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%�&�

 �� -�� 1��N�  !��� ��	
 1���#� b�	���:

 -�� 	�� c	' �! /��� ��	
 9� 1���#� b�	��� )�* 7
d��:

1. -�� .���$�.

2.%�$0* 	;2 ., 7�2� 	R" 	2���.

3. -�� �* ��� ��%<� 	!�	! �� ., 	2��� \�4#�.

4. 	R� 	* 	2��� \�4#� ) .�$� �� ( -�� 	!�	! ., 	e��$� JP� ���� �!.

 
���: 	
� A 1���#� b�	��� G��� + %'�!  7�2� 	2A2 J�K� 1���� 	!�	!G �� � %�$0* Ak ����� (i,j) 	!�	! A�

 ��Q �! )�*	�0� ��%<�K JP� �� ��! i,j  -��  .

� �� 

 %��� F	5A  ��� ��	
 1���#� b�	��� K5  -�� . 7�2� 	R" )�* ����� \�4#�A2X -�� A�%� 

Y�� .25W                    .20I                        .15�                         .30

.  A = 
















110
101
011

.
.
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 !":W ���G
  .  J�K� 1���� \�4#�kn 	!�	!  A2 -��  .

{  simple graph drawing}

Program draw;

  Uses graph;

   var

     Gd,gm,I,j,n:integer;

      X:array [1..10]of integer;

      y:array [1..10]of integer;

       m:array [1..10,1..10]of integer;

begin

    readln(n);

    for i:=1 to n do

     begin

            for j:=1 to i-1 do 

                 begin

                     read(m [i,j]);

                     m[j,i]:=m[i,j];

                   end;

            m[i,i]:=0;

   end; 

     gd:=DETECT;

   initgraph(gd,gm,'c:\tp\bgi');

 if graphresult<>grok then

   begin

       writeln(' hallo! Graphics error heda ');

       readln;

        exit;

end;
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setbkcolor(6);

setcolor(7);

randomize;

for i:=1 to n do

begin

   x[i]:=random(getmaxx);

   y[i]:=random(getmaxy);

    putpixel(x[i],y[i], 4);

end;

for i:=1 to n do

   for j:=1 to i-1 do

      if m[i,j]=1 then

           line(x[i],y[i],x[j],y[j]);

readln;

closegraph;

end.

12-7. ��� �9� ���� ) �������(

 ��	
 /G = (V,E) ., �� �� V�  � -�� J�K� �� 7���� � 7*��$� )� ���4#E �� )� ���4#�	�� V× V + -�� 

 ����
 7� ��� -�� ��	
 9� . �� �� %�'�N� 7B	! � %�'�! -�� )���� �* ��� �� 7B	! -�� �84� ��	
 9� ��

 ����� 7� f�$g� �� ��	
 1��2 ���.

 	* �!  =$� )�* ��� ��� -�� ��	
 9� �� %�� �$�� �� J�� :

1 .JP� �� 7��	B )�����2 ..  JP� �! )���� )�* ���
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 %���� JP� 9� )�	! ���� \�� �� �U�a�� 7� Y�	<�  �� .outdeg � 7��	B ���� �� indeg )���� ���� �� 

 JP�.

 
���: �* ��� ��%<� 	S��%T  ) �* �N� ( ��� -�� ��	
 9� ��n 	!�	! 7�P� n(n-1) -�� .

%�&�

 ��	
 �� �����  !���:

..
b

a c

..
a

b c

Indeg(a) =2     outdeg(a) =0

Indeg(c) =1     outdeg(c) =2

    Indeg(b) =1  outdeg(b) =2

.
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�.  : -�� ��� .�%! %�N4* ��	
 9� -B�� 	* . + ����� ��	" 7��	! ����  N"  =5 �� �� 7��* -B��

 %���! ��� -�� )�* -B�� . �N�	� -B�� 	* ��n 	!�	! /��%�� n-1 -B�� �� G��4$� JP� �� 	* ��! � -�� 

 ���� ���� 	�0� 9� ���"� )-�� 	$4� ����� ��%<� �� %T�� 9� -B�� �� ����� ��%<�(

� �� 

 %�N4* ��	
G -�� ��� %"�5  .X %'�! %���� 7� �%� A�%� ., /��%�� � �N�	� \�44#�

Y�� .12W          .15 I                              .18�                              .20

 !": W ���G
  . /��%�� �L���& �U� � -�� -B�� 9� 75�	
 ���&n-1 �N�	� + %'�! n �#�$� �� � -�� 

p + q = n + (n-1) = 2n - 1

 -�� �	5 )�%� �N�	� � /��%�� \�4#� 7�<� .

