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 ���� ������ � �� ���� ��������� ����� ��� ��.

� � ������� � ���� � ��! "#$ �% ���������� �� ... ���� ������ ���� �� ��&� '�()*�

����� ��	
.

���� ��� ���� �� �� ���� �������� �� � �� �! "�#�� $���:
�+����,-�:���/ � 0��1� ���� �/ �2�� .

�0��1� ���� ������: 3 �� ����� �� �� ���� �4 

���2 ���������.
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� ��2�� '��	�� '���A�� �� � '��	�� 

5 � / +�� E >��6A� O�� 2 ��4 >� ���,N ����2
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�>���� X74 ����,-� 9� $� +�

�>��A� X74 �+����,-� 9� $� 

�� 
 V� :4 ���� �-�6� Y����� ?�� �� >C��( ���� W�E 9�����:� Z� �4 9� �:

� %&� ���'�� :
"��#�3 �� >7�/ 4 �� � [���� ���:4 �9�� ���� ���:4.

��\�(

� �� 9� ����3 9��� 04 �n F1(   : ����� ������n

� �� 9� ����3 �� 9 F1( 9�@�6$n F1(  : ����� ������n

� S� 4�� �� K�$n*n : ����� ������n

� =��:4k �N���7�E � � ��� ��(  : �$� � ������k

 =��:4>CM� ;�(+����,-� 8� �� :

 �/ �2�� >4�:E� ���:4 �� 0��1�� ]�7� T4 �+����,-� O��4 ��2 ?�@�� ��/ ;/ �/ >4������ �� ����� ��

>� ?�@�� '������ �� ����� =�� O��4�1��
 +����,-� >CM� ;�( ���2 .

(���� �)���:
  � 9��� �� >CM� ;�( �/ >4�:E� ���:4 �� "�� '��7( ��2�� �� �-�6� ������ �� �:��4 ;^�6� 0C_� ��

��2 >� ?�@�� 9���� Y����� �� ���T�.

*�+�, ( �7�4 4 ��@�6$ P��) � % ���By ����3 �� x ��a� n(

>CM� ;�( :�6��T�

 ������9���� :n

>CM� ;�( ?�@�� '�:E� ���:4 :n

SB :nnT =)(

*�+�. ( X���3 9��� 04 �X ��* �� n

For (i=1; i<=n-1; i++)
  For (j=1; j<=n-i ; j++)
     If( X[j]>x[j+1])
        Exchange X[j] and X[j+1] 

>CM� ;�( :�6��T�)if(

9���� ������ :n

T� ���(� ���:4 �6��:
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*�+�/ (  9�#6� 4�� b �KMX * � NKY *

*�+�0 (+���� 9� �-�6� ;< 9� � '��	�� 9�#�
��R�B �� +����,-� �� ��1/ c E :n +����,-� 9� � 

 � ���2n?�� +����,-� 9� �  .

V-� (�,-� ?��/5"��  4��3��/ +���

b ( ���� +����,-� >CM� ;�( P��� B 9� � >�� 	�  4��d��/  
�Ieee >CM� ����� P��� B  �� � 

5"��  4��3��/ +����,-� ?��/ ��2�� ��2�� ?�f ��� ?�� +����,-�

12 (  
�t 9� � ?�f ��� ��2�� ?�� +����,-� >CM� '������ 9� $� ��7A� "#$ ?�f ��� 

�� B ?�� +����,-� >CM� ����� P�1000t ��� �����  . �� 9� ����� P��� B 9� � ?�f ��� =�� ��1�

 ������n "6Q� +����,-� �� n*1000t ?�� +����,-� 9� � � tn *2��� �����.

�/ ��� �����  �#� >���� ��� +����,-�  :tntn 1000**2 >

9��� �� �@��� ��n>1000"2�� ����� 9 �#� �����/ ��� +����,-� .

 >���� >
��R�B �� >�����,-� SBn >���� >
��R�B �� >�����,-� ��2n  ���T� 9��� �� 

g�H�nCM� '��C�( P��� B "#$ ?�f ��� �� =�� � ���� 9 ���� �����/  +����,-� �� �� >

�2�� >� ;T�6�.

 *�+�3(;7h ��\� �����  :  �� � ��� +����,-� >
��R�B  
�n100  �� � ?�� +����,-� >
��R�B � 
201.0 n 9��� �� +� ��� ��2�� 000.10>n���� 9 �#� �����/ ��� +����,-� � .

��#�����,-� >���� >
��R�B �� �n �n100 �n000.0 �� �#1�� ��\�� � >a� >���� 9�#�����,-�

���� >a� Xa��� 9���� Y����� �� �#�3 >���� >
��R�B � �� �1��
.

  �G� >:���42n �2100n �105 2 +n ��ij� ?�� �$�� K���4  �G� >:���4 � �1��
 

10035 2 ++ nn ����� ��$� H�� ��� X$�� ��� X$��  � ��)( �#�3 �� �/ ��  ?�� X$�� K���4

;��/�1��
 .

 �4�5�Big O:
V� :4 : K��4 +���
 >�)(nf X74 � �� )(ng "��)'��F� �))(()( ngOnf =+��� >� ��� ( �

 "7\� >T�T< "��k  
� OTE �  
�c  >	1� �_ Z�jM "��k �0n X�� 9� � �/ �12�� ��2�� ��$� 

  ���T�0nn ≤ ��,�� |)(||)(| ngcnf ≤.
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 Xa��� �� W�E)(nf � +����,-� 9� $� ��� �� ��2 ?�@�� ���(� ���:4 =�7� )(ng >���� X74 � 

��2 >� ������ +����,-� 9� $�.

g(n)

f(n)

*�+�6( ���� ��� ��  �� O���� >���� ?�( �� � >����.

78�  ()(5 2nOn∈

 �N255 nn ≤ 9��� �� SB 1,5 0 == nc >� "��� W�E Xa��� �/ "E 
 �@��� ��4 >� 

�2��.
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)1()( −

=
nnnT ��,��)()( 2nOnT ∈

"2�� ��4 >� :2

2
1

2
)(

2
)1( nnnnn

=≤
− SB 

2
1

=c � 00 =n

: ()(10 22 nOnn ∈+

1,11111010 0
2222 ===>=+≤+ ncnnnnn

�()( 2nOn∈
1,1 0 == nc

 Y����� �� ;T�6� "��k ���T� 8� �AC� �2�7� ��6��� 9���� Y����� �� >�����,-� >
��R�B �R��1N

 '��F� � �3 "-�j1���� ��2�� 9����)1(O+��� >� ���  .

 *�+�; (9� �����3 "��� �� 'f�< X�� >
��R�B >a� 9�@�6$ +����,-� .

1 2 3 . . . . . N
"-�< =� �#� :O(1) 

"-�< =� 4�� :O(n)
O���� "-�< :O((n+1)/2) 

*�+�< (��1% =��:4 ��  �� +����,-� �
��R�B.

x=0; 
i=n;

  �TC< �� &4 '�:E� ���:4log2nwhile(i>1) 
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� O(log n){
x--;
i /= 2; 

}
*�+�=(��1% =��:4 ��  �� +����,-� �
��R�B.

x=0; 
i=n;

a) O(1) �
b) O(n)
c) O(log n)
d) O(n log n)

while(i>1) 
{

x--;
i %= 2; 

}
*�+�,>( c E �� m=n   �� +����,-� >
��R�B��1% =��:4 �� :

�   m*n  �  O(n2)
For i:=1 to n

For j:=1 to m
x++;

*�+�,,(��1% =��:4 ��  �� +����,-� �
��R�B.
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)1( 232 nnnn +
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"�� �
��R�B �74 � ��4 =� 4f�� �� �� �C�$ �1N �� :

1)O(n) 2)O(n2) �3)O(n3) 4)O(n2

log n)

For i:=0 to n do
For j:=1 to m 

do
For k:=1

to j do

x++;

*�+�,.(
f(n) = 3 log n + 10 n log n + 7 n2� O(n2)

*�+�,/ (5��� ��2 04 � �
��R�B ���:M 0�4 4 �� K���4 �1�H
 ?��% ��

1) n1000 , n! , (1005)n 3) n1000 , (1005)n , n!
�
2) (1005)n , n! , n1000 4) (1005)n , n1000 , n!

�! ?�8�� @����:
1 , log n , n , n log n , n2 , n3 , . . . , nk , 2n , 3n , . . . kn , n!

*�+�,0 (  �� � l 2 "64 ���  
�t��2�� >
��R�B���� >5"�� ��TN  �� �/ 
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1) t + s1 + s2 
2) s1 + s2 
3) t + min (s1+s2) 
4) t + max (s1+s2) �

if (test)
s1 

else
s2 

Z���4 :"E 
  G��� �� "-�< =� 4�� ���� �����.

*�+�,3(
1) t1 + t2 + s1 + s2 
2) s1 + s2 
3) t1 + t2 + min (s1+s2) 
4) t1 + t2 + max (s1+s2) �

if (test1) 
 s1 
else if (test2) 
 s2 

*�+�,6(
a=n;
while( a>1 )
{

a /= 2; 
 b = n;

while ( b>1 )
� O(log2n * log3n)� log2n� log3n{

b /= 3; 
 x++;

}
}

*�+�,;(
1) n(n-1)/2
2) n2/2 
3) n(n+1)/2 �
4) n2

for (k=0; k<=n-1 ; k++)
for (i=0; i<=n-k ; i++)

a[i][i+k] = k;

;< ���:

2
)1(

22222
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n

k

n

k

n

k

n

k

kn

i

 *�+�,<(
k = ;
for( i=1; i<=n ; i++)

� O(m)
{
     for( j1; j<=n ; j++)
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k=k+1; 
� O(n(m+log n))     j = 1; � O(m+log 

n)

� O(log 
n)

     while (j<n)
     {

k++;
j=2*j; 

     }
}

A��� (5"�� "����� m����% � "��� m����%  �� '���7( ��

1) n! = O(nn)

2) 2n2nn + n2log n = O(n22n)

3) ∑
=

n

i
i

1

2 =O(n3)

4) n2logn = O(n3)
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*�+�,= (����3 "��� ��  �� +����,-� �
��R�B:

S=0; 
O(n2)for(i=0 ; i<n; i++)

for (j=0; j<i; j++)

����� �
��R�B �� � �k�4 � "�� "��k �Nfor(k=0 ; k<3 
;k++)

S++;

I (o(n)U (O(n2)�n (O(n3)o (O(n logn)

*�+�.>(
S=0; 
for(i=1 ; i<=n; i++)

for (j=i+1; j<=n; j++)
S++;

)(
2
)1()(11)1( 22

111 1
nOnnninin

n

i

n

i

n

i

n

ij
→

+
−=−=+−−= ∑∑∑∑

=== +=

 

*�+�., ( "���  ��  '���7( �� m����%"�� OC_ m����% �:

1) n log n = O(n n ) n >logn [true]

5) n2logn = O(n2)

6) n2/logn = O(n)

7) n2/logn = O(n2)

8) n2 = O(n3)
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2) n  = O(logn) [false]
3) log n = O( n ) [true]
4) n2(1+ n ) = O(n2 log n) n2 n >n2 log n [false]
5) 1/n = O( n ) [true]
6) 1/n = O(log n) [true]
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������� 	�
��:
����� ����	
 ����	� ��	� � ��� �
������ �� ���� ������ ��� 	� ������  ��!� "� �#�	� �$.

�
��:
� "�	& �	�#� '���( "� )�	�#� ��	�)Base Case ( ,-	. /�� �� ��	� "� �0	� "�0�� ��12

��	3
 �
������ �� ����.

���4��5
 "�	& �	�#� "� � �
������ �	� �$ ����0 .

�����(6�����	� ��	� :





>−
=

=
0)1(*
01

)(
nnfn
n

nf

n! = 1*2*3*…*n 
(n-1)! = 1*2*…*(n-1) 
n1 + n * (n-1)!

f(n) = n! = 1 * … * n
f(n) = n * f(n-1) 

int f(int n) // �8 '	�� "� ��0 "�0�
 ��	�

{
if(n==0) 

 return(1); 
 else

return(n*f(n-1));
}

f(5) = 5 * f(4) = 5*4*f(3) = 5*4*3*f(2) = 5*4*3*2*f(1) = 5*4*3*5*1*f(0) = 120

�����(����� ��9 ��� ��	� ����� :

int Rec(int n)
{

if (n==1) 
 return(1) 
 else

return(Rec(n-
1) + Rec(n-1))
}

Rec(6) = ?  � 32

R(6) = 32

R(5) = 16 R(5) = 16

R(4) = 8 R(4) = 8

R(3) = 4

R(3) = 4

R(2) = 2

R(2) = 2

R(1) = 1

R(1) = 1
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�����( �� n=8( ��9 � �0	� ����� :	;
� ��� ��	� �� <�= 63) . 63( �$square <�= >� 

����(

2:))0((*)2(

4:))2((*)4(

8:))4((*)6(

)8(

csqc

csqc

csqc

c

↓

↓

↓
function count(n)
begin

if n<=0 then return(1) 
 if n=1 then return(2) 
 if n=2 then return(3) 
 return (count (n-2) * square (count (n-
4));
end

1)4 �2)8 3)9 4)10

�����( ����� R(5,3)=?

