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Abstract: The problem of finding link-disjoint paths under multiple additive QoS constraints was studied. Since the ex-

isting algorithms depended on network’s structure and could not guarantee to find feasible solutions for arbitrary net-

works, a novel algorithm called multiple constrained link-disjoint path routing algorithm (MCLPRA) was proposed. 

MCLPRA was based on SAMCRA and didn’t rely on the network’s structure. By introducing the parameter to control its 

search depth, dividing the solution space into different classes and performing searching according to the classes respec-

tively, MCLPRA was able to obtain the feasible solutions for arbitrary networks. Theoretic analysis shows that MCLPRA 

can get the feasible and optimal solutions when traditional schemes can not. Comprehensive simulations also show that 

MCLPRA has better performances than existing algorithms in terms of higher average successful rate of getting feasible 

solutions with shorter average total length of the obtained path pair. 
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1Y s�Z� t[\¾]_� 2 d9g 1P� 2P ��

� 1 2( ) ( )E P E P = ∅I �Ç 1P� 2P �`abcC�4
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MCLPP�Ï�Ò� 

��¡�� QoSbc89ef9³´V��Ê

RS¸���Í��ß���RSÂÄút��
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MCLPRA�ÏmÒ� 
Gf�É Search_ Sβ ( 1, ,P S Tβ )���Õ}��

3T�ÓÔåäâã�?� 

Initialization  
* ; * ;a bP null P null= =  

Loop 
while ( 0S and Tβ ≠ ∅ > )  

{ 
Find the shortest path of Sβ ;  

if 1( ) ( )E P E Pβ ≠ ∅I  

{ , }a bP P′ ′ =Search_in_Linkjoint ( 1,P Pβ )� 

else /* Pβ� 1P�89ef 

{ 
         if 1( ) { ( ) }V P V P s tβ − − = ∅I  

{/* Pβ� 1PRY~Zop¹�qºk[\ 

if Pβ� 1P�`abcíCC  

                { 1;a bP P P Pβ
′ ′= = }  

              else  

{ ; ;a bP Null P Null′ ′= = }    

         }  
      else /* Pβ� 1P)89ef7yºk[\ 

      { , }a bP P′ ′ =Search_in_nodeshared( 1,P Pβ ); 

} 

     if ( ) ( ) ( *) ( *)a b a bl P l P l P l P′ ′+ < +   

{/*Ig Sβ 3±§Ï69g Pβ� 1PK/Ì.9

g�0M��Ò�µM� *aP � *bP  

* ; *a a b bP P P P′ ′= = � 

}  
;S S Pβ β β= − /*ø Sβ «r±§Q���9g 

1T T= − ;  

} 
Return { *, *}a bP P  /*NO Sβ 3�Ï�Ò 
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vOtøyºk89� 2 d9g ,a bP P �89�Ì
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if ( ) { ( ) } ( ( ) ( ))x w x wV P V P s t V E P E P− − = ≠ ∅I I  

{/* xP � wP RY~Z�[\p£ºwºk89

��[\ 
if xP � wP �`abcíCC  

           Return { , }x wP P ;  

 else  
Return { , }null null ;      

} 

else   
{/* xP � wP RY~Z�[\p�¨£tºwº

k89��[\ 
       Return Search_in_nodeshared ( ,x wP P ); 
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� 2d89ef9g� 
ü 1 -3G aP � bP �Èö�³ aP � bP �89

Ì.h² ( , )G V E �iî subG � 

ü 2-3� subG xIî 1�ô��;¶$�1

�;î3_�³ subG 89Ì.� 2d`abc�8

9ef9g{ , }a bP P% %

�Ç ( ) ( )a bl P l P+% %

�Ï�� 

�î 1(a)�ËÌ�WÕ÷ÈÉä�áäú� 1

�[\�:s�89�K,��;î 1(b)�1î 1(b)

�ËÌ3y_� s � t ¾]�ýþ�0ä�Ï��

89ef9g��î 1(b)3�{sabt, sbcdt}� 

3.2  MCLPRA ����� 

GfWÕ¦Ua�MCLPRA��ÒÕ}� 
�� 1  Iî 2(a)�ô��� (10,10)C = �Z�

t1Y[\ s�Z�[\ t]^_h�`aCbc

d©�89ef9g�ü 1 -1î 2(a)�cÞ
SAMCRA,�Ï69g 1P� sabt�ü 2-Iî 2(b)

�ô�n sabt��89½í�ÈÇTD89ìT�
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0�ü 3-1î 2(b)�cÞ SAMCRA��,`a 2C
bc�9gö÷ { , }S sdt sbat= �ü 4 -� SÝÞe

�� sbat Sβ∈ � sdt Sα∈ �ü 5 -×J_ Sα 3�Ï

69g�Sα 3£yhd9g sdt�z P sdtα = �ß»

