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� � � � �� 	 � �� � � � � 
� � � �

� �� � � �� � � � � �� ��� � � �
� �� � � �� � � � � �� ��� � � �
� � 5� � � � � � ��
� � � �� � 5� � � � � � ��
� � � �

A

B

C

D

E

F

3

0 4

3 5

1

2

0

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

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

cl ass Gr aph {cl ass Gr aph {
st r uct  ver t ex {st r uct  ver t ex {

l i st <i nt > nei ghbor s;l i st <i nt > nei ghbor s;
st r i ng name;st r i ng name;

} ;} ;
i nt  nr _ver t i ces,  nr _edges;i nt  nr _ver t i ces,  nr _edges;
bool  di r ect ed;bool  di r ect ed;
vect or <ver t ex> ver t i ces;vect or <ver t ex> ver t i ces;

} ;} ;
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� � � � �� �� � 	 
� � 
 � �� � � �� � 
�� � � � �� �� � 	 
� � 
 � �� � � �� � 
�

� � � �	 �" � � � � � �	 � � �	 � �� � � �� � � �	 �" � � � � � �	 � � �	 � �� � � �

voi d Gr aph: : add_ver t ex( const  voi d Gr aph: : add_ver t ex( const  
st r i ng t he_name)st r i ng t he_name)
{{

ver t ex new_ver t ex;ver t ex new_ver t ex;
new_ver t ex. name = t he_name;new_ver t ex. name = t he_name;
ver t i ces. push_back( new_ver t ex)ver t i ces. push_back( new_ver t ex)

;;
nr _ver t i ces++;nr _ver t i ces++;

}  }  

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

voi d Gr aph: : add_edge( const  st r i ng name1,  voi d Gr aph: : add_edge( const  st r i ng name1,  
const  st r i ng name2)const  st r i ng name2)
{{

i nt  i ndex1 = i ndex( name1) ;i nt  i ndex1 = i ndex( name1) ;
i nt  i ndex2 = i ndex( name2) ;i nt  i ndex2 = i ndex( name2) ;
i f  ( i ndex1 >= nr _ver t i ces)i f  ( i ndex1 >= nr _ver t i ces)

add_ver t ex( name1) ;add_ver t ex( name1) ;
i f  ( i ndex2 >= nr _ver t i ces)i f  ( i ndex2 >= nr _ver t i ces)

add_ver t ex( name2) ;add_ver t ex( name2) ;
add_edge( i ndex1,  i ndex2) ;add_edge( i ndex1,  i ndex2) ;

}}
voi d Gr aph: : add_edge( const  i nt  i ndex1,  voi d Gr aph: : add_edge( const  i nt  i ndex1,  
const  i nt  i ndex2)const  i nt  i ndex2)
{{

ver t i ces[ i ndex1] . nei ghbor s. push_back( i ndever t i ces[ i ndex1] . nei ghbor s. push_back( i nde
x2) ;x2) ;

i f  ( ! di r ect ed)i f  ( ! di r ect ed)
ver t i ces[ i ndex2] . nei ghbor s. push_back( i nver t i ces[ i ndex2] . nei ghbor s. push_back( i n

dex1) ;dex1) ;
nr _edges++;nr _edges++;

}  }  
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� � � � �� �� � 	 
� � 
 � �� � � �� � 
�� � � � �� �� � 	 
� � 
 � �� � � �� � 
�

# � ��� �� � �	 �� � 	 
 � �$%� �# � ��� �� � �	 �� � 	 
 � �$%� �
&	 � � $&	 � � $

voi d make_gr aph1( Gr aph &gr )voi d make_gr aph1( Gr aph &gr )
{{

f or  ( char  n=' A' ;  n <= ' E' ;  f or  ( char  n=' A' ;  n <= ' E' ;  
n++)n++)

add_char _ver t ex( gr ,  n) ;add_char _ver t ex( gr ,  n) ;
add_char _edge( gr ,  ' A' ,  ' B' ) ;add_char _edge( gr ,  ' A' ,  ' B' ) ;
add_char _edge( gr ,  ' A' ,  ' D' ) ;add_char _edge( gr ,  ' A' ,  ' D' ) ;
add_char _edge( gr ,  ' A' ,  ' E' ) ;add_char _edge( gr ,  ' A' ,  ' E' ) ;
add_char _edge( gr ,  ' B' ,  ' C' ) ;add_char _edge( gr ,  ' B' ,  ' C' ) ;
add_char _edge( gr ,  ' B' ,  ' D' ) ;add_char _edge( gr ,  ' B' ,  ' D' ) ;
add_char _edge( gr ,  ' C' ,  ' D' ) ;add_char _edge( gr ,  ' C' ,  ' D' ) ;
add_char _edge( gr ,  ' C' ,  ' E' ) ;add_char _edge( gr ,  ' C' ,  ' E' ) ;