13 �7 .$*2���� :��

 	
�G = (V,E) � ��	
 9� x ��	
 C��4�D �� + %'�! ��	
 ��� �� )� /	
 G /	
 �& ���� hg(� -�� A�: 

 /	
 3�	Q �� 7��*x%�� 7!��$��  !�"  . 7�4� )�� � -0� �! �� ��' 7� /��;$�� ���%��$�� i�� �� �� ��� ��� )�	! )

 7�4� C��4�D ( 7j	� )�� � -0� � )7j	� C��4�D (  %�5�	<� . �* /	
 	]��(� J��� 	! �* C��4�D ��� �$���]��

 ��' 7� �$'�� . %'�! /	
 -�<j� /%�*� .�(� �� �	�U@! �� 7;�$g� 	����� %���� 7� 	]��(� . �� 78� %���� 7� /	


 %'�! �$'�� �� 	�� f��	':

1. /���, -��T ) ��' 7!��$�� �� -�� /���, /	
. (

2./	
 �� + ��
$�� -��T ��' i���	D �� -�� 	
$�� � %' ��N�  .
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3. /%' 1�"[�

 �	� hg(� ��%�� 9� �! .��� 7� �� 1:�T ��� �� 9� 	* . �! /���, -��T + ��S� .���� �!1 �! ��
$�� -��T + 2 � 

 �! /%' 1�"[� -��T3 ��' 7� hg(�  .

 5
$; '.� + ��� (���.<=�(dfs)

1. 	!�	! �� �* /	
 A�4� 	]��(� %��51 -�� C��4�D /���, )��<� �! �� %�*� ��	"  .

2. \�	' /	
 ) [S�A ( �! 	!�	! �� ., 	]�(� %��5 � %�*� ��	" �$(D ��2 1�"[� ��
$�� )��<� �! �� %�*� ��	" 

 -�� .

3.  T�	�4 � 5 ��' 7��B �$(D �� %�*� ����� �%" ., ��  .

4. �� �$(D ):�! �� ����� /	
pop��! 7��	B �� � %���  �! 	!�	! �� ., 	]��(� %��5 � %�0�3 �! �� %�*� ��	" 

 -�� /%' 1�"[� �� -�� ., )��<� . �� /	
 ���p ����� 7�  .

5. ���#4* )�* /	
 A�4�p -�� /���, -��T �� �* ., -�<j� �� ��  ) %�� �$5	]� ��	" �$(D �� [N" 7�<� ( ��

 -��T �! �� �* ., -�<j� � %�*� ��	" �$(D2	��k�  -�� ��
$�� )��<� �! �� %�*�  .

 �$���]�� + 	]�� .��! �!dfs -'�� 	�� 1��2 �! .��� 7� �� :

Procedure dfs (V : integer); 

Begin

    Writeln(V^.data) :

    Visited[V] := true :

   For (each vertex w adjacent to V) do

        If (not visited [W]) then

   Dfs(W) :

End :
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���: ��	
 	
� G )�� � -0� .��� ��' �K��� 7����#� )�* -0�� f��� dfs 	!�	! O(q) �! �L���& � -�� 

 	!�	! �	�� .��� + ��' /��� C��4� 1���#� b�	���O(n2) -��  .

%�&�

 %���, -�� �! �� 	�� ��	
 7�4� C��4�D.

7

0

1

3 4

2

5 6

XYGاف 
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dfs: 0,1,3,7,4,5,2,6

 /	
 �� \�	' �! l"�� ��0 /	
 �! .%��� �� bD � ���� 7� C�D 34� �� 4 /	
 .�& 1 -�� /%' C��4�D ., ��  N" 

 )�* /	
 � ���	
 7�	! H�� �! A%" 9�5 + 2 � 6 ���� 7� C��4�D �� .

1 �13 �7 .; '.� + ��� 5>�(bfs)

 �� � -0� i�� ��� �! �� 	��  8' ��	
 �� + 7j	� )�� � -0� �! 7���', )�	! ) C��4�D ( b@� � ���� 7�

 �����	D 7� ., �$���]�� �! . /	
 �%$!� + -�� -B�� 9� l"�� �� �� Y��  8' ��	
 7j	� )�� � -0� )�	!

