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Software: C/C++ edittor

c--
e BC++, TC++

e C-Free is a professional C/C++ integrated
development environment (IDE) that support multi-
compilers. Use of this software, user can edit, build,
run and debug programs freely.

With C/C++ source parser included
e Lightweight C/C++ development tool.
e http://www.programarts.com/cfree_en/



C/C++ edittor: demo
I

e Find max of 3 numbers: a,b,c
- Using scanf, prinf (C standard)

- Using cin, cout (Cpp)

=10l

pgram Files',C-Free 3.5' samples’ CppHella.cpp]
fiew Project Bulld Debug Tools Window Help

x|
x|

=0 A AR Y A

d 1 #include <stdio.hs>

2 #include <conio.h>
vold main ()

4 {

5int a,b,c;
Epminti{tnhap sl
fgcanf (" d:dxd", &ga, &b, &) ;
5 int max=a;

91f (brmax) max=b;

10 1f {(cxmax) max=c;

N printf{"max= %d",max) ;

12 ]

I
=]

g | H




CHAPTER 0: INTRODUTION
S

e What is Data Structures?

— A data structure is defined by

e (1) the logical arrangement of data elements,
combined with

e (2) the set of operations we need to access the
elements.



Atomic Variables
.

e Atomic variables can only store one value at
a time.

Int num;
float s;

e A value stored in an atomic variable cannot
be subdivided.



What is Data Structures?

e Example:library

- Is composed of elements /¢ j oo
(books)

5\ ( numan anatomy )\

- Accessing a particular T i T
book requires knowledge 11 BERI HEE
of the arrangement of the Uil u_‘g §_j¥/

bOOkS Alphebetical order by title

- Users access books only ST
. . § g g |= % Tl=|® &
through the librarian 4l BUHEHHEH
the logical arrangement of data elements; qg HHEEEHEHEER
combined with § BLEEUNEEN
the set of operations we need to access the ~ — - =" = = - =

elements. T



Basic Data Structures
I

e Structures include
- linked lists
- Stack, Queue
— binary trees
— ...and others



What is Algorithm?

.
e Algorithm:

- A computable set of steps to achieve a desired
result

- Ralationship to Data Structure
e Example: Find an element

2) (@ (&)
W e & @

(230456




Sumary
c—

Algorithms + Data Structures = Programs

Algorithms <— Data Structures



Chapter 0: C LANGUAGE
T
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POINTERS
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ADDRESS OF EACH ELEMENT IN AN ARRAY

ACCESSING & MANIPULATING AN ARRAY USING
POINTERS

ANOTHER CASE OF MANIPULATING AN ARRAY USING
POINTERS

TWO-DIMENSIONAL ARRAY
POINTER ARRAYS
STRUCTURES

10. STRUCTURE POINTERS



Chapter 0: C LANGUAGE

.
1. ADDRESS

For every variable there are two attributes:
address and value

4096

"Dave"

45

"Matt"

In memory with address 3: value: 45. 955

In memory with address 2: value "Dave" “whru"

O~ | O P | Cad (Y | =

0

"Zero"

cout << "Value of 'y'is: " <<y << "\n";
cout << "Address of 'y'is: " << &y << "\n\n"};




Chapter 0: C LANGUAGE

.
2. POINTERS

1. Is a variable whose value is also an address.

2. A pointer to an integer is a variable that can
store the address of that integer

ia: value of variable

1000, 1 10

&ia: address of ia

*la means you are printing the value at the |
location specified by ia 4000, 1a — 1000




Chapter 0: C LANGUAGE
T

inti; ITA
int*ia; //B
cout<<"The address of i "<< &i << " value="<<j<<endl;
cout<<"The address of ia " << &ia << " value =" << ja<< end]l;

1=10; /IC
ia =&i; /ID

cout<<"after assigning value:"<<endl;
cout<<"The address of i "<< &i << " value="<<j<<endl;
cout<<"The address of ia " << &ia << " value =" << ja<< " point to: "<< *ia;




Chapter 0: C LANGUAGE
T

Points to Remember

* Pointers give a facility to access the value of
a variable indirectly.