}  }  

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

 	 ' � �� � 
 � � 	 ' � �� � 
 � �

voi d Gr aph: : make_empt y( )voi d Gr aph: : make_empt y( )
{{

i f  ( nr _ver t i ces)  {i f  ( nr _ver t i ces)  {
f or  ( i nt  i =0; i <nr _ver t i ces;  i ++)f or  ( i nt  i =0; i <nr _ver t i ces;  i ++)

ver t i ces[ i ] . nei ghbor s. c l ear ( ) ;ver t i ces[ i ] . nei ghbor s. c l ear ( ) ;
ver t i ces. er ase( ver t i ces. begi n( ) ,ver t i ces. er ase( ver t i ces. begi n( ) ,

ver t i ces. end( ) ) ;ver t i ces. end( ) ) ;
nr _ver t i ces = 0;nr _ver t i ces = 0;
nr _edges = 0;nr _edges = 0;

}}
di r ect ed = f al se;di r ect ed = f al se;

}}
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� � � � �� �� � 	 
� � 
 � �� � � �� � 
�� � � � �� �� � 	 
� � 
 � �� � � �� � 
�

voi d Gr aph: : pr i nt ( )  {voi d Gr aph: : pr i nt ( )  {
i nt  i ;i nt  i ;
cout  <<" The gr aph cont ai ns "  << nr _ver t i cescout  <<" The gr aph cont ai ns "  << nr _ver t i ces

<<"  ver t i ces and " <<nr _edges<<"  edges"  <<"  ver t i ces and " <<nr _edges<<"  edges"  
<< endl  << " The ver t ex names ar e:  " ;<< endl  << " The ver t ex names ar e:  " ;

f or  ( i =0;  i <nr _ver t i ces;  i ++)f or  ( i =0;  i <nr _ver t i ces;  i ++)
cout  << ver t i ces[ i ] . name << '  ' ;cout  << ver t i ces[ i ] . name << '  ' ;

cout  << endl  << " The adj acency l i s t  f or  each"   cout  << endl  << " The adj acency l i s t  f or  each"   
"  ver t ex i s: "  << endl ;"  ver t ex i s: "  << endl ;

f or  ( i =0;  i <nr _ver t i ces;  i ++)  {f or  ( i =0;  i <nr _ver t i ces;  i ++)  {
cout  << " ver t ex "  << i  << " :  " ;cout  << " ver t ex "  << i  << " :  " ;
l i s t <i nt >: : i t er at or  i t er ;l i s t <i nt >: : i t er at or  i t er ;
i t er  = ver t i ces[ i ] . nei ghbor s. begi n( ) ;i t er  = ver t i ces[ i ] . nei ghbor s. begi n( ) ;
whi l e ( i t er ! =ver t i ces[ i ] . nei ghbor s. end( ) ) {whi l e ( i t er ! =ver t i ces[ i ] . nei ghbor s. end( ) ) {

cout  << * i t er  << '  ' ;cout  << * i t er  << '  ' ;
i t er ++;i t er ++;

}}
cout  << endl ;cout  << endl ;

}}
}  }  

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

( � � � �� � �� � � �� � 	 
 � ��� �	 �� ���( � � � �� � �� � � �� � 	 
 � ��� �	 �� ���

�� <�� 	 � � �# 
�� �� �� � � 	 � � � � 	 �� � ��
� � �* � �<�� 	 � � �# 
�� �� �� � � 	 � � � � 	 �� � ��
� � �* � �

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

�� ) � � �� � &���
� � �� � � � � 
� � �� � � �) � � �� � &���
� � �� � � � � 
� � �� � � �
� * 
 +� 	 �� ��� � 	 � 
� � � �� * 
 +� 	 �� ��� � 	 � 
� � � �

�� ) � � �� � 
 � � �� ��� � � �� � 	 � 
� � � �� 	 � �) � � �� � 
 � � �� ��� � � �� � 	 � 
� � � �� 	 � �
�
� � � � �� �� � 	# � 	 � � � � � �� ��
� � �� � � � ��
� � � � �� �� � 	# � 	 � � � � � �� ��
� � �� � � � �
� 	 �# 
�� �� � � � � � �+� �# � � � �� 	 �# 
�� �� � � � � � �+� �# � � � �

�� ) � � �� � � � � �� 	 � ��
� � � � �� � &���� � � � �) � � �� � � � � �� 	 � ��
� � � � �� � &���� � � � �
� � � � �� � �� ��
� � �# 
�� �� �� � 
 
 � �� � � � �� � �� ��
� � �# 
�� �� �� � 
 
 � �
� � � �� �� � � � � �' =(�+� �# � � � �� � � �� � � �� �� � � � � �' =(�+� �# � � � �� � � �
� � 	 � 
� � � ��, ��� � � �� 	 � � � �
� �� � 	 � 
� � � ��, ��� � � �� 	 � � � �
� �
# � 
� � � � � ��� � � �� � � � �� � � � � 
� � �� � � �# � 
� � � � � ��� � � �� � � � �� � � � � 
� � �� � � �
# � 
� � � �� � � �# � 
� � � �� � � �

;;
� $%$� $%$
4	 � � 6�* 	 �4	 � � 6�* 	 �
) � � 	 � �) � � 	 � �
> � &
� � �� 
� �> � &
� � �� 
� �
?� 	 
�?� 	 
�
������
<� * � � �@� � � ��?� 	 
� ��� %%�<� * � � �@� � � ��?� 	 
� ��� %%�
� � 
	 � +
��<� * � � �@� � � ��� � 
	 � +
��<� * � � �@� � � ��

AB: CAB: C
@� � � � � ��� � �� * � � � ��$D� $:@� � � � � ��� � �� * � � � ��$D� $:
<
� � � � ��� � �� * � � � ��B: : A<
� � � � ��� � �� * � � � ��B: : A
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� � � � �� �� � 	 
� � 
 � �� � � �� � 
�� � � � �� �� � 	 
� � 
 � �� � � �� � 
�

voi d Gr aph: : r ead( const  char  * f i l ename)voi d Gr aph: : r ead( const  char  * f i l ename)
{{

i f st r eam f i n( f i l ename) ;i f st r eam f i n( f i l ename) ;
char  buf f er [ 20] ,  buf f er 1[ 20] ;char  buf f er [ 20] ,  buf f er 1[ 20] ;
i nt  nr v;i nt  nr v;
f i n >> buf f er ;  / /  U or  Df i n >> buf f er ;  / /  U or  D
i f  ( buf f er [ 0]  == ' d'  | |  buf f er [ 0]  == ' D' )i f  ( buf f er [ 0]  == ' d'  | |  buf f er [ 0]  == ' D' )

di r ect ed=t r ue;di r ect ed=t r ue;
f i n >> nr v;f i n >> nr v;
f or  ( i nt  i =0;  i <nr v;  i ++)  {f or  ( i nt  i =0;  i <nr v;  i ++)  {

f i n >> buf f er ;  / /  ver t ex namef i n >> buf f er ;  / /  ver t ex name
add_ver t ex( st r i ng( buf f er ) ) ;add_ver t ex( st r i ng( buf f er ) ) ;

}}
whi l e ( ! f i n. eof ( ) )  {whi l e ( ! f i n. eof ( ) )  {

f i n >> buf f er ;f i n >> buf f er ;
buf f er [ st r l en( buf f er )buf f er [ st r l en( buf f er ) -- 1] ='1] =' \\ 0' ;0' ;
f i n >> buf f er 1;f i n >> buf f er 1;
i f  ( st r l en( buf f er )  && st r l en( buf f er 1) )i f  ( st r l en( buf f er )  && st r l en( buf f er 1) )

add_edge( st r i ng( buf f er ) ,  add_edge( st r i ng( buf f er ) ,  
st r i ng( buf f er 1) ) ;st r i ng( buf f er 1) ) ;

}}
f i n. c l ose( ) ;f i n. c l ose( ) ;

}  }  

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

� � 	 
 � �) � 	 � � � � 	 �� � 	 
 � �) � 	 � � � � 	 �

�� ) � � 	 � �� 	 � ��# � �� � � � 	 � ��� 	 � � � �� 	 � � � 	 � � ��) � � 	 � �� 	 � ��# � �� � � � 	 � ��� 	 � � � �� 	 � � � 	 � � ��
� �� � 	 
� � 
 � � �+	 � � � � �� �� � 	 
� � 
 � � �+	 � � � � � // �
	 � � �� � � �� � � � ��
	 � � �� � � �� � � � � // �
	 � � ��
	 � � �

�� ) � � �+	 � � � � �) � � �+	 � � � � � // �
	 � � �� � � 	 � � ��	 � 
 �� �� � 	 � � &��� � � � ��
	 � � �� � � 	 � � ��	 � 
 �� �� � 	 � � &��� � � � �
� &� �� 	 � � �� ���� ��
� � �� � 
� � +� 	 � ��� � � �� ���� ��� � � �� &� �� 	 � � �� ���� ��
� � �� � 
� � +� 	 � ��� � � �� ���� ��� � � �
� � 
� � +� 	 � �� ��� � � �� � 
� � +� 	 � ��� � � �� � �� � �� � 
� � +� 	 � �� ��� � � �� � 
� � +� 	 � ��� � � �� � �� � �

�� ) � � �� � � � � ��
	 � � �� � � 	 � � ��	 � 
 �� �� � 	 � � &�� � � �) � � �� � � � � ��
	 � � �� � � 	 � � ��	 � 
 �� �� � 	 � � &�� � � �
� &� �� 	 � � �� �� � � � �
� �� � � �� 	 � � � �� � ��� 	 �� � �
� �� � � �� &� �� 	 � � �� �� � � � �
� �� � � �� 	 � � � �� � ��� 	 �� � �
� �� � � �
� � �# 
� � � * � �	 � � � � � 
� � �� � � �� � 	 � � &��" � � � �
� �� � �# 
� � � * � �	 � � � � � 
� � �� � � �� � 	 � � &��" � � � �
� �
� � � 1��� � �� � � ��* 	 � � � 	 ��
� �� � 
 � � �+� � 6�� � � �� 	 
� � �� � � 1��� � �� � � ��* 	 � � � 	 ��
� �� � 
 � � �+� � 6�� � � �� 	 
� � �
� � � � � � 	 �� � � � �� � � � � � 	 �� � � � �
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� � � � �� �� � 	 
� � 
 � �� � � �� � 
�� � � � �� �� � 	 
� � 
 � �� � � �� � 
�

# � � 	 � � �# � � 	 � � � **� �� � �� �� � �

�� , � �� �+	 � � � � � ��
	 � � �� � � 	 � � �# � �� � � 	 � �� � �� � 
 � �� � 	 � � &��� ��, � �� �+	 � � � � � ��
	 � � �� � � 	 � � �# � �� � � 	 � �� � �� � 
 � �� � 	 � � &��� ��
� 	 � � � � � �
� ��� � � �
 � 	6�
� �� � �� � � 
� � �+� � � �E	 � � � � � � E���� 	 � � � � � �
� ��� � � �
 � 	6�
� �� � �� � � 
� � �+� � � �E	 � � � � � � E���

�� ) � � � �# � �� � 6� �� � � � �� ��
� � �� � 
� � +� 	 � �
� ��* 	 � ��� 	 � � � � � �) � � � �# � �� � 6� �� � � � �� ��
� � �� � 
� � +� 	 � �
� ��* 	 � ��� 	 � � � � � �
� � � �� � � � � ��	 � 
 �� �� � �� � � � � �� � 
� � +� 	 � ��� 	 � � � � � �� � � �� � � �� � � � � ��	 � 
 �� �� � �� � � � � �� � 
� � +� 	 � ��� 	 � � � � � �� � � �
� � 
� � +� 	 � �� � � 
 � � �� � � ��� � � �
 � 	6�� ���� � � �� � 
� � +� 	 � �� � 
� � +� 	 � �� � � 
 � � �� � � ��� � � �
 � 	6�� ���� � � �� � 
� � +� 	 � �
� � �� � � 
� � �+� � � �	 � � � � � � ���� � �� � � 
� � �+� � � �	 � � � � � � ���

�� ) � � � ��� 	 �� � � � �� ��� � � � � �� � 
� � +� 	 � ��� � 6� � �� � � �� � � � �) � � � ��� 	 �� � � � �� ��� � � � � �� � 
� � +� 	 � ��� � 6� � �� � � �� � � � �
� 

 � ��# � �� 	 � � � � � �� � � �� � � � � �� * ��� ��� � � 
 ��� � � �� 
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 ��� � � �
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�� " � �� � � � 
� * � �
� �� � 
� �# � � �* � � 
��� ���� � 	 � 
� � � �� � � � � � � � �" � �� � � � 
� * � �
� �� � 
� �# � � �* � � 
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br eadt h_f i r st _sear ch ( gr aph G,  i nt  v)  {br eadt h_f i r st _sear ch ( gr aph G,  i nt  v)  {
i ni t i al i ze al l  ver t i ces as " unmar ked" ;i ni t i al i ze al l  ver t i ces as " unmar ked" ;
queue<i nt > Q;queue<i nt > Q;
pr ocess and mar k v;pr ocess and mar k v;
Q. enqueue( v) ;Q. enqueue( v) ;
whi l e ( Q i s not  empt y)  {whi l e ( Q i s not  empt y)  {

x = Q. dequeue( ) ;x = Q. dequeue( ) ;
f or  each nei ghbor  y of  x i n G {f or  each nei ghbor  y of  x i n G {

pr ocess t he edge f r om x t o y i f  pr ocess t he edge f r om x t o y i f  
necessar y;necessar y;

i f  ( y has not  been mar ked)  {i f  ( y has not  been mar ked)  {
pr ocess and mar k y;pr ocess and mar k y;
enqueue ( y,  Q) ;enqueue ( y,  Q) ;

}}
}}
per f or m f i nal  pr ocessi ng on ver t ex x;per f or m f i nal  pr ocessi ng on ver t ex x;

}}
}}
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��# � �� � � � � � �	 � � � � �� � � �
 � 	 � �* � 
 � 	6� � �
� � � � � ���� � � � � ���
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Gr aph: : dept h_f i r st _sear ch ( i nt  v)  {    Gr aph: : dept h_f i r st _sear ch ( i nt  v)  {    
bool  mar k[ nr _ver t i ces] ;bool  mar k[ nr _ver t i ces] ;
f or  ( i nt  i =0;  i < nr _ver t i ces;  i ++)f or  ( i nt  i =0;  i < nr _ver t i ces;  i ++)

mar k[ i ] =f al se;  mar k[ i ] =f al se;  
st ack<( i nt ,  ver t ex* ) > S;st ack<( i nt ,  ver t ex* ) > S;
mar k[ v] =t r ue;  / /  per f or m pr el i mi nar y pr ocessi ng on v;mar k[ v] =t r ue;  / /  per f or m pr el i mi nar y pr ocessi ng on v;
p = ver t i ces[ v] . nei ghbor s. begi n( ) ;p = ver t i ces[ v] . nei ghbor s. begi n( ) ;
S. push( v, p) ;S. push( v, p) ;
whi l e ( S i s  not  empt y)  {whi l e ( S i s  not  empt y)  {

( v, p) =S. pop( ) ; / / per f or m i nt er medi at e pr ocessi ng on v;( v, p) =S. pop( ) ; / / per f or m i nt er medi at e pr ocessi ng on v;
whi l e ( p ! = ver t i ces[ v] . nei ghbor s. end( ) )  {whi l e ( p ! = ver t i ces[ v] . nei ghbor s. end( ) )  {

w = * p;  / /  pr ocess t he edge f r om v t o w;w = * p;  / /  pr ocess t he edge f r om v t o w;
p++;  p++;  
i f  ( ! mar k[ w] )  {  / /  w has not  been r eached)i f  ( ! mar k[ w] )  {  / /  w has not  been r eached)

