
/

,
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G (edge coloring 
function) : ( ) {1, 2, , },f E G k k Z �� ��

(shortest-path)
G

(strong rainbow coloring 
function)

(strong rainbow 
path) G k

G (optimal 
strong rainbow coloring function) k
G (strong rainbow connection 
number) G
| ( ) | 3E G � G

1

(connected graph) G
(edge coloring function) : ( )f E G �

{1, 2, , }k� , k N�
(path)

(rainbow path) G
(shortest-path)

(strong rainbow path)

f (strong rainbow 
coloring function) G
k G (strong 
rainbow connection number) ( )src G

 Chartrand [4]
 Chakraborty [2]

 NP-complete 

 complete[4]  , Tree[4]  , cycle[4]  , 
Sun[13]

Fan [13], Wheel[4], 

Petersen graph[4], Hypergraph[1], Triangular 
pyramids[14], Versatile Pyramid Network[15], 
Corona Graphs[6], Random graphs[7], Cartesian 
product[17], Bipartite[3], Random Bipartite[5], 
Interval Graphs[12]

( )

G v
v (eccentricity) ( )e v G

(diameter) ( )diam G v
G v G

(peripheral vertex)

G
( ) ( ) | ( ) |diam G src G E G� �

( )

2 ( ) [8] (tree)

( ) | ( ) |src G E G� G [4] [10]
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( ) 1
[11] ( ) 2

[16]
2013 Xueliang Li [9]

( )
3

2 3

v G v
v (degree) deg( )v

1 (pendant vertex)
(pendant edge) G

( )G�
( )G	

H k ( )V H
1 2{ , , , }kv v v� 
 ( ) 2H� � T { :1 }iT i k� � �

(root) iT
(1 )iv i k� � G H T

   
: 4 3, (1 4)iH C T P i� � � � G

2.1 G H T | ( ) |E G
( )src G� | ( ) | ( )E H src H� �
:

[4]

: ( ) {1, 2,..., }f E H k� H

: ( ) {1,2,..., }i i if E T k� iT

| ( )|

1
: ( ) {1,2,..., }V H

ii
f E G k k

�
� � �

1

1

( ), ( )
( )

( ) , ( )
i

i j i
j

f e e E H
f e

f e k k e E T
�

�

� ��
�� � � � � � ��
�



f � G ( )src G

( )src H�
1

( )k
ii

src T
�

� ( )src H�
1
| ( ) |k

ii
E T

�
�

1

1

1

| ( ) | ( ) | ( ) | ( ) | ( ) |

| ( ) | ( ) | ( ) |

| ( ) | | ( ) | ( )

| ( ) | ( )                         

k

i
i

k

i
i

k

i
i

E G src G E G src H E T

E G src H E T

E G E T src H

E H src H

�

�

�

� �� � � �� �
� �

� � �

� � �

� �







�
2.1 G

H

2.2 0 , mv v H 0( , )mP v v �

0 0 1 2 1( , , , , nv u u u u �� 
 , )n mu v� 0 , mv v
n ( ),iu V H� n Z ��

1 1i n� � � H H P� � � ( ) ( )src H src H� �
| ( ) |E P�

:
: ( ) {1, 2,..., }f E H k� H

: ( ) {1,2,..., }pf E P n� P
: ( ) {1,2,..., }f E H k n� � � �

( ), ( )
( )

( ) , ( )p

f e e E H
f e

f e k e E P
� ���� � � � � ���

f � H � ( )src H � �
( ) ( ) ( ) ( ) | ( ) |src H src P src H n src H E P�� � � � � �

2.3 0 , mv v H 0( , )mP v v �

0 0 1 2 1( , , , , , )n n mv u u u u u v�� 
 � 0 , mv v
n ( ),iu V H� n Z ��

1 1i n� � � H H P� � � ( )src H
| ( ) | 3E H� � ( ) | ( ) | 3src H E H� �� �

:
( )src H � � ( )src H | ( ) |E P� ( 2.2)

( ) | ( ) | 3src H E H� � ( )
( )src H � ( )src H� � | ( ) |E P � | ( ) | 3E H � | ( ) |E P�

| ( ) | 3E H �� � �

3

3

| ( ) | 8E H �
( ) 2H� �

3 2.3 8
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( ) 2H� � | ( ) | 8E H � H

1 2 3, ,H H H
3 4 5 6, ,H H H ( )

3
3 ( ) | ( ) | 3src H E H� �� �

( )l T T ( )

: | ( ) | 8, ( ) 2E H H�� � ( ) ( ) 3src H E H� �

: | ( ) | 8, ( ) 2E H H�� � ( ) ( ) 3src H E H� �

{ : 0 < | ( ) |},i ij iT T j V H� � 1 3i� � iH
(root) ijT

(1 3, 0 < | ( ) | )ij iv i j V H� � � iG (1 3)iH i� �

(0 < | ( ) | ),1 3i iT j V H i� � � 1G

3G

: iH (1 3)i� � T

2.4 1 1( ) | ( ) | 3src G E G� �

1( ) 1 ( ,0 2)il T i i� � � �
:

( )� (0 2),i i� � 1( ) 0il T �

10( ) 0l T � 1H (a)

11T 12T 2

1| ( ) | 2E G � 1 jT 1H
1 jT

1| ( ) | 2E G � 11T 12T
11v 12v 11v 12v

11T 12T
1| ( ) | 2E G �

( )� 1H (b) 10T
1 11T

3 12T 2 10T 11T 12T
4 1| ( ) | 3E G �

1 jT 1H
1 jT 1| ( ) | 3E G �

10T 11T 12T

1 1( ) | ( ) | 3src G E G� � �

: 1G

2.5 2 2( ) | ( ) | 3src G E G� �

(1) 20 22 21 23( ) 1, ( ) 1, ( ) ( ) 0l T l T l T l T� � � �
(2) 20 21 22 23( ) 2, ( ) 1, ( ) 0, ( ) 1l T l T l T l T� � � �

:
( )�
1. 20 22 21 23( ) 1, ( ) 1, ( ) ( ) 0l T l T l T l T� � � �

(a) 20v 22v 2

2H
2 20T

22v
20 22| ( ) | | ( ) |E T E T� 22 | ( ) | 2E G� � �

2( )src G � 2| ( ) | 2E G �
2. 20 21 22 23( ) 2, ( ) 1, ( ) 0, ( ) 1l T l T l T l T� � � �

2H (b) 20T
1 2 21T

3 23T
4 20T 21T 23T 5

2| ( ) | 4E G � 2 jT

2H 2 jT
2| ( ) | 4E G �

( )�
1. 20 21 22 23( ) 2, ( ) ( ) ( ) 0l T l T l T l T� � � � 2H

(c) 20T 2
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2 3 4

2| ( ) | 3E G � 20T 2H

20T
2| ( ) | 3E G �

2. 20 21 22 23( ) 1, ( ) 1, ( ) ( ) 0l T l T l T l T� � � � 2H
(d) 20T

2 21T 3

20T 21T 4

2| ( ) | 3E G � 2 jT 2H
2 jT

2| ( ) | 3E G �
3. 20 21 22 23( ) ( ) ( ) 1, ( ) 1l T l T l T l T� � � � 2H

(e) 20T 1 21T
2 22T 3

2 jT 5

2| ( ) | 3E G � 2 jT 2H
3 2 jT

2| ( ) | 3E G �
4. 20 21 22 23( ) 2, ( ) 0, ( ) 1, ( ) 0l T l T l T l T� � � �

2H (f) 20T
2 3 2 jT

4 2| ( ) | 3E G � 2 jT
2H

2 jT
2| ( ) | 3E G � �

: 2G

2.6 3 3( ) | ( ) | 3src G E G� �
2

:
3 5 3( ) ( ) 3 | ( ) | 2src H src C E H� � � �

( i� 3( ) 1il T � ) 3H

3H 3iT
( 3iT

) 3 3( ) | ( ) | 5src G E G� �

i 3( ) 0il T �

30( ) 0l T � 3H 32v 33v

3iT
3 3( ) | ( ) | 4src G E G� �

2 3H

1.

32 34( ) ( ) 0l T l T� � 3H
(a) 30T 2 31T

3 33T
4 3 3( ) | ( ) | 4src G E G� �

2. (b)

30T 3

3 jT 4

3| ( ) | 3E G � 30T 32T
3H 30v 31v 31v 32v

30T 32T 31T
33v 34v 3H 33v 34v

30v 31v 31v 32v

31T 30T 31T 32T
3G 3| ( ) | 3E G � �

: 3G

4 4{ : 0 1}jT T j� � � 4H
4G 4H 4T

5H 5 5G H�

6 6{ : 0 1}jT T j� � � 6H 2
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6G 6H 6T

4G 6G

: iH (4 6)i� � T

2.7 4 4( ) | ( ) | 3src G E G� �

40 41( ) 1, ( ) 1l T l T� �
:

( )�
1. 40( ) 1l T � 4H (a) 40T

3 4
5 4| ( ) | 4E G � 40T

4H
40T

4| ( ) | 4E G � 2.3 4H

4 4( ) | ( ) | 4src G E G� �
2. 1

40 ,T T � 4H (b) 40T
3 T �

4 40T T � 5

4| ( ) | 4E G � 40T T �

4H
40T T �

4| ( ) | 4E G �
3. 2 1

40 ,T T � 4H (c) 40T
3 T �

4 40T T � 5

4| ( ) | 4E G � 40T T �

4H
40T T �

4| ( ) | 4E G �
( )� 3

1

40 41,T T 4H (d) 40T 41T
4 4| ( ) | 3E G � 40T

41T 4H

4| ( ) | 3E G � 40T
41T 4H 3

40T 41T

40T 41T 4G
4| ( ) | 3E G � �

: 4G

2.8 5 5( ) | ( ) | 3src G E G� �

5 5 7G H C� � 5H T
:

( )� 5H 5v T 5v
5H 3 5v

3
T 5( )src G 5| ( ) | 3E G� �

( )� 7 7 7( ) | ( ) | /2 4 | ( ) | 3src C E C E C� � � ��  ! "
5 5( ) | ( ) | 3src G E G� � �

2.9 6 6( ) | ( ) | 3src G E G� �

60 61( ) 1, ( ) 1l T l T� �
:

( )�
1. 6H 3 u , v 6 6,u vT T

6H (a) 6vT
2 6uT 6vT

3 6| ( ) | 4E G � 6uT 6vT

6H 4

6vT

6| ( ) | 4E G �
2. 60( ) 2l T � 6H (b) 60T

2 3 60T
4 6| ( ) | 4E G � 6H

60T

6| ( ) | 4E G �
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2.3 6H

6 6( ) | ( ) | 4src G E G� �
( )� 6H (c) 6 jT

3 6| ( ) | 3E G � 6 jT

6H

6| ( ) | 3E G � 60T 61T

6H

60T 61T 60T 61T

6G 6| ( ) | 3E G �
�

: 6G

3

3

v G v
G v G

(peripherad)

1( ),v V G� 2( )u V G� v u�
1 2( ) ( ) ( ),V G V G V G� � 1 2( ) ( ) ( )E G E G E G� �

G 1G 2G (series connection)
1 2G=G G��

1( ),vv E G�� 2( )uu E G�� vv uu� ��

1 2( ) ( ) ( ),V G V G V G� � 1 2( ) ( ) ( )E G E G E G� �
G� 1G 2G (parallel 
connection) 1 2G =G G� ��

3.1 G 1G 2G

1 2( ) ( ) ( )src G src G src G� �
:

1 1( )src G k� 2 2( )src G k�

1 1 1: ( ) {1,2,..., }f E G k� 2 2: ( ) {1, 2,...f E G � 2, }k
1G 2G

1. 1 2G G G� �� : ( ) {1, 2,...f E G �

1 2, }k k�

1 1

2 1 2

( ), ( )
( )

( ) , ( )
f e e E G

f e
f e k e E G

� ��
� � � � ��

f G
2. 1 2G G G� �� 1 2 ,e e� 1 1( ),e E G�

2 2( )e E G� 1 1 1( ) ,f e k� 2 2( ) 1f e �

1 2: ( ) {1,2,..., }f E G k k� � �

1 1

2 1 2 2

( ), ( )
( )

( ) , ( )
f e e E G

f e
f e k e E G and e e

� ��
� � � � � � #�

f � G
f f � 1 2G G G� ��

1 2 1 2 1 2, ( ) ( ) ( )G G G src G k k src G src G� � � � ��� �

3.2 1 2G G G� �� 1 1( ) ( ),src G diam G�

2 2( ) ( )src G diam G� v 1G 2G
( ) ( )src G diam G�

:
1( )src G 1( )diam G� 2( )src G 2( )diam G�

( )diam G 1 2( ) ( )diam G diam G� �

1 2 1 2( ) ( ) ( ) ( )

( )

src G src G diam G diam G
diam G

� � �

�

3.1 1 2( ) ( )src G src G� ( )src G�
( )diam G � ( )src G ( ) ( )src G diam G� [4]

( )src G � ( )diam G �

3.3 1 2G =G G� �� 1 1( ) ( ),src G diam G�

2 2( ) ( )src G diam G� ( )diam G� � 1( )diam G
2( ) 1diam G� � ( )src G� � ( )diam G�

1 1( ) ( ),src G diam G� 2( )src G � 2( )diam G
( )diam G� 1 2( ) ( ) 1diam G diam G� � �

1 2 1 2( ) ( ) ( ) ( )

( ) 1

src G src G diam G diam G
diam G

� � �

�� �

3.1 1 2( ) ( ) ( )src G src G src G�� �

1 2( ) ( ) 1src G src G� �
( )src G�� 1 2( ) ( )src G src G� � � ( ) 1src G� �
( ) 1diam G� � ( ) 1 ( )src G diam G� �� � � ( )src G��

( ) ( )src G diam G� [4]
( )src G� � ( )diam G� �
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3.4 1 2G =G G� �� 1G 2G
1 1( ) ( ),src G diam G� 2 2( ) ( )src G diam G�

( )diam G� � 1 2( ) ( )diam G diam G� ( )src G�
( )diam G��

:
1 1( ) ( )src G diam G� 2( )src G � 2( )diam G

( )diam G� 1( )diam G� 2( )diam G�

1 2 1 2( ) ( ) ( ) ( )

( )

src G src G diam G diam G
diam G

� � �

��

3.1 1 2( ) ( ) ( )src G src G src G�� �
( )diam G� ( )src G�� ( )src G ( )diam G�  [4]

( )src G� � ( )diam G�
( )src G� � ( )diam G� �

3.2 3.3 3.4

(complete)

4

3

3 3

G G�
8 1H 6H

3 G� 1H 6H
2.4 2.9

3
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