* You can define a pointer by including a *
before the name of the variable.

* You can get the address where a variable is
stored by using &.




Chapter 0: C LANGUAGE
T

3. ARRAYS

1.
2.

An array is a data structure

used to process multiple elements with the same data
ftype when a number of such elements are known.

An array is a composite data structure; that means it
had to be constructed from basic data types such as
array integers.

1. int a[5];
2. for(int i = 0;i<5;i++)
1. {afi]=i; }



Chapter 0: C LANGUAGE

4. ADDRESS OF EACH ELEMENT IN AN
ARRAY

Each element of the array has a memory
address.

void printdetail(int a[])
{

for(int i = 0;i<5;i++)
{

cout<<"value in array “<< a[i] <<" at address: “ << &a[i]);

}



Chapter 0: C LANGUAGE

5. ACCESSING & MANIPULATING AN
ARRAY USING POINTERS

You can access an array elementby using a pointer.
If an array stores integers->use a pointer to integer to
access array elements.

vold printarr usingpointeriint al]]
d

PhE Zpis
pi=a;
for{int i = 0;1i<5;14+4)

d

coubt<<"value array:" << *pi << " addresg: "<< pi<<endl;

pilt+;
;




Chapter 0: C LANGUAGE

6. ANOTHER CASE OF MANIPULATING AN
ARRAY USING POINTERS

The array limit is a pointer constant : cannot
change its value in the program.

int a[5]; int *b;
a=b; /lerror
b=a; //OK

vold print usingptr a{int a[])

{ It works correctly even using

at+ ?7?
for{int 1 = 0;1<5;1+4)
feout<da[" << 1 << "]=" <<*Fa<d<endl;

at+; !}




Chapter 0: C LANGUAGE

i
/. TWO-DIMENSIONAL ARRAY

int a[3][2];

}

}

int al[3][2];
Toriint. .t = Eie3iid+)
3 1 for{int j=0;3<2 ;j++)
5 2 {
d
g 7 alil [Jl=i+3+i*7;

vold print usingptriint al[][Z2]]
i
BE g e
b=al[0];
For(int Is= Dpi<oritt)
i

cout<<"value " << Fh<<" 1in addre=ss=: "<<b<<endl;

btt; )




Chapter 0: C LANGUAGE

i
8. POINTER ARRAYS

e You can define a pointer array (similarly to an array of

integers).

e In the pointer array, the array elements store the
pointer that points to integer values.

int *alh]:
main ()
{ int 1l1=4,1i2=3,13=2Z,14=1,15=0;
al[l]l=&1l;
alll=&12;
af2l=g33;
a[3]1=&14;
al[4]=&15;

printarr (a) ;
printarr usingptri(a);

vold printarr(int *a[])
{
printf ("AddresslitAddress2itvaluein”);
for(int J=0;7<5;]++)
{
cout<<*al 1] <<t "<<a[]1<<"t"<<qa[]] <<endl;
)




Chapter 0: C LANGUAGE

.
9. STRUCTURES

Structures are used when
you want to process data of
multiple data types

But you still want to refer to
the data as a single entity

Access data:
structurename.membernam

e

struct student

|
char name[30];
float marks;

b

main | |

!
student ztudentl;
chat &1l [30]5float £
cinr»»studentl. name;
cin>>studentl.marks;

cout<<"MName 12:"<<studentl.name;
cout<< "Marks are:" << studentl.marks;




Chapter 1: C LANGUAGE

i
10. STRUCTURE POINTERS

Process the structure using a structure pointer

struct student
I char name[30];
Tloat marks; '
main [ )
|
struct student *studentl:
struct student studentZ:
studentl = &student?Z;
cinrrstudentl-»name; 7/ cinx>({*studentl).name;
cinrrstudentz.marks;
cout<< (Fztudentl) . name<<" : " << studentZ.marks;