1:)0,5(

5:)1,5(

125:)3,5(

R

R

R

↓

↓

int Rec(int p, int q)
{

int R;
if (q<=0) return (1); 

 R = Rec(p,q/2); 
 R = R * R;

if (q%2 ==0) 
 return(R);

else
return(R*P);

}

1)15 2)25 3)75 �4)125

�����('	����? ��	� :

2:)1,0(

3:))0,1(,0(

3:)1,1(

Ack

AckAck

Ack

↓

↓
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yxAck
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Ack(1,1)=?
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f(m,n) = f(n-1,m) + f(n-1,m-1) 
f(6,4)=?

 �����(

2022

...22222

...2222

22

1383

2

1384

=→=−−→+=

+++++=

++++=

wwwww

w

w

4444 34444 21

4444 34444 21

Function w(n:word) : real;
begin

if n=1 then
w:=sqrt(2); 

 else
w:=sqrt(w(n-1)+2); 

end;

n = 1384 f(n) = ?
1)3 2)6 �3)2 4)4 

 �����(
input: ABC   [enter]

output : CBA

void xyz(void)
{

char ch;
ch = getche();
if (ch != '\n')

xyz();
putch(ch);

}

 ����� ( 	� �@A ���(� B�3;� "C8	D�n:





>−+
=

=
1)1(
00

)(
nnsn
n

nS

 ������ ( "C8	D�ab: 





>=−
=

=
1)1,(*
01

),(
bbapa
b

baP

 ������ ( "C8	D�a*b: 
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=
1)1,(
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),(
bbama
ba

bam

 ������ ( "C8	D�a/b: 
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>=+−
<

=
babbaQ
ba

baQ
1),(

0
),(

 ������ ( "C8	D�a%b: 





>=−
<

=
babbaM
baa

baM
),(

),(

 ������ (k(4,2)=?: 

k(n,m)
{

if (m==n) || (m==0) 
 return(1) 
 else

return(k(n-1,m)+k(n-1,m-1))
}

6
2
3*4

!2!*2
!4

2
4

===







=








n
m

 �� �!�:

Algorithm FUN (n)
begin

if(n>0) then
if(n=1) then

put "X"
else if (n=2) then

put "Y"
else

put "A"
FUN (n-1) 
put "B"
FUN (n-2) 
put "C"

end if
end

end

n = 3 : AYBXC
n = 4 : AAYBXCBYC
n = 5
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� ��������� ������� 	����� ���      

 "�#�$ %&�)����(�!�) :(
FG���H
 ���I ��49�� "�J. )2� ���5� "�J..

KG��0 :	;
� ,��. >� L�� "J.�� �$.






















⊥→

⊥→

→

⊥→

→

→

→

→

C

C

A

C

B

B

C

BC

A

B

B

A

C

A

A

3

2

3

1

3

2

3

),,2(

n=3 � f(n)=7
M,��. 

n=4 � f(n)=7+1+7=15
FN,��. 

f(n) = 2f(n-1) + 1    (n=1   f(n)=1) 
 

12)( −= nnf

������� *+ ,
-:
F(n-1 >3� "� �� "�J. C �� A "�B���� �� 6���� .

K( "�J.n �� �� :� A "� C���� �� 6���� .

O( �� �� ��
	3�I	� "�J.B "� C���� �� 6���� .

f(n, A, C, B) =>     f("�J. ���#�, ��C�, �!��, �43�)

{
f(n-1,A,B,C) 

 ...  ��? >��� P	��
��!�� '	4� "� ��C� '	4� ��

f(n-1,B,C,A) 
}
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.�
-/������� 0�#�$ 0�12&� /)�3� :





=
>+−

=
11
11)1(2

)(
n
nnf

nf

Q�
	$ R���	� ST��� 6.:

f(n) = 2 f(n-1)+1
= 2(2f(n-2)+1)+1
= 22f(n-2)+1+2
= 23f(n-3)+1+2+4
...
= 2n-1f(1) +1+2+22+…+2n-2 
= 2n-1 + (2n-1-1) = 2n-1  

 => 
O(2n)

1+2+22+…+2n = 

122 1

0
−= +

=
∑ n
n

I

i

����(





>−
=

=
2)2(2
21

)(
nnf
n

nf

1)O(n) 2)O(2n) 3)O(2n/2) � 4)O(nlogn)
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�����:
� ����� ��	�
 ��	 ����� ��� �� ���� �	���	)����(

��� � �!" ��	�
#�$	� %& '��� (�	) * #+� ,  ,�) ����� �-.	/ !� 0�� �12 ��3

#+�$ 4&.(

 �	
� �� �����)����������:(
X:Array[L..U] of <type>

w=sizeof(type)
 ��	�
 ��#67 =U-L+1

 �-.	/ =(U-L+1)*w

•�����:
97%:�7�:

9�<	/ � ����  :O(1)

9�<	/ � �7#�  :O(n)

9% =�=�:

9�<	/ � ����  :O(1)

9�<	/ � �7#�  :O(log(n)))>�)� !�#?& :[Log(n)]+1( 

•���� ����

 @	A&B ( �C�
 DE/ ����k @�F� �� � �!" G� n0 !�� �	�+ % 	H�	� (�
 #�3 �� :

1)n  2)7  �3)n-k 
 4)n-k+1 

 

59634

k n-k

n
@	A&I (�J �K� � �!" @ILL % =�=� M=! �� �C�
 ,  ���N �#�2 ���� �O 	?& @	�
� �AN�#/ P #$	� 

Q�	7#�3

1)200 2)7  �3)8  4)9 
 
[log 200]+1 = [7…]+1 = 8
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@	A&R (          ST��& P #T$	� �T � U!�CT� %T =�=� % �H�OT� M=! !� �H�OT� �!�& � �!" ���7!�� !�

�	7#�3 >.�& ��H�O� ���� 	� �O 	?& ��#67Q

1)27/9 �2)25/9 3)31/9
4)29/9

-1, 0, 1, 2, 3, 4, 5, 6, 7

V�W�7 : (N ��#67 �� 0�O?7 	� �O 	?& ��� ��#67

��	�


1 2 3 4 5 6 7 8 9

3 2 3 4 1 3 2 3 4

  ���!�"#��� $��%� !�&�&� ������:
int BS(int x[], int a, int b, int item)
{

int mid;
mid = (a+b) /2; 

 if (a<=b)
{

if (x[mid]>item)
return(BS(x, a, mid-1, item));

elseif (x[mid]<item));
return(BS(x, mid+1, b, item));

else
return (mid);

}
else

return(-1); 
}

n=2k � k = logn
T(n) = T(n/2) + c

= T(n/22) + c + c
…
=T(n/2k) + k*c
=T(0)+(k+1)*c

� T(n) = 1 + (k+1)*c = 
1+(logn+1)*c

= 1 + c * logn + c = c * 
logn + d

� O(logn)





>=+
=

=
1)2/(
01

)(
nCnT
n

nT
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'��(�(# !=" �#� ��+" %K#�X�2 = #�O ��� %�1K�	� U!�C� �! %F� ��H�O� M=! .

linear (a[], int a, int b, int item)
{

if(b>=a)
{

if(x[a]==item)
return(a);

else
return(linear(x,a+1,b,item);

}
else

return(-1);
}

T(n) = T(n-1) + 1
= T(n-2) + 2
…
=T(n-n) + n
= 0 + n

� O(n)




>=+−
=

=
11)1(
00

)(
nnT
n

nT

�)*�+ �� �, ����� ���� -��./ -�01:

2*6=12

1000+121012

1006

1000

x[2] 

x[3] 

x[4] 

1018

X: [2..8] of real
w=6 
size = 42 byte

Add(X[i]) = Base + (I-L)*w
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2�3�(    � �!" �K� x   ��!�� BL                   �� �T �!" = �T� ���N�!	TN �T ��$! ,  �" �C�
 �� �N #$	� �C�
 

)�& ��6BLLQ�� G�#N 01$ �C�
 �=�$ ��6)�& P #$	� �#$ ����� �-.	/ 

1)118 2)112 ����3)115 4)121

5*3=15
add=100+15=115

�	
� &� �����:
X:Array[L1..U1, L2..U2] of type

�,�4� ��	
� :U1-L1+1= r1
�, 5��� ��	
� :U2-L2+1= r1
�6�78 ��	
� =r1*r2
�)*�+ 5�:�� =r1*r2*w

X 3 4 5
2 1 2 3
3 4 5 6
4 7 8 9

1
2
3
4
5
6
7
8
9

R.M

R2 

R3 

R4 

1
4
7
2
5
8
3
6
9

C.M

C3 

C4 

C5 

 

�)*�+ �� ���� -��./ -�01:
9  ��FTTTTTT M=! Row Major

)C,Pascal,…(

9  %+��TTT M=! Column Major

)Cobol,Fortran,…(

2�3�(
��4;;;;�  :Y*I = B[�'!�"  :BLL+B[ = 

<<=
!1��;;;;� :]*I = BL�'!�"   :BLL+BL = 

<<>

X:Array [2..4,3..5] of word;
Add(x[2,3])= Base = 100
W=2 
Add(x[4,4])=?

 �%78 �� ?@A �6�78 ��	
� 5��&� ��	�x[I,j]��4� B&� �� :
 % ^	� �	��F ��	�
 :(i-L1).(U2-L2+1)

 �F ��	�
i �C�
 �� (:) �N G� x[i,j]��   :j-L2
@=� �+	� '!�" =Base

 '!�"x[i,j] = Q

�6�78 ?C ��	
� :Num= (i-L1)(U2-L2+1)+j-L2
Add(X[i,j])= Base + [(i-L1)(U2-L2+1) + j – L2)]*w

!1��� B&�:
Add(X[i,j])= Base + [(j-L2)(U1-L1+1) + i – L1)]*w = Add(x[i,j]])
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'��(� ( %+�� = ��F �	� @�&�.R# !=" �#� �! �#6� .

X:[L1..U1, L2..U2, L3..U3] of <type>
��4� B&�:

Add(X[i,j,k]) = Base + [((i-L1)*r2 + j - L2)*r3 + k – L3]*w
!1��� B&�:

Add(X[i,j,k]) = Base + [((k-L3)*r2+ j-L2)*r1 + i – L1]*w

X:Array[L1..U1, L2..U2, L3..U3] 
 �4�Ri = Ui-Li+1

��4� �	
� ��:
R1

R2

R3

iL1

jL2

kL3

��4� �	
� ��:
((i-L1)R2+(j-L2))R3 + k - L3
= (i-L1)R2R3+(j-L2)R3 + k - L3

�	
� ��DE��4� :
(i-L1)R2R3R4+(j-L2)R3R4 + (k - L3)R4 + l-L4

!1��� �	
� ��:
R3

R2

R1

kL3

jL2

iL1

!1��� �	
� ��:
(k-L3)R2R1+(j-L2)R1 + i – L1

!1��� �	
� ��DE:
(l-L4)R3R2R1+(k-L3)R2R1 + (j-L2)R1 + i –
L1 

2�3� (             �T �!" =� = P #T$	� ��FT U!�C� � �!" �� �-.	/ _�C`7 �K�X[9,2,4] = Y[24]  ,T  �� 

 �+	� P #+�$ a �67 0� �=! �-.	/ !� = ���� ��+X(2,1,3) �+	� G�#N @�	6& YQ#$	� %& 

1) Y[10] �2)Y[11] 3)Y[15] 4)Y[20]

(i-L1)R2R3+(J-L2)R3+k-L3 
(2-1)*2*4+(1-1)4+3-1 = 8+2 = 10
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2�3�F(   �K� Base=20,000   = M[30*20*10]         = #$	� �#$ ����� %+�� U!�C� �N w=4  �	�+" 

 '!�"X[21,11,9]Q��1�& #�3 

1) 20480 2)40480 3)40840 4)20840

num = (k-3)R2R1+(j-L2)R1+i-L1 = 5120
Add = 20,000 + 4*5120 = 40480

 $�G. ��, H����)H��I��:(
#� �K '!	b� * �7	& �" �� #$	� ��1�� %c�� 	��  ��#67 �� 	��d� ��#67 P * �7	& ,  !� �K�.

 e	�$=!'!	b� e	�O �7	& e�	 �����:

B90-�&	+

� % 	7 � ,  U!�C� �C�
 ��)i,j,value (��1�& �����.

I90-�& :#�$	� 4& 4�-�& (f$ e�!�� �g �� % 	�O �7	& _�`&.

���F)

���F) �

�%AcA& �� 	2

�%AcA& ^	�

��!	?�&

J)7���K B&�:

 ��	�


�d���h

����F

#� "�

Heading
443

431
122

 �+#�body542
4*3

:

0300
5010
0400
















X

 �K�k �� �	�+ P #$	� �d� ��h ��	�
 ��#67 (k+1)*30 !�� %c�� * �7	& ����� ��� �C�
 .

     �K� i�. @	A& !�w=2)   �C�
 �� ���#+� (    %c�� * �7	& �	�+"I[        '!	bT� * �7	T& = � 	� RL   �T 	� 

   #�N %& @	j$� �-.	/ . .	/ %�6      dT� �T�h �T�	�
 ��#67 �N �� � � �J	`� ��1�� �-   	��dT� ��#T67 �� �

�O�+ ���N %c��.

