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ZÅ�ºfË�Â´·Y��YÂ¿Y� �
 Greedy 
 Divide and conquer 
 Dynamic programming 
 Exploring graphs 

 

�ºfË�Â´·YAlgorithm��� �
� �{�Ë~a�¹Zn¿Y�Ê�Â�y�Ä]��Z¯�,�{Â��µZ^¿{�Ê�Zy�\Ìe�e�Ä]��³Y�Ä¯�¹Z³�Ä]�¹Z³�|ÀËM�§�®Ë��{�Y{�Y���Ë��ÉZÅ�Ê³�ËÁ�ºfË�Â´·Y��Å�� �
 ÄnÌf¿�ZË�ÊmÁ�y�®Ë�¶«Y|u{�Y{�� 

 d�Y�Ê¿|��Á�¹ZÆ]Y�½Á|]�½M�¶uY�»��Y�®Ë��Å� 

 d�Y�¹Â¸ »�½M�Ä¼eZy����� 

�Á{�Äm�{�Ä·{Z »�®Ë�¶u�ºfË�Â´·Y�ZË�É�eÂÌb»Z¯�dËZ��®Ë��Y�Ã{Z¨f�Y�ºfË�Â´·Y�,�Ê³|À¿Y��Ä»ZÀÌÅYÂ³�~yY�ºfË�Â´·Y�|À¿Z»�� �
� �

�Ä»Z¿�]Program��� �
� �½Z]��®Ë�|�YÂ«�[Âq�Zq��{�Ä¯�d�Y�ºfË�Â´·Y�½Z¼Å¿�Ä»Z¿�]�Ê�ËÂd�Y�Ã|��Äf�Â¿��� �

� �
�Ä»Z¿�]�®Ë�¾f�Â¿�¶uY�»�� �

� �{�Y{�{ÂmÁ�Ê¨¸fz»�ÉZÅ�Â´·Y�Ä»Z¿�]�®Ë�¾f�Â¿�ÉY�]��d�Y��Ë��s���Ä]�Ã{Z��ÉZÅ�Â´·Y��Y�Ê°Ë�� �
 Requirment�����ZÌ¿�­�{�dyZÀ��,�ZÅZÆË|À»�ZÌ¿�É�Z��ºÅY�§�Á�Ä¸X�»��� 

 Design����ÊuY��� 

 Analysis����¶Ì¸ve� 

 Refinment and coding���Ê�ËÂ¿�Ä»Z¿�]�Á��ËÓZaÊ�ËÂ¿|¯�Ä]��Á���|ÌËZe��Y��a�dËZÆ¿��{�Á�ZÆË|À»�ZÌ¿�ÊËZÆ¿�Ê���]�,��� 

 Verification���ÊÀÌ]�Z]�� 

d�Y��Ë��¶¼��Ä��¶»Z��{Ây��yM�Ä¸u�»�Ä¯�� �
 Program testing 
 Program debugging 
 program Proving����Êf��{�cZ^iY� 

� �
�Äf°¿���Ä»Z¿�]�Ä°ÀËY�ÊÀ Ë�Êf��{�cZ^iY�d�Y�d��{�ºÌÀ¯�d]Zi�Á�ºÌÀ¯�Ê¬¸e�Ê¸¯�ÄÌ�«�®Ë�c�Â��Ä]�Y�� �

� �
�¶uY�»��{��f�Ì]���{�¾ËY��{Design�Á�Analysis�ºÌÅ{�Ê»��Y�«�Ê���]�{�Â»�Y��ZÆ¿M�Á�ÄfyY{�a�� �

ºÌÀ¯�Ê»�¶Ì¸ve�¶°��Á{�Ä]�Y��Ã|��Äf�Â¿�ºfË�Â´·Y�ÓÂ¼ »��Ì·Z¿M��Z§��{�� �
�� d�Y�d��{�ºËÂ��¾X¼�»� 

�� fË�Â´·Yº����Å�ºfË�Â´·Y�Z]�Y�����ºÌÀ¯�Ä�ËZ¬»�Ä]Z�»�ÉZ������������¹Y|/¯�Ä·Z�/»�c�Â/��®/Ë�ÉY�/]�¾/°¼»�ÉZÅ�ºfË�Â´·Y�½ZÌ»�ºÌÀ¯��z�»�Z��§
d�Y{�|ÅYÂy�É�f¼¯�Ê§��»�½Z»��ºfË�Â´·Y�¹Y|¯�ZË�,�{�Y{�É�f¼¯�Ê§��»�Ä�§Zu�ºfË�Â´·Y� 
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µZj»��|À¯�[���ºÅ��{�Y��tÌv��{|��Á{�Ê§��»�½Z»��¾Ë�f¼¯�Z]�Ä¯�|ÌÀ¯�ÊuY���Ê¼fË�Â´·Y�� �
Function russe ( A,B ) 
 X[1]  A 
 Y[1]  B 
 i � 1 
 While X[1] > 1 do 
  X[ i+1]  X[i] div 2 
  Y[ i+1]  Y[i] + Y[i] 
  i  i+1 
 end 
 p  0 
 while  i > 0  do 
  if  X[i]  is odd 
   then  p  p + Y[i] 
  i  i -1  
 end 
End 