CHAPTER 2: FUNCTION & RECURSION
d——

e 1. FUNCTION
. THE CONCEPT OF STACK

THE SEQUENCE OF EXECUTION DURING A
UNCTION CALL

1

2

3

F

4. PARAMETER PASSING

5. CALLBY REFERENCE

6. RESOLVING VARIABLE REFERENCES
/. RECURSION

8. STACK OVERHEADS IN RECURSION
9. WRITING A RECURSIVE FUNCTION
10. TYPES OF RECURSION



CHAPTER 2: FUNCTION & RECURSION

.
e 1. FUNCTION

— provide modularity to the software
— divide complex tasks into small manageable tasks
— avoid duplication of work

int add (int x, 1nt )
d
T 2
Zo0S HoE Wa
reLirn =4




CHAPTER 2: FUNCTION & RECURSION

i
e 2. THE CONCEPT OF STACK

- A stack is memory in which values are stored and
retrieved in "last in first out" manner by using

operations called push and pop.

Slack

B
A

Pop(} =>C

Push (

D
B
A

A)

Pushi{D)

B

Push (B}

B
A

Pop()=>D

=

Push(C)

A

Pnp::r- B




CHAPTER 2: FUNCTION & RECURSION

e 3. THE SEQUENCE OF EXECUTION DURING A
FUNCTION CALL

- When the function is called, the current execution is
temporarily stopped and the control goes to the called
function. After the call, the execution resumes from the point
at which the execution is stopped.

— To get the exact point at which execution is resumed, the
address of the next instruction is stored in the stack. When
the function call completes, the address at the top of the
stack is taken.



CHAPTER 2: FUNCTION & RECURSION

e 3. THE SEQUENCE OF EXECUTION
DURING A FUNCTION CALL

-~ Functions or sub-programs are implemented
using a stack.

— When a function is called, the address of the next
iInstruction is pushed into the stack.

- When the function is finished, the address for
execution is taken by using the pop operation.



CHAPTER 2: FUNCTION & RECURSION

e 3. THE SEQUENCE OF
EXECUTION DURING A
FUNCTION CALL

e Result:?

mairy [ )

d
ok g A%
Lk B g B o
2 gl e G
pEinEf
printft

h

T e i e b

{
printt
printft

Te ()2

printf
printf
i
vold £2 ()
{
printft
printft

-

e T e
= -
-

FF | ll'u. T rr:l 3

ks e s T T < B Vi
ErEI=6 wvni

R E=T L
(EI=8" XNm)s

("E2-9 Wn") ;
("£2-10 “n");




CHAPTER 2: FUNCTION & RECURSION

c -
e 4. PARAMETER * REFERENCE PASSING
— passing by value
e the value before and after the call remains the same

— passing by reference
e changed value after the function completes

1;_r.;:.1.:j_ Elﬂt T-'-T]_,;:' V':'ld I:lI“lt &]“i}
{ {
*} = *k 4+ 10: k= k + 10;




CHAPTER 2: FUNCTION & RECURSION

i
e 6. RESOLVING VARIABLE REFERENCES

When a variable can
be resolved by using
multiple references,
the local definition is
given more preference

inte1 =03 FAGlobaliwariable

main )

!
EhEsE Jif. leocal wariablesfor-main
rard £liverdy
i =0;
cout<<"value of i in main: "<< 1 <<endl:
£11();

cout<<"value of i after call:"” << i1i<<endl:
}
void f£1.0)
!
int,4=0; /flocal wvariable for f1
1 =50




CHAPTER 2: FUNCTION & RECURSION
e /. RECURSION rescn; 20

— A method of
programming
whereby a function }
directly or indirectly
calls itself

- Problems: stop }
recursion?

The Test{} function is
rsive because it calls itself
as part of its own execution.