 ����� %+	&� �3 �N 0���:� # 	� � ���	�� '!	b� ��� �U!�C�� �7 �.�C�.
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2�3�( �� ���#+� �3 ���� �� ��F) * �7	& ,  '!	b� ��	 ����� )n=? (Q�� �.�C�

k=n  � n*n > (n+1)*3 � n >= 4



















OO

OOO

OOO

OO

00
0

0
00 2�3�F(n# !=" �#� ��F) � * �7	& ���� �! k	�& :

n2 < [3n-2+1] * 3 � n2 – 9n + 3 > 0
� n>=9 

 

��� G	H+� '!	b� �=! ���7 %& �N %7	�c�
 %���:

���	�+��7

�l��

�m�W

2�3�< ('!	b� * �7	& ,  ��	�+��7 ��!=" �#�:

- A[1,1] ���� AT[1,2]
- A[1,2] ���� AT[1,1]
- A[1,3] ���� AT[1,3]

L:=2; 
for i:=1 to m do

for j:=2 to k do
if i=A[j,2] then
begin

AT[L,3] := A[j,3]; 
 AT[L,2] := A[j,1]; 
 AT[L,1] := A[j,2]; 
 L:=L+1; 
 end;

2�3�F('!	b� * �7	& =� l�� :

- Xindex1 > Xindex2 => K2 
- Xindex1 < Xindex2 => K1 
- Xindex1 = Xindex2 => Yindex1 > Yindex2 => K2 
- Yindex1 < Yindex2 => K1 
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- Yindex1 = Yindex2 => K1+K2 

:�L�C:
 �#� ���  ��� ��n=2k 	��&� ��	� �� !#	�M�N -�O1�O(?) 







≥−+

=
= 216)

2
(2

11
)( nnnT

n
nT

1log6
12log6)1(

)2...222(6)
2

(2

)16()26(]1
4

6)
2

(2

)16()26()
2

(2

16]1
2

*6)
4

(2[2

16)
2

(2)(

1210

3
3

2
2

+=
+−+=

++++−+=

−+−+−+=

−+−+=

−+−+=

−+=

−

nn
nnnT

knnT

nnnnT

nnnT

nnnT

nnTnT

k

k
k

k

���� O(nlogn)

H��I�� P0@� �����:
��F) � * �7	& !� �d� ��h ��	�
 ��#67:

@=� �F :I��" �F :I

��?� :R

��	�
 ��#67   :4+(n-2)*3

 	7 ,  �	��F ��	�
i-1:2+(i-

2)*3
 �Fi�C�
 �� (:) = G�  :j-i+1

(N ��#67 :2i+j-3

�C�
 '!�":2i+j-2 

j

xi



















OO

OOO

OO

OO

00
0

0
00
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3�2� :   �C�
 �K�x[1,1]      � �!" @=� �+	� !� y     #T !=" �T#� �! � � ��	�
 '!�" P #$	� �#$ �����  .

)�� �	O�  � �!" =���	�
 ��+ = x �� e�F) � * �7	& n  (

X:Array[1..60, 1..60] of word;
1) X[10,10] � L=28
2) X[31,30] � L=90
3) X[40,42] � L=120 �  ����� � �!" !���$ %�+  |i-j|<1

'��(� : �C�
 �� (:) ��	�
 ��#67 �� o���& �	��Kp =i,j �	� * �7	& ���� �! ���`<� �C�
 '!�" = 

# !=" �#� � � '!	b�:

< (!3G3�Q��:
F (R��4A :
S (k��4A :

���� ����:
Bubble:
for i:=1 to n do

for j:=1 to n-I do
if x[j+1]<x[j] 

 inchange…
�#67% 	H�	� �:

9� ���� :)1(O

9� �7#� :)( 2nO

�O 	?& ��#67:

9� ���� :)(
2

)1( 2nOnn
=

−

9� �7#� :)( 2nO

Optimized Bubble!
f:=true;
i:=1
while(i<n) and f do
begin

f:=false;
for j:=1 to n-i do

if x[j]>x[j+1] then
begin

f:=true;
Exchange;

end
end
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% 	H�	� ��#67:

9� ���� :)1(O

9� �7#� :)( 2nO

�O 	?& ��#67:

9� ���� :)(nO

9� �7#� :)( 2nO

Selection:
for(i=0; i<size; i++)
{

min=i;
for(j=1; j<size; j++)

if (arr[j]<arr[min])
min=j;

inchange(arr[i],arr[min]);
}

% 	H�	� ��#67:

9� ���� :)1(O

9� �7#� :)(nO

�O 	?& ��#67:

9� ���� :)(
2

)1( 2nOnn
=

−

9� �7#� :)( 2nO

��T1: 	� P #$	� *�
 k�7�7 �� � �!" �K� %�	`�+� M=! !� n/2��1�& k7�& � �!" % 	H�	� 

Insertion:
for(i=0; i<size; i++)

for(i:=1; i<size; i++)
{

index=arr[i];
j=i;
while((j>0) && (arr[j-1]>index))
{

arr[j]=arr[j-1]; 
 j--;

}
arr[j]=index;

}
% 	H�	� ��#67:

9� ���� :)1(O

9� �7#� :)( 2nO

�O 	?& ��#67:

9� ���� :)(nO

9� �7#� :)( 2nO

��T1:
B9�!�� �! % �!	N � ���� 0N ���� ��#67 ���� %�!� M=!

I9�cN 0� ��	�
 k�7�7#�N %�+ q�
 �! #.
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2��U�( %+	�& �	��	. �� %�  %J !� �����& 	 "SelectionQ��� _�`17 �! � �!" �#$ k7�& 

void SeletionSord(int arr[], int size)
{

int i=0, j, min, temp, flag;
do{

min=i;
flag=0; 

 for(j=i+1 ; j<size; j++)
{

if(arr[j]<arr[min])
{

min=j;
flag=1; 

 }
else if(arr[j-1]>arr[j])

flag=1; 
 }

exchange(arr[i], arr[min]);
}while(flag);

}
  ��� ���� ����Quick:

B9 ��1�& m	`�+� !�r& �C�
 ����
 �� �C�
 ,  �#���)pivot(

I9��1�& 0�O?7 s`� =� �� � �!" ��	�
 (N

B9	  ���3�N ��	�
 ��1�& (?��& t3 �� �� !�r& �=	O& 

I9��1�& (?��& ��! �� �� !�r& �� ��K!u� ��	�
 

R9��1�& G	H+� t3 = ��! ���+ =� �� ,  �� ���� %�1K�	� ���$ �� M=! ����.

50 40 60 30 45 70 65 55
pivot L� �R

50 40 45 30 60 70 65 55
L R

50 40 45 30 60 70 65 55
�R L�

30 40 45 50 60 70 65 55
pivot
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int partition(int arr[], int lx, int rx)
{
   int pivot = lx;

   while (lx < rx)
   {

while (arr[lx]<=arr[pivot])
lx++;

while (arr[rx]>arr[pivot])
rx--;

if(lx<rx) 
exchange(&arr[lx],&arr[rx]);
   }

O(n)

   exchange(arr[rx],arr[pivot]);
   return(rx);
}
void quickSort(int arr[], int lx, int rx)
{
   if (lx<rx)
   {

int pivot=partition(arr,lx,rx);
quickSort(arr,lx,pivot-1); 
   quickSort(arr,pivot+1,rx); 

   }
}

��<	/ � ���:







>+

=
= 1)

2
(2

11
)( nnnT

n
nT �

O(nlogn)
�<	/ � �7#�:





>+−
=

=
1)1(
11

)(
nnnT
n

nT � O(n2)

��T1:�K�  ���� �<	/ � �7#� P #$	� �#$ k7�& � �!" QucikSort�� .

 �C�
 �N �� %+	&� �<	/ � ���� 	&�pivot���K !��) S= 	?�)� % 	H�	� �� #6� .

2��U�B (   #T6� �TK�     l�	T7 �� Partition      l�	T7 �	TH� QuickSort   �� Insertion    �T3 P #T��N ��	d�T� 

 Q# " %& s�2 %��6W=)��$ k7�& ���6� U!�C� � �!" ��� � ����(

B ( �� �!����Quick�� ���� 

I( �� #$	� �#$ k7�& ���6� U!�C� � �!" �K�Quick�� ���� 

R ( �� #$	� �#$ k7�& %<=u+ U!�C� � �!" �K�Quick�� ���� 

[...(

2��U�F ( @�F� 0 !�� �� � �!"1..N 0 !�� ���X�� = 1<=k,L<=N �N K+L<=N

       �N #� ��� (�	?& �!��& ��.�K�-+!� 	�L,K               �! �T �!" �1T��� !��T� �T �T � 	7 #$	� ��$�� %Kp = �3 

#��N k7�&.

Sort(X,K+1,N) 
Sort(X,1,L+K) 
Sort(X,K+1,N) 



� ���� ���	
���

Array & Sortingآرايه و مرتب سازيسومفصل 

                   ��� ���� 	
�� �������� ������� ��	��� ���                                                              

1) k<=L  ����2)k=L  3)n=3k=3L  4) L>=k

2��U�S (     !�F� 0 !�� �� � �!"1..N  	7 ,  �� � �!" D) D>>N/2 (  �T� �#T$ k7�& .  M=! G�#TN

�!�� �! % "!	N � ���� ��	 k7�&.

1)Bubble �2)Insertion 3)Selection 4)Quick

2��U�=(Q�� U=	d�& �<	/ � �7#� = S��& �<	/ !� %K#�X�2 P � � �	�$=! �� ,�&�#N !� 

1)Bubble (n2) 2)Insertion(n2) 3)Selection (n2)
����4)Quick (nlogn)

2��U�R (# ���� �-+ !� �! * �7	& =� m�W 0� !��<�:

for i:=1 to n do
for j:=1 to k do
begin

s:=0; 
 for L:=1 to m do

s += x[i][L] * y[L][j];
z[i][j]=s;

end;

  0� !��<� � � %K#�X�2    �:7�& �� O(n3) ��  .   G	�� %$=!starassen         �" %K#T�X�2 �TN �!�� ���=  

 k7�& ��O(n2.8)��  .#��N >�?r7 ��+"...
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 ����Stack) :Last in First Out(
 ����� � �	
 ���� �� �� ���� �������

 ��� �� �� ��� ��)��  (�"# $% &�'(�.

struct stack{
<type> item[max];
int sp;

};

5
6
4

push pop

LIFO
 �� � *� ��+,� �"-(C:

sp = -1 

push(S,5) 

5sp = 0 10sp = 1
5

5sp = 2
10
510sp = 1

5X=5 
5sp = 0

Y=10
sp = 0
Z=5 

push(S,10)

push(S,5) 

X=pop(S)

Y=pop(S)

Z=pop(S)

 	
��( ��/0 S 1"( �� �2�3 int4��  . ���  *�[1,5]� ��567��� �� �6%�8�  9�� �  ��": $�( �* ��

��� 86;": ����:

< (5,4,3,2,1= (1,2,3,4,5

> (1,2,4,3,5? (4,3,5,1,2�

	
���(��� 86;": ��": $�( �* �6%�8�) :push83+6% @��3% ��/0 �  �* ���*� *�8�% 9���+A"� (

< (2,1,5,3,4,6�= (1,2,3,5,6,4

> (3,2,4,6,5,1? (4,3,2,1,6,3

�	
�� ( ��/0 �� �2�3 �+3�� ���  $��B% �C��
 �C( �� D�* 9��: �3�EF G�S1 ��/0 �  �* S2 

H4�� &�8� �"# IJ
 �2�3 K6:�: �� �� �("L  G63� @��3%
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< ($+�� �66M�% ��= ($���� �66M�% 83A> ($���� ��/0 ��? ( $���� ��/0 ��

�
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���( �N� n� $,�  ��/0 ��* �  ��"O;� K6:�: �  �8# PO/% ���� �S) 4�� $;�� �8� � *� �� (

H4�� &�8� 4;�
 9��:8  *� �3�EF 1"�'%  8#� 

< (O(n) �= (

O(nk)
> (O(logn)? (

O(nlogn)

push(s,x) : ���� ��
��x ���� �� s ����� 
� 
O(1)

pop(s,x) : ����� 
� ���� ��
� ���  !"#
O(1)

mpop(S,k) : !"#k 
� ���� ��
� ���  
 �����O(k)

(n-1)O(1) + O(n-1) � O(n)
n/2O(1) + n/2 O(1) � O(n)

$�
�% &�%
' :
��(��� �)( *� &�%
'  �*�+, -.:

/�+�( $0�� ��1� 23# %� 4 �05 67(%
89 $:+8;� <:
# %�
/�+9 $:
= ���� 
>�(� %� 7�
� ���� ?4% %�

4�� 4 ��(��� @3'A, ���� 7�. BC�7# 
� ���� -� �� D ��* &%
'  �
���+�E 4 �9
FG�7��*
3( ��� 

{a-(b+[x-y]*z+[(m-n)])}
Q�"7 :?�B3 

���� �*
H 6�
3�:
/���%E
/�7(+3� <I3:

Type
stack=RECORD

item:Array[1..MAX]; 
sp:0..MAX;

end;

	
�� (8���( ��'�� �* $;�� ��/0 �� 86R�"3  $;��*:

Procedure CreateStack(Var s:stack);
Begin

s.sp:= 0; 
end;

	
���(��/0 ��"  $;�� P6O/: :

Procedure isFull(s:stack):Boolean;
Begin

IF s.sp=MAX then return true
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else return false;
end;

	
���(��/0 �  ���E�� :

Procedure push(Var s:stack; x:integer);
Begin

if isFull(s) then
begin

// �S� &�M60

end
INC (s.sp);
s.item[s.sp] := x;

end;
	
���(��/0 �� �8(�"� 

POP �
����� ���� �ا#" ! �
{

x=s.item[s.sp]
DEC (s.sp)

}
	
��J( 8(���L6%�  �* ��/0 ���  �B3 �� $T �: )83� $�( �	
 �%�(

TOP �
����� ���� �ا#" ! �
{

return (s.item[s.sp])
}

$(
�I>: �%�"K�
8(:
infix : 4� 23� ��LM8 

7(+M8 
postfix : *� 7;� �LM8 

7(+M8  4�
prefix : *� B'C �LM8 

7(+M8  4�

in ���� post
*in: A*(B+C)/D

�*�	NE�(��0:

[ (A* (B+C) ) / D ]
�� @ ��% �  E�(��0 �F @��� ��F 4%U ����(�:

]D/))C+B(*A(([

ABC+*D/
";��Q�R�(� � ��": E'  8("/6% &�'(� 4��* �  VA �� ��R+� $:�W��-% ��F 4�:

2^3^4 , x=y=z=2
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��(
[A-[((C+(D*A)) * (E-f)]] ���� ACDA*+EF-*- 

in ���� pre
< :�*�	N E�(��0

= :�"# @��3% ��" �% ��  E�(��0 �� @WX �  �L,� �F

A / ( c – d * ( f + e ) )
� [A / (c-(d*(f+e)))]   ����

/A-c*d+fe
post ���� in

< :�"# ��#�	N E�(��0 �� *� $,WX 8(",� �� �  Y�L,� �F Y 4��* �  VA �� Z���60 4 .