[� -��� �!  m& �� [S� ., .�%��	5 �� 9� 	* b@� �* C�� %��' 7� 1�":

A , B , C , D

 %��' 7� 1�"[� A�� `R� )�* /	
 .�%��	5 b@�:

A , B , C , D , E . F . G 

0

1

2

3

4

5

6

7

1

0

0

1

1

2

2

3

2

3

5

7

7

4

7

7

4

6

5 6
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 %��' 7� 1�"[� A�� `R� )�* /	
 .�%��	5 b@�:

A , B , C , D , E . F . G , H

 �� `R� 9� �� /	
 	* 1�"[� A�]�* � ���� 7� C��4�D `R� �! `R� �� �* /	
 + i�� ��� ���� /	�Bn �� ., %��! +

%��' 1�"[� ., ���#4* )�* /	
 �� ���	
	! /	
 ., �! /��!�� + `R� ., .%'  ��� �� bD � . )� /	
 ����� .�&

+ ��' 7� 7!��$�� -(
	! �� �� %'�! )� /	
 ����� %��! + %' 1�"[� 7�<5 `R� �� ��?@  7N���� /��� .�4$B�� 

 -�� ��� ��� )�	!.

���� ���� 7� 1�"[� 7j	� i�� �! �� W  8' ��	
 . . /	
 �� \�	' �!A ���#4* )�* /	
 b@� � A 1�"[� �� 

 ���� 7�:A , B , D ,  E

 b@�B ���#4* /	
 ����� �� �� A 1�"[� + %�� /%(� 1�"[� �� �� ., ���#4* )�* /	
 A�4� /�	� W�g$�� + -�� 

 ���� 7�:

A , B , D ,  E , F 

B
F

A C G
I 

H
D

E

2

3

6

1
7
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 /	
 )�	! �� ��� ���D /%(� 1�"[� �� �� ., ���#4* )�* /	
 A�4� � ���� 7� ��	8� + -�� ., )%<! ���#4* �� 

 ���� 7� 1�"[� %��:

A , B , D ,  E , F , C , H

 )�	! �� ��� ��� b@�E )%<! ���#4* �� A/%(� 1�"[� �� �� ., ���#4* )�* /	
 A�� � ���� 7� ��	8� -��  + %�� 

 ���� 7� 1�"[� .H ���#4* /	
 ���� E -�� /%(� 1�"[� [N" �� -�� .

 ���#4* )�* /	
 �� .����A 7�<� +  B + D � E �� �* ., ���#4* )�* /	
 )�	! �� ��� ��� + ���	� 1�"[� �� 

 ���� 7� ��	8� + %�� /%(� 1�"[� : �%$!�F b@� C b@� � H .  )�* /	
G � I ���#4*F 1�"[� �� �* ., � %�$0* 

 ���� 7�:

A , B , D ,  E , F , C , H , G , I

 )�* /	
A+  B ���#4* C � %�� /%' 1�"[� [N" �� %�$0* H %�%' 1�"[� �* /	
 ) �4* .�& ���%� ���#4* /	
  

 %!�� 7� �4��B �� � -0� + .

$� -�� �84� 7�4� )�� � -0� %���4* G�� 7j	� )�� � -0� �� �* /	
 �4* + E�B /	
 9� �� \�	' �! �����

 ���� 7� 1�"[� �� . �! �� 	��  8' ��	
 7j	� )�� � -0� + ��S� .���� �!B )�* /	
 + ��' 7� \�	' A � E

 %��' 7� 1�"[� 	�� )�* /	
 7�� + %�� 74� 1�"[� ��:

E ,. F , G , I , H , C , D

2� )��Q %��! �$���]�� + 1��2 ��� �� %*� ����� )	]�� /%(� 1�"[� /	
 �� �� C��4�D �� ��' c[ . �� /	
 ���

�	� W�g$�� �* /	
 )%���D -0�� �� .��� 7� .

 5>�; '.� + ��� (���.<=� ) 5>�; :��$*2 (bfs

1. �! 	!�	! �� �* /	
 A�4� 	]��(� %��51 -�� C��4�D /���, )��<� �! + %�*� ��	"  .
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2. \�	' /	
 ) [S�A (  Y2 �� �� �! �� ., -�<j� %��5 � %�*� ��	"2 1�"[� ��
$�� )��<� �! �� %�*� 	��k� 

 -�� .

3.  T�	�4 � 5��' 7��B Y2 �� %�*� ����� �%" ., ��  .

4. Y2 ��%$!� /	
 ) [S�N (  %��� �UT �� . /%' i���	D -��T �! �� ., -�<j� � %��� i���	D �� .,3

 %�*� 	��k�.