S. push( v, p) ;S. push( v, p) ;
v = w;v = w;
mar k[ v]  = t r ue;  / / per f or m pr el i mi nar y pr ocessi ng mar k[ v]  = t r ue;  / / per f or m pr el i mi nar y pr ocessi ng 

on v;on v;
p = ver t i ces[ v] . nei ghbor s. begi n( ) ;  p = ver t i ces[ v] . nei ghbor s. begi n( ) ;  

} }} }
per f or m f i nal  pr ocessi ng on ver t ex v;per f or m f i nal  pr ocessi ng on ver t ex v;

} }} }
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bool  mar k[ nr _ver t i ces] ;  bool  mar k[ nr _ver t i ces] ;  
Gr aph: : dept h_f i r st _sear ch( i nt  v)  {Gr aph: : dept h_f i r st _sear ch( i nt  v)  {

f or  ( i nt  i =0;  i < nr _ver t i ces;  i ++)f or  ( i nt  i =0;  i < nr _ver t i ces;  i ++)
mar k[ i ] =f al se;mar k[ i ] =f al se;

r ecur si ve_dept h_f i r st _sear ch( v) ;r ecur si ve_dept h_f i r st _sear ch( v) ;
}   }   

Gr aph: : r ecur si ve_dept h_f i r st _sear ch ( i nt  v)  {    Gr aph: : r ecur si ve_dept h_f i r st _sear ch ( i nt  v)  {    
mar k[ v]  = t r ue;mar k[ v]  = t r ue;
per f or m pr el i mi nar y pr ocessi ng on v;per f or m pr el i mi nar y pr ocessi ng on v;
p = ver t i ces[ v] . nei ghbor s. begi n( ) ;p = ver t i ces[ v] . nei ghbor s. begi n( ) ;
whi l e ( p ! = ver t i ces[ v] . nei ghbor s. end( ) )  {whi l e ( p ! = ver t i ces[ v] . nei ghbor s. end( ) )  {

per f or m i nt er medi at e pr ocessi ng on v i f  necessar y;per f or m i nt er medi at e pr ocessi ng on v i f  necessar y;
w = * p;w = * p;
pr ocess t he edge f r om v t o w i f  necessar y;pr ocess t he edge f r om v t o w i f  necessar y;
p++;p++;
i f  ( ! mar k[ w] )i f  ( ! mar k[ w] )

r ecur si ve_dept h_f i r st _sear ch ( w) ;  r ecur si ve_dept h_f i r st _sear ch ( w) ;  
}}
per f or m f i nal  pr ocessi ng of  ver t ex v;per f or m f i nal  pr ocessi ng of  ver t ex v;

}}
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 �� ' � � � 	 �� � �� �	 ��0	 � �� �
 �� ' � � � 	 �� � �� �	 ��0	 � �� �

I ni t i al i zat i on( )I ni t i al i zat i on( )
{{

f or  ( i nt  i =0;  i <nr _ver t i ces;  i ++)  {f or  ( i nt  i =0;  i <nr _ver t i ces;  i ++)  {
ver t i ces[ i ] . t ot al _cost  = +i nf i ni t y;ver t i ces[ i ] . t ot al _cost  = +i nf i ni t y;
ver t i ces[ i ] . f i nal i zed = f al se;ver t i ces[ i ] . f i nal i zed = f al se;

}}
Pr i or i t y_mi n_queue PQ;      Pr i or i t y_mi n_queue PQ;      
ver t i ces[ or i gi n] . t ot al _cost  = 0;ver t i ces[ or i gi n] . t ot al _cost  = 0;
ver t i ces[ or i gi n] . pr edecessor  = ver t i ces[ or i gi n] . pr edecessor  = -- 1;  1;  
PQ. push( or i gi n,  0) ;PQ. push( or i gi n,  0) ;

}}

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

di j kst r a_al gor i t hm ( gr aph G,  i nt  or i gi n,  i nt  di j kst r a_al gor i t hm ( gr aph G,  i nt  or i gi n,  i nt  
dest i nat i on)  {dest i nat i on)  {
I ni t i al i zat i on( ) ;  / /  shoul d r et ur n PQ somehow.I ni t i al i zat i on( ) ;  / /  shoul d r et ur n PQ somehow.
whi l e ( PQ i s not  empt y)  {whi l e ( PQ i s not  empt y)  {

x = PQ. pop( ) ;x = PQ. pop( ) ;
i f  ( ver t i ces[ x] . f i nal i zed)  cont i nue;i f  ( ver t i ces[ x] . f i nal i zed)  cont i nue;
ver t i ces[ x] . f i nal i zed = TRUE;ver t i ces[ x] . f i nal i zed = TRUE;
i f  ( x == dest i nat i on)i f  ( x == dest i nat i on)

r et ur n;r et ur n;
f or  each nonf or  each non-- f i nal i zed nei ghbor  y of  xf i nal i zed nei ghbor  y of  x

i f  ( ver t i ces[ x] . t ot al _cost  + cost ( x, y)  <i f  ( ver t i ces[ x] . t ot al _cost  + cost ( x, y)  <
ver t i ces[ y] . t ot al _cost )  {ver t i ces[ y] . t ot al _cost )  {

ver t i ces[ y] . t ot al _cost =ver t i ces[ y] . t ot al _cost =
ver t i ces[ x] . t ot al _cost  + cost ( x, y) ;ver t i ces[ x] . t ot al _cost  + cost ( x, y) ;

ver t i ces[ y] . pr edecessor  = x;ver t i ces[ y] . pr edecessor  = x;
PQ. push( y,  ver t i ces[ y] . t ot al _cost ) ;PQ. push( y,  ver t i ces[ y] . t ot al _cost ) ;