ÉY�mY©Â§�ºfË�Â´·Y���Ë{Z¬»�Z]��� �
 
A= 45 , B= 19 
 
  1        2        3       4       5      6 

 
X 
 

  1        2        3       4       5       6 
 
Y  
 

1          2        4       8      16     32 
� �

i = 1  2  3  4  5  6  5  4  3  2  1 0 
p = 0   608   760   830   855   

� �
»�µZj���ÄËY�M��{�Ä¯�|ÌÀ¯�ÊuY���Ê¼fË�Â´·Yn�É��À��A�Á�º¼Ë�¯Z»�,�º¼ÌÀÌ»|À¯�¾ÌÌ e�Y���� �
� �

1)  Procedure  Smaxmin( A,n,max,min ) 
2) Max,min  A(1) 
3) For  i  2  to  n  do 
4)  If  A(i) > max 
5)   Then  max  A(i) 
6)  If  A(i) < min  
7)   Then  min  A(i) 
8) End 
9) End 
 
 
 
 

45 22 11 5 2 1 

19 38 76 152 304 608 
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1       2       3       4        5 
¶]Z¬»�ÄËY�M�Z]�ºfË�Â´·Y�ÉY�mY� �

A 
  
 
Trace table 
n max min i 

5 10 10 2 

- 20 - 3 

- - 5 4 

- - - 5 

- 35 - 6 

 
 

Ê§��»�½Z»��¶Ì¸ve�� �
� ��e�ÉY�]�����Y�ºfË�Â´·Y�®Ë�Ê§��»�½Z»��¾Ì �������ºÌÀ¯�Ê»�Ã{Z¨f�Y��Ë��Ã{Z��Ã|ËY��������������ºÌ/À¯�Ê/»�É�Y~/³�Ã�Z¼/��Y��cY�Âf�{������cZ/ §{�{Y|/ e

��ºÌÀ¯�Ê»�[����Âf�{��Å�Ê§��»�½Z»���{�Á�ºÌÀ¯�Ê»�Y|Ìa�Y���Âf�{��Å�ÉY�mY���������Ê§��/»�½Z/»��Z/e�ºÌ/À¯�Ê/»��/¼m�ºÅ�Z]�Y��¶�Zu�ÉZÅ{|�
|ËM�d�|]�ºfË�Â´·Y��Ê»�d^v��ºfË�Â´·Y�Ã�Z]�{�|Ì�Z]�Äf�Y{�ÄmÂe Ä»Z¿�]�Ä¿�ºÌÀ¯�� �

� �

2*3 
���Ê§��»�½Z»��

Y�mY��Å 
����cZ §{�{Y| e

�Y�°e 
����Ã�Z¼�

¶¼ ·Y�Âf�{ 
  � � 
  � � 
  n � 
  n-1 � 
  ��j¯Y|un-1 � 
  n-1 � 
  ��j¯Y|u n-1 � 
  n-1 � 
  � � 
�Â¼n»����½Z»�

Ê§��»  ��Â¼n»����yZ�
Ê§��»�½Z»�  

� �
�������½Âf����ZÀ��|���Ê»���¿�Ä]�����{�ÁM�d�|]�½YÂe�Ê¼¿�Êf��{�Ä]�Y�����Ê´f�]�Y�Ë������Á�¶/»Z��ºf�/Ì��,��eÂÌb»Z/¯�É�Z/¯��Á��,��Y�§Y�dz��Ä]����

{�Y{�� �
��½Âf��¶°�»�¾ËY�¶u�ÉY�]��½Âf����ZÀ���Â¼n»�Á�ºÌÀ¯�Ê»�k�Zy�hv]��Y�Y����ºË�/Ì³�Ê»���¿��{�Ê§��»�½Z»���yZ��½YÂÀ��Ä]�Y������Ä/f^·Y

Y�Âf�{�Ê§��»�½Z»��Y�Ë��d�Ì¿�ªÌ«{��yZ��¾ËYcd�Y�cÁZ¨f»�ºÅ�Z]�¦¸fz»��� �
� �

10 20 5 17 35 
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¾Ë�¼e��Â´·Y�|Ì�ËÂÀ]�Ã�Z]Á{�Y��©Â§�ºfË���|ÌÀ¯�º¯�Y��½M�Ê§Z�Y�cY�Âf�{�Ä¯�|ÌÀ¯�Ê ��� �
µZj»���Ä¯�|ÌÀ¯�ÊuY���Ê¼fË�Â´·Yn|À¯�|Ì·Âe�Y��ÊqZ¿Â^Ì§�Ä·Z^¿{�{|��¾Ì»Y��� �
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ZÅ�ºfË�Â´·Y�� �
 
Function  fib1(n) 
 If  n = 0  then  return(0) 
 If  n = 1  then return(1) 
 If  n >= 2  then 
  Return ( fib1(n-1) + fib1 (n-2)) 
End 

 
 
Function fib2(n) 
 i  1 
 j  0 
 for  k  1  to  n  do 
  j  i + j 
  i  j - i 
 end 
 return (j) 
end 
 
function fib3(n) 
 i  1 
 j  0 
 k  0 
 h  1 
 While  n > 0  do 
  If   n    is odd 
   Then [ t  j.h 
    j  i.h + j.k + t 
    i  i.k + t] 
  t  h2  
  h  2.h.k + t 
  k  k2 + t 
  n  n div 2 
 end 
 Return (j) 
End 
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��¾Ë�¼e����ºfË�Â´·Yfib3���Á�fib2���Á�fib1������|ÌÀ¯�Ä�ËZ¬»�Ê¬�À»���¿��Y�Y������������������|/ËZ]��/Ì¿�É�/´Ë{�¦/Ë� e�ÊqZ/¿Â^Ì§�Ä/·Z^¿{�Ä¯�|Ì���Ê»�ÄnÌf¿�¾ËY�Ä]
|�Z]�cÁZ¨f»�½M�Ê»Â¼��Ä¸¼m�d�Y�¾°¼»�Á�|�Z]�Äf�Y{�� �

� �
µZj»��|ÌËZ¼¿�Ä·Â»�§�Y���Ë��ºfË�Â´·Y�Ê§��»�½Z»��� �

Function  Euclid (m,n) 
 While  m> 0  do 
  t  n  mod  m 
  n  m 
  m  t 
 end 
 Return (n) 
End 

¶u�� �
Trace table 

n m t 

32 24 8 

24 8 0 

8 0  

 

�Äf°¿��½{�ÁM�d�{�Ä]�ÉY�]�ºfË�Â´·Y�¾ËY�d�Y�{|��Á{�­�f�»�ÄÌ¸��¹Â�¬»�¾Ë�f³��]�� �
�¾Ë�¼e��|ËY�Ã|��ÄmÂf»�Y��©Â§�ºfË�Â´·Y�|ËÂ��¾X¼�»�� �

� �
�Ê§��»�½Z»��Ä^�Zv»�� �

� ���Ä¬¸uwhile���¶j»�for�d�Ì¿������Ì¼Æ¨]�ºÌ¿YÂe�Ê¼¿��a�����{Â��Ê»�Y�mY��Z]|Àq�Ä¯�º���»�¡Y��¨���ºËÁ��Ê»�Ä¬¸u�¹ÂÆ������¹Â/Æ¨»�ºÌÀ¯�Ê»�Ê �
ºÌÀ¯�Ê»��z�»�Y��Ä¬¸u��{�³�cZ §{�{Y| e�½M�ÉÁ���Y�Á�ºÌËZ¼¿�Ä·Â»�§�Y��Ä¬¸u�� �

�|ÌÀ¯���§,i im n��Ë{Z¬»�m�Á�n��{�³�½ZËZa��{�i¸u�¹Y�|À�Z]�Ä¬����j¯Y|u�Ä¬¸u�|ÌÀ¯���§k{Â��Y�mY��Z]����¾ËY�]ZÀ] I����Ë{Z/¬»�|/¿YÂe�Ê»�
�Á�Á�����Ák���|�Z]�Äf�Y{�Y��������������ÉY�]�Ä¯�ºÌÀ¯�Ê»�µZ^¿{�ÊfÆm��{�Y��hv]k��ºË�ÁM�d�|]�¦¬��®Ë����ºfË�Â´·Y�Ä]�{Á�Á�ÉY|f]Y��{�\Ìe�e�¾ËY�Ä]

��Ë{Z¬»m�Á�n�Z]�m 0��Á�n 0{Â��Ê»�Ã{Y{�½Z�¿����¡Y���Ä]�µZuºËÁ��Ê»�ºfË�Â´·Y�����¦/¸fz»��Ë{Z/¬»�¾Ì]�ºÌÀ¯�Ê»�Ê �m�Á�n����Y�/«�]��Z/^e�Y�
ºÌÀ¯�� �
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ºÌÀ¯�Ê»�Ã{Z¨f�Y�ÄÌ�«�� �
� �

(n  mod  m) < n/2 
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Äf°¿��Kd�Y�Ä¬¸u��{�³�cZ §{�{Y| e����§��³Y�|�Z]�{k = 2d +1�|�Z]�kÁ���³Y�Á�k = 2dºË�Ì³�Ê»���¿��{��� �
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2
log221

2
0

00
0 m

dmm
m dd

d
  

� �
 

��ad�|¿YÂe�Ê»��j¯Y|u�
2

log
m��a�,�|�Z]��� �






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log.222
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� �
��������������Y|Ìa�Y��Ä¬¸u��]�º¯Zu�Ê¬�À»�Ä�]Y��,�Ê����É�Y�°e�ÉZÅ�Ä¬¸u�ÉY�]����������cZ/ §{�{Y|/ e�Ä/¯�ºË�/]�Ê/»�Êf¼/��Ä]�Y���]YÁ��ZË�Ä�]Y��¾ËY�,�ºÌÀ¯�Ê»

{Â��¹Â¸ »�Ä¬¸u��{�³���µZj»��{�{Zf§Y�©Z¨eY�Ã{Z��Zf^�¿��Z¯�¾ËY���ºÌÀ¯�Ê»�¶¼��c�Â��¾Ì¼Å�Ä]��Ì¿�{�YÂ»��ËZ���{�� �
� �

�Ã{Y{�½Z¼fyZ�Data structure��� �
� �

ºÌÀ¯�ÄmÂe�Ê¸�Y�{�Â»�Á{�Ä]�|ËZ]�Ä»Z¿�]��Å�¾f�Â¿�ÉY�]��� �
�� ºfË�Â´·Y 

�� Data structure 
|¿�Y{�¶]Z¬f»��ÌiZe�ºÅ�ÉÁ���]�{�Â»�Á{�¾ËY�Ä¯���ÊÀ Ë{Â��Ê»�É�´Ë{�¦Ë� e�\^��Ê°Ë��{��ÌÌ¤e��|ÌÀ¯�ÄmÂe��Ë��µZj»�Ä]�� �

µZj»��|À¯�\e�»�É{Â ��c�Â��Ä]�Y���Ë��{Y|�Y�Ä¯�|ÌÀ¯�ÊuY���Ê¼fË�Â´·Y�� �
10 , 5 , 25 , 15 , 7 

