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#$ %&'( )*� +,� -�.( )/� �01 2�3 45 6� 7�8 9�:; <= >?

( @A+� 2�BCD EF. MPLS(Multi-Protocol Label Switching), WDM(Wavelength-Division

Multiplexing) � G� <=H� IJ� -�.5K LM �� �NH� OPQ< R� SA� <=5

OTUF. VW MPLS <=� �01 X�YZ[ <\� ]^ N_ ` � EFa Vb4 EF. �0

1 X�YZ[� �O 9�:; 
�� cF defJ� gh i � EJj, kl
5^ cF mnU

Kop qr� N_` � EF. � ��5Ka MPLS <\� ��Qa .5K �01 X�YZ[5

g� �NH� Fs�t QuF. 	v 9�:;( wx� y4< R� zfJ� �01 X�YZ[�

klQ{Jj, MPLS .� S| Egress LSR(Label Switched Router)� �}FD ��Q{F. S| Egress

LSR � �~ MPLS .5K( �01 X�YZ[ �Na �� ���(Linear Programming) �N� �#

` � EJj, � ��5Ka OTQa �� ���� KORNET .5K �01 X�YZ[� �� +

\ mn� �( ��� �O NBQ{F.

1. ��

#$ %&' -�.( �01� )/Q^ 2�QD Ea

n�4F. ��5 9�:; wx� Kop qr �Q3 G

� #n4 ���D EF. -�.( �01 2�� %�

�N� OPQ< R� ��J�a, 9�:; 
�� �h

a �4 E� � EF. ��J� MPLS[1], WDM � G�

7�8 <=� �� OP�4 E� � EF. WDM 4�,

<�( 9�:; 
�� defJ� klQ< RO LM

�,� klOK �4&� �B5 c�a <=5 OT�F.

� 	� 6��� �� � Ea <=5 OT�F. ��

MPLS a pR� <=5 OTQa �J�,  4¡ ¢£ �

�(Label Swapping)5 (� �n 
P(Virtual Connection)�

¤�OK �01� 	¥Qa <=5 OT�F. MPLS �

��a ¦ Vb� �n 
P ¤�� §BfJ� ]^ �`

� EFa �4F. ��5 MPLS <\� ��Qa .5K

pR� ¨�(Label Switched Path)� ¤�` �, 	v 9�:

;( wx� ©ª«Q�t �01 X�YZ[� flQ�

-�.( 
�� cF defJ� kl` � EJ�, Ko

p qr �B mn B¬ � EF.

� ��� MPLS .5K, S| Egress LSR � �~ ¨­5

	v 9�:;( wx� y4< R� �01 X�YZ[

�N� Fs!F. N 2 ,5Ka MPLS .5K �01 X

�YZ[� g®U <�( 
��l� �hQ{F. N 3



,5Ka � ��5K ��� S| Egress LSR � �~

MPLS .5 6� �vf% ¤§� �01 X�YZ[(

zf5 g� �N �(� NBQ{F. N 4,5Ka � �

N5 6� OP �¯� ������ �O N¯Q{F. N

5 ,5Ka KORNET .5K, �01 X�YZ[� fl�

�( �� P�� NB Q{D o¢ °±Q{F.

2. �� ��

#$²� �01 X�YZ[5 g� 
�a �*fJ� 4

sZ³ ´F. ATM(Asynchronous Transfer Mode) µ¶,

IP(Internet Protocol) µ¶ ·, LM µ¶5K ¸¸ ¹ºfJ

� �01 X�YZ[5 g� 
�� �� !F. MPLS

( ·,� � »� kl�, MPSL � �01 X�YZ[

� ]^ N_` � EFa ,¼� ½¾Z MPLS .5K(

�01 X�YZ[5 g� 
�� ¿?Q^ ÀH!F.

<�5 NBU MPLS .5K �01 X�YZ[� ;^

� ��� °Á` � EF. ����� ��� �N� �

(OK OPQa ��[4] �� �����(Integer Linear

Programming)� G� NP �N� Â< R� heuristic ÃDh

Ä� �O OPQa �4F[5][6]. FÀ, <�( 
�5K

��� MPLS .5Ka ��� zf�� mQa Egress

LSR H4 � >�À �+ !F.