}}
}}

}}
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� � ' � �� (���
� � �� �� � � � � 
� � �� 	 � � �) �� * � � �� � � � �� � ' � �� (���
� � �� �� � � � � 
� � �� 	 � � �) �� * � � �� � � � �
� � � �� * 
 �� ��� � � �# � 
� � � � �� ��� � � �
� � �� � � � � �
� �� � � �� * 
 �� ��� � � �# � 
� � � � �� ��� � � �
� � �� � � � � �
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1 � � � ' 	 �/� �� �� � � �� � � �1 � � � ' 	 �/� �� �� � � �� � � �
2, 34567�2, 34567�
�� I � � �� � ' � ��� (�I � � �� � ' � ��� (�
�� , � 
� 
� �
H� �) �� �' � ��� ) (���� ) �� �, � 
� 
� �
H� �) �� �' � ��� ) (���� ) �� �ÆÆ// �� � � ��� �� � � � ��� �

� 
� � � � � � � � � � �� 
� � � � � � � � � � �
�� I � � ��� �� � � � � � � � � � � �� � 
 � � � � � � � �� ���) ! �I � � ��� �� � � � � � � � � � � �� � 
 � � � � � � � �� ���) ! �
�� # � 
�� �' J�� ) �J��K�� �# � 
�� �' J�� ) �J��K�� �// $�� � � �� �
� �� � � �$�� � � �� �
� �� � � �

� &� � * � � � � (� � &� � * � � � � (� 
LL M� 
 � � � �� ��� # � � � �� � � � �� � � � ��� ��  � ��+! ��	 � 
 ��� 9M� 
 � � � �� ��� # � � � �� � � � �� � � � ��� ��  � ��+! ��	 � 
 ��� 9
LL ,��� �� � � �+�+� �� � � �� � �� 
��� 	 � � � �� � � � � � � � � �, ��� �� � � �+�+� �� � � �� � �� 
��� 	 � � � �� � � � � � � � � �

� � 
 � � � � � � � �� ���) ��� � � � �� � � ��� ��� � �� ) ��� � � ��� 	 
 �� � 
 � � � � � � � �� ���) ��� � � � �� � � ��� ��� � �� ) ��� � � ��� 	 
 �
� � � �* � 
� � �� ��� � � ��# � �� � 
 � � � � � � � �� � � � � 
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 �� �<* � � � � � �# � �� � � � �� � �� � 	 �� 	 
 �� �
� * 
 +� 	 �� ��� � � 6� ��� � 
 � �� ��# � 
� � �� * 
 +� 	 �� ��� � � 6� ��� � 
 � �� ��# � 
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� � �� ��� � � �
� � � 6� �	 � � � � � � 
� � �� � � �� � � 6� �	 � � � � � � 
� � �� � � �
� � � � � � � � � 
� � ��� � � � � � � � � 
� � ��

�� � &� 
 � �� � �) $��) C��) D��) � ��) � ��) %�� &� 
 � �� � �) $��) C��) D��) � ��) � ��) %�

) $

) D

) �

) �

) C

) %

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

) � � �� � � %�� �) � � �� � � %�� �

�� ) � � �) � 
 � �� � �� 	 ��( � � � �� � �� � � %�� �) � � �) � 
 � �� � �� 	 ��( � � � �� � �� � � %�� � � ��� 
� � � �� �� ��� 
� � � �� �
� 
� 	 � � � �� ���
� � ��
��� � � � 
+�� ��� �� � �� 
� 	 � � � �� ���
� � ��
��� � � � 
+�� ��� �� � � // 	 � � � � 
� 
� � ��
� � 
� � �	 � � � � 
� 
� � ��
� � 
� � �
� ��� ���
� � �� � 	 � 
� � � �
� �� * � � �� � �� 	 � � 	 �� � � � � �� 	 �� � � 	 � �� � 
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��� � � �� � � � �' &��� (�
� �
� �� � � �� 	 � � � ��
� ��� � � � �&�� 	 � � � � � � �� �
� �� � � ��
� � ���� ��� � � � �&�� 	 � � � � � � �� �
� �� � � ��
� � ���

�� � � � ��
� � 
� � �� ��� � � �� � 	 � 
� � � �# 
�� �� � � � � �� 	 � � � 	 � 
� � �
� �� � � ��
� � 
� � �� ��� � � �� � 	 � 
� � � �# 
�� �� � � � � �� 	 � � � 	 � 
� � �
� �
� � ��� � �� �� � ��� � �� �� � 
 � �� � �� 	 ��� � � � � �� �� � 
 � �� � �� 	 ��� � � � � �� � � ��� � � �� � 	 � 
� � � ��� � � �� ��� � � �� � 	 � 
� � � ��� � � �
�
� � 
� � �� * � � �� ��
� � 
� � �
� �� � ��� � ��
� � 
� � �� * � � �� ��
� � 
� � �
� �� � ��� � �� � � � �� � �� � � �� � � � �� � � �� � � � �� � �� � � �� � � � �� � � �
�� � � �	 �� � 
 � �� � �� 	 ��� � � � ��� � � �	 �� � 
 � �� � �� 	 ��� � � � � ����

�� , ��# � �� * 
 +� 	 �� � � �� � 	 � 
� � � �
� �� � � �� 	 � � 	 �
� �# � 
� � �, ��# � �� * 
 +� 	 �� � � �� � 	 � 
� � � �
� �� � � �� 	 � � 	 �
� �# � 
� � �
� � � � �� � � � � 	 �
� �� * � � �� ��
� � ��# � �� � � �� � � � �# � �� � � � �� �� � � � �� � � � � 	 �
� �� * � � �� ��
� � ��# � �� � � �� � � � �# � �� � � � �� �
� � 
 � �� � �� 	 ��� � � %� � �� �� � 
 � �� � �� 	 ��� � � %� � �� � � ��� � � �� � 	 � 
� � � ��� ��� � � �� � 	 � 
� � � ��

�� 8 � � �8 � � � � �, ��� � � �� 	 � � � �� � � � � 
� � �� �� � � �� ��� � � � �
� �� � � � � � �� �, ��� � � �� 	 � � � �� � � � � 
� � �� �� � � �� ��� � � � �
� �� � � � � � �
+� �� � � � �� � 
� � ��� � � � 	 � � � �+� �� � � � �� � 
� � ��� � � � 	 � � � �



18

� � � � �� �� � 	 
� � 
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�

bool ean t opol ogi cal l y_number  ( di gr aph G)bool ean t opol ogi cal l y_number  ( di gr aph G)
{{

f or  ( ever  ver t ex v i n G)  {f or  ( ever  ver t ex v i n G)  {
v i s i t ed[ v]  = f al se;v i s i t ed[ v]  = f al se;
number ed[ v]  = f al se;number ed[ v]  = f al se;

}}
i nt  t opol _count er  = number _of _ver t i ces( G) ;i nt  t opol _count er  = number _of _ver t i ces( G) ;
f or  ( each ver t ex v i n G)f or  ( each ver t ex v i n G)

i f  ( ! v i s i t ed[ v] )  {i f  ( ! v i s i t ed[ v] )  {
v i s i t ed[ v]  = t r ue;v i s i t ed[ v]  = t r ue;
i f  ( ! r ecur si vel y_number ( G,  v,  i f  ( ! r ecur si vel y_number ( G,  v,  

t opol _count er ) )t opol _count er ) )
r et ur n f al se;r et ur n f al se;

}}
r et ur n t r ue;r et ur n t r ue;

}}

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

bool ean r ecur si vel y_number  ( di gr aph G,  i nt  v,  bool ean r ecur si vel y_number  ( di gr aph G,  i nt  v,  
i nt  & count er )i nt  & count er )

{{
f or  ( each w t hat  can be r eached f r om v)  {f or  ( each w t hat  can be r eached f r om v)  {

i f  ( number ed[ w] ) ;i f  ( number ed[ w] ) ;
el se i f  ( v i s i t ed[ w] )  / /  but  not  number edel se i f  ( v i s i t ed[ w] )  / /  but  not  number ed

r et ur n f al se;   / /  a cycl e has been f oundr et ur n f al se;   / /  a cycl e has been f ound
el se {el se {

v i s i t ed[ w]  = t r ue;v i s i t ed[ w]  = t r ue;
i f  ( ! r ecur si vel y_number  ( G,  w,  count er ) )i f  ( ! r ecur si vel y_number  ( G,  w,  count er ) )

r et ur n f al se;  r et ur n f al se;  
}}

}      }      
ver t ex[ v] . t opol _number  = count er ;  ver t ex[ v] . t opol _number  = count er ;  
- -- - count er ;count er ;
r et ur n t r ue;  / /  no cycl es wer e det ect edr et ur n t r ue;  / /  no cycl es wer e det ect ed

}}



19

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

� � 	 � 
 ��� � 	 � 
 ��

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

) � � � � �� � �� �� � � �� �) � � � � �� � �� �� � � �� �

�� &	 � ��� � � �	 �&	 � ��� � � �	 � � � � � �� 	 �� 
	 � * 
� ��� �� � � � �� 	 �� �� � � � �� 	 �� 
	 � * 
� ��� �� � � � �� 	 �� �
� 
	 � * 
� �
� �� �� 	 � � � �� � � � �� 
� 
� � �� � � 	 � �� � 	 � � &�� 
	 � * 
� �
� �� �� 	 � � � �� � � � �� 
� 
� � �� � � 	 � �� � 	 � � &�
� � � � �� � � �� � �� �� � � � ��� ?� � � � �� � � �� � �� �� � � � ��� ?// � � 
 � �� � � �� � 
 � �� � � �

�� � � �� � �	 �� � �� � �	 � � � � � �� 	 �� 
	 � * 
� ��� �� � � � �� 	 �� �� 
	 � * 
� �� � � � �� 	 �� 
	 � * 
� ��� �� � � � �� 	 �� �� 
	 � * 
� �
� � � � �� 
� 
� � �� � � 	 � �� � � � �� � � � �� � � �� � �� �� � � � �� � � � �� 
� 
� � �� � � 	 � �� � � � �� � � � �� � � �� � �� �� � � � �

�� ) � 	 � � ��� � �( 	 �� � � 	 � �
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	 � � � � � �� 	 � � � �
� �� � � �� * 
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� �� � � �� * 
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) � � � � � � �) � � � � � � �
�� ) � � � � � �) � � � � � � �� I � � �?�� � � � � � �� �� � � � �
� �� �* � � 
	 � � � � � �� 	 � � � �� ��I � � �?�� � � � � � �� �� � � � �
� �� �* � � 
	 � � � � � �� 	 � � � �� ��

� � � ��� � �� �� � � � � � �� �� � 	 � � &�� � �?��<* � � � � � �� � � � �?�� � � � � � �� � � ��� � �� �� � � � � � �� �� � 	 � � &�� � �?��<* � � � � � �� � � � �?�� � � � � � �
� &� � � �� �� � � � �� � � 	 �� � � 	 � �� � � � �� � � � �� � * � � � � �� ���� &� � � �� �� � � � �� � � 	 �� � � 	 � �� � � � �� � � � �� � * � � � � �� ���
� (� ( , ��� � � �� � � 	 � � �� ��� �
� �� � � ��� � � � �?�
 * � � �� 
� � � 	 �� � � 	 � �� 	 �, ��� � � �� � � 	 � � �� ��� �
� �� � � ��� � � � �?�
 * � � �� 
� � � 	 �� � � 	 � �� 	 �

� � � � �� � �� ��+* ��� � � � � � �� � �+� �� �� � � � �� � �� ��+* ��� � � � � � �� � �+� �� �
+(+( , ��� � � �� � � 	 � � �� ��� �
� �� � � � ��� � � � �?�
 * � � �+� �� �� � � 	 � � � � � �, ��� � � �� � � 	 � � �� ��� �
� �� � � � ��� � � � �?�
 * � � �+� �� �� � � 	 � � � � � �

� � � � �� � ��� ��� 	 �� �� � �
 * � � �� � 
� � � 	 �� � � 	 � � � � 	 �� � � � �� � � � �� � � � �� � ��� ��� 	 �� �� � �
 * � � �� � 
� � � 	 �� � � 	 � � � � 	 �� � � � �� � � � �
�� � � � � ��	 � �� � � � ��	 � � ��
�� , ��� �� 	 � � � �� � � � � 
� � �
 � 	 � �� � � � ��# � �� � 	 � 
� � � �# 
�� �� � � �, ��� �� 	 � � � �� � � � � 
� � �
 � 	 � �� � � � ��# � �� � 	 � 
� � � �# 
�� �� � � �

� � � 	 � � ��� � � � �
� �� � � � � � �� � � � � 
� �� � �� * �� 	 
� � �� � � � ��� � � 	 � � ��� � � � �
� �� � � � � � �� � � � � 
� �� � �� * �� 	 
� � �� � � � ��
�� , ��� �� 	 � � � �� � � � � 
� � �� &� � � �� ��# � �� � 	 � 
� � � �# 
�� �� � � �� � � 	 � � ��, ��� �� 	 � � � �� � � � � 
� � �� &� � � �� ��# � �� � 	 � 
� � � �# 
�� �� � � �� � � 	 � � ��

� � � � �� � � �� * �� 	 
� � �� � � � �
 * � � �� � � 	 � � � � �� � � �� ��� � � � � �� � 	 � 
� � � �� � � � �� � � �� * �� 	 
� � �� � � � �
 * � � �� � � 	 � � � � �� � � �� ��� � � � � �� � 	 � 
� � � �
� � � �� � � �� � �� � � �� � � � 	 �' � � �
� �� � � � � � �+� �� � �� * �� 	 
� � �� 
	 � * 
�(��� � � �� � � �� � �� � � �� � � � 	 �' � � �
� �� � � � � � �+� �� � �� * �� 	 
� � �� 
	 � * 
�(��

�� , ���� ��� � � � � 
� � �� � �� � 	 � 
� � � �# 
�� �� � � �� � � 	 � � ��� � � � �� � � �, ���� ��� � � � � 
� � �� � �� � 	 � 
� � � �# 
�� �� � � �� � � 	 � � ��� � � � �� � � �
� * �� 	 
� � �� � � � �
� �� �
 * � � �+� �� � �� * �� 	 
� � �� 
	 � * 
� �� * �� 	 
� � �� � � � �
� �� �
 * � � �+� �� � �� * �� 	 
� � �� 
	 � * 
� �
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Pr i nt _Eul er i an ( gr aph G,  i nt  v)Pr i nt _Eul er i an ( gr aph G,  i nt  v)
{{

f or  each nonf or  each non-- el i mi nat ed edge { v, w}  {el i mi nat ed edge { v, w}  {
mar k t he edge { v, w}  as el i mi nat ed;mar k t he edge { v, w}  as el i mi nat ed;
Pr i nt _Eul er i an ( G,  w) ;Pr i nt _Eul er i an ( G,  w) ;

}}
pr i nt  v;pr i nt  v;
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