5.�* /	
 A�4� ���#4* )N �! �� �* ., -�<j� � %�*� ��	" Y2 )��$�� �� + %�$0* /���, -��T �� �� �� 2

 %�*� 	��k� .

6. �$���]�� .���D.

 7j	� )�� � -0� �� %��� ����)bfs ( %���� JP� 9� �!V 1�"[� �� bD � ��' 7� \�	'V -�[� �� ., 

 ���� 7� )��U
�'�! /%(� 1�"[� J�K� �4* �L���& � ���#� JP� ����� �! ���#� J�K� + %V 7� 1�"[� �� 

 ���� . �$���]�� .��� 7� 7$(
��! 	�� 1��2 �! �� ��' 7� /��;$�� Y2 9� �� �$���]�� ��� )��� /���D )�	!

 ��4� .��! 	�� A	5 �! �� o?! ����:

Procedure bfs(V : integer) ;

Begin

    Visited [V] := true;

    Addq (q,V ) ;

    While not (is empty (q) do

        Begin

            Delq (q,v); 

            For all node w adjacent to v do

                Begin

                  Addq(q,v); 

                  Visited [w] := true ;
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                End ;

        End ;

End ;

14 �7. �*�� 7�� �� 
0��A� '��- %�B��+ (���.<=� 

 b�	���pathk�� ���� 7� Y�	<� )��Q �� [i,j]  pathk /	
 �� )	�0� �� %'�! -��� 7$"�i /	
 �! j ���� 

%'�! �$'�� �� 	� p�G! /��4' �! 7��* /	
 �� �� k )  :�4$T� ��B 	� �!i � j (%�8� ��N� . ��%��path k+1 [i,j] 

� ���]& b�	��� �  pathkX %�, 7� -�%!  	* )�	! �� -�� 7��%! i � j �� pathk[i,j] ���� 7$��� i���  ) 	!�	!

 �!true -��  ( +path k+1 [i,j]  %'�! �$'�� 7$��� i��� %��! G�� )X �	& . ( .��! -����� �! �� 7$��T ����pathk +

 	=��path k+1 [i,j] �� -�� ��� %'�! -��� %���� 7�  �� )	�0� +i �! j /	
 �� �� %'�! �$'�� ����k+1 ��N�  

 �� )	�0� 7�� + %��i  �!j )�* /	
 �� f�5 �� %'�! �$'�%� ����1 �� k %�� ��N�  . )	�0� %��! �� -�� ��� C���<�

 /	
 ��i�!  /	
 k+1 ����  �$'��   %'�! )�* /	
 �� f�5  ��1 �� k /	
 �� j ����  ����  .��! + ���	!path k+1 

[i,j]  ���� 7$��� i��� 	�� -��T �� �� 78� ��:

Path k [i,j] = true

Path k+1[i,k+1] = true and Path k [k+1,j] = true

 �� ��	�
 7� �#�$� -��T �� ��� ��path k+1 [i,j] �! -�� 	!�	! :

Path k [i,j] or (Path k [i,k+1] and Path k [k+1,j])

���	! ��! b�	��� .���, -�� �! �$���]�� + pathk b�	��� ��path k-1  -�� 	�� 1��2 �! )n -�� �* /	
 ��%<� : (

 7�� �� 
0��A� (���.<=�pathk ,� path k-1 

For i:= 1 to n do

    For j:= 1 to n do

        Path k [i,j] := path k-1 [i,k] or (path k-1[i,k] and path k-1[k,j]); 

 %!�� C��G5� ., 7����� �� ��' �2[B 	�� 1��2 �! %���� 7� �$���]�� ���:
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For i:= 1 to n do

    For j:= 1 to n do

        Path k [i,j] := path k-1 [i,j]; 

For I :=0 to n do

    If path k-1 [i,k] = true then

        For j=0 to n do

            Path k [i,j] := path k-1[i,j] or path k-1[k,j];

 7��%!-�� �� path0[i,j ] = T-���� b�	��� )���#4*  -��  .���� �	�� /�� .%��� /	
 �� i/	
  �! j

��N� .�%!�� 	* /	
  + 	]�� ���$0� �$5���  i�! j -��./�[�	!  ���  pathn-1[i,j]  = path[i,j] -�� 

 + /��4' �! )� /	
 �� )	�0� 	
� �	��0 �� n-1 /	
 �� )	�0� 	* %���� 7� +%�� ��N� i �! j ��  %��4� W�g$�� . + ���	!��!

