a node cua cay AVL

[nitial:

Adjust
|;:_||.:||'|| o

lactors

rDH Bach Khoa Tp.ﬁW’FT%@‘B&hoa Cong nghé Thong ting .;_{ oS KNG 10" Cay nhi m—j



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Vi du x6a node cua cay AVL (tt.)

Rotate

Double rotate
ripht around m:
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CAU TRUC DO LIEU VA" ¥
GIAI THUAT (501040) /" 4

Chuwong 11: Cay da phan
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Pinh nghia

® Cay da phan

@ Cay rong

@ Hoac co mdt node goi la goc (root) va nhiéu cay con.
® Biéu dién:

@® Mb6i node gdm c6 nhiéu nhanh con

® Mbi node co 2 lién két first_child va next_sibling

@ Dung cay nhi phan

E)H Bach Khoa T}.ﬁﬁﬂ%oa Cong nghé Thong tinL_L‘ﬁ[

https://f@ﬁﬂzgjhegdiﬂchéy da phan



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

first_child: black; next_sibling: color

4

V
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Biéu dién dang nhi phan

IWi 10l p
first_child {left) links: black

next_sibling (right) links: color

Nhi phan:
left = black

q right = color

O
P

O
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Thiét ké Trie

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

Trie_node *root;

5

const int num chars = 28;

struct Trie_node {
I/l data members
Record *data;
Trie_node *branch[num_chars];
Il constructors
Trie_node( );

};

E,TE)H Bach Khoa TB.ﬁW”‘Moa Cong nghé Thong tinL_L‘ﬁ[
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Giai thuat tim kiém trén Trie

Algorithm trie_search
Input: target la khoa cé’n tim
Output: mau tin tim thay

1. Bat dau tim tlr node root véi ky tw dau tién cua target

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

3. if (co node va dir liéu cia n6 khac rong)
3.1. return di¥ liéu cua node nay

4. return not_present

End trie_search

— — i T —
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Ma C++ tim kiém trén Trie

Error_code Trie :: trie_search(const Key &target, Record &x) const {
int position = 0;
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;

}

— — i T —
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Giai thuat thém vao Trie

Algorithm trie_insert ‘
Input: new_entry la di¥ liéu can thém vao
Output: cay sau khi thém vao di¥ lieu moi

1. if (cay réng)
1.1. Thém node m¢oi vao day
1.2. Két thuc
2. Bat dau tlr node root va ky tw dau tién trong khéa ctia new_entry
3. while (vAn chwa xét hét chubi clia khda cia 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 co6 dir liéu vao
3.2.1. Thém mot node c6 dir liéu rong vao day
3.3. Nhay dén node con twong &ng v&i vi tri ciia next_char
3.4. Xétky tw ké tiép cua khoa
4. Thém dir liéu vao node hién tai

End trie_insert

- - y e ——— = ‘ T ——
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Ma C++ them vao Trie

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

Error_code result = success;

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

int position = 0;

char next_char;

Trie_node *location = root;

while ((next char = new entry.key letter(position)) I="") {
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;

}

— — i - = . .
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Panh gia trie

® Tim kiém: Lan so sanh = chiéu dai khoa

® Tl dién tieng Anh 100.000 ttr, chiéu dai toi da
15 ky tw:
® Trie: SO lan so sanh toi da = 15

@ Tim nhi phan = k*Ig (100.000) = 17k (k: chiéu dai
trung binh cla tir tiéng Anh)

 DH Bach Khoa Tp. ISt EM$<8%h 04 Cong nghé Thong tin ‘ﬁ(_
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Cay da phan tim kiém

Cay da phan tim kiém ”
bac m: moéi node co ti da
m nhanh con -l Bl B8 AU A

!
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Cay da phan can bang (B-tree)

1 M6t B-tree bac m 1a mét cay da phan tim kiém
bac m:
@ 1. Tat ca cac node la & ciing mét mirc.
® 2. Tat ca cac node trung gian trir node goc c6 toi da
m nhanh con va t6i thieu m/2 nhanh con (khac réng).

@ 3. SO khéa cuia mébi node trung gian it hon mét so voi
sO nhanh con va phan chia cac khoa trong cac nhanh
con theo cach cua cay tim kiém.

® 4. Node goc c6 toi da m nhanh con, i thiéu 1a 2
nhanh con khi node goc khong la node la hoac khong
c6 nhanh con khi cay chi cé node goc.

— — i
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Vi du B-tree

B-tree bac 4 ;
[ » | =]
d|g o|s|w
a5 A D ol L Bl
alb|ec e f USRS ml|n plaglr tlulwv X|\y|z

I
|
|||——-
Ill——l
|
Ill——l
e
|——I
| |»
|__.
|__..
|_"'""I
|——-
Ill——l
=
|
|
|||——-
e
[~
|
Ill——l
e
I
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;
Il Add private auxiliary functions here.

5

template <class Record, int order>
struct B_node {

/I data members:

int count;

Record datajorder — 1];

B _node<Record, order> *branch[order];

Il constructor:

B _node();

};
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Giai thuat tim kiem trén B-tree

Algorithm search_B_tree ‘
Input: subroot Ia goc cua cay va target |a khéa can tim

Output: di¥ liéu tim thay

1. if (cAy rong)
1.1. return not_present

2. else
2.1. Tim target trén dir liéu cua subroot

2.2. if (tim théy)
2.2.1. return d@ liéu tim thay

2.3. else
//Tim khéng thay sé ngtrng tai vi tri c6 khéa vira I6n hon khda can

//tim, & d6 c6 lién két dén nhanh con gom céc khéa nhé hon né.
2.3.1. Nhay dén nhanh con cua vi tri khdng 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 = 0;
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
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Théem vao B-tree (tt.)
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Théem vao B-tree (tt.)
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Théem vao B-tree (tt.)
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Xoa gia tri tren B-tree

1. Delete h, r:

Promote s
m Jx'|Js and delete from leaf
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Xoa gia tri tren B-tree (tt.)

2. Delete p:

Pull s down;
pull tup
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Xoa gia tri tren B-tree (tt.)
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