Function Test(}){ |

Test(); ©

Function Test () {

fCall
Test();

Function Test ()|

TEStIE:;a'




CHAPTER 2: FUNCTION & RECURSION

.
e /. RECURSION

Example: Factorial

o The factorial 1= defined 1 this way:

1 1 n=~>0
il —
l 2% ---xn n>=0

This can be computed by a loop.

e We can also define the factorial as:

1 n="I[
nl =
nx(n—1) n=Ii

So, 1f we know how to compute the factorial of 7 — 1, we know how to
compute the factorial of n.



CHAPTER 2: FUNCTION & RECURSION

e /. RECURSION:
Hanol tower




CHAPTER 2: FUNCTION & RECURSION

.
e /. RECURSION

Example: Factorial

int factorialiint n) // assumes n >= 0
{
if (n == 0)
raturn 1,
alsa
raturn n * factorialin-1);

}

To see how the computation 18 done, trace factorial (3):

3 # factorial(2)

3 % (2 % factorial(i))

3 % (2 % (1 % factorial(0)))
3% (2 % (1 = 1))

factorial(a)



CHAPTER 2: FUNCTION & RECURSION

i
e 3. STACK OVERHEADS IN RECURSION

- two important results: the depth of recursion and
the stack overheads In recursion



CHAPTER 2: FUNCTION & RECURSION

i
o 9. WRITING A RECURSIVE FUNCTION

Recursion enables us to write a program in a
natural way. The speed of a recursive program
Is slower because of stack overheads.

In a recursive program you have to specify
recursive conditions, terminating conditions, and
recursive expressions.



CHAPTER 2: FUNCTION & RECURSION

o000
e 10. TYPES OF RECURSION
— LINEAR RECURSION (tuyén tinh)
— TAIL RECURSION (dubi)
- BINARY RECURSION (nhi phan)
- EXPONENTIAL RECURSION (da tuyén)
- NESTED RECURSION (Iong)
- MUTUAL RECURSION (twong hé)



CHAPTER 2: FUNCTION & RECURSION

i
e 10. TYPES OF RECURSION
- LINEAR RECURSION

e only makes a single call to itself each time the
function runs

int factorial {(int n)

d
1f {n == 10 )

return 1;
return n * factorialin-1);

;




CHAPTER 2: FUNCTION & RECURSION

i
e 10. TYPES OF RECURSION
- TAIL RECURSION

e Tailrecursion is a form of linearrecursion.

e In tail recursion, the recursive call is the last thing
the function does. Often, the value of the recursive

callis returned. [ipt gcdiint m, int n)
{

int r;

1f {(m < n) return gcdin,m);
I = m%n;

1f (r == 0} returnin;

else returnigcdin,r));




CHAPTER 2: FUNCTION & RECURSION

i
e 10. TYPES OF RECURSION
- BINARY RECURSION

e Some recursive functions don't just have one call to
themself, they have two (or more).

int choose{int n,

{
1f (k==

int ki

0 || n == kj

returni{l);

else return{choose(n-1,k) + choosein-1,k-1));




CHAPTER 2: FUNCTION & RECURSION

e 10. TYPES OF RECURSION
- EXPONENTIAL RECURSION

e An exponential recursive function is one that, if you
were to draw out a representation of all the function
calls, would have an exponential number of calls in
relation to the size of the data set

e (exponential meaningif there were n elements, there

would be O(a") function calls where a is a positive
number)



CHAPTER 2: FUNCTION & RECURSION

e 10. TYPES OF RECURSION
- EXPONENTIAL RECURSION

vold print array(int arr([], 1nt nj

{

int 1i;
for{i=0; i<n; i++) printf{"%d ", arr[il};
printf{"\n"};

}

vold print permutaticns (int arr[], int n, int i}
|

int J, swap;

print arrayi{arr, n};

for {j=i+1; J<n; J++) |

swap = arr[i]; arr[i] = arr[j]; arr[j] = swap;
print permutaticons{arrc, n, 1+1};
swap = arr[i]; arc[i] = arr([j]; arcl[j] = swap:;