�����©Â§�ÉZÅ{|���³Y�ºfË�Â´·Y�ÊuY���ÉY�]��������� e�¶°��®Ë�Ä]�½{�¯�c�Â��ºfË�Â´·Y�|À�Z]�ÄËY�M��{�Ë��Äf�/a��{�©Â§�ÉZÅ{|���³Y�Á�{Â��Ê»�¦
|�Z]�Ê»�É�´Ë{�¶°��Ä]�½{�¯�c�Â��ºfË�Â´·Y�|�Z]�É�´Ë{��Ìq��Å�ZË�� �

� �
� �
� �
� �
� �



 �

��YÂ¿YData structure��� �
�� ÄËY�M� 

µZ¤�Y�ºÅ�Y��Ä�§Zu�Ê·YÂf»�ÉZÅ�Ä¿Zy�Á�d�Y��Â¿�®Ë��Y����ZÀ��¹Z¼e�Ä¯�d�Y�É�ZfyZ�|À¯�Ê»�� 

�� �É|¿ÂÌa�d�Ì·Link list��� 

Structure R 
{ 
 int a; 
 Struct R*p; 
 Struct R*q; 
} u,v,w; 
u.p = &v; 
u.q = null; 
v.p = &w; 
w.p = null; 
w.q = &v; 
v.q = &u; 

 

 
 

�� �¥Y�³Graph�� 

�Á��Y��¶»Z��ZÅ�ÉZeÁ{��Y�ÉY�Ä�Â¼n»�d�Y��Y��Á{�Ä]�Ê°f»��¸���Å�Ä¯�µZË� 

G = (V,E) 
V: Vertex ��Y��  
E: Edge �µZË���¸��  

|�Z]�Ê»��Â¿�Á{�¥Y�³���dÆm�½Á|]undirected��Y{�dÆm�Á�directed 

d�Y��Y{�dÆm�Ä§���Á{�Ä¯�d�Y�¾ËY�|À¿Z»�dÆm�½Á|]��¸���Å��ºËY�Ã{�°¿��z�»�Y��ZÅ�dÆm���Zy�¾Ì¼Å�Ä]�� �
µZj»�� �
� �

� �
�¾ËY�]ZÀ]�,�|Àf�Ì¿�\e�»�kÁ��,��ÂW��kÁ��dÆm�½Á|]�¥Y�³�®Ë��{0 1( , )v v�Z]�1 0( , )v v|À¿Z�°Ë�ºÅ�Z]��� �

V(G1) = { A , B , C , D } 
E(G1)  = { (A , B) ( B , D ) ( A , C ) ( C , D ) ( A , D ) } 

 
�\e�»�kÁ��Z]�Ä^·��Å��Y{�dÆm�¥Y�³�®Ë��{0 1,v v {Â��Ê»�Ã{Y{�½Z�¿�����Y�Ê¿Z°Ìa�Ä¯0v�Ä]�1v{Â��Ê»�ºÌ��e���

¾ËY�]ZÀ]0 1,v v �Á�1 0,v v |ÀÅ{�Ê»�½Z�¿�Y��cÁZ¨f»�Ä^·�Á{�� 



 �

V(G2)  = { A , B , C } 
E(G2)  = { < C , B > < A , B > < B , A > } 
 
V(G�)   = { A , B , C , D , E , F } 
E(G�)   = { ( A , B ) ( B , C ) ( E , F ) } 

��������|À¯�Ê»�Ã{Z¨f�Y�É|¿ÂÌa�d�Ì·�Ä]��Â]�»�ÉZÅ��ËZ¼¿��Y�Á�d�Y�É|¿ÂÌa�d�Ì·��Y�Ê�Zy�d·Zu�¥Y�³�����Ä/]��Â�/z»�ÉZÅ��ËZ¼¿�¥Y�³�Z»Y
É�YÂn¼Å�d�Ì·�|À¿Z»�{�Y{�Y��{Ây�� �

� �
�¦Ë� e�|Àq�� �

 ��|À]�ºÅ�¥Y�³connected�� 
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1. Lchild (i) = 2i 
2. Rchild (i) = 2i +1 
3. Parent (i)n = [ i/2 ] 
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�ºfË�Â´·YMake-Heap����
Procedure make-heap ( T [1 .. n] ) 
 For   i  ( n div 2 )  down to  1  do 
  Sift-down ( T , I ) 
 End 
End 
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Procedure sift-down ( T[1..n] , i ) 
 K   i 
 Repeat  
  j  k 
  if  2 j n   and  T[2j] > T[k] 

   then  k  2j 
  if  2 j n   and  T[2j + 1] > T[k] 

   then  k  2j + 1� 
  exchange ( T[j]  and  T[k]) 
 until  j = k 
end 
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�ºfË�Â´·YHeap-sort����
Procedure Heap-sort ( T[ 1 .. n] ) 
 Make-heap( T ) 
 For  i  n  step-1 to  2  do 
  Exchange ( T[1]  and  T[ i ] ) 
  Sift-down ( T[ 1 .. i-1] , 1) 
 End 
End 
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�´Ë{�ºfË�Â´·Y�|Àq�� �
ºfË�Â´·Y�alter-heap��� �
� ��dy��{��{�ºfË�Â´·Y�¾ËYT�Ã�Z¼��Z]�É��À���Y|¬»�i��]Y�]�Y��v�Á�|Å{�Ê»��Y�«�heap�Ã�Z]Á{�Y��{�Z��Ê»�� �

Procedure alter-heap ( T[ 1..n ] , i , v) 
 X  T[ i ] 
 T[ i ]  v 
 If   v < x   then sift-down ( T, i ) 
   Else  percolate ( T , i ) 
End 
 

�ºfË�Â´·Ypercolate����
 
Procedure  percolate ( T[ 1..n ] , i ) 
K  i  
Repeat  
 J  k 
 If    j > 1  and  T[ j div 2 ] < T[ k ]  then   k  j div 2 
 Exchange  T[ j ] and T[ k ] 
Until  j = k 
End 

 
�ºfË�Â´·Yfind-max����

 
Function  find-max ( T[ 1..n ] ) 
 Return T[1] 

�ºfË�Â´·Yinsert-node����
 
Procedure  insert-node ( T[1..n] , v ) 
T[ n + 1 ]  v 
Percolate ( T[ 1 .. n +1 ] , n + 1 )  
End 
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1)  Procedure  Smaxmin( A,n,max,min ) 
2) Max,min  A(1) 
3) For  i  2  to  n  do 
4)  If  A(i) > max 
5)   Then  max  A(i) 
6)  If  A(i) < min  
7)   Then  min  A(i) 
8) End 
9) End 
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4)  If  A(i) > max 
5)   Then  max  A(i) 
6)  else If  A(i) < min  
7)   Then  min  A(i) 
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Procedure  Rmaxmin (i,j ,fmax ,fmin ) 
 Case: 
  :i=j:     fmax,fminA(i) 
  :i=j-1:  if  A(i)<A(j) 
    Then[ fmax  A(j), fmin  A(i) ] 
    Else[ fmax  A(i), fmin  A(j) ] 
  :else:    mid  [ (i+j )/2 ] 
   Rmaxmin (i , mid , gmax, gmin ) 
   Rmaxmin ( mid +1 , j , hmax , hmin) 
   Fmax  max (gmax , hmax) 
   Fmin  min( gmin,hmin ) 
 End 
End 
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Procedure  Hanoi(m,I,j) 
 If  m > 0 
  Then  [Hanoi (m-1,I,6-i-j) 
   Write (i→j) 
   Hanoi(m-1,6-i-j,j) 
End 
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�Ä¿Z�Ë�u�ÉZÅ�ºfË�Â´·YGreedy Algorithm����
� �������������Y|¬»�ÓÂ¼ »�ZÆ¿M��{�Ä¯�ºË�Y{��Z¯Á���ÉZÅ�ºfË�Â´·Y�Z]�¶�§�¾ËY��{������|/ËZ]�d/Ì¼¯��max����Z/Ë�min��{Â/��������½Z»{Â/��ºÌËÂ/´]�Z/��§

{Â��¶«Y|u�½Z»����ZË�Á�{Â���j¯Y|u�� �
��½YÂÀ�Greedy�����¹ÂÆ¨»�¾Ì¼Å��Y����|ËM�Ê»��������Ê§|Å�ºÌËÂ´]�ºÌ¿YÂe�Ê»�ºÌÅYÂy�Ê»�YmaxË�Á�ºÌÀ¯�����ºÌÅYÂ/y�Ê/»�Y��Ê§|/Å�Zmin�ºÌ/À¯�����ÉY�/]

|v»�½M�Ä¯�{�Y{�{ÂmÁ�ÉZÅ�dË{Á|v»�,�ZÅ�¥|Å��Â¿�¾ËY�Ä]�½|Ì��{Y�{�Ê¨¸fz»�ÉZÅ�¶°��Ä¸X�»��Å��{�ZÅ�dË{Á�� �
������|¿�Y{�ÉÁZ�»Z¿�d Ì^��ZÅ�dË{Á|v»�¾ËY���f³��]�¶°�]�ZË�|¿Â��Ê»�¦Ë� e��f°qÂ¯�¶°�]�ZË����d/�Y��/Ë��¶°�]��Á��¾ËY�É�Z¯�ºfË�Â´·Y��

ºÌÅ{�Ê»�tÌ�Âe�µZj»�®Ë�Z]�Y�¿M�� �
Function Greedy (C:set)  :set 
 S  

while   not solution(S)  and  C   do 
  X  an element of C maximizing select(X) 
    C  C \ {x} 
  If   feasible( { }S X )  then  S  { }S X  
 If  solution(S)  then return S 
   Else return " there are no solutions " 

� �
�Âa�dy�{�¾Ì¼¯�ÉZMinimum Spanning Tree����
� ���|Ë�Ì´]���¿��{�Y��¥Y�³�®Ë��Y�Ê§Y�³��Ë���|�Z]�Äf�Y{��Y��ZË��¸��É{Y| e��Å�|¿YÂe�Ê»�¥Y�³��Ë��¾ËY���Êfy�{�Êf Ì^��|¿YÂe�Ê»

�����|�Z]�Äf�Y|¿��Á{�ÊÀ Ë�|�Z]�Äf�Y{����³Yn�{�Y{��Y��n-1|�Z]�Äf�Y{��¸����¶»Z��Ä¯�|ÀËÂ³�Z�Âa�Y��ZÅ�dy�{�¾ËY�Ê¿Z»����¥Y�/³��Â/W��¹Z¼e�
|À�Z]�� �

���������½M�½�Á�Ä¯�d�Y�Êfy�{�¾Ì¼¯�ÉZ�Âa�dy�{min����������������d�/Ì¿�Z/f°Ë�Z/»Y�·Y�¾Ì/¼¯�ÉZ/�Âa�d/y�{�,�|�Z]�������¥Y�/³�®/Ë�ÉY�/]������ºfË�Â/´·Y�Á{
�dy�{�½{�¯�Y|Ìa�ÉY�]�®Ì�Ô¯a{�Y{�{ÂmÁ�¾Ì¼¯�ÉZ�Â�� �

� �
�ºfË�Â´·YKruskal����

Function Kruskal ( *, : ; :G N A graph length A   ) : set of edges 
 {initialization} 
 Sort A by increasing length 
 n  #N 
 T   { will contain the edges of the minimum spanning tree 

Initialize n sets, each containing one distinct element of N } 
{greedy loop} 
Repeat 
 {u,v}  shotest edge not yet considered  
 ucomp  find(u) 
 vcomp  find(v) 
 If  ucomp  vcomp  then 
  Merge(ucomp,vcomp) 
  T  {{ , }}T u v  
Until  #T = n-1 
Return T 
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����©Â§�ºfË�Â´·Y��{T���d�Y�ºfË�Â´·Y�ÊmÁ�y���������¾fyZ��ÉY�]�d�Y�É�Y�]Y�¶´ÀmT����Z]�¾ËY�]ZÀ]�,�T{Â�¿�ÃZ^f�Y����ÄmÂeÄ¯�ºË�Y{T���d/y�{�®/Ë�
��³Y�,�{�Y|¿��Á{��a�,�d�Yn�,�|�Z]�Äf�Y{��Y��n-1d�Y�|À^¼Å�Á�{�Y{��¸���� �

� �
�Äf°¿��ºfË�Â´·Y�find|��]�Ä�Ë��Ä]�Ze�{Á��Ê»�ÓZ]�dy�{��Y�Á�{�Ì³�Ê»�Y��{Ây�É{Á�Á��� �
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¶uY�» u v ucomp Vcomp 

1 1 2 1 2 

2 2 3 1 3 

3 4 5 4 5 

4 6 7 6 7 

5 1 4 1 4 

6 2 5 1 1 

7 4 7 1 6 



 ��

�ºfË�Â´·Y�Ê§��»�½Z»��¶Ì¸vekruskal����
���Ê§��»�½Z»�sort(A)����]Y�]�( log )O a a�d�Y������Ä¬¸u�¾ÌÀr¼Årepeat-until���,�n-1��|y�q�Ê»��Z]���®Ë��a�O(n)����{�/³�¾/ËY�ÉY�]�

ºË�Y{��Ä¯�ºË�Y{�Ê¿Z»���Ì¿�ÄÀË�Å�¾Ë�f¼¯�Z]�Ê ¸��[Zzf¿Y�ÉY�]�dy�{��³Y�minheap��������Z/¯�¾/ËY�½Z/»��,�ºÌ/�Z]�Ä/�Y{�Z/Å�½�Á�ÉY�]�log a�
d�Y����Ì¿�Ä�Ë��¾f§ZË�ÉY�]�Ê§��»�½Z»�O(log N)d�Y���� �

Ä¬¸u�¶yY{�ÉY�]�Ê§��»�½Z»� : ( log ) ( 1)(log log )O n a n a a    

�®Ë��aO(a log a)�ÉY�]�ºË�Y{�sort(A)�®Ë�Á�O(n log a)Ä¬¸u�¶yY{�ÉY�]��Ì¿���¾ËY�¶¯�ÉY�]�µZu����´Ë|/°Ë�Z/]�Y��Á{�¾ËY�ºfË�Â´·Y�
ºÌÀ¯�Ê»��¼m���ºÌÀ¯�Ê»�Y|Ìa�Y��º¼Ë�¯Z»������³Y�ZnÀËY��{n��Y��f³��]�a�ºfË�Â´·Y�¶¯�ÉY�]�|�Z]�n log a���/³Y�Á�n���Y��f°qÂ/¯�a��|/�Z]�a 

log ad�Y�ºfË�Â´·Y�¶¯�ÉY�]��� �
� �

�ºfË�Â´·Yprim����
Function prim ( *, : : :G N A graph length A    ):set of edges 

{initialization} 
T   { will contain the edges of the minimum spanning tree } 
While  B N do 
 Find {u,v} of minimum length such that \u N B and v B  
 T  {{ , }}T u v  

 B  { }B u  
Return T 

 

�Äf°¿��ºË�Y{�dy�{�®Ë�Ä¸u�»��Å��{�ºfË�Â´·Y�¾ËY��{���ºfË�Â´·Y��{�Ä¯�Ê·Zu��{kruskal�¶Ë|^e��yM��{�Ä¯�ºÌf�Y{�¶´Àm�Ä¸u�»��Å��{�
|��Ê»�dy�{�Ä]��� �

� �
�ºfË�Â´·Y�Ê§��»�½Z»�prim����

�Ä¬¸uwhile�¥Y�³��ÂW��{Y| e�Ä]�(N)|y�q�Ê»��Z]���Ë�ZÆÀe�Á�®log a�ZË�log n����¸/��[Z/zf¿Y�ÉY�]�(u,v)�����º/Ë�Y{�Ä/ÀË�Å�¾Ë�/f¼¯�Z/]���
�ÃÁ�³��{�ºfË�Â´·Y�¾ËY�Ê§��»�½Z»��¾ËY�]ZÀ]n log a�ZË�n log n{�Ì³�Ê»��Y�«���� �

� �
��Ì�»�¾Ë�e�ÃZeÂ¯Shortest Path����

� �À¯�Y|Ìa�Y��¥Y�³��ÂW���ËZ��Á��z�»��Y��®Ë�¾Ì]�Ä¸�Z§�¾Ë�e�ÃZeÂ¯�Ä¯�|ÌÀ¯�ÊuY���Ê¼fË�Â´·Y|��� �

� �
� �

µZj»���������ZÅ���{�¥Y�³�,�©Â§�¥Y�³�ÉZm�Ä]É����|Ë�Ì´]���¿��{�Y���eÂÌb»Z¯�Äf�����������Á��eÂÌb»Z/¯�Ê¿Z/^»���{�¾Ì/]�Ä¸/�Z§�¾Ë�/e�ÃZeÂ¯�ºÌÅYÂy�Ê»
ºÌÀ¯�Y|Ìa�Y���Á�{��ËZ��� �

� �
��
��
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ZÅ�¥Y�³��ËZ¼¿�� �
� ��ºÌÅ{�½Z�¿�Y��¥Y�³�ºÌ¿YÂe�Ê»�®Ì�Ô¯�¶°��Á{�Ä]�µÂ¼ »��Â�]�� �
�� �Ë�eZ»��Y�Ã{Z¨f�Y 

�� �Ã{Z¨f�YÉ�YÂn¼Å�d�Ì·��Y 

� �
����{Y|�Y�ÉZn]��Ë�eZ»��{��Á����ºÌ�ËÂ¿�Ê»�Y���Ô�Y�½�Á�������½�Á�¾/ËY�,�{Â/��Ê/»�Ã{Y{�½Z�/¿�{ZË��Ê¸Ìy�½�Á�Z]�,�|�Z]�Äf�Y|¿�{ÂmÁ�Ä¯�Ê ¸�

����������{Â��Ê¼¿�[Zzf¿Y��«Â»�pÌÅ�ZÆ]Zzf¿Y��{�Ä¯�d�Y�{ZË���|¬¿M����Ê¸¯�d»Ô��Z]�Y��½�Á�¾ËY�ÓÂ¼ »|ÀÅ{�Ê»�½Z�¿������eZ/»�É�/�«��/�ZÀ��Y���Ë�
ºÌÅ{�Ê»�½Z�¿��¨��Z]���ºË�Y|¿�Ê¨À»�½�Á�Ä¯�d�Y�½M�½Z¼��§��Ìa��{�Y{�ºÅ�É�´Ë{�{�]�Z¯��Â�Â»�¾ËY�Z»Y���®Ë�ºÌ¿YÂe�Ê»�Y��©Â§��Ë�eZ»

ºË�Ì´]���¿��{���Zb�Y��Ë�eZ»��� �
� �

Procedure shortest-path ( v,cost,dist,n ) 
 For   i  1  to  n  do 
  S(i)  0 , Dist(i)  Cost(v,i) 
 End 
 S(v)  1 , Dist(v)=0  
 For   num  2  to  n-1  do 
  Choose  u  such that  
   Dist(u) = min { Dist (w) } 
    S(w)=0 
    S(u)  1 
  For   all  w  with S(w)=0 do 
   Dist(w)  min { Dist (w),Dist(u)+Cost (u,w) } 
  End 
 End 
End 

Y���¾Ë�e�ÃZeÂ¯�ºfË�Â´·Y�¾Ë��¾Ì]�Ä¸�Z§�����ÃYÂz·{��Y��v��������|À¯�Ê»�¾ÌÌ e�Y��¥Y�³��ÂW���ËZ��Á���Cost��������Á�d/�Y�¥Y�/³�Ä/]��Â/]�»��Ë�eZ»�Dist�
��������|Å{�Ê»�½Z�¿�Y��ºfË�Â´·Y�ÊmÁ�y�Ä¯�d�Y�ÄËY�M��Dist(i)��������Y��¾Ì]�Ä¸�Z§�¾Ë�e�ÃZeÂ¯�v����Y��Á�i|Å{�Ê»�½Z�¿�Y�����ÄËY�MDist�,�n��Â�/��

���Ä¯�{�Y{n����d�Y�¥Y�³��ÂW��{Y| e�����ÄËY�MS��������{�Y{�{�]�Z/¯�ºfË�Â/´·Y�|/ÀËM�§��{�Ä/¯�{Á��Ê»��Z¯�Ä]�ZÅ�dÌ]��Y�ÄËY�M�®Ë�½YÂÀ��ÄË��v��®/Ë�
|�Z]�Ê�Y���Å�|¿YÂe�Ê»�ÊÀ Ë�d�Y�¥Y�³��Y�ÃYÂz·{��Y����©Â§�µZj»�ÉY�]v�Y���ºÌÀÌ^]��fÆ]�Y��ºfË�Â´·Y�É�Z¯��{�³�Ze�ºÌÀ¯�Ê»�[Zzf¿Y��� �

� �
                                                    ��      1          2       �    3           4            5          6           7            8 
                S                            Dist 

�  
 

� 
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� �
� �
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� �

 
                                                                                 