9�:; wx� ©ª« BC< R� ��J� �01 X

�YZ[� ÅÆ 
� D Ea °Ça FS ¨� È­É

4F[3]. <�( Ê� ¨� È­É4 Q�( ¨�À� kl

OK �01� È­ÉQa �� ¥h FS ¨� È­É�

LM >( ¨�� �B5 klOK �01� È­ÉQa

<=5 OT�F. Ë� ¨� È­É £¨5K �01 X�

YZ[ �Na NP �N� ÃÌ³ EJj, FS ¨� È­

É £¨5Ka Í� a N� ÎÏ5 ÐÈ �N� P Ñ�

NP %� P� ^ UF.

3. 	
 ��

� ��5Ka MPLS .5K �01 X�YZ[5 6O

<=QD EF. MPLS .�  4¡ ¢£ pR� <\� �

~ È­&(LSR)H� [;H� �+UF. LSR H� Ingress

LSR � Egress � �Ò � EF. Ingress LSR � �O MPSL

.J� �014 HZÓ^  j, Egress LSR � �OKa

MPLS . ÔJ� �014 ��^ UF. � ��5K ��

� MPLS .�, S| Egress LSR 4 �$�Fa �4F.

<�� 1> �� Egress LSR

S| Egress LSR 4�, <ÕÖ 1> � G4 1 × Ingress LSR

� HZØ �01( Egress LSR � 2, 3, 4 LSR � �+UF

a �4F. �, 2, 3, 4 LSR 4 Q�( Egress LSR � �+Q

a ÙÚ4  j, Û >( LSR S5K Ü(( Q�( LSR

� klOK �014 ��a ¨­� ��ÝF. MPLS .

5K S| Egress LSR � ��a ¨­a, LM ÞÁ� ��

�^ UF. ß� HZ, K� Fà AS á5 peering � â�

�[7], LM >( NAP(Network Access Pont)� �^ UF. �

Q�( AS � MPLS .J� �+i �, Fà AS � �a

Egress LSR � NAP >�Àã S| ^ UF.

� ��5K �01 X�YZ[( zf� 	v 9�:;(

wx� y4< R� �4F. 	v 9�:;( wx� y4

< R� ��J�, �, [; 4l e4 �� [;( 4l

e� ©ª« Q�t LSP H� ¤�QD �01� °äQ

a �4F.

� ��5Ka FS ¨� È­É� ��OK �01 X�

YZ[ �N� Fs!F. � Ingress LSR 5K Egress LSR

� mQa �01� LM ¨�� �B5 klOK �01

4 	� ^ UF. LM ¨�� �B5 klOK �01�

	�Qa ¨­, � åæ �5K çè $éê(reordering) �

N� ?ëQa� 45 6� OP�� çè ÊR� È­É

� Q� ìD åæ ÊR� È­É� Qa �4F[2].
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S| Egress LSR � �~ MPLS .5K 9�:; wx�

í«Q< R� �Na R( �� ���� �O Â � E

F. �� ���( zf� α , � [; 4l e4 �, �

� [;( 4l e� ©ª« Qa �4F. R( �5K

kT a �01 åæ k ( Egress LSR ÙÚ� ��ÝF.

(1) ×�4 (îQa ��, Ingress 3 Egress LSR 5 *Q�

ìa LSR ( ¨­, LSR � HZÓa �01 ï� LSR 5

K ��a �01 ï� GFa �� (î�F. (2) ×��,

�01 åæ k � Ingress LSR � �O MPLS .J� HZ

áFa �� (î�F. (3) ×��, Egress LSR ÙÚ kT �

HZÓa �01 ï� Ingress LSR � HZØ �01 ï�

GFa �� (î�F. (4) ×��, α a �, [; 4l

e4 �� [;( 4l e� ��ÝF.

R( �� ���� CPLEX 3 G� ��Õð� klOK

ñà Bá ¯5 ©f( O� �` � EF.

5. �� �� ��

<ÕÖ 2> a �( ��5K kl� MPLS .( �Î� c

L òD EF. KONET .( �Î� Ín« BóK �#�

�J� ISP(Internet Service Provider) B 3 C� ��a �0

1� 1 ×� 2 × Egress H� klQ^ UF. � 1 ×� 2

× LSR 4, � ��5K ô)� S| Egress LSR 5 OT

Q^ UF.