CHAPTER 2: FUNCTION & RECURSION

i
e 10. TYPES OF RECURSION
- NESTED RECURSION

e In nested recursion, one of the arguments to the
recursive function is the recursive function itself

e These functions tend to grow extremely fast.

int ackermani{int m, 1nt n)

d
1f (m == 0) returnin+l);
else 1f (n == 0) returni{ackerman {m-1,1));
else returnl{ackerman (m-1,ackerman({m,n-1111);
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CHAPTER 2: FUNCTION & RECURSION

i
e 10. TYPES OF RECURSION
- MUTUAL RECURSION

e A recursive function doesn't necessarily need to call
itself.

e Some recursive functions work in pairs or even larger
groups. For example, function A calls function B which
calls function C which in turn calls function A.



CHAPTER 2: FUNCTION & RECURSION

e 10. TYPES OF RECURSION
- MUTUAL RECURSION

1nt 1s eveniunsigned 1nt nj
d
1f (n==0) return 1;
else returniis oddi{n-1};;

;

int 15 cddi{unsigned 1nt nj)
{

return (lis evenin});

;




Exercises 1: Recursion
o

o
A=K

B

S
S S

L

B ) S S

B S e S



Exercises 2: Recursion
o

e Convert number from H10->H2




Week3: Recursion Excercises (1)

e E1.(44/174) Write a program to compute: S
=1+ 2+ 3+ ...nusing recursion.



Week3: Recursion Excercises (2-3)
c... 0

e E3(a). Write a program to print a revert
number Example: input n=12345. Print out:
94321.

e E3(b). Write a program to print this number
Example: input n=12345. Print out:
12345.



Week3: Recursion Excercises (4)
I

e E4. Write a recursion function to find the sum
of every number in a int number. Example:
n=1980 => Sum=1+9+8+0=18.



Week3: Recursion Excercises (5)
=

e E4. \Write a recursion function to calculate:
- S=a[0]+a[1]+...a[n-1]

e A: array of integer numbers



Week3: Recursion Excercises (6)
=

e E4. Write a recursion function to find an
elementin an array (using linear algorithm)



Week3: Recursion Excercises (7)
c__

e Print triangle
% ? C d

a b




Week3: Recursion Excercises (8)
=

e Convert number from H,y->H,




Week3: Recursion Excercises (9)

.
e Minesweeper #- Minesweeper N s 4|

mame  Help




Week 4

i
CHAPTER 3: SEARCHING TECHNIQUES

1. LINEAR (SEQUENTIAL) SEARCH
2. BINARY SEARCH
3. COMPLEXITY OF ALGORITHMS



SEARCHING TECHNIQUES
S

e To finding out whether a particular element is
present in the list.

e 2 methods: linear search, binary search

e The method we use depends on how the
elements of the list are organized
— unordered list:
e linear search: simple, slow

— an ordered list
e binary search or linear search: complex, faster



1. LINEAR (SEQUENTIAL) SEARCH
S

e How??

- Proceeds by sequentially comparing the key with
elements in the list

— Continues until either we find a match or the end
of the list is encountered.

- If we find a match, the search terminates
successfully by returning the index of the element

— If the end of the list is encountered without a
match, the search terminates unsuccessfully.



1. LINEAR (SEQUENTIAL) SEARCH
S

void Isearch(int list[],int n,int element)
{ inti, flag = 0;
for(i=0;i<n;i++)
If( list[i] == element)
{ cout<<"found at position"<<i;

flag =1;
break; } flag: what for???

if( flag == 0)

cout<<“ not found”:



1. LINEAR (SEQUENTIAL) SEARCH

int Isearch(int list[],int n,int element)
{ inti, find=-1;

for(i=0;i<n;i++)
if( list[i] == element)
{find =i;

break;}
return find;

| e




2. BINARY SEARCH
S

e List must be a sorted one

e \We compare the element with the element
placed approximately in the middle of the list

e |If a match is found, the search terminates
successfully.