 	�0� b�	��� %���� 7� 	�� ���� ) ��	
 7���$�� ��$0! ( %�� �N��?� �� ) �$���]�� � %' �K��� ��'��� f��� i�� ���

 ���� A�� ��'��� . ( ��� 7������� �$���]O(n2) �� -�� n -�� ��	
 )�* /	
 ��%<�  .

15 �7 . ��� C,+ ����

 ��	
 ��� �! � ��' 7� /��� .�� ��	
 )�* ��� �! 7*�
 + ��� C,+ ���� ��
�0B %���
  . %���� 7� .�� ���

 %'�! ���#� /	
 �! /	
 9� �� �$5� ���G* �� + 	]�� /	
 �� /	
 9� ��2�5 .A�]�* �� ���	!��! �! ��� .�� ��	
 C��4� 

%��' )��%�]� G�� �* .�� ��� %��! + )���#4* b�	��� �� /��;$�� . �� )���#4* b�	��� 1��2 ��� �� 7�� ��

C,+ �! �� ., � %���
 7� w ��*� 7� .�(�  . /	
 �� ��! 7$"� + .�� b�	��� ��i �  j 	=�� �� + ���� ���� ��� 9�

[i,j]  ��%�� )�� �!1 .�� +  �	�
 7� ��	" ��� ., . .�� b�	��� � ��� .�� ��	
 9� 	��  8' �� + ��S� .���� �!

%��� 7� /%*�(� �� ., . .�� �� %'�! �* ., ��! )�* /�� � ��(� 9� )�* 	�' %���� 7� ��� .�� ��	
 �� )� ���4�

�� 	�' �� ��! -5�0� 7Q )�	! A�: .��� ��]���� �� 	�' �� ��! ��2�5 + ��� 	* -.

                                                                                          1          2          3         4
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16 �7 .�*�� D����� .� (���.<=�

 ��	
 )�* JP� �� )��Q �! + ��' �$5	
 ��� �! ��(� �� .�$�� 9� )�* /�	*�' C��4� )�	! ��	
 -�� �84�

 %'�!  �* ., ��! ) �* /��� 	]���! .,  )�* ��� � �*	�' /%���4� .� )�* ��� �! .��� 7� ��� .�� ��	
 �� . ��� 	* .��

 %'�! 	�' �� ��! ��2�5 .��4�D )�	! A�: .��� ��]���� �� 	�' �� ��! ��2�5 %���� 7� . %*��B 7� 7=g' %��� F	5

 	�' ��A 	�' �! B ��	!  . -�� �	!�� 	�� )�* ��q� �! hg' ���:

1 r �� 	�0� 9� f�5 ��,A �! BX ���� ���� 

2 r��! 	�0� 9� �� C�! 	
�A � BX -�� A�%� 	�0� ��	� /���� + %'�! �$'�� ���� 

  T �� -5	
 	
� �� �* ., ) �* .�� \�4#� + �* ��� ��%<� )�T �! �� 	�0� ��Q .��� 7� �* ��s0� ��� . .�!��B .�&

 %�'�! �5	Q 9� %����� 7� �* /��� � �* ���� b� /��;$�� ��� -<� ��	
 �� ��s0� ���  T )�	!  .�4� �� b�	��� C�

 	* .�� �� �� )��Q �! + ��	�
 7� 	
� �� 7
�G! 7��B �%� + %'�! �$'�%� ���� /	
 �� ��! )	�0� 	
� + ��	
 .��

 %'�! 	$(�! 7��� . -�� ���� ���0! /	
 �� ., ��! 	�0� 7Q ���G* �� -�� ��� C���<� . �� + 	�0� ��	� /���� ���<� )�	!

 /��;$�� .��� 7� �$���]�� �� �	�:

1. ��'��� �$���]��

XYاف وزن دار)                                           cdXefg وزن ( cdXefg هa`_اري 
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2. �	$08�� �$���]��

1 �16 �7 . �*�� D��  �� .# 7�� �� D**E  '��- %�B��+ (���.<=�

 A�� �! ��� -�� ��	
 9�G )�* /	
 �! � V1,V2,…, Vn �� )��%�� + ��� 	* .�� �� )��Q �! + %�	�]! 	
� ��

 -�� -NS� .! .��� 7� �� ��	
 ��� + %���� 7� �� ��Q .�4* ., .�� b�	��� �� /��;$�� �(w) ��� C��4�  .

