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Abstract: To increase the QoS (quality of service) of data transmission, a novel flow-splitting algorithm, multipathMPLS, 

was proposed, which combined three technologies of MPLS (multi protocol label switching), concurrent multi-path and 

programmable router. MultipathMPLS implementes the flow-splitting transmission for the same FEC (forwarding 

equivalence class). Via the network simulation tool (NS2), this algorithm can obtain the high forwarding performance of 

MPLS, high throughput of concurrent multi-path and flexible configuration of programmable router. 
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1) For each LER neighbor 
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2)  Send probe packet rtprotoDV 

3)  If FECaavailable path Then 

4)   SET A←LER egress 

5)  End if 

6) End for 

7) For each element in SET A 

8)  SET B← get OSPF path 

9)  SET B← get alternative/ECMP path 

10)  Update PHB table 

11) End for 
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�� 2  Multi-LSP transmission Module 

1) If packet arrived Then 

2) If labeling = ture Then  

3) FEC ← Get Address info from SET B 

4) Next-hop ← Lookup (FEC) 

5) Else 

6) If  labeling = Φ  Then 

7) DA ← Delete( FEC) 

8) Next-hop ← Lookup (DA) 

9) End If 

10) End If 

11) End If 

^8�¾¿����f"Ï+Jdõ���"

oKLi� B W� FEC �ã?e(� 1)ã~4)ã)²

Ï+JdVW��"oKL-l� OSPF�ã��

îpl"abq]`z(� 6ã~9)ã)L 

wx 1�wx 2rBVSûR��¬Wµ¶�

ã`sL 

4  ���� 

º$}A´ 4Ö��tî÷�ab���ãì

í�OSPF(mnop�hqr)*ECMP(cm��

h)*MPLS(�������)*multipathMPLSL


�uv3����td(cost)Ï7 289LgW"Á

� 0bw UDP���f¾Á� 8"Á� 1bw TCP

���f¾Á� 9L�7 3SC"­MPLSÜW"

hV 5~cm(cost| 3)��h�2→3→7*2→5→7*

2→4→3→7*2→5→3→7*2→5→6→7L 

 

* 2  @ABCDE 

-l� IP
�GAop�hqrwx"¸Á�

0 �Á� 1 8bÚ!����fA�J 	Q2→ 

5→7R³"¾¿���À�Á�"§<~��Wx

 ���O��ô«¤"<HS/®¯<yop�

h	ØLN�"§=Aº$6Ú� multipathMPLS

wx¤"Á� 0bw� UDP���f�Á� 1bÚ

� TCP���fXS�J 	 5~�_� LSP¾¿

���À�Á�"'�´_` FEC���h�OL 

5  ��
� 

¹�192�7 ( ),G V E 6�"gWV jÁ�

�i�"Ejz�i�²V n= " E m= "=

i

v∀ "

j

v V∈ ( ), 1,2, ,i j n= � ß ¥ h V ( ),

i j

Num v v  

( )( )0 ,

i j

Num v v m� � ~z"^

i

v 1

j

v ¥�{|`

~z�=|� k~z�

k

ij

e E∈ ( )( )1, , ,

i j

k Num v v= � "

SAÓEbw�}mU¥| ,

k L k H

ij ij

bw bw

− −
 

 

"~¸X

m| ( )
2

k L k H

ij ij

k

Bw ij

bw bw

eµ
− −+

= "'ù| ( )2 k

Bw ij

eσ �

»��Z"gW

k L

ij

bw

−
�

k H

ij

bw

−
�Jî9

k

ij

e �SA

ÓE�]����Lå¼�ê��| 

 ( )
( )

( )( )
( )

2

2

2

2

1

2π

k

Bw ij

k

Bw ij

bw e

e

Bw

k

Bw ij

f bw e

e

µ

σ

σ

−
−

=  (1) 

^B��ÓEuvU¥

Bw

∆ = [ ,

L H

BW BW ]�

��!T"A�VQV­���>¾�ÓER��

|ê��| 



�158� �  �  �  � � 35� 

 