e Otherwise, we continue the search for the
key in a similar manner either in the upper
half or the lower half.
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void bsearch(int list[],int n,int element)
{

int l,u,m, flag = 0;

|=0; u=n-1;

while(l <= u)

{ m=(l+u)/2;

If( listim] == element)
{cout<<"found:"<<m;
flag =1;
break;}

else

if(listfm] < element)
| = m+1;
else
u=m-1;
}
if( flag == 0)
cout<<"not found";

}




BINARY SEARCH: Recursion
.

iInt Search (int list[], int key, int left, int right)
{
if (left <= right) {
int middle = (left + right)/2;
if (key == listfmiddle])
return middle;
else if (key < listimiddle])
return Search(list,key,left,middle-1);
else return Search(list,key,middle+1,right);

}

return -1;

}



3. COMPLEXITY OF ALGORITHMS
S

In Computer Science, it is important to measure the
quality of algorithms, especially the specific amount
of a certain resource an algorithm needs

e Resources: time or memory storage (PDA?)

e Different algorithms do same task with a different set
of instructions in less or more time, space or effort

t

t

nan other.
'he analysis has a strong mathematical background.

'he most common way of qualifying an algorithm is
ne Asymptotic Notation, also called Big O.




3. COMPLEXITY OF ALGORITHMS
S

e |tis generally written as & 1@ L T D

e Polynomial time algorithms,

- O(1) --- Constant time --- the time does not change in response to
the size of the problem.

— O(n) --- Linear time --- the time grows linearly with the size (n) of
the problem.

- O(n?) --- Quadratic time --- the time grows quadratically with the
size (n) of the problem. In big O notation, all polynomials with the
same degree are equivalent, so O(3n? + 3n +7) = O(n?)

e Sub-linear time algorithms
— O(logn) -- Logarithmictime

e Super-polynomial time algorithms
- O(n!)
_ 02"



3. COMPLEXITY OF ALGORITHMS
S

e Example1: complexity of an algorithm
void f (inta[], intn)

{

}

Inti;

cout<< "N ="“<< n;

for(i=0;i<n;i++)
cout<<ali];

printf ( "n" );

2 * O(1) + O(N)

O(N)




3. COMPLEXITY OF ALGORITHMS
S

e Example2: complexity of an algorithm
void f (inta[], intn)

{ inti
cout<< "N = “<< n;
for(i=0;i<n;i++)
for (int j=0;j<n;j++)

2 * O(1) + O(N)+O(N2)

cout<<alil<<al[j];

for (i=0;i<n;i++)
cout<<a[il; O(N2)
printf ( "n" );

}




3. COMPLEXITY OF ALGORITHMS

o ]
e Linear Search

_ o). n logon
e Binary Search LO 3
_ O(log2 N) 100 6
1,000 Q
10,000 13

100,000 16



Week 4

.
CHAPTER 4: SORTING TECHNIQUES
1. BUBBLE SORT
2. INSERTION SORT
3. SELECTION SORT
4. QUICK SORT
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SORTING TECHNIQUES
S

We need to do sorting for the following reasons :
a) By keeping a data file sorted, we can do binary
search on it.

b) Doing certain operations, like matching data in
two different files, become much faster.

There are various methods for sorting: Bubble sort,
Insertion sort, Selection sort, Quick sort, Heap sort,
Merge sort.... They having different average and
worst case behaviours:



1. BUBBLE SORT
S

Introduction:

Bubble sorting is a simple sorting technique in
which we arrange the elements of the list by
forming pairs of adjacent elements. That
means we form the pair of the ith and (i+1)th
element. If the order is ascending, we
interchange the elements of the pair if the

first element of the pair is greater than the
second element.
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1. BUBBLE SORT

ittt

Sorted

Bubble sort: end of First pass



1. BUBBLE SORT

S
void bsort(int list[], int n)

{
inti,j;
for(i=0;i<(n-1);i++)
for(j=0;j<(n-(i+1));j++)
if(list[j] > list[j+1])
swap(&list[j], &list[j+1]);



2. INSERTION SORT
S

Introduction:

Basic Idea: Insert a record R into a
sequence of ordered records: R1,R2,.., Ri
with keys K1 <= K2 <= ... <= Ki, such that,
the resulting sequence of size i+1 is also
ordered with respect to key values.