 	�0� b�	���path 	�B �� ���� ���� F�	;� )�* /	
 ��! 7��*	�0� ��, �� -�� ��� 	]���! %��	� /%*�(� [N" ��  .

 b�	��� ��*��B 7� .����q + ���� A�� 	�0� ��	� /���� b�	��� �� ���� �%�D �� �! �� )��Q qij��	$*���� ��Q

 /	
 �� 	�0�Vi �! Vj -�� .  b�	���  .���,  -��  �!  )�	! q  + ���� 7� ��#��  ��'���  �$���]�� ��  7�%�� 	��k� + 

  )�* b�	��� ��  )� ���N��  �� )��Q  �!q0+ q1+ ...�qn Y�	<� ��  ���� 7� )	�0� )�* b�	���  S� pathk�path 

k+1 .(  	�� 1��2 �! b�	��� ��� 	2��� %��' 7� Y�	<� :

q k [i,j] =  ��  N" 	�0� ��Q ��	� 9&��Vi �! Vj �� 7�N" )�*	�0� )�* ��Q \�4#� �� + Vi �! Vk �� � Vk �! Vj

 . ����� + 	]�� 1��N� �!:

 ����� b�	���q0 7
�G! ��%�� + 	;2 )�� �! + ., �� �� 1��;� )� �! + -�� .�� b�	��� �! 	!�	! )∞( �	�
 7� ��	"  .

��! %*��B 	�0� ��	� /���� b�	��� + /%�, -�� �! b�	��� ��	B, .�� �$���]�� ����	� .��! 	�� 1��2 �! .��� 7� :

Procedure shortpath(w:ar; var q : ar); 

Var

i,j,k : integer;

    q1 : ar ;

Begin

q := w;{q starts off as weight matrix.} 

    for k:=1 to m do

    begin

              for i :=1 to m do
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                    for j:=1 to m do

                        q1[i,j] := min(q[i,j],q[i,k],q[k,j]) ;

             q := q1; 

    end;

end;

2 �16 �7 .������� (���.<=�

�	
 ., 	]�� A�� �� �8N' 9� �� %���� 7� �$���]�� ��� �! )� /	
 �� �� 	�0� ��	� /���� + -�� ��� .�� ��� -�� �

 %�� �%�D 	]�� /	
 . 	��  8' ��	
 ) Y�� ( %�	�]! 	
� �� �� . �� 	�0� ��	� /����V0�!   8' �� a��� ���!  ) W (

 -�� /%�, .  8' ����  �� ) I ( ��*� 7� `�j�� ����� �� . �� 	�0� ��	� /���� ��*��g� 	
�S �! t + ���� �N��?� �� 

s� P%N� /	
 �� t  ����� 7� %=�� /	
 �� .

+ ���� 7� F	5S %���� �� 	�0� ��	� /���� �� -�� J�K� �� )� ���4#� )��T  . + ���, ��S P%N� )��T )V0 (

 -�� . 	* )�	!V �� �� S + %'�! 74� distance[v] �� 	�0� ��	� /���� ��Q V0 �! V��� �� )��Q �! + -�� 

 �� �� ��U
 7� 7��K� �� 	�0�S%���� ���� . 1��2 �! .�(��Q H��	� �! �� 7��*	�0� �$5�� + ��*�;� ��� J��� 	!

 -�� c	R� 	�� ����� + %�'�! 7��G�:

1. JP� �! + )%<! 	�0� ��	� /���� 	
�u �� �� )	�0� /�
 ., + %'�! V0 �! � ���, u 7��K� �� f�5 + %' �$B 

 �� �� ��U
 7�S %���� ���� .  S� 7�P� %��� F	5v �� �� ���� ���� 	�0� ��� �� S -0��  . ��� ��

 	�0� + 1��2V0 �! u �� )	�0�  ��' V0 �! V 	�0� �� 	$4� ., ��Q �� -��V0 �! u %'�! 7�  . ��� �!

/���� 	�0� �#�$� �� � %��' 7� %���� .�(��Q 7��G� 	�� H��	� �! �*	�0� ��	� /���� + F	5 	� V0 �! V

 -�� /%' %���� [N" . ��! 7�P� t�* �� ��	�
 7� �#�$�V0 �! u �� �� -0�� S%'�!  .