lk Search_ Sβ ()ÓÔ Sβ Ì.�KÞÒ3�Ï�Ò�

G Sβ 3�Ï69g sbat�³{ sbat� 1Pyºk8

9��/lk Search_in_Linkjoint()���ø sabt�

sbat89Ì.�Èö3«rºk89 ab�{H89
Ì. 2d89ef9g{ , }sat sbt �|}~ sat� sbt

�`abcC�z{ , }sat sbt � Sβ � 1PÌ.�Ï�

Ò�¯� 1P � sdt �`abc C Ç ( ) ( )l sat l sbt+  

( ) ( )l sabt l sdt< + �z{ , }sat sbt �ÏmÒ��ß�Î

Ò�î 2(a)��Ï�Ò� 

 
� 2  MCLPRA �� 1 

��2  Iî3(a)�ô��� (10,10)C = �MCLPRA

ü 1-t1î 3(a)�cÞ SAMCRA,�Ï69g 1P

� sabct�ü 2-Iî 3(b)�ô�n sabct��89½

í�TD89ìT� 0�ü 3 -1î 3(b)�cÞ

SAMCRA��,`a2Cbc�9gö÷S��ÒË

g£yhd9g sbt`a���ü 4-�SÝÞe��
sbt �{ Sβ � Sα �Ø�ü 5 -ÓÔ Sβ �lk

Search_in_Linkjoint( )�Õ}�¯� sbt� 1P¹ºk8

9��/lk Search_in_nodeshared( )�1³ 1P� sbt

89Ì.�Èö3�RÊ{ , }sabct sbt �(89ef�

9g��yh(�{ , }sabt sbct �³{9g sbt�ìí

C� (11,2) �̈ `abcd© (10,10)�z{ , }sabct sbt

¨Oi�MCLPRA�Ò�|}~�sabt� sbct�`

abcd©�z1¦U 2 3�MCLPRA �Ò�
{ , }sabt sbct �ÎÒ<tî 3(a)��Ï�Ò� 

 
� 3  MCLPRA �� 2 

4  MCLPRA ���� 

Ä[nø�Á�e+MCLPRAð¥�����

øMCLPPÒ�Ì.ÛÜá�ç�MCLPRA�ÒË

g���ËÌ¹Í�1 ÂÃ��É MCLPRA �

,KÞÒ�Ï�Ò�âã�?T�G'� 
�� 1  �¼�ìyíî ( , )G V E � 1P�[\ s

� t]ýþ�0äÏ69g�� s� t]`abcí
CC ( dim( ) 2C � )�MCLPP´V�Ï�Ò 1 2{ *, *}P P


1�� 1 2 1{ ( *) ( *)} ( )E P E P E P ≠ ∅U I .¿� 

��  �ð 1 2 1{ ( *) ( *)} ( )E P E P E P = ∅U I ��

y 1 1( *) ( )E P E P = ∅I Ç 2 1( *) ( )E P E P = ∅I �¯�

1 *P � 2 *P 89ef�z 1 2( *) ( *)E P E P = ∅U �̄  �

1 *P ~ 2 *P � 1P�89� ef� 3 d9g��¯

� 1P� s� t]�Ï69g�K, 

 1 1 2 1

1 2 1 2

( ) ( *) ( *) ( *)

( ) ( *) ( *) ( *)

l P l P l P l P

l P l P l P l P

+ < +


 + < +


 (3) 

��¼� 1Vð 1 2{ *, *}P P �Ï�Ò���z�

ð¨.¿�¼� 1,ç� 
�� 1  �¼�ìyíî ( , )G V E � 1P�[\ s

� t]ýþ�0äÏ69g�� s� t]`abcíC
C ( dim( ) 2C � )� MCLPP ´V�Ï�Ò 1 2{ *, *}P P


1�±ÇZ± 1 1( *) ( )E P E P = ∅I 
� 1 2 *P P= ( 1 *P

� 2 *P �$�Á 1�ß.¿)� 

��  ³¼� 1 1 2 1{ ( *) ( *)} ( )E P E P E P ≠ ∅U I �

�/y 1 1( *) ( )E P E P ≠ ∅I . 2 1( *) ( )E P E P ≠ ∅I ��

ð 1 1( *) ( )E P E P = ∅I �� 2 1*P P≠ �Ï�89ef9

g��� 1 1{ , *}P P ����Á 1 Vð����ð¨

.¿����,ç�� 2 1*P P= �̄ � 2 *P �89 1 *P

ef9g�� 1 1( *) ( )E P E P = ∅I �We�,ç�z

�Á 1.¿� 
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¼� 1��Á 1a�Ê�{èéËÌ����
Ig MCLPP �Ï�89ef9g� 1 2{ *, *}P P 


1�Ï69g��� 1 *P � 2 *P ú�#�����

3�hdT÷�z�¼�ìyíî ( , )G V E � 1P�ø

Y~Z�]�Ï69g� 1{ , , }kS P P′ ′= L �MCLPRA

ü 3 -�,Ëg� 2 1{ , , }kP P P′ ′∀ ∈ L � 1P� 2P �Ë

ÌÍ�£O�G� 4 =>¾h� 

 
� 4  P1 � P2 ��� 4 ��� 

� 1 2( ) ( )E P E P = ∅I Ç 1 2( ) { ( ) }V P V P s t− −I  

= ∅�Iî 4(a)�ô� 1P� 2P �¹ºk[\�<¹

ºk89� 
� 1 2( ) ( )E P E P = ∅I , 1 2( ) { ( ) }V P V P s t− −I  

≠ ∅�Iî 4(b)�ô� 1P� 2P yºk[\�7¹º

k89� 
� 1 2( ) ( )E P E P ≠ ∅I , 1 2( ) { ( )V P V P −I }s t−  

≠ ∅Ç 1 2 1 2( ) { ( ) } ( ( ) ( ))V P V P s t V E P E P− − =I I �I

î 4(c)�ô� 1P� 2P �yºk[\�<yºk89�

7�yºk[\ú�ºk89Í�� 
� 1 2( ) ( )E P E P ≠ ∅I � 1 2( ) { ( ) }V P V P s t− −I  

≠ ∅Ç 1 2 1 2( ) { ( ) } ( ( ) ( ))V P V P s t V E P E P− − ≠I I �I
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