2. INSERTION SORT
S
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{Taller than marked player)




2. INSERTION SORT
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2. INSERTION SORT
S

Algorithm Insertion_Sort; (* Assume Ro has Ko = -maxint *)
void InsertionSort( ltem &list[])
{ /I Insertion_Sort
ltem r;
inti,j;
list[0].key = -maxint;
for (j=2; j<=n; j++)
{ r=list[j];
i=j-1;
while ( r.key < list[i].key )
{// move greater entries to the right
list[i+1]:=list[i];
1:=i-1;
3
list[i+1]=r// insert into it's place

}



3. SELECTION SORT
S

Selection sort is a simplicity sorting algorithm. It
works as its name as it is. Here are basic
steps of selection sort algorithm:

1. Find the minimum element in the list

2. Swap it with the elementin the first position
of the list

3. Repeat the steps above for all remainder
elements of the list starting at the second
position.



3. SELECTION SORT

to] (11 (2] (3] [4] (5] (6] [7] (e8] L[9]

ISE AN 16 30 24 7 25 62 45 5 65 50

samallasat
¥

(ol [1]1 [2]1 [2]1 [41 I[S51 I&] [‘?I*-". (2]l I[=]

list 16 30 24 7 25 62 45 5 &5 50

- unsorted listc



3. SELECTION SORT
S

e BWAD

Ty

e ~
[ﬂl;’El] [2] [3] [4]1 (5] [E?R}[T] [2] [2]

BTl 30 24 7 25 €2 45“55 50
= unsorted list

(ol [1] [2]1 [3] (4] [s] [e] (7] (e8] [¢]
list 30 24 7 25 62 45 16 65 50

unsorted list




3. SELECTION SORT
S

void selection_sort(intlist[], int n){
inti,j,min; for(i=0;i<n-1;i++){
min = i;
for (j =i+1;j <n; j++){
if (list[j] < listfmin]){

min = j;

}
swap(&list[i], &listfmin]);

}



4. QUICK SORT
c--

Unpartihhoned array

42 g9 =3 12 =a =7 T8 3 53 3G
Pivot
Parntion
Lefi ';1}1:- ATTAY | R[gjltl'zubarz'ﬁ}'
I 1R |
3 27 12 Ao 63 Ll | =1 7B a4z E-ﬂ L
I | I T 1
| 1 |
Left T Already Fight
Will be sorted Seorted Will be sorted
by first recursive by second recursive

call to recCuickSort) call fo recQuickSort()



4. QUICK SORT
.

Left subarray Faght subarray Prvot
| | |l | | -l
3 27 12 53 d = TE e L S 3
Left subarray Faght subarmaw
| I | | I |
3 27 12 3 I | = TE L S 53




4. QUICK SORT
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4. QUICK SORT
.

Chon ngau nhién mét phan tir X clia ddy (chang
han phan t&r dau tién) va c6 gang phan chia day
nay thanh 3 day con lién tiép nhau:

+
+
-+

Day 1: Gom n
Day 2: GOm n

D3y 3: GOm n

nrng p
nrng p

nrng p

nan t& nhé hon X.
nan tir bang X.

nan ter 1on hon X.

Sau do ap dung lai giai thuat nay cho day con thu
nhat va day con tht ba (day con nay c6 s phan
tr I&n hon 1).



4. QUICK SORT
.

Trude Khi xem xét chi tiét cda cdc gial thudt, ching ta st thue hién viée sp

xép mgt danh sach cu the ¢d 7 s0 nhu sau:
0 33 35 2919 12 22



Chung ta su dung vi du nay cho Quick sort.