= :�"# ���� *��X 8(",� �� 96  E�(��0 �F �L,�.

ABC - * DE / +
���� [(A(BC-)*) (DE/)+] ���� A*(B-

C)+D/E
pre ���� in

< :F Y VA �  4��* �� Z���60 � �"# ��#�	N E�(��0 �� *� $,WX 8(",� �� �  Y�L,� �.

= :�"# ���� *��X 8(",� �� 96  E�(��0 �F �L,�.

/ a – c * d + f e
� [/ a (– c (* d (+ f e)))] ����

a/(c– d *(f+e))

Pre Post

In

�7(+I� &�%
'  $�
�*%� G��%+L:�:
A=4 , B=3 , C=6 , E=2
EX: ABCE*-* 

[* �  VA �� \*�W�"# Z���60 4��

[ K6:�: �  �F8(",�push8("# 

[ ��/0 ���  8(",� �� �L,� �F ���� � pop �'6�( Y �L,� ���� �� ]0 � �"# push

�"#
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E
C
B
A

12
B
A

-9 
A -36

 B�7', G��%+L:�post �� in:
��9% :ABCE*-*

E
C
B
A

(c*e)
B
A

(b-(c*e))
-9 
A (a*(b-(c*c)))

* - *

pre: */AB+CD �  in

c
d

a
b

(c+d)
a/b
c+d (a/b)*(c+d)

2��8, (83� �	
 �* $���� ��FE�(��0 �� 86R�"3  �� �%�(� .
 �����(
K7�.:

��� D�* :G63� G6R�: 4�RX�� �  �* ���*�:

S1 : {sp=0.. Max/2}  S2 : {sp=Max/2..Max}
&�� D�* :G63� ���J��� ���*� ��� �� ��:

S1 : {sp=0  ,  push�INC(sp)} S1 : {sp= max  ,  push�DEC(sp)}
&�� 4;�
 *� ��/0 �8# �0 ^�# :sp+1 = sp2

 	
��( \*�W infix�* ���  �  polish863� @�8W: :

A * ( B + D) / E – F * (G + H / K)
Q�"7:

� ABC+*E/FGHK/+*-
	
���( �� @�8W: infix �  post:

(A + B) * D + E / (F + A * B)
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��� (@�8W: ��pre �  in: 

+ - * ↑A B C D / E / F + G H
Q�"7 :

� A↑ B*C-D+E/F/(G+H)
	
��� ( \*�W �'6�(postH4R6A @ ��% 

12 , 7 , 3 , - , / , 2 , 1 , 5 , + , * , +
< (_=(<`�

> (a? (&�8+b6F

	
��J( \*"B  �� Y ��� ��W7 \*�W �W��-% *� $(�6% ��F�66M�% ��8T: G�636% polish Y8#�  $% 

H4�� 83A � �� 

a b + c d * / a +
<(<= (=> (>�? (?

	
��O ( \*"B  �F�L,� 4�";�� �N�/⊗± @+# Y 8#�  postH4�� �("LA @ ��% \*�W 

a + b ⊗  c / (d – a ⊗  (f + b) + b)
Q�"7:

� abcdafb +⊗ -       b+/⊗+
	
��P( �8("(�6% ���T% )infix ( H4R6A @ ��% \*�W

/ * + a b c - a b
� (a+b)*c/(a-b)

	
��Q (�8("R0 �  �8("/60 �� @�8W::

++a/b-cd*-ab-+c*d5/a-bc
Q�"7:

� abcd-/+ab-cd5*+abc-/-/+
	
��R(*� �* �FE�(��0 ��"  ���"�% �A ���  ��W�#� G��*"L;� 8��6L  �C( :

Declare a stack
while(more input is available)
{

read a character � ch
if (ch='c') then

push ch on the stack
else if ((ch=')' and stack is not empty) then

pop a char from stack
else

print "unbalanced" and exit
print "Balanced"
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}
�8�8("/6% ����N �C( *� ���"�% Y c"� G��*"L;� ��": ��� ���"�%�( ��F ��#* �� �6%:

1: (()())))
2: (()))()
3: ())(()
4: ((()) ��"/6�( $�*�  ��/0 ��"  $;�� Y �5�(� *� ���� 

	
��S (4�� �8 �� @%�# &�8� �F �� G�*�� ��/0 ��:

S1 : 1 , 2 S2 : 3 , 4 S3: 5 , 6
� �� �G�*�� �L,:

pop(i) :  ��/0 ��i[ �* �*�8�% &�pop83+6% 

poppush(i,j) :  ��/0 ��i[ &�pop ��/0 *� � ���� j[8F86% *��X &�

 \*"B  Z# �: �� ��8� d�A ��� 1,3,5,2,4,6 �L,� poppush �*"% *�  83A @X�8
 

��6L6% *��X ���J���:

< (>=(`>(e? (?�

	
�� (N�*�� �;",N G63� K:�% ��"T2 \*"B  8��  �� G) ����: ��� �  .( f6-2 �3�EN &�8�

H4��

< (>��� K:�% ��": $% 9��": *� �� �  �*�"�F �* �;",N = (? �� �  ��": $% gX�"% $hT  *� �* �;",N 

��� K:�% 9��": *� 

> (` �  �/6�F �* �;",N ?��� K:�% ��": $% 9��": *�  ? (&�8+b6F

	
���( @X�8
 nH8("/6% K:�% 9��": @� *� 83A �  �;",N 

	
���(<a �� G�*�� U� �RW� �8 i G;�� �8 ) @%�#<a �+� <a$%�N  ($W,�: $+� �) @%�#<a

 �+�i$%�N  .(863� �860 �* $W,�: �R6� ���� ��� *�  �� �  @X�8
.

	
��� (<= 4�� Q��� $+� �� G�*�� �;",N )�� � ���� �� ���4�� ��/6   .( �  �j��8
> *�  

863� �860 ��(� 9��": .

	
��J(�8 �� k8
  : �86��0 ��"l� *�  83A �  �j��8
 ) ��F�L,� �� ���J��� �> < ( ��": $%

H86�* Q�"7 � 

Q�"7 :Log n
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 �7(+3� <I3: 
� ���� �*
H 6�
3�)�7(+3� ����:(
$;�� ��/0 : $;�� 4R6;

)L=nil(

 �  ���� ����� ��8� �

4R6; :push(s)

4R6; ��8� � �� �	
 :

pop()

6 4 nil 4 nil

 B�7', G��%+L:�in �� post:
< ( &�( �  $;�� �� ��/0sG��6L6% �C( *� 

= ( Y G63� $% Z���60 4��* �  VA �� �* �8("(�6% \*�W)G�86��( \*�W ��5�(� �  �� $(�%��:(

> (G63� $% 4���*� �* \*�W �� �8T  ����*��

>[<( ����*�� �N�  ( ��/0 @��� �  �" push�"/6% 

>[= (�"# $% ����� �8("R0 \*�W �  �"  8(",� ����*�� �N�

>[> (�"  �L,� �N�:

 9�� Y 8#�  ��/6  E6( ��/0 ���  �L,� �� �L,� 4�";�� �� 8#�  $;�� ��/0 �b(�3A

 ��/0 ��*� �  �L,�push�"/6%  .�  �L,� \*"B3���6m *� ��/0 ��pop ��#"( $7��� *� � 

 $;�� ��/0 �+3�� �� 4�� ���� �8# �8(�"� �L,� �� Z��";�� �� G6��  �L,� �  �+6(�%� �: �"/6%

�"#.

>[? ( ����*�� �N� ) ��/0 �� �" pop \*�W *� � ���� postfix �� �  �: G6R�"( $% 

G6��  ��/0 *� ��  ��(��0.

? (* ��5�(� �  �+6(�%� �: \�6,� G�86��( ���*� ��#>�"# *��+: 

�"/6% ����� �8("R0 \*�W �  ��#* �8(��6X�  ��"�-% @� �5�(� *�.

��T( :�%�� �% <�+:4� 2����3� ���� �4�3� 4 2���8� D <H� ���� B=�� �� �*
� ��(���.
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2��8, �(+8(:
�F 4�";��:

^rtl
%  /  *ltr

+  -ltr
1) in � post
2) in � pre
3) post � pre
4) pre � post
5) post � in
6) pre � in
7) $���� ��FE�(��0 �	


8) \*�W @%�� �*�	N E�(��0

9) �8("R0 \*�W �� *�8�% $ ���*�

10) �8("/60 \*�W �� *�8�% $ ���*�
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 ��Queue) FIFO:(
���� �� �	
 ���� �� � ��� ����� ����� � ����� �� ��� �� ���� �� �!��.

EnQ : $� � ���� �����)����� ��(

DeQ : $� �� ���� �	
)���� ��(

IsEmpty :$� ��� �'�! ()*+,

IsFull :$� ��� �- ()*+,

CreateQ :�'�! $� ./ ��0/�

$� ����� :front

������$�  :rear

DCBA
rearfront

EnQ('A') ; EnQ('B') ; EnQ('C') ; 
EnQ('D')

1��2� ( $� �� 3)�� �� 4��Q1 � Q23/5�� �/� �/��6� � :

Q1 = 20, 15, 14, 31, 29, 16
Q2= 2, 10, 4, 1, 30, 7

 �7�A � B $� ���8� 9 ���� $� ����� Q3:�;)< �/� =�5���� �� �> 

9108Q3

BAI
2201
10152
4143
1314
30295
7166

make(Q3) 
I:=0
while (not empty(Q1) and not 
empty(Q2))
Begin

I:=I+1 
 A=DeQ(Q1) 
 B=DeQ(Q2) 
 If (B=I+1) then

AddQ(Q3,A-B)
End While

��	
� � �� ���� �����:
type
Queue=Record

item: Array[0..(max-1)] of <type>;
f, r: integer; {-1..max}

end;

��� ���� :f=0 
���� ����� ���  :

r=-1

0 max-1 
 

EnQ(4)
EnQ(6)

↓ max-1 
4 6 8

↑



���� ���� ��	
�

Queue                   صف فصل پنجم

������ �	
��� ������ �
��                                                                                  ��� ���� ���� �� 

��!"# ��: ��)�5 ���� 5� f��� ?��� 1�� �� ���0� 9 ����� �.

r :�'�! ��@� A)'�� B/����

 �7�r=f��� �'�! $� ���C  .��� ��5� �/� D�� �/� ��� �- ��� A)�E F:

��� ��:f=(r+1) mod max

���� $%#: 9 ��� �'�! ��5� f=(f+1)mod max

���& �'�(	 : 9 ���G� �- ��5�r=(r+1) mod max���� ����� 9  ��@� 5� r–I� 

)���*	 ��:
J�/�5C

J �;)'

J�!5�

JHeap

��� ���� ����� K�L �G),�, �F � ����� .��+)� I�0�� M��� ��� ./ �8, ����� �	
 ���

J ���>� :���� �� �	
 N5O � .<�� �� �����

J�'�O� :���� �� �	
 .<�� � N5O �� �����

���+�:
J 9.<�� �P�� ���� ��)-O(n)

J �	


J ����� �)6 9 �	
 �� �>shift � ���� ���� r��� 3� �@/  .O(n) 
J �6Q�� �	
 : ��� ���R��� (!�� �P�� ��) ��� ST�-1(
J)�� 5�@ O)� �5 ��/OU/�V �/ � ���� ���+� �)W� �/����5 ���, �� �6Q�� �	
 �� ���R��� =5�� 5�(

JX,�� �� ��/�� $� �� ���R���
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�� ���� ��� ��	
��:
 (�	���

������

�����	

� (����
�
���

����

������� ���

� (�	��� ����
���

�����

 �	��� �����	
�� �����)static:(
������� 
 !�

"� #$ �% �� ���&' �(�% )���*) �,�� ���&' ���- 
.� �� / 0�� 1�2( �� ��shift���3 )��� (

    $ ���� ��$ �����% ������2 )�&������- #���% �- ��5� (��� �6�$ / ����� ����� #���% (� �3�- (��� �6 � .  (� �����8% 9�� ��

����2 )��:�%� �� )��3� ;�&- <2�=:2.





