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Abstract: To reduce the energy consumption of Internet core network, a formulation model for green virtual topology 

design (GVTD) problem was developed, which employs the following measures: traffic aggregation, network resources 

allocation on demand, virtual topology design dynamically and multi-granularity sleeping. A heuristic algorithm base on 

constraint-based routing, namely CBR-GVTD, was proposed, which combines the single-hop and multi-hop routing to 

establish virtual topology, and makes trade-offs between the network power consumption and routing performance via the 

constraint-based routing mechanism. The simulation results indicate that CBR-GVTD can achieve at most 62%~90% 

power saving with very high resource utilization (80%~90% for interface utilization) and excellent routing performance 

(not more than 5 for maximum routing hops). 
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²����
|}ù�Ô�+, Dijkstra]²\

]Õ���DV��|}ù��î�����£

�,�	�812QR�Q�	`D����̀

D�î��D�\]S��mS¸¹���`D

�,�	ì����2H��ñ��DVÙ�

�çDVÕ����8���sÕ��º fS

�sÕ�!Ú"D�#$�3H%��£KUÕ�

&�'Ó¾�`DbaEFDV��]²³ÄÇ

()�,�	��DV�vi¿`Dt,u� 

CBR-Dijkstra ]²*õ+ºh�×��@A

*õ+��,-.v/0ü1{23�v40ü

15 end �xw5678F�º }end if, }end 

for, }end while� 

Algorithm CBR-Dijkstra(d(i, j),N,E,B,H) 

1)  for each node v∈N do{ 
2)  hops(v)←∞ 

3)  predecessor(v)←NIL 

4)  visited(v)←FALSE }end for 

5)  hops(i)←0 

6)  pb(i)←∞ 

7)  Q←Φ 

8)  u←i 

9)  while u≠j do{ 

10) visited(u)←TRUE 

11) for each edge (u,v)∈E do{ 
12) if b(u,v)9d(i,j) and visited(v)=FALSE then{ 

13) if hops(v)>hops(u)+1 then{ 

14) Q←Q:{v} 

15) hops(v)←hops(v)+1 

16) predecessor(v)←u 

17) pb(v)←min(pb(u),b(u, v)) 
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18) }else if hops(v)=hops(u)+1 then{ 

19) if min(pb(u),b(u,v))<pb(v) then{ 

20) Q←Q:{v} 

21) predecessor(v)←u 

22) pb(v)←min(pb(u),b(u,v)) }end if}end if}end 

if }end for 

23) if Q=Φ then break 

24) u←first element of Q 

25) Q←Q−{u} }end while 

26) if u=i and hops(j);H then{ 

27) return predecessor 

28) }else return NIL 

�]²lrûü12QR ( , )d i j #��XY

<= N#��`D<= E#��`D�,�	<

= B����sD�Õ�H �]²l ( , )d i j

DV��]²�� ( )predecessor v >?XY v¦

@XY� ( )hops v >?W:XY iZXYv��Õ��

( )visited v �AXY v��B�C¡� ( )pb v Ú×W

XY iZXY vDV�,�	� ( , )b u v B∈ Ú×

`D ( , )u v �,�	�Q D(XYEÚ�]²

1)~7)ªÆÇ�ª�÷F3�GH�ØÙW:XY i

23(Å 8)ª)�\]:XY i��DVI�J�K

Z\]Z��XY jDV�LM(Å 9)~25)ª)�

]²§¸¹�,�	s812QR`DGÅ 12

ªH�%Õ�&���ÄÇ()�,�	��D

V(Å 18)~22)ª)�]²�Ù�ç\]��DV�

��8���sÕ� H (Å 26)ª)�º D��

��!NO¦@XYÚ×��DV(Å 27)ª)��

!NOP�NIL (Å 28)ª)� 

� CBR-Dijkstra ]²*õ+��Å�
 for Q

RSªT�ò8��XY� N �whileQR�

 forQR�KSªT�ò8��£ÞU� E �x

8Vm�£ N E� ����CBR-Dijkstra ]²

��WXYZ ( )O E � 

3.2  ��������	
������—— 

CBR-GVTD�� 

Ö8EFD�[\z{|}�\GCBR-GVTD, 

constraint-based routing green virtual topology de-

signH]²*õ+ºh�×� 

Algorithm CBR-GVTD(N, D, α, C, p

t

, p

i

, p

l

, p

c

, 

m

i

, m

l

, H) 