Pé si dung Quick sort, trude tién ching ta phai xdc dinh phan t& tru. Phan
ti nay c6 thé la phan td bat ky nao cia danh sdch, tuy nhién, dé cho thong nhat
chung ta sé chon phan ti dau tién. Trong cdc (ng dung thue té& thubng ngudi ta ed
nhiing cach xdc dinh phan td tru khde tot hon.

Theo vi du nay, phan ti tru dau tién la 26. Do dé hai danh sach con duoe tao
ra la:

19 12 22 va 33 35 29
Hai danh sdch nay lan luot chida cde s6 nho hon va 1én hon phan ti tru. O day
thd tu cda cde phan td trong hai danh sdch con khong doi so vé6i danh sdach ban

dau nhung day khéng phai la dieu bat bude.

Ching ta tiép tuc sap xép cdc chuoi con. V6i chuoi con thi nhét, ching ta chon
phan td tru la 19, do d6 duge hai danh sdch con la 12 va 22. Hai danh sach nay



chi o mot phan ti nén duong nhién c6 thd tu. Cuéi ciing, gom hai danh sach con
va phan t tru lai ta cd danh sdch da sap xép

12 19 22

Ap dung phuong phép trén cho phan thd hai cia danh séch, ta duge danh sdch
cudl clng 1a

29 33 35
Gom hai danh sdch con da sdp xép nay va phan td tru dau tién ta duoe danh
sach co thif tu sau cung:

1219 22 26 29 33 35

Cac budc cua giar thuat duoe minh hoa bai hinh sau.



Sort (26, 33, 35, 29, 12, 22)

Partition into (19, 12, 22) and (33, 35, 29); pivot = 26
Sont (19, 12, 22)

Partition into (12) and (22); pivot = 19
Sort (12)

Sort (22)

Combine into (12, 19, 22)

Sort (33, 35, 29)

Partition into (29) and (35); pivot = 33
Sort (29)

Sort (35)

Combine into (29, 33, 35)

Combine into (12, 19, 22, 26, 29, 33 35)

Hinh 8.9- Cac budce thuc thi cta Quick sort




Week 6

i
CHAPTER 6: LINKED LISTS



Introduction
I

When dealing with many problems we need a dynamic
list, dynamic in the sense that the size requirement
need not be known at compile time. Thus, the list
may grow or shrink during runtime. A linked list is a
data structure that is used to model such a dynamic
list of data items, so the study of the linked lists as
one of the data structures is important.



Concept

Linked I ist
Dt Diata Diata Drata
farst next next newt naxt
MNull



Data Structures
I

struct node

{

int data;
struct node *link;

15



struct node *insert(struct node *p, intn) {
struct node *temp;
if(p==NULLX
p=new node;
if(p==NULLX

Data Strumgﬂm@

eXI

J

p-> link = p;

}

else{
temp = p;
while (temp-> link != p)
temp = temp-> link;
temp->link = new node;
if(temp -> link == NULL)
printf("Error\n");
exit(0);
}
temp = temp-> link;
temp->data = n;
temp->link = p;
}

return (p);



struct node “mmsert(struct node “p, int n) {
struct node “temp;
if(p—=NULL){
p—new node;
if(p=—=NULL){
printf("" Error'n™);

exit(0);
i
p-= data = n;
p—= link = p;
i
else{
temp = p;

while (temp—= link != p)
temp = temp-= link:
temp-= link = new node;
if(temp —= link — NULL){
primtf("Error'n');
exit(0);
i
temp = temp-= link;
temp-= data — n;
temp-—= link = p;
i

return (p);

j



INSERTING A NODE BY USING
RECURSIVE PROGRAMS



struct node *insert(struct node *p, int n){
struct node *temp;
if (p==NULL) {

p=(struct node *)malloc(sizeof(struct

node) ) ;
if (p==NULL) {
printf ("Error\n") ;
exit (0) ;
}

p-> data = n;

p-> link = NULL;

}

else

return (p):;