=
free
malloc

C




=++
delete
new

C




=
dispose
new

pascal

������  ��!:
 �-��3� >?� �- �� ���&' (� <����5!�2 #$ �- �� )@����2 ��:� ������ ��� A ��� )�3 :





=
Link
Data

node Data Link
 ?�C ��link ���- A ���� ���C <DE� )�� (� �E- �FG&2 �� �� )�� H��	 ��3 IJ�2.

#���� �����% �� ����� �- (��� A ������ ��� �����% �(�% )���� ���-:





=
pointer:next
integer:info

node

Heap

)��"

)��K
)���

)��L
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M�N%��:

Type
nptr= ^node;
node= Record

info: integer;
next: nptr;

end;

C: 

Struct Node{
int info;
Node *next;

}

Var n1,n2: nptr;
 �� )��3� �-n1- �� �&��� <6��� �� )��3� ��� �$ )�� OP6 �� #���� <%��%� �'�?Q2 R� �- 1	 >?� �.

10

n1 

nil20

n2 

new(n1); 
n1^.info := 10 ;
new(n2); 
n2^.info := 20 ;
n1^.next := n2; 
n2^.next := nil ;

S��?�� / ��� ���&' �- <%��%�:

10

L

5 nil8

writeln(L^.info);M/� )�� )���

writeln(L^.next^.info);;/� )�� )���

P:=L;S��?�� ���- �� )��3�

P:=P^.next; �$ )�� 9�-

"�#� (�&� T�U �� ��� ���&' V�?Q2 / )��� ����� �� ������ ��� �- <6��� �� )��3� �� �����&- <E-�!.

function sum(L:nptr):integer;
var

s:integer;
p:nptr;

begin
s:=0; p:=L; 

 while p<>nil do
begin

s:=s + p^.info;
p:= p^.next;

end
writeln(s)

end;
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"�#��( )�3 )��� ���F2 �- ��W&' �� �����&- <��/� X�&� ���X� ��� ����-� �- �� .

Var
n1:nptr;

begin
new(n1); 

 n1^.info:=x;
n1^.next:=L; 

 L:=n1; 
end

"�#��( ���F2 �- ��W&' X����?� ���X� ��� <��=��� )�� 1��&' �- ��:

P=L;
while P^.next<>nil do //��	 )�� �- �� )��3� 

P:=P^.next;
new(n);
n^.info:=x;
n^.next=nil;
P^.next:=n;

"�#�$( ���F2 �- )�� 1��?� ���X�X )�� (� �E-n��� ;� :

P:=L;
for i:=1 to n-1 do // ��� ���2 )�� �/� M�F���

P:=P^.next;
new(n);
n^.info:=X;
n^.info:=P^.next; // �&!�$�� )��3� #�

P^.next:=n;
"�#�%( ���F2 �- �� )�� 1����2 ���,UX �� )��3� �- ��W&' (� R5C �� qY��� ���X� 

P:=L
while P^.next<>q do

P:=P^.next;
//…
//�&� <?� Z�� �$�� )��3� #��&! [�!�!

"�#�&( ��� <��=��� )�� 
.�L1	 ���F2 1�������- /:

function RE(var L:nptr):integer;
var

P:nptr;
S:integer;

begin
P:=L;
While P^.next^.next<>nil do

P:=P^.next;
q:=P^.next;
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P^.next=nil;
S:=q^.info;
dispose(q);
RE:=S;

end
"�#�'(\�� ����-� (� �W&' 
.�j:

#��5- 9�- (� �� M/� �W&' ����� ���-� �� �� %� ��=-

P:=L
L:=L^.next;
P^.next=nil;
dispose(P);

"�#�(( �W&' 
.�k��� ;� :

P:=L;
for i:=1 to k-2 do

P:=P^.next;
q:=P^.next;
P^.next:=q^.next;
q^.next=nil;
dispose(q);

"�#�)( ��&� ]��L1 / L2�&3�- <G� ������ �5� /� �- �� )��3� :

���(��&� RW�2 �,��?$ �- �� ������ �5� /�:P:=L1; 
while p^.next<>nil do

P=P^.next;
P^.next:=L2; 
L2:=nil;

^( ;�&- ���L3 �$ ��� ���&' �/�� �� ����?� ��Q�� 

L1 / L2�3�- 1��2 �� >� _��W- :

void alternateJoin(nptr *L, nptr *L1,nptr *L2){ 
   nptr *p=L,*q;
   while(L1 != NULL || L2 != NULL)
   {

if(L1 != NULL){
p->next = new nptr;
q = p;
p->data = L1->data;
p = p->next;
 L1 = L1->next;      }

if(L2 != NULL){ 
p->next = new nptr;
q = p;
p->data = L2->data;
p = p->next;
L2 = L2->next;      }

   }
   q->next=NULL;
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}
0( ;�&- <����L3 ��Q��  �/�� ��� ����-� �� ����?�

 ��� /� ���&'L1 / L2 �/�� ��� ;/� SJ- / 

 0/( ���&'L1 / L2�3�- .

void oddeven(nptr*L, nptr*L1,nptr*L2){ 
 
   nptr *k = L, *p, *q, *endi;
   for(int i=0; i<2; i++)
   {

p=L1; 
q=L2; 
while(p != NULL)
{

if(p->data % 2 != i)
{
    k->data = p->data;
    k->next = new nptr;
    endi = k;
    k = k->next;
}
p = p->next;

}
while(q != NULL)
{

if(q->data % 2 != i)
{
    k->data = q->data;
    k->next = new nptr;
    endi = k;

                k = k->next;
}
q = q->next;

}
   }
endi->next = NULL;
}

� ( ���L1����?� [!�2 �� . void bubbleSort(nptr *L){  
nptr *p,*q;
int flag;
do{

flag=0;  
p=L;
q=p->next;
while(q!=NULL){

if(p->data > q->data){
inchange(&p->data,&q-

>data);
flag=1;  
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}
p=p->next;
q=q->next;

}
   }while(flag);

"�#�*( ��( #����,�� ��ND?' ��U:

Procedure what (L:nptr);
begin

if L<>nil then
begin

write (L^.info); //1
what (L^.next); //2

end;
end;

+��, :�-. /� 0�1 /	�23�4 ���54 ��  ��! 67�-8
 ��, 62� 9 ��: �-���
 0�1 "9� �4 6
; 3� < ��: =�8 .

"�#�(Y��U ��( <6/�� 

p:=L;
q:=nil;
while p<>nil do
begin

r:=q;
q:=p;
p:=p^.next;
q^.next:=r;

end;
L:=q;

+��, :�-��� ?��@� ��  ��!.
 6
; �AB6� ��p C��� C; D�. �4 �. �-. /� ���:� 6
; �62 �4 LE�-. /� F�7� �� .

��GAB ���  ��!:
"�#� (���F2 V�?Q2 �5%�`2��FD� ��� ��$ )�� �:

P:=L;
Repeat

S:=S+P^.info;
P:=P^.next;

Until P=L;
"�#��(��� ����-� �- �W&' 1��� ���X� .

new(p);
p^.info:=x;
q:=L
while q^.next<>L do
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q:=q^.next;
q^.next:=p;
p^.next:=L;
L:=p; // � �(��� @� 9�� �- �=��� �- 1��� ���X� ;�,&$ ��

���	: <���a�� A �&� )��3� ��	 )�� �- <6��� �� )��3� ��� O(1)��- �$��J� S��?�� �- (��� ���( A ��3 <2  . <���a�� _��W&�� ��b ��O(n) 

%�.

H�6�I(��� ��	 / M/� ���&' <��Q-�6 :

nil

L

r

nil

p q r

r := L^.next;
�FD�=>

- q���	 

- p���	 R5C�2 

L^.next := nil;

"�#� (�� �� R-�F2 ��� ���Y��U #����,�� <6/�� A ��3�- ��3

� ("cLd

" (�

K (�c"L

L ("cLe=> 

1 2 3  ... 2047 2048

P

while p^.next<>p do
begin

p^.next := p^.next^.next;
p:=p^.next;

end;
write(p^.info)

���,�2 ���C /� �W&' �/� �E- / A ����2 
.� >� �W&' M/� �E�� �&� <2 
.� ���	 ��D6 �W&' \f% ...=� �� �!���3 
.� ��� ���&' �?$ ��.

 ^��g2 1��2 �� >� ;/� �E��" �&� <2 
.� �� ) [��X" [��X / �3�- L�3�5� ( [��X �E- �E��L [��X / �3�- e�3�- ...

 ... [��X"cLe



�� ���� ���	
��

  Linked Listليست هاي پيونديششمفصل 

                          ��� ���� 	
�� �������� ������� ��	��� ���                                                                  

"�#�� (��&� 
.� �� ��� ����F2 �- ��$ )�� ��FD� ��:

P:=L;
Repeat

while(P^.next^.info) mod 2=1 do
P^.next := P^.next ^.info;

P:=P^.next;
Until P=L;

�&3�- ��� �?$ �� %� <��2( h�� ��� .��&� >U �� 1	 �FD� 1/��- ���- \�.

��&� i �� P�� �� <6��� �� )��3� ���- A �3�- ��� �W&' 9��/� ��� 9�&a?$.

������ 9�  ��!)Double Linked List (:

 �626�_node: 
� )��� :info

���E- )�� �- �� )��3�  :next 

�<D5C )�� �- �� )��3�  :prew

 �� �����%C:

typedef struct dnode *dnptr;
struct dnode{

int info;
dnptr, next, prev;

}

M�N%�� �� �����%:

Type
Dnptr = ^node;
node = Record;

info: Integer;
next, prev: pnptr;

end;

"�#� ( ���F2 �- �� )�� �� �����&- <!����%� �'�?Q2X ������ /� ��� ����-� �- ��L���?� ���X� .

C:

dnptr p;
p=new struct dnode;
p->info = x;
p->next = L;
p->prev = NULL;
L=p;

M�N%��:

p:dnptr;
new(p);
p^.info:=x;
p^.prev:=nil;
p^.next:=L;
L^.prev:=p;
L:=p;

"�#�� ()�� >� 
.�:

p^.prev^.next := p^.next;
p^.nexy^.prev := p^.prev;

"�#�� (Y��U ��( �2���- <6/��
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1 2 nil

L

j (221221�

" (121212

K (221122

L (221222

Procedure k(L)
begin

if L<>nil then
begin

k(Link(L));
write(Data(L));
k(Link(L));
write(Data(L));

end;
end;

"�#�$ ( �Q���pY����2 �U 

� (��FD� ��� /� Z�`��

" (<G� ������ ��� /� Z�`��

K (<=! ��b ��FD� ��� /� Z�`��

L (�3�- <=!��b �=�	 (� <N� RC��� �� <G� ������ ��� /� Z�`��

��N� : ���m=nil���� �G� 

 1�N2 �� ���� ���%� if(m!=nil) t^.link=n��3 )��� ���C 

 �&�P� )�,�	 A"%� k�`� 

Procedure k(m, n: pointer; var p:pointer);
var

integer;
begin

t:=m;
while(t^.link<>nil) do

t:=t^.link;
// 1

t^.linkL:=n;
p:=m;

end;
"�#�%(Y%� ��� ���&' ���E! �- ��5%�/ ��( M�?'� (� >� ;��� �&�P$ 

� (�W&' 9��/� 
.�

" (
.� �W&' 9���	 �

K (��� ��=��� �� �W&' >� 0��

L(��� ����-� �� �W&' >� 0��

L

2 nil

R

1 2 3 4 5

A

list "�#�&( ��� ���%� ;��� A �- �� B�&� <2 R��5! .

١(list->next->next->next=list->prew
٢(list->prev=list->next->next�
٣(list->next=list->prev->next->next

1 2 3

B

"�#�'(>� 
.� ���-  Y��3 �Q-�6 ���- H��	 �&U ������ /� ��� �� �W&' ��I 
"�#�(( Y��3 �Q-�6 ���- H��	 �&U �l���� �W&' >� 1��� ���X� ���- $�I 
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"�#�)( ��� XY�&$� <2 ;�Q�� <D?' �U ��( _����%� A �3�- ������ /� ��� �- ��� )��3� 

� (<D5C )�� 
.�

" (��E- )�� 
.�

K( ��� 
.�x�

L(0��x

p->link=x
p->rlink = x->rlink
x->rlink ->llink= p
x->rlink = p

"�#�)( �5!�2 (� <!��D?' �- ��� ��=��� �� ���-� �- �W&' 1�/P�� R?' �� #�&� M�?'� ������ >! ��� �� <!����m! #�$��� <2 

D(1)�3�- ;�Q�� R-�C  .�� ������ ���. . .

� (#�&� <2 ���n/�"(<2 ��FD�#�&� 

K(#�&� <2 H�NE2�L( ��FD� +��	 )�� �- <6��� �� )��3�

 =

⇒




=>−
=>−

⇒
nochangelast

PLfirst
PnextL
nextLnextp

O
:
:^.