<ÕÖ 2> ��5 kl� MPLS . �Î

<�� 3> ����� � LSR 	� 
�� 
(Mbps)

�( ��5K kl� ¸¸( LSR á5 �01( ï� �

� <á�¯ gõ� �4&(ÕÖ 3)� klöF. � ��5

Ka òZ~ MPLS .�Î3 �01 ï5 6� 
÷� ø

ùJ�, F" 9 �� È­É <�5 6O, α 3 LSP (

>�, kl� 
�( ï� õ�Q{F.

9 SH: <�( ©Ê ¨�� klQa Ë� ¨� È­É

9 ECMP: �� ol� ��a ¨�H4 G� �01

°ä oe� ��a FS ¨� È­É

9 TE: S| Egress LSR � DÌQ� ì� �01 X�

YZ[ P�� 4l� FS ¨� È­É

9 Redundancy-aware TE(RA-TE): S| Egress LSR � D

Ì� �01 X�YZ[� P�� 4l� FS ¨�

È­É



TE 3 RA-TE ( ú4a, S| Egress LSR 4 �$Q�À

S| Egress LSR H� K� ¹ºf% Egress LSR � DÌ�

¨­� TE �  D, � ��5K ûü S| LSR H� Q

�( Egress LSR 5 OTQa ÙÚJ� DÌ� ¨­� RA-

TE � UF.

¸¸( È­É <�5 6� α ý� <� 1> 5 �3 EF.

SH a �, 4l e4 �� [;( 4l e4 28% � �

�þJj, TE a α ý4 15% � ��þF. � �01 X

�YZ[� �O 9�:;( wx� ©ª« B¬ � E!

F. �� RA-TE 3 TE ( P�a RA-TE � α ý4 9%

� TE cF �� P�� �!F. S| Egress LSR � �~

¨­5, � ��5K N¯� �01 X�YZ[ <�� �

O cF d�fJ� 9�:;( wx4 ©ª« i � EF

a �� cL òD EF.

¸ È­É <�H4 kl� 9�:; 
�� o¢O c�,

©Ê ¨�� klQa SH 3 ECMP � 9�:; 
��

�, f^ klQ{F. ��5 �01 X�YZ[� kl

Q{� ¨­5, � 800Mbps �� cF �� 
�� klQ

{F. 4M� 4Ëa �01 X�YZ[5Ka 9�:;

wx� y4< RO ©Ê ¨� cF � ¨�� klOK

È­É� ö< ��4F.

¤�U LSP ( >�� c�, SH a ©Ê ¨�� ��a Ë

�� ¨�� klQ< ��5 �, f� 56 >( LSP �

kl !F. �� TE 3 RA-TE 5Ka SH cF �� 64

>3 84 >( LSP � klOK �01� È­ÉQ{F.

<�fJ� �01 X�YZ[�, <�( ©Ê ¨�� k

lQa Ê� ¨� È­É5 oO cF �� 
�� LSP

� klQ�À 9�:;( wx� y� � EFa ,¼4

EF. S| Egress LSR 4 �$` ¨­, � ��5K NB

� �� ���� �O O� �ö� �, S| Egress LSR

� DÌQ� ì� ¨­5 oO 9�:;( wx� y4a

P�� �� � E!F.

SH ECMP TE RA-TE

α (%) 28 28 15 9

Resource (Mbps) 6954 6954 7741 7741

� LSP >� 56 89 64 84

<� 1> �( �� P�

6. �� � 	
��

� ��5Ka S| Egress LSR � �~ MPLS -�.5K

�01 X�YZ[5 g� �N� Fs!F. �� ���

J� �N� �(Q{Jj, 4� �O �, 4nf% LSP

¨� ¤�� �01 °ä oe� �` � EFa �� �

( ��� �O c{F. � ��5K NB� �01 X�

YZ[ <�� kl` ¨­5, <�( Ë� ¨� È­É

��� o¢OK 	v 9�:;( wx� ;^ í« ` �

E!F. VW � ��5K S| Egress LSR � DÌ� �0

1 X�YZ[4 S| Egress LSR � DÌQ� ì� n�

5K �01 X�YZ[ cF d�fJ� 9�:; 
��

kl` � EJ�, Kop qr� mn` � E!F.

m� �N�a AS Há5 peering � â� �, NAP � ¤

�Qa �N3 � ��5K NB� �01 X�YZ[ �

N� |ÚOK F	 � EF. 	v 9�:�( wx� ©

ª« Qa �� peering � g®OK A� a ol� ©ª

« Qa �N� ÅÆ F	 � EF.
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