   1500 0 250   

   1250 0 250 1150 1650 

   1250 0 250 1150 1650 

  2450 1250 0 250 1150 1650 

3350  2450 1250 0 250 1150 1650 

0 �� �
0 �� �
0 �� �

0 1 �� �
0 1 �� �
0 1 �� �
0 1 �� �
0 1 �� �



 ��

�ÄËY�MS¯�Ê»�Ã{Z¨f�Y�É�Y~³�d»Ô��ÉY�]�ÄËY�M�¾ËY��Y�,�d�ZÅ�dÌ]��Y�ÄËY�M�®Ë�,�ºÌÀ���Ã�Z]Á{�Ze�ºÌÀ¯�Ê»�®Ë�Y���fÌ]�ºÌÀÌ^]�Ä¯�Y���Y���Å
ºÌÀÌ^¿�Y��½M�� �
��[Zzf¿Yv����]Y�]�����������Y�Ä¯�d�Y�ÊÀ »�¾ËY�Ä]����Y��½Z¼Å�Ä¯�ºËÁ��Ê»��Y��¾Ë�f¿Y��Y�¡Y���,�ºÌf§Y�Ê»�ÃY����d�Y������Z/�Y�Y�]�,�ºÌ¿YÂe�Ê»�µZu
�[Zzf¿YuºË�ÁM�{��Á��Ä]�Y��¾°¼»�ÉZÅ�Ì�»�¹Z¼e�,��� �

� �
Dist(1): min { Dist(1),Dist(6)+Cost(6,1) }=  
Dist(2): min { Dist(2),Dist(6)+Cost(6,2) }=  
Dist(4): min { Dist(4),Dist(6)+Cost(6,4) }= 1250 
Dist(7): min { Dist(7),Dist(6)+Cost(6,7) }= 1150 
Dist(8): min { Dist(8),Dist(6)+Cost(6,8) }= 1650 
 

�����Ê¸�Y�Ã|ËY�,�ºfË�Â´·Y�¾ËY��{�����������{Â��[Zzf¿Y��¸��¾Ë�f¿Y��Y�,�Ä¸u�»��Å��{�Ä¯�d�Y�½M��������������Ì�/»�®/Ë�{Â/��Ê/»�ÄfyZ���Ô�Y�¾ËY��Y�Ä¯�É�Ì�»
{Â]�|ÅYÂy�Ê^�¿�º¼ÌÀÌ»�� �
������Y���Z¯�ºÌ¿YÂe�Ê»�Êf«Á�����Ì�»��{�Ä¯�ºÌÀ¯�¹Z¼e,����ºÌ�Z]�Ã{�¯��Zv·�Y���ÂW��¹Z¼e���ÂW��¹Z¼e�ÊÀ Ë��ÄËY�M��{�S��|À/�Z]�Ã|/��®Ë�,������Y�Ã{Z¨f/�Y

�ÄËY�MDist��ÄËY�M�½{�ÁM�{��Á��Ä]��{�,�É| ]��Ë{Z¬»��Y�Ã�YÂ¼Å�Ä¯�{�Y{�Y��dÌ�Zy�¾ËY�,DistºÌÀ¯�Ê»�Ã{Z¨f�Y��� �
� �

Ê§��»�½Z»��¶Ì¸ve���
� ��������]Y�]�µÁY�Ä¬¸u�Ê§��»�½Z»�O(n)�d�Y��������[Zzf¿Y�ÉY�]�½Z»��®Ë�¹Á{�Ä¬¸u�¶yY{u�������º/Ë�Y{�É|/ ]�Ä/¬¸u�ÉY�/]��/Ì¿�½Z/»��®Ë�Á���
�Ê»Á{�Ä¬¸u2( )O nd�Y����ÃÁ�³��{�ºfË�Â´·Y�¾ËY�Ê§��»�½Z»�2( )O nd�Y��� �

� �
É|Ë�³��Á��ÉY�]�®Ì�Ô¯�ÉZÅ�µZj»���

 �������|Ë�Ì´]���¿��{�Y��½Y�ËY�Ä�¬¿�������Y��Ä�¬¿�Ê¸�Y�Zf^�¿�²¿��{Y| e�¾Ë�f¼¯�Z]�ºÌÅYÂy�Ê»ÉZÅ�½Zf�Y�Ä°Ë�Â�]�ºÌÀ¯�É�Ì»M�²¿��ÁZn»�
�²¿�ÉZÅ|À�Z]�Äf�Y{�cÁZ¨f»�� 

 X�»���{�³�Ã�Á{�Ã|À�Á�§�Ä¸��������������/��¹Z/¼e�,�Z/Å�Ã{Zm�½{�¯�Ê��Z]�|ÅYÂy�Ê»�ÉY�Ã|À�Á�§�,�|Ë�Ì´]���¿��{�Y��ÉY�Ä¬�À»��Y��Ä/¬�À»�ÉZ/Å��Æ�
|�Z]�Ã{Â¼Ìa�Y��d§Z�»�¶«Y|u�¶¯��{�Ä°Ë�Â�]�,�|ÀÌ^]��|À¯��Â^���Z^°Ë��¬§�Á��¬§�¥Y�³��¸���Å��Y�ÊÀ Ë� 

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



 ��

�ºfË�Â´·YQuicksort����
Procedure  Quicksort ( p,q ) 
 If   p < q 
  Then [ j  q+1 
   Partition( p,j ) 
   Quicksort ( p,j-1 ) 
   Quicksort ( j+1,q )] 
End 
Procedure  partition ( m,p ) 
 v  A(m) 
 i  m 
 Loop  
  Loop   

i  i +1 
  Until  ( )A i v  
  Loop 
   P  p-1 
  Until  ( )A p v  
  If  i < p 
   Then  interchange ( A(i),A(p) ) 
  Else  exit 
 Forever 
 A(m)  A(p) 
 A(p)  v 
End 
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