)1(

"�#�* (#���� �� )��3� �% / p-�! �% :

�first :�$� <2 �� M/� )�� �- �� )��3�

�next :�$� <2 �� ��E- )�� �- �� )��3�

�end :�$� <2 �� ��� ��=��� )�� �- �� )��3�

�E�� ���E! p-�! ���6� _firstY%��&U 

)��� M�n=n(

1
2

)1(
+

−nn

P1:=first(L); 
While P1<>end(L) do
begin

P2:=P1; 
 while P2<>end(L) do

begin
P2:=next(P2,L); 

 P3:=first(L); 
 while P3<>P2 do

P3:=Next(P3,L); 
 endl;

P1:=next(P1,L); 
end;

"�#�( M�/�Y�$��2 ;�Q�� ���� �U ��(

A B

L

C 0

CCBCCBACCBCCBA

Procedure W(L)
begin

if L<>0 then
begin

W(Link(L));
Print(Data(L));
W(Link(L));
Print(Data(L));

end;
end;
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��  ��! �64��.:
��� �D?6�&U

�r�P- ���'� _�5%�`2

� �Ds�2 R�
(�6) Josephus(

K�L4 ���8� ��M��N�:

[��X 1��! �� )��3�

:�6��O	� D�P�N7

����8�

:�6��O	� 9�

[��X  1��!x  1��!y �� )��3�

021 ...: eeeeASSUME nnn >>>> −−

01
01 ...)( ee

n
e

n XaXaXaxP nn +++= −
−

74)( 812 ++= XXxP

L 4 2 1 8 7 0 nul

�� �A�, �-1 �9� 64 ���A�8:
j��� �D?6 �&U <-��(��

t��� �D?6 �&U /� p?6

u� /� ^�X�� �D?6 �&U

K�L4 ���8�:
X = 4 7 3 4 5 1 7 9 0 1 1 2 3 4 1

2341 9011

L

4517 473 nil

 �4 Q�,L2:

2101 1312

L2 

131 nil
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=
=

+>−+>−=



<=
>

=

→

);,3(
;10000%

;10000/
;2

0
9999

sumLAddLast
sumsum

sumC
CDataLDataLsum

sum

C

L1 {  �� �62 ��G4 C�6. �R�S� + �6.
L2 {  �� �62 ��G4 C�6. �R�S� + �6.

����  C�9LR��62�U	�� �4 

V3�, �!���:
 R2�3 ��FD� ��� ��Q��n�W&' 

04A 5B 2C 1D 3E

L

        1��?3 �- #�&� <2 V/�3 <���W! _��W- �GF� >� (� . �� �� )�� 9��/�sum (� S�- �- �� S  / #�8&� <2 
.�  ���%� 

 ��E- )�� (�) �-sum=0 (#�$� <2 �2��� ���Q2 �� v��?3.

<6/�� :���3 <2 
.� �� ����&'.

H�6�I(�&� ^��� �� <U���5�� ��$ <������� ���E! �� �����&- <E-�! :

int fibo(int n)
{

if(n==1 || n==2) 
 return(1); 
 else if(n>2) 
 return(f(n-2)+f(n-1));
}

H�6�I�(<G� ���  :� �����&- <E-��!�&&� �5%�`2 �� <G� ��� /� RX�:! / V�?�6� A w���3� �.

 H�6�I� (�&� H�NE2 <���(�- _��W- �� <G� ��� �� �����&- <E-�!.

H�6�I$ ( ���- �� �����&- �� �2���-n ���E! ���m�2  �� �- M�F��� \f% / ���� �- �/�/ =6 9N?2 ��$ �,��6 �?$

��/	 %�- �� ;/�:
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e.g. n=2: 
 a1,a2 
 a2,a1 
 

H�6�I% (�����&- <���(�- ��b / <���(�- _��W- �� ��( p-�!:







+

==
elsexff

xx
xf

))1*3((

02%
2)(

e.g: f(5) = 4
f(7) = f(f(22)) = f(11) = f(f(34)) = f(17) = f(f(52)) = f(26) = 13

<���(�-:

int f1(int n)
{

if(n%2 == 0) 
 return (n/2); 
 else

return (f(f(3*n+1)));
}

<���(�-��b:

int f2(int n)
{

while(n%2!=0) 
 n=(n*3+1)/2; 
 

return(n/2);
}
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1
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4

����:
���� ��	
 ��	� :

�	� ������
�������� ����	�
������ ���

������ �	
��� �� ���� ��
� �� :�
� �
��� �
�� ��	�� �	  �� !"# �$�#�� �� % �&� ���"'�:
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4*4T

�&� ���"'� :n2

(� )� *+�& �
��� �� )	(� ,#
- *�
� �
� �
��� )./.� ��	�� �	 � )./.�  �� ��(0� �
�� ��

)n(n+1)/2(
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0100
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0000
1010

4*4T

 ,�(� : �3�� ,'3�� �(�� ��� �� �� ,� *��� �� ��
�DAG�(4�� ,'5� .

 �� �!��:
��� �"!:





→
)(
)(
icolout
irowin

vi

�"! #$�%:





→
)(
)(
icol
irow

vi

&	'�( ( 7(8� *
�$� �	�9 ��� i � j:,� �	 ���� �(�� 

f:=false;
for k:=1 to n do

f:=f OR (T[i,k] and T[k,j])

1

2 3

4
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	% �
� &�	*�:
(T[i,1] and T[1,j]) or (T[i,2] and T[2,j]) or … or (T[i,n] and T[n,j])

&	'�+( 7(8� 
�$� ��
� ���� k:

T=*��(�;<

T2[i,j] = T*T =�	
��� >
?/-�

…
Tk=T*Tk-1 

 ,@�
� +� >
A B'	�(CD� )���E��9 : O(n4) 
� �� ,@�
� +� >
A B'	�(CD� )���E��

9 : O(n3)

P=t ; adj=T
for k:=1 to n-1 do
begin

m � Tk+1 [adj=adj.T ]  O(n3)
p=p or m

end;
��� ����	�: ��F� 7(G �� *
�$� �	� k �
� �� ��� I � j(�� :���� �

T[i,j]=1�
� �� ��� 7�	 �(�� P[i,j]=1 �
� �� ��� 
�$� �(��

P[i,j] *�< ��
� ��� *
�$� ,� �&� H	 )��CI< J �� k,� �3�� ,'3�� �(�� i ,� �� j�I� K-� :

 ��� *
�$� �	�i � j:���� �(�� 

Tk=Tk-1+T
P=T1 or T2 or T3 or …. or Tn
for k=1 to n-1 do
begin

M=[Tk+1]
P=P or m

end;
�3�� ,'3�� �(�� )D�	:

Pk-1[i,j] = 1

Pk[i,j] 


 =

−−

−

],[&],[
1],[

11

1

jkPkiP
jiP

kk

k

Pk,� �&� H	 )��CI< :Pk = Pk-1[i,j] or (Pk-1[i,k] and Pk-1[k,j])

for k:=1 ro N do
for i:=1 ro n do

if (p[i,k]=True)

X

X

X

X

X

X

i j

k
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for j:=1 to n do
p[i,j]=P[i,j] or (p[i,k] and p[k,j])

��� #�$ �	",���:
L7�3��� :�< �
� ,�/� ��� 
�$� �	
'<��(�

LDijkstra : 
�$� �	
'<��(�)�	
� ,I	M< B� (NO4� �
� �� ���

&	-��$ :
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10025100
100100100100
1003100100
11004100
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B

1

4
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5

 ,� 
�$� �	
'<��(�I � j �
� ,P	�(8� JB	
�C� )���� �� :

Q1[I,j]=Min{Q0[I,j], Q0[I,1]+Q[1,j]} 
…

Dijkstra:)���� *�< �
� �'#
� 
Q��� ���� 
�$� �	
'<��(� ��
� ����  

V4

V3

V1

V2

V0

1 7

2

5
1

46
3
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1001100100100
1001001003100
1005100100100
1001002100100
1647100

w

d0 : ��@� �
� �� 
5- �
� ��� ,/-�# �	
'<��(�

d4 :  �
� ��� ,/-�# �	
'<��(�4��@� �
� �� 

1) p={V0} T={V1,V2,V3,V4}
min={d0+w01 , d0+w02 , d0+w03 , d0+w04}
min{7,4,6,1}=1 
 
2) p={V0 , V4} T={ V1,V2,V3}
min={d0+w01,d0+w02,d0+w03,d4+w41,d4+w41,d4+w42,d4+w43}    
min{7,4,6,101,101,2}=2 
 
3) p={V0 , V4 , V3} T={V1 , V2}     

min={7,4,101,101,5,102}=4 
…
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 ��� �� .$�- 	%V0:

&	-��$ /0���1��:
P=T
for k:=1 to N do

for i:=1 to n do
for j:=1 to n do � O(n3)

P[i,j]=P[i,j] or (P[i,j] and P[k,j])

,'#�	 �(@� B'	�(CD�:

P=T
for k:=1 to N do

for i:=1 to n do
if P[i,j]=True then

for j:=1 to n do
P[i,j]=P[i,j] or (P[i,j] and P[k,j])

 ���� 2�	��)	-�� �4�� 5*�(
L)A
R S	�;��)BFS(

L )";R S	�;��)DFS(

 67�� 2�	��bfs) 89 	% ��	
 ��	�:(
EnQ(A);
while not Empty(Q) do
Begin

DeQ(Q)
��(3 ,#�A� T- ,� ��3 �U= �
� ��(�;< *�< �
� ,�/�

End;

A B C D E

� ABCDE

V0=0 V1=5 V2=4 V3=2 V4=1 

A

B D
C

E
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�&�� ,� VW +�:

V1 V6 V4 V2 V5 V3

S=1 
1,2,5,8,3,6,9,4,7,10,11

2

1

3

5

8

6

5 10

7

4

7

 �4�� :�� 2�	��dfs) depth first search :(

visited:
f f f f f f F
0 1 2 3 4 5 6

V0 , V1 , V3 , V6 , V2 , V4 , V5 

dfs(int n)
{

visited[n]:=true;
for each w vertix adjacent with n

dfs(w);
}

 	-�� �4��)Spanning tree:(
�3�� ,'3�� �� 7�	 ���F� KX��= ,� *�I@;< ����.

BFSDFSGraph

V1

V3

V2

V4

V6

V5

V0

V1

V6

V2

V4

V5

V3
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V1

V3

V2

V4

V6

V5

V0

V1

V3

V2

V4

V6

V5

V0

V1

V3

V2

V4

V6

V5

V0

�;"% �	-�� �4�� :minimum spanning tree

)� ���� ����� #�$ �	(
L 7�P&�
�kruskul

Lprim

�7�P&�
� Y�� �� �

 ,� �3�@� ��� �� 
��

 
� B� �+� +� �� �D�	 Z��
�

B�I� )� >�O'��

 ���	� KP�& ,� )	�� ��

�(4�

prim : 7�	 �	
� �+� B� ���
< � B�I� )� [�
3 \�� H	 +� ��

 �(4�� >�O'�� *�F� �
�)�(4� ���	� KP�& (�

,�(� : �
� � 7�� ,R(;�� +� ��@� �
� ,� B	��� ,R(;�� ��

��(3 )� >�O'�� ]�� ,R(;�� +� �0"� .

 ��(0� ,R(;�� �� �	� ��'�� �� ^.�{v0} � {V1,..V4}�&� .

&��<
(( 
�� A�� �� +� � �3�� ��@�  Yprim ��3 >�O'�� *�< �
� % B�I� ���5'&� 7�P&�
� � 

�(� �<�(� ,�(CW:

V1

V3

V2

V4

V0

10

4
15

17

V1

V3

V2

V4

V0

10

4
15

17V1

V3

V2

V4

V0

10 30

20

4
15

17

16



�� ������	�
 ��

 Graphگراف هفتمفصل

������ �	
��� ������ �
��                                                                                  ��� ���� ���� �� 

J(K: BC,BE,FE,AF,ED

P: AF,FE,BE,BC,ED
9(K: BC,BA,AF,FE,ED�

P: AF,FE,EB, BC,ED�
_ (K: BC,FE,AF,AB,ED

P: AB,AF,FE,BC,ED

&��<
+( ](& ,/=
� *�'�� �� prim:

A

C

B10

E

25

15

A

F

C D

B10

E

25

30
45

50 40

35
6020 15

 &��<
=( �
� ���;3 % 
	+ B'	�(CD� `@G a:�&� �IW 

count:=0; 
Dfs(v:vert x)

w:vert;
begin

mark v as visited
for all verties  w adjacent 

to v do
if (w is not visited) 

then
Dfs(w);

count:=count+1; 
 DFN[V]:=count;
end;

2

4

3

5
4

7

1

8

J (a9 (__ (b�a(c

 &��
> ( �� K��� ��
� H	Jd 
	+ ��(0� �� *�< 7�	 � �&� �� ���� ,� B	��� \�� 

�&� ��3 T	
F�:





<++
≥++

==
5
5

22 jiji
jiji

ww jiij

 7�;�I�� *�3(� ���� �+�)MST (:�(4�� �IW

J (eb9 (ec_ (bba (bc

A

F

C

D

B

2 5

32
3

E

2

2

1
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 &�<
?( 7�;�I�� *�3(� ���� �+�

:�(4�� �IW

J(99�9(9a

_ (9ca (9d

3 1 1 3 3

1 2
1

5 614

4 215

3 1 3 3

1 2
1

14

21

&��<
@(         ,"/= ���� ��� �� 
�f ���& ��
� G       K��3 ,� �	
�C� 
Q� �� ��Jd    �g&� �I@;< ,5D(�  .