( )
2

1

0 ,

,

1 ,

H

L

L

BW bw

bw BW

L H

Bw

H

                           bw BW

S bw

e f      BW bw BW

                            bw BW

 −−
 

 −
 

 <




= + <










�

�

 (2) 

gW"X���| 

 

1

1

0

L

L

ε    bw BW

f

   bw BW

 =
=


≠




�

�

 (3) 

(�2�î9��bwm�ô«"A�^QV­�

��>¾�ÓER�!��|"§bw¿¾

H

BW "A

�¿¾o«�|ê 1L

1

ε j`©�òB 1���ò�L 

6  ������� 

6.1  �������� 

�7 2SC"Á� 2jð©
�W��Á�ß

`"Á� 2���P÷/�3��¾ð©
���

���LGA�_ab��"Á� 2���P"#

Ï7 389"Ã¤^"Ï7 489L 

 

� 3  �� 2����� 

�7 3SC"multipathMPLS� ECMP¢>´

��`����P"½ï5qB OSPFLTï

multipathMPLS wx��´�b��h�`«q

��»��PL�-l� OSPFwx^Bab�h

�}��Ï��hµ¶".��b�O��/"®

¯Á���P�/¿¾oqmL 

�7 4SC"OSPFâXÃ¤¦^#«; MPLS

ÃÄ÷/cW"�|D�MPLS.�äÝ�O�/L

MN��¬�ab�ê�"]j������L<

HÚ�´�� 2→5→7����	Ø"ð��ÃÄ

÷/6»#�LmultipathMPLS MN�C#«"]

jâXÃ¤�ò;��¤¥��ë"multipathMPLS

�âXÃ¤*´�¡Woò�"TïmultipathMPLS

��MPLS»�ab�q�L 

 

� 4  	
�� 

6.2  	
��
�� 

�f��¼jÙP
�÷/����d��"

º$^ 4Öab'(>¾�ìí���ã�!³"

�f��¼^"Ïî 189L 

� 1 ������� 

�
 ����� ����� ����� 

OSPF 1 842 74 4.02% 

ECMP 2 172 18 0.83% 

MPLS 1 862 94 5.05% 

multipathMPLS 2 220 8 0.36% 

 

S "��hab¤"k¡¤¥�b�f�(�

�P)dqBk�h(e¢ OSPF*MPLS)"��h�

f��¼d"k�h£L¸#���WS#�!

Ú"D��MPLS�B6»´��¬�ab�ê"

®¯���f��AiW¾¨~k`����"�

­��ÑÒ#«°±"���/��¾¿]`z"

®¯D� MPLS ��f��¼*|´¤¡Wo«

�LmultipathMPLS wx�BGA´������

b��h�O��"¥'�´»�ab"¦§£´

��°±�å¼"'�´¤¡Wo£�f��¼L 

6.3  ������ 

V`©MPLS
�W"��¬¨©5ªB��

��!«¬�-­S¿÷+,�)*��ab¦

��Q{L�,MPLS
�^�����5ª÷d

»B IP 
�LÏ+ MPLS =A����%®V�

��abß¥äÝÔ`��¥3÷"Â®¯ MPLS


��¯H£õ°#±��²³L 

|´"#´�÷"º$V
�ìíWµ´Ï]

=¶�1) äÝ´`·��WÎ"=Á� 2�Á� 5



� 5� �������� !"#$%&MPLS'()�*+,�
 -159- 

 

ß¥���V 4 s¤¸¹NÎm" 	 1 s³"V 5 s

¤¸(�Cº»²2) �'W`~���`¼�S/

yhV`~��O"¯$WV,±äÝ`© Pareto

OP{|½¾O²3) §À�Á� 8�Á� 93Å¾

� 10 Mbit���(�e¢½¾O)¤"ìí�vL 

�½¾/�]ÃÄ÷/"#Ï7 5 89L7W

OSPF*multipathMPLS �Jî91½¾/�]��

�¿À"OSPF-int*multipathMPLS-int�Jî9��

Ú�½¾#³���¿À"́ �÷^"Ïî 289L 

 