2. 	
� �� �� 7��K� ��! ��S %=�� �! )	�0� +%�$0��  u�! � ���� �� ��2�5 ��	$4� 	�0� ��� + ��' ��#�� 

��distance[u]ظ' 7� hg(�  . Y�	<� �� + \�j�� ���distance ��� �$8� �  ��' 7� �#N$� .	
�
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 ��%�& �! JP�distance �� / %�'�! �$'�� ���� )��0� SW�g$�� .��� 7� �� �* ., �� A�%� 	* + %�'�N� 

�	�.

 .3 JP� W�g$�� �!u �� 	�0� ��	� /���� %���� � V0 �! u JP� + u �� S ��' 7� /	�Bn  . 7�<�u .���� �! 

)�u� ��S��' 7� �$5	
 	
� ��  . �!  .%' �5�j� �!S �� �� 7��*	�0� ��	� /���� ��2�5 -�� �84� + V0

 �� ����� )�* JP� �� f�5 � ��' 7� \�	'S  S� 7�P� �! � ��U
 7� V �� �� ��' 7� �$B S -0��  	��k� +

 %�� .+ %�� 	��k� ��2�5 ��� 	
� �� )	� /���� 	�0� %��! /�
 .,V0 �� V ��!��! ��  . �� 	�0� ���u ��U
 7�  .

 �� 	�0� ��� �� ����� 7���� J�K�S �� 7��*	�0� .��� 7� � -�� u �! V 7��0� JP� t�* �� �	� W�g$�� �� 

 %'�N� �* ., �� .  �! 	!�	! 	�0� ��	� /���� ��Qdistance[u] + W[u,v] �� -�� W -�� .�� b�	���  .
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�;$�� �! �	$08�� �$���]�� �� /�	�0� ��	� /���� ��Q ���� 7� 1�%*�(� ��� �� /�V0 �� ��	
 �� 	]�� JP� 	* �! 

 %!��! . ���4#� + �$���]�� )��� /���D )�	!S  S� )� ����, 1��2 �! found ��' 7� )��%�]�  . JP� 	
�i �� 

S %'�N� +found[i] �! 	!�	! false �! 	!�	! ��	
� true -��  .�� �! ��	
 ��B  A�� �! )���#4* b�	�W

 -�� /%' hg(�]W[ i,j  ��� .��j>+<i -��  . JP� ��! 	
�i J,� � j+ %'�! �$'�%� ���� )	�0� W[i, 

j]  %' %*��B p�G! 7��B �%� �! 	!�	!  . %'�! �$'�� �� 	�� a	' �� %��! �%� ���:

1. %'�! 	$(�! �* ��� .�� 	����� �� 9� 	* �� %��! �%� ��� .

2.� ��� �� ��' W�g$�� )��Q %��! �%distance[u] + W[u,v]��(� G�� 	� H���   .

  8' ��	
 )���#4* b�	��� + %' �$;
 �� �& ., J���	! ) Y�� (  8' 1��2 �! ) I ( -�� /%' /��� .�(�

 .+  8' ��� ��+ -���� )�	!  ���%� ���� �* ., ��! )	�0� �� 7��* JP� ��! ��� .�� 100%' W�g$��  -�� / .

 7�<�100 ���%� ���� )	�0� t�* JP� �� ��! �� -�� ��� 	]���!  .

 �*�� D��  �� .# D�F�� '��- ������� (���.<=�

 5 ���
� 
4"�� : ����,distance b�	��� + w )�* ���4#� � S+ Y � N ���� 7� Y�	<� 	�� 1��2 �! �� :

•W.�� b�	��� .

•S/���� �� -��* /	
 �� )� ���4#�  %' hg(� �* ., 	�0� ��	� .

•N �* JP� A�4� ���4#� .

•Y = N –X

 ��*� 7� ��	" 	;2 �! 	!�	! �� .

 54@� 
4"��:

dq = dp + cpq = min {di + wij}i« Sj «Y

 ��*� 7� ��	" �:
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ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
S = q υ X

 �� �$���]�� 7�2� ��T	� 	
�n-1 /	
 �! /	
 �� 	�0� ��	� /���� + ���� �	�� ��! n-1� �!  %�, 7� -� .

  8' ��	
 )�� 	! �� �$���]�� ��� .���� ) Y�� ( ���� 7� �	��:

 %+� 
4"��:

0 1 2 3 4

Distance

                S 

Y = {1,2,3,4}

Min {d0 + w01,d0 + w02,d0 + c04} = min{0+7,0+4,0+6,0+1}

                                                           = min{7,4,6,1} = 1

 ��%��1 �� 7'�� d0 + w04 -��  . JP� �#�$� ��4 �! �� S ����, �� �� ., ��2�5 + /�	� �5�j� distance 	!�	!  �!1

 ���� 7� ���<�.