 
��
� ��
� \(h� ���F� 
��bd:�&� �IW ��
� *�< \�� *�< ,��� [(;�� ��(- �	� �� �3�� 

&��<
A( ���� �+� MST:�&� �IW 

J (_d�9 (_c

_ (9ca (__
7 6 5 3 3

1 154

5 283



�� ������	�
 ��

 Graphگراف هفتمفصل

������ �	
��� ������ �
��                                                                                  ��� ���� ���� �� 

���� ��	
 ��	�:
L��� ,	 :M[n*n]

L *��(�� �$�D)n�
� (

nptr=^node;
node=RECORD

item:<int>;
adj:nptr;

end;

A B C nil

B D nil

B nil

D C nil

X:Array[1..n] of nptr;

 ��	
 ��	�Dfs: 
,	���:

 ,Q#�=O(n2)

 S	�;��O(n2)

*��(�� �$�D:

 ,Q#�=O(V+E) 
 S	�;��O(E)

V1 V2

V4

V0
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����:
�� ��� ��	 
� ��  ������:

������� ����
� ���� � ���� ��
��� ����  ! 
" ���  ! #$�

%�        ������ &�'�( !��� ������ ��  ��	 
� �)* �� 
" ��� ����)T0,…Tn (  ! -!�� �" ��Ti    � ���.� /.0�� ��.0 
" 

����� ����
� ���� /0�� �� .

���� �" �2�� :
" /0�� ��  �!�3(

�/0�� �2��:
"��� ��4� 5�� ��2�� �2�� 5������ 

�6�� :�)* �2�� 
� ! ���

���� �� 7!�� �8 :��� �� 
" /0�� ��  
" ����

���� �� 7
�
�� : ���� �� #9��� ��'� �� ��2�� 
" ��� ��4�):��0 ���(

� �!��" 
" ���sibling) ��; &"( »��=
� ��=!� >���� ���� �� �� #�
" ���.

 ��	Level:
?@A����  =�

��� �" ?@A = ��; ��� ?@A +�

 /0�� D
)(�!)depth = (
" ��� ��4� 5�� ��2�� ?@A &����
�


����� ���� :
 �E�!�F ��� �" �2��%/A! .

2) 
 

V

L R

1) #9(

� �;Full :��!� �� �8 �� 
��G� 
� ��!�� �� �8 
� ��� �"

�  H�
�Complete :   ?@A 
(h-1    /0�� �� perfect   � � /A!  ��

��= ���	 /A!� �� I	  ! �0J ?@A 
"

�  -
�(Perfect :    
" ��� ��4�) 6�� ��� (     � ��.=
� ��.=!� �� �8 �� 
��G�
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���'" �0J ?@A �� 
9��� ��"

���� ( 
" ��
�= 
� �K
��� 
" ��
�= L &��� �!M� ��
�= !��J ��! �� /A! H�
� #�0��perfect�=
� .

���� (   /0�� ��perfect      7
$� �� ��� �� ��! i    7
.$� �� 7J I.	 �.� �8 �=
�2i    7
.$� �� /.A!� �.� �8 � 2i+1 

 7
$� �� ��; � /A!i/2/A! .

���� ( ?@A �� ��2�� 
" ��� �E�!�FI -!  :2i-1

����( /0�� 
" ��� �!�3( perfect N�� �� h:

�+q+q2+…+qk=
q
qk

−
− +

1
1 1

� 20+21+22+…+2h-1=2h-1 

����( D
)(�! �� H�
� /0�� 
" ��� �!�3( HG!�F h:

2h-1-1+1=2h-1 

���� �� ���� � ���  ���� !"�	 #��$%:
X[1..2h-1]









→+
→
→

→
RightChildiX

LeftChildiX
ParentiX

iX
]12[

]2[
]2/[

][

/'�� �8�* �� 7���� �2� O�" �� P��� 
" /0�� !�� :�� 5�!.

�&$' �� !"�	 #��$%:
Type

Tptr=^tree;
Tree=Record

item: char;
Left,Right: Tptr;

end;

T1,T2,T3:Tptr;
T^.item:=4; 
new(T1); 
T1.^item:=6; 
T1^.Left:=nil;
T1.^Right:=nil;
T^.Left=T1; 

 

4

nil 6 nil nil 10 nil

T1 
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���� (����:

n0= 6�� 
" ��� �!�3(

n1= �� �8 �( 
" ��� �!�3(

n2= �� �8 �� 
" ��� �!�3( 

n=n0+n1+n2
� B=n-1 Q
� �!�3( �  B=n1+2n2 � n1+2n2+1=n � n0+n1+n2=n1+2n2+1 

 � n0=n2+1
Perfect � ��� H� �!�3(=n  � h=?

2h-1=n � h=[log2n+1] 
 

���� )���$%:
#��� :LVR) in  (  LVLR) pre  ( LLRV) post  ( LRVL L  VRL L  RLV

 
*�	)Level : (BFS����

EnQ(Q,T);
while not IsEmpty(Q) do
Begin

T1:=DeQ(Q); 
 write(T1^.item); 
 if T1^.left <> nil then

EnQ(Q,T1^.Left); 
 if T1^.Right <> nil then

EnQ(Q,T1^.Right); 
End;

�(

Inorder(LVR): DGBAEFC

A

CB

F

ED

G



 ���� ����	�
��

 Treeدرختهشتمفصل 

������ �	
��� ������ �
��                                                                                           ��� ���� ���� �� 

%(

InOrder (LVR): ECDBAGIHF

R(

PreOrder (VLR) : ABEDCGF

S(

PostOrder (LVR) : DECFBA

A

GB

I

HC E

D
M

D

N

T(

LVR: DCBFEAHNMIG
LRV: DCFEBNMIHGA
VLR: ABCDEFGHIMN
RLV: NMIHGFEDCBA
RVL: GIMNHAEFCDB
VRL: ABHIMNBEFCD

1) LRV: BFDECA
A

FDCEB

2) LRV: FDEC
C

EFD
3) LRV: FD

D

F

U (���� &A� !� /0��:

IN(LVR): BAFDCE
Post(LRV): BFDECA
Graph � ?

A

CB

ED

F

A

BC

IED

A

CB

FGDE

A

FB

H

GC

DE

I
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A

CB

GD

E F

V (���� &A� !� /0��

IN: BEDFACG
Pre: ABDEFCG

A

CB

ED

A

CB

ED
A

CB

ED

A

CB

ED

W (���� &A� !� 5$�� 
" /0�� ��":

Pre: ABDCE
Post: DBECA

a

b

g

ed

f

X ( Y�
��;InOrder H�
�� ��!�J Z/'�	

a b d e f G
I	 �� �8 :ri

/A!� �� �8 :ri+1afdgbe

�[ (Z/'�	 H�
�� /0�� ����
�� Y�
��; �����

Posr: ABC^+D*E-
Pre: -*+A^BCDE
In: A+B^C*D-E 

1) ABDECF 2) ABCDEF
3) BADCEF 4) DBEFAC

�� ( Y�
��;post/A! H�
�� \��]�  . ����� -!��

 Y�
��; ��!�����preZ�=
� 

D E B F C A
Procedure InOrder(T:Tptr);
Begin

if T<>nil then
begin

InOrder(T^.Left);
write(T^.item);
InOrder(T.right);

end;


�,-"�� .�/0� )���$%:

-

E*

**A

D+

CB
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end;
Procedure PreOrder(T:Tptr);
Begin

if T<>nil then
begin

write(T^.item);
PreOrder(T^.Left);
PreOrder(T.right);

end;
end;

Procedure PostOrder(T:Tptr);
Begin

if T<>nil then
begin

PostOrder(T^.Left);
PostOrder(T.right);
write(T^.item);

end;
end;

Procedure Traverse(T);
{

while T<>nil do
{

Traverse(Lchild(T));
visit(T);
T:=Rchild(T);

}
}

Q
E��(Z�"��� -
��! !� Y�
��; -!�� H�
�� &����^_!

� Inorder

Procedure Traverse(T)
Begin

P:=T;
F:=FALSE;
Repeat

while(P<>nil) do
Begin

push(P,s);
P:=Lchild(P);

End;
If not IsEmpty(S) then
Begin

pop(P,s);
write(data(P));
P:=Rchild(P);

End;
else

F:=TRUE;
Until F;

End;

Q
E�% (Z�"��� -
��! !� Y�
��; :�� -!�� H�
�� &����^_!

� LVR
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Procedure tst(T)
Begin

push(s,T);
while(stack s is not empty)
begin

T:=pop(s);
while T<>nil do
begin

Push(s,T^.right);
visit(T);
T:=T^.Left;

end;
end;

end;

Q
E�R(

� VLR

1�2��(���� `a�� !� #2��0 L /0�� �� �2�( 
� .

1)12 2)8  3)10� 4)6 
 
Function k(T):Integer;
Begin

if T=nil then  
k:=0

else
k:=k(Rchild(Lchild(T))) 
+3*k(Lchild(Rchild(T))+2; 

End;
4

35

5355

553

1�2��(�!  �!��� �
���	 b�
( 5TZ��!��^���� !� 

3�/4 :U�
� 

function k(a):Byte;
Begin

if a has weight then
k:=weight(a);

else
k:=k(parent(a));

End;
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1�2�5(Z/A! ��	 ��  #3�
( #��� 
� �!��� 

1) 4 2)5  3)6  4)8

Function count(T);
Begin

if T<>nil then
 count:=2count(Lchild(Rchild(T))); 
        +count(Rchild(Lchild(T)))+1; 

 else
count:=0; 

End;

� (/A! ��8 ��!��" #����� 
"�^4�� �!�3(.

% (/A! c�  ��!��" #����� 
"�^4�� �!�3(.

R(/A! c�  ��!��" #�
�$� 
"�^4�� �!�3(

S (
"�^4�� �!�3(/A! ��8 ��!��" #�
�$� �

!674 .��78 ����:
�^4�� : #����� * /� +  #�
�$� !~�

1�2�9(  /0�� 
" ��� H� �!�3( ��! �S -!�� L �=
� 

Z/A! /A�� �����

A

CB

GFED

IH

T

KJ
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\
gh! :

n=n0+n1+n2

n0=n2+1  /A! �� �8 �( 
" ��� �!�3(  ! H��'� 
" 6�� �!�3( /0�� �" ��

14= n0+n1+n2

14=n2+1+n1+n2
13=2n2+n1

��8+ c�  =��8

1�2�:( ��! n4=5  � n3=6  �n2=5 Z/A
(��	 
9��� �!�3( �
^�J )n0=?(

n=n4+n3+n2+n1+n0
B=n-1 
B=n1+2n2+3n3+4n4 � n=n1+4n2+3n3+4n4+1 �  n0=3n4+2n3+n2+1 
 �  n0=15+12+5+1 = 33

n0=n2+2n3+3n4+…+(k-1)nk
 ����FULL:
 ����" :�  6����� �8��

 
" 6�� �!�3( ��!n 
" ��� �!�3( L �=
� 2n-1/A!  . 6����i 
" ��� �!�3( ��!n 
" ��� �!�3( L �=
� 2n+1/A! .

1�2�;( Y�
��; ��! j�8 /_
F �� PreZ/A! ?�k* ����� -!�� L &�=
� ��=!� !� 
" 6�� � 

�(/'�� �F!� H*
F /0�� #_� ���� �
��! !� /0�� 7!����.

%(��  /A! �F!� H*
F /0�� � ���� �
��! !� /0�� 7!���

R( ���� �
��! !��J 7!�( #��

S(L �=
� l�m
� /0�� ��! n�8��� �
��! !��J 7!����.

Q
E�:

Pre: A B C D F E G H I

9���: { C F I H G }

A

IB

EF

DC

HG

1�2��<(����J /A�� !� �g2 \�
g� /0�� N�� : h=6

(-a)*b*c – d/e*g +h
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���� #"�=�� :/0�� 
" ��� �!�3( .

Function TreeSize(T:Tptr):integer;
begin

if T=nil then
TreeSize:=0; 

 else
TreeSize= 1+TreeSize(T^. Left)+TreeSize(T^. Right); 

End;
6�� 
" ��� �!�3( 5��3(:

function NumofLeaves(T:Tptr):integer;
Begin

if T=nil them
NumofLeaves:=0; 

 else if (T^.Left=nil) and (T^.Right=nil) then
NumofLeaves:=1; 

 else
NumofLeaves:=NumofLeaves(T^.Left)+NumofLeaves(T^.Right);

End
Z���'" �
'� /0�� �� 
�J

�nt Cmp(Tptr T1,Tptr T2) 

{
if (T1==NULL && T2==NULL)

return(1); 
 else if (T1!=NULL && T2!=NULL && Data(T1)==Data(T2))

return(Cmp(Left(T1),Left(T2) && Cmp(Right(T1),Right(T2));
else

return(0); 
}

 Z��!��^���� !� �!��� �	 ��  b�
(���� >�?���
Function k(t:pointer):integer;
Begin

if t=nil then
k:=0; 

 else
k:=1 + max(k(T.Left),k(T.Right));

End;
 /0��  ! #o� �� �� ��'���� #3�
(T1 �� ��
=! � ��0
A T2��!����� 7J �� !� .