� 5  ./0�� 

� 2 	
��� 

�
 1
/s 23	
/s 	
45 

OSPF 7.341 0.060 5 �6 

OSPF-int 8.375 0.062 0 6 

multipathMPLS 6.008 0.052 8 7 

multipathMPLS-int 6.949 0.058 6 7 

 

V��Ú�Î�³"�BCD����+"®

¯ OSPF �ab�h�6!� 2→5→7 ø*

2→3→7L¸î 2 SS�Ú"����W�1½¾

hV"multipathMPLSwx�âXÃÄA�òL 

î 2ÁS#�!Ú"1¯H¤ OSPFð©-I

"MPLS��hwx�A 1.333 s(7.341~6.008)�¤

¥"<©ùmTï´ MPLS �ab�ê�B OSPF

wxL�¯H¤ OSPF " MPLS ��hwx�A

1.426 s(8.375~6.949)�¤¥"<©ùmTï´VÂ

¾¯H¤"MPLS ��h�Ãª¤¥�B OSPF w

xL(^ 2©ùm�ã"#"?�ß¥¦ù 0.093 s 

(1.426~1.333)L< 93 ms�ùm"SÃO´��h

wx��£����Åö¤¥L 

7  �	
 

º$6Ú´`ÖÛBSûR��¬� MPLS �

��h�O-Iwx�multipathMPLS"'�´Qk

FEC� LSPR��Oabwx"ÄkMPLS���©

LSP�h�ã�Oab"��	NS23¦�Q�"


­wx1 OSPF*ECMP*D�� MPLS �J�ã´

ìí"�{´ÅÆ^"�!"oÇ>ÚÏ]���

multipathMPLSwx"��´��hab�MPLSÈ

¡���q�"'�´»��P"£Ã¤�ab2+"

½rBV]`t
��SûR��¬W`s=AL 

����� 

[1] LEE Y, SEOK Y, CHOI Y, et al. A constrained multipath traffic engi-

neering scheme for MPLS networks[A]. IEEE International Confer-

ence on Communications: ICC’02[C]. 2002.2431-2436. 

[2] MOY J. OSPF Version 2. Internet RFC 2328[S]. 1998. 

[3] ���, 89:, ;<=. ��*&>?@�A"BC��
[J]. 

DE7FFG(HIJFK), 2009, 30(3):363-366. 

HAN L Q, WANG J K, WANG C R. Flow-based cross-layer forward 

algorithm for concurrent multipath[J]. Journal of Northeastern Univer-

sity, 2009, 30 (3):363-366. 

[4] YABANDEH M, ZARIFZADEH S, YAZDANI N. Improving per-

formance of transport protocols in multipath transferring schemes [J].  

Computer Communications, 2010, 30(17):3270-3284. 

[5] ZHAO Z H, SHU Y T, ZHANG L F, et al. Flow-level multipath load 

blancing in MPLS network[A]. Proceedings of IEICE Transactions on 

Communications[C]. 2010. 2015-2022. 

[6] ELWAILD A, JIN C, LOW S. MATE: MPLS adaptive traffic engi-

neering [A]. Proceedings of INFOCOM’01[C]. 2001.89-93. 

[7] ALBERT G, PARANTAP L, DAVID A, et al. Towards a next genera-

tion data center architecture: scalability and commoditization[A]. Pro-

ceedings of PRESTO 2008 [C]. 2008.57-62. 

[8] NS2 network simulator[EB/OL]. http://www.isi.edu/ nsnam/ns/. 

[9] HAN L Q, WANG J K, WANG X W, et al. Bypass flow-splitting 

forwarding in FISH networks[J]. IEEE Transactions on Industrial 

Electronics, 2011, 58(6):2197-2204.  

[10] HAN L Q, WANG J K, WANG X W. A function migration algorithm 

based on programmable router of multipath networks[J]. Chinese 

Journal of Electronics, 2011, 20(1):170-174. 

 

�
��� 

 

 

����1957-��������	�
��
���

������
��
����
��
��������

��� !"#$%&'�(')*+,-. 

 

����1968-������/0	, 
��
����

����,��� !"#1234,�567�,-89

:;<89. 

����1977-����=>?@AB

	����
��
������� !

"#1234,�567. 

 