0 1 2 3 4

Distance

S = {0,4}

Y = {1,2,3}

 G+� 
4"��:

Min {d0 + w01,d0 + w02,d0 +w03,d04+w43} = min{0+7,0+4,0+6,1+1}

                                                           = min{7,4,6,2} = 2

1240

10

0
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 ��%��2�� 7'�� d04 + w43 -��  . JP� �#�$� ��3 �! �� S ����, �� �� ., ��2�5 + /�	� �5�j� distance �! 	!�	! 2

 ���� 7� ���<�.

0 1 2 3 4

Distance

S = {0,4,3}

Y = {1,2}

 G.� 
4"��:

 ) ��3 �! 2 ���%� ���� )	�0� . (

Min {d0 + w01,d0 + w02,d3 + w31} = min{0+7,0+4,2+3}

   = min{7,4,5} = 4

 ��%��4�� 7'�� d0 + w02-��  . JP� �#�$� ��2 �! �� S ����, �� �� ., ��2�5 + /�	� �5�j� distance �! 	!�	! 5

 ���� 7� ���<�.

                                                           0           1            2    3 4

Distance

S = {0,4,3,2}

Y = {1} 

 G��9� 
4"��:

Min {d0 + w01,d2 + w21,d3 + w31} = min{0+7,4+2,2+3}

120
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   = min{7,6,5} = 5

 ��%��5 �� 7'�� d3 + w31 -��  . �#�$� �� JP�1 �! �� S ����, �� �� ., ��2�5 + /�	� �5�j� distance �! 	!�	! 5

7� ���<� ����  .

   0           1            2            3            4

Distance

S = {0,1,2,3,4}

Y = {}

 -"� 	* %=�� JP�(t) �� S + -5	
 ��	" dt ��	� /���� -�� %=�� �! P%N� �� 	�0� . �� 	�0� ��	� /���� + ���	!��!

V0 �! V1 �! 	!�	! 5 -�� . ����, l"�� ��distance P%N� �� 	�0� ��	� /���� )V0 ( %*� 7� .�(� �� 	]�� /	
 	* �!

 . ����, �! ���� �! + ���	!��!distance /���� +  �� /%�, -�� �! )�*	�0� ��	�v0 -�� )G�& .�4* + 	]�� /	
 	* �! 

  8' �� ��)W ( %��� 7� /%*�(� .

17 �7 . �B.2 !H��" �I��)%�$*�*� �*���F(

��' 7� /%���� 	�
�	5 -B�� + %'�! G�� -B�� � ��U]! ., J�K� ���� �� �� ��	
 9� �� 75�	
	�� .  "�%T -B��

 	�
�	5 -B�� 9� + �'�D%'�! �4���� ., )�* ��� �! 	e��$� )�* .�� \�4#� �� -�� . �$���]�� �! �� 	�� �$���]��

��� 7� ��� W �'�D  "�%T -B�� ���<� )�	! + -�� ���(� ��8��	� .

 ��8��	� �$���]��

0 . %�*� ��	"i=0 

1 . ���e1%'�! �4���� ., W 	e��$� .�� �� %��� ���$B� .��& ��  .

2 . )��� �!1 ≤ i ≤ n-2 )�* ��� 	
� + e1,e2,…,ei+ %�'�! /%' W�g$����� /�
 ., ei+1 /%��4�"�! )�* ��� ��! �� �� 

��(� ��#�� G�� ��� � %'�! 9&�� .�8�:� 7$T ., �! 	e��$� .�� �� ���� 7� ���$B� .��&.
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 ��*� 7� ����� �'�D  "�%T -B�� 9� �! 7!��$�� �� �� %��� .

%�&�

T -B�� �'�D  "�% ) ��4���� 	�
�	5 (%�!��! �� 	�� ��	
: 

 !" : �! ��� �� \�	' �! � ��$��	� �$���]�� �� /��;$��{e,g} .�� )���� �� 1 ��' 7�  2�T 	�� -B�� + -�� :

 �! 	e��$� .���� ��� �! -�� 	!�	! -B:

1 + 2 + 2 + 3 + 4 + 5 = 17

.
. .

.

.
.

. .
. .

.. .a

b c

d

e

f g2

32
3

3

17
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5

4

5

2
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