Function CopyTree(T1:Tptr):Tptr;
Var

T:Tptr;
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Begin
if T1<>nil then
Begin

new(T);
T^.info = T1^.info;
T^.left=CopyTree(T1^.Left); 

 T^.Right=CopyTree(T1^.Right); 
 CopyTree := T;

End;
else

CopyTree:=nil;
End;

 /0�� ��� �":

�6��

�k��!� �� �8 
( 

n :
" ��� H� �!�3(

� 6�� �!�3( :



 −

−=
k
nnn 1

0

�6�� ��i �!�3( :



 −
k
n 1

Q
E� :k=3 7
3
9100 =−=n

\
gh!:

n=n0+nk ,    B=n-1    , B=knk � knk
n

=
−1

�
k
nnn 1

0
−

−=

% (   /0�� ��R    &��!� #�
( )   ��� �"R  ��!� ���_  .(     H�
= /0�� 5�! ��!�[       Q
](! ��	 L �=
� ��� null   ��	 � 

 ��inull��!� .

n-1=nil��i=9 � n*3=
"�� ��
=! H�=30 � nil=30-9=21

@$��:n ��� k#�
(  :
"�� ��
=! H�:nk�� ��
=! L   ��i 
"nil :n-1 
"�� ��
=! L   nil : nk-(n-1) 

BST) binary search tree:(

����� !/@�&4 ����:

�=
� ���� /A!� �� �8 �!���  ! � ����� I	 �� �8 �!���  ! ���� ����!���:
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1�2��( /0�� �� H�
�� �!��! 
� BST���� �
��! .

3,1,4,6,9,2,5,7

1�2�� ( 
�k /0�� ��	 ��4� BSTZ/0
A 7!���� 

P!�2 :%
( 

  Z��@	 ��4� 
( �A 
�T
( 

 
" /0�� �!�3( �� p���� �@�!�BST 
� �� \�
)�� n   Z/0
A 7!���� ��4� 
1

2

+










n
n
n

 D
)(�! /0�� ��	n Z���!� 12 −n

 ����" D
)(�! L ��=
� ��= q(�� 
" ��!� ��!n/A! .

 �� #6- ABCBST:
� 6��) ��� =nil (

��� �8 �( :��= H]�� �� �8 �� ��;  ! �� ��
=! /'�8
�

��� �8 �� : Y�
��;inorder&��$�� �
^� !� . �� �� ! ���inorder /A! ���J �r����� ���  ! �3� 

/A! �� �8 �( 
� /A! 6�� 
� 
��F �� ����� #� ��= sMF �]�� 
��.

)/A! ��3* q�(�( �� Y�
��; �����( LVR: 7 8 9 10 12 13 15 16 17 20 24 25

  ! 7!�( #� #_��� q�(�( !��RLV��� ��
)�A! .

1�2�� ( /0�� �� �� �!�" 
( �� �!��! ��! BST��  ��� Q
g��� � ��=
� ��= cRUR  ! ���!�� L &���^� 

Z�=
� ���'2 5�! �� /0�� �*
�� �� #A��A� q�(�( �^�
�� ��!�( #�� ��  
" q�(�(

�(924,220,911,244,898,258,362,363

2

1

31

2

3

41

62

9

7

7

14

209

2215127
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% (,245,363912,925,202,911,240�

...

!"�	 #��$%:
Tptr: left , right , info

function find(X:integer; T:Tptr):Tptr;
Begin

if T=nil then
find:=nil

else if T^.info>X then
find:=find(T^.Left)

else if T^.info<X then
find:=find(T^.Right)

else
find:=T

End;
#��� 
� ��i \��]�:

While(T!=nil && T^.info!=x)
{

if(T^.info>X)
T=T^.Left;

else(T^.info<X);
T=T^.Right;

}
1�2�� ( �!��� �� ��'���� #3�
(min���J /A�� !� 

function findmin(T:Tptr):Tptr
Begin

while(T^.Left!=nil)
T=T^.Left;

return T;
End

Tptr K(T)
{

if (T==NULL) return NULL
else if (T.Left==NULL)

return T
else Return (K(T.Left))

}
DE� ���� � F��BST:

�&��� #� ���'2 !� ��� !���!

���� 5�=!�� ��2� \��* �� 7��� �8
t!

� ��!X<q^.item loAq^.Left=temp

� \��]��! ��i ��q^.Right=temp

int Insert(Tptr T,int X)
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{
Tptr P= T, temp;
while(T!=NULL && Data(T)!=X)
{

if(Data(T)>X)
{

P=T;
T=Left(T);

}
else if(Data(T)<X)
{

P=T;
T=Right(T);

}
}
if (T==NULL)
{

temp=new Tptr;
Data(temp)=X;
Right(temp)=NULL;
Left(temp)=NULL;
if( Data(p)<X )

Right(P)=temp;
else

Left(P)=temp;
}
else


@0 -
u�;

}
G�6���(� sMF \��* �� /0�� 
( ���� �!�G ���� 
�� 7!�( #� ��� -!�� L ���BST ��
�� #G
� ) !��; s�"

 /0�� 
" ���  ! #$� v��J 7���T /0�� L ������ /0�� ���� 
�� ��! �� �=
g��T /0�� �� 

��
�� #G
� #����� ���'2 (�"��� -
��! !� �
� 5�! ��  
"��  ! �� -!��.

�(

P:=Left(T);
While right(p)!=nil do

P:=Right(P);
%(

P:=Right(T);
While Left(P)!=nil do

P=Left(P);

20

3015

15251710

14 27

 /�A �� �8 5������� 
� � /A!� /�A �� �8 5���$	�� 
� ��
�
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��� !��; !� I	...

G�6��� (
�,-"�� .�/0� H��:
Procedure Insert(X:Integer; Var T:Tptr);
var

Tptr *temp;
Begin

if T=nil then
Begin

new(temp);
temp^.info:=X;
temp^.Left:=nil;
temp^.Right:=nil;
T:=temp;

End;
Else
Begin

if X<T^.info then
Insert(X,T^.Left);

else if X>T^.info then
Insert(X,T^.right);

Else

@0 -
u�;

End;
End;

 "� ABC I���BST:
Procedure Delete(X:Integer; Var T:Tptr);
Var

temp:Tptr;
Begin

if T=nil then
Begin

Error Halt
End
Else if  X<T^.info then

Delete(X,T^.Left)
Else if  X>T^.info then

Delete(X,T^.Right)
Else {//x=T^.info}
Begin

if T^.Left=nil then
Begin

temp:=T;
T:=T^.Right;
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dispose (temp);
End
Else if T^.right=nil then
Begin

temp:=T;
T:=T^.Left;
dispose(temp);

End;
Else { // 2 child }

Begin
temp:=findmin(T^.Right);
T^.info:=temp^.info;
Delete(T^.info, T^.Right);

End;
End;

End;
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 /0�� ��!BST 7J D
)(�! �=
� l�m
� w�
� log2n��� �"!�0 .

 /0�� 5�!AVL /0�� ��  �" sw�0! �E�!�F 7J �� �� ��!� -
� T/A! �� ��!��.

|h(L)-h(R)|<=1 

 /0�� �
��! !��  
��  ���� ��� HG!�FAVL D
)(�! �� h:

h=2  n=2 
h=3  n=4 
h=4  n=7 
 
n(h)=n(h-1)+n(h-2)+1 (n(1)=1 , n(2)=2) 

 J  �6K)HEAP:(
H�
� #����� /0��:

min-heap :�=
g� ������ Y�!�� �8 �!���  ! ���� ��� �!��� ��!

max-heap :�=
g� ��$	�� Y�!�� �8 �!���  ! ���� ��� �!��� ��!

14

1816

403020

min-heap

20

1520

4101817

max-heap

 
" ��� H� �!�3( ��!n �=
� :  1log2 += nh

6�� 
" ��� �!�3( ����":1
2

+



n

6����i :
2
n

�!� -
��! 
9��� �� ��
� !� �]�� 5������� ���'2.

 /_
F 5��(�� ��n/2����� -
��! �'�
�� !! .
20

3015

15251210

14 2727 1427

121110987654321
1030162017971510461
���� :�

 ��� I	 �� �8i   :2i ��� /A!� �� �8  L i    :2*+1

 ��� ��;i   :i/2 
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�Insert
�Delete

F�6  E�L�:
&��� #� �8
t! 
9��! �� !� ���2 ��� . /_
F  ! 
�! /A! H�
� /0�� /_
F 5�! ��heap/A! ��= c�
0  . l;

��� H���� ?�k* 7
$� �� !��J ��
�...

10

3014

2040

�

14

3010

2040

�

14

3020

1040

 7��� �8
t! H�� #���y�;log2nA!  /)/A! /0�� D
)(�! 7
�"(

 /0�� �
��! #���y�;nlog2n /A! ) !��n�]�� (

1�/M	�( �!��� 
� �]�� 7��� �8
t! 
� 95����� -
��! #�
��
2 H�� ��	 .

�� (%%(SR(US(W

1 2 3 4 5 6 7 8 9 10
100 90 82 85 74 75 73 68 70

1�/M	�( �� max heap H�
= n ��!�J 
� �� �]��&��!� /A! ��=  
A ��
�; . !��; !�� ����� 5���gA
��

 �]�� 7���min/A! -!�� .

� (O(Logn)% ( �E�!�Fn-1�'�
�� 

�R ( �E�!�Fn/2�'�
�� S (-!�$y�"

1�/M	�( �� max-heap H�
= n&��!� ��
��� �]�� . 
" ���!�  ! ���!�� �� �]�� 5������� 5���
9	

Z�=
� ��!�( #� �� 

�(% 
� R% (W 
( �TR (S 
( VS ( ��!�� ��"�

Delete)  "� ABCheap:(
����� sMF ���� ����" .�����  
A 
� !���� /0�� � ��8�� �!�G 7J 
�� �]�� 5��0J l;.

 !"�	 N�6�Heap:
 �� �� �*
�� !���!heap������ sMF q�(�( �� loA � ��= c�� ) . #���y�;nlogn(

 ��3* :minheap#_��� :maxheap
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G�6��� ( H�
= ! ��!�Jn bG!� ��
)�A! ���� H�
� #����� /0�� �*
��  
A ���0z !�� �� &��!� �]�� 

/A! ��= . /0�� ��� #A��� �� ��'���� #�����^_!heap Z�� 
� /A! )����J /A�� !� #���y�;(

G�6���(Z/A! ?�k* ����� -!�� 

�( /0�� N�� �E�!�FBST ��!�� O(logn)/A! 

%( /0�� N�� �E�!�Fheap ��!�� O(n) /A! �

R( /0�� N�� �E�!�FBST ��!�� O(n)/A! 

S( /0�� N�� �E�!�FHeap � BST ��!�� O(Logn)/A! 

G�6���( /0�� �� BST&��!�  .X :  6��a=value(x) �  Y:��� ��;x L  b=value(y)

Z/A! ?�k* ����� -!��

�(b �� ��4� 5������� T! ��$	�� �� /A!   a�=
� #� .

%(a �� ��4� 5���$	�� T  ! ������ �� /A!b�=
� #� 

R(b �� ��4� 5���$	�� T  ! ������ �� /A! a�=
g�� 

S( -!�$y�"�

G�6��� (���� Y�
��; ��= ��!� &����^_! �� �2�( 
� !� /0��:

Procedure tst(T)
Begin

if T<>nil then
Begin

write (Data(T))
tst (Rchild(T))
write (Data(T))
tst (Lchild(T))

End
End

A

CB

ED
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 P*7� ����Heap:
Procedure Insert (X:<Type>; Var H:Heap);
var

i:Integer;
Begin

Inc(H.size);
i:=H.size;
while H.Elemen[I Div 2] > x do // /A! ����� �� �8  ! ���� �!��� �� #�
�  
(

begin // �
��!� Q
���! m
� �� !� �� �8 ��� �

H.Element[i]:=H.Element[I Div 2]; 
 i:=I Div 2; 
 end;

H.Element[i]:=x;
End;
Function DeletMin (var H:Heap): <Type>;
var

I,child: Integer;
flag: Boolean;
tmp, last : <type>;
Begin

tmp:= H. Element[1]; 
 last := H.Element[H.size];

Dec(H.size);
i:=1; 

 flag:=false;
while (2*I < H.size) and (not flag) do
begin

child:=2*I; 
 if child <> H.size then

if H.Element[child+1] < H.Element[child] then
child := child +1; 

 if lastElement>H.Element[child] then
bgin

H.Element[i] := H.Element[child];
i:=child;

end;
else

flag:=True;
end; {while}
H.Element[i]:=lastElement;

End;



 ���� ����	�
��

 Treeدرختهشتمفصل 

������ �	
��� ������ �
��                                                                                           ��� ���� ���� �� 

 !"�	 N�6�Heap:
 �� �� �*
�� ��4� !���! :�� 5�! ��min-heap 
� max-heap������ c��  .�*
�� &�"!�a� �$��! �� �2�( 
� !� 

Z#_��� 
� &��
�� q(�� ��3*

 
� q�(�( �� !� �*
�� ��4� ��3*  
A q(�� /92 wE�n b�
( #�!�0!�8 �
� Insert �� �� min-heap #� c�� 

 loA L &���n b�
( �
�Delete �]�� �4F�� �" �� �� &��� #� #�!�0!�8 !� min�"��� 
� �� !�.

� �E�!�F c�� H�� #���y�;O(logn)/A! 

� ��� sMF H�� #���y�;O(logn)/A! 

� /0
Aheap �g(��  ! O(nlogn)/A! .

 !"�	 N�6�Merge:
                       ������ -
i�! &" 
� 
9� 
A q(�� |�
�� � ��= q(�� /�'G �" loA ��= &�'�( �
'� �$( �� �� ��!�J :�� 5�! �� . ��

 � !��! �E�!�F 
� #$�� ��!�J �� �� /_
F 5�!n&��!�  
�� .

mergeSort(A, L, U)
begin

  ! ���� �*
�� �!�3( ��!%�=
� 

return ;
else

mid := (L+U) Div 2; 
 mergeSort(A,L,mid);

mergeSort(A,mid+1,U); 
 merge(A,L,mid,U);
end;
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