1)  Initialize n

i

(i) for each node i]N with the 

lower bound n

i

(i)

lb

 according to formula (11) 

2)  do{ 

3)  VTDChange←FALSE 

4)  for each demand d(i,j)]D in descending 

order do{ 

5)  Compute the number of transport channels k 

should be established for d(i,j),that is k← ( , ) /( )d i j Cα
 

 

 

6) if there are enough unused interfaces at node i 

and j then{ 

7) Establish k transport channels between i and j 

and route d(i,j) via single hop routing 

8) k sending ports and receiving ports are used at 

node i and j respectively }end if }end for 

9) for each demand d(i,j)]D in descending or-

der which have not been routed yet do{ 

10) Route d(i,j) over the virtual topology using 

CBR-Dijkstra algorithm with the maximum hops con-

straint H 

11) if failed to route d(i,j) then{ 

12) Establish k← ( , ) /( )d i j Cα
 

 

transport chan-

nels between i and j and route d(i,j) via single hop 

routing 

13)Increase n

i

(i) and n

i

(j) to make sure node i and 

j can provide k sending and receiving interfaces 

14)VTDChange←TRUE 

15)k sending ports and receiving ports are used at 

node i and j respectively }end if }end for 

16) }while VTDChange 

17) Initialize E’ with current logic link set E, that 

is E’←E 

18) for each logic link (i, j)]E’ satisfying b(i, 

j)=max(u, v)]E’ b(u, v) do{ 

19) E’←E’−{(i, j)} 

20) Remove one channel of logic link (i,j), that is 

d’(i,j)←d’(i,j)−1 

21) if the associated traffic demands of logic link 

(i,j) can be rerouted over the remaining virtual topol-

ogy using CBR-Dijkstra algorithm with the maximum 

hops constraint H then{ 

22)Release one sending and receiving port at 

node i and j respectively 

23) }else recovery the removed transport channel 

of logic link (i,j), that is d’(i,j)←d’(i,j)+1 }enf for 

24) Remove the unused interfaces at each node i
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]N, and get the final n

i

(i) 

25) Compute t(i,j) for each logic link according 

to formula (3) 

26) Compute n

l

(i) and n

c

(i) for each node ac-

cording to formula (9) and (10) 

27) Compute the total power consumption of 

network according to formula (1) 

�]²lrûüN#D#α #C#

t

p #

i

p #

l

p #

c

p #

i

m #

l

m �H ����H  ���sD

�Õ���^Ý1B�Å 3 X�ç_�]²l

 �����Å 3 Xç_���a�CBR-GVTD

]²� 2
`a�7Ò1HW����hâ�¼½�

ª¬GÅ 1)~16)ªH(2HmSbît,u�klm

nx�ª¬�ªÄ�GÅ 17)~27)ªH� 

�Å 1 `a�]²ÆÇÎÏ�(11),hâ�

( )

i

lb

n i F3�o
��XY&'� ( )

i

n i (Å 1)ª)�

ØÙ����~��z{|}�Å 1 ��cWs

Z��� o
12QR ( , )d i j �~W iZ j

klmn�p�ªTÕD�GÅ 4)#5)#7)ªH�o


klmnd�:XY i�
���'Gsending 

portH��XY j�
&��'Greceiving portH

GÅ 8)ªH��S�³efZ&'�Â#g£klm

n�v�~ MGÅ 6)ªH�Å 2��Å 1��~

z{|}ÖéÔ�t,TÕD�hi�	�x

hi12QRGÅ 1 ��j�k�TÕD�1

2QRH�cWsZ����ª CBR-Dijkstra

D�GÅ 9)#10)ªH��D�lØ�KÕD�� 

�mMD�Õ�Ss�@A¤����sÕ� 

H�º 12QR ( , )d i j D�#$GÅ 11)ªH�

!n5XY i� j&'G� �Å 1��BI�

ÂHGÅ 13)ªH� iZ j�~klmnpd�&

w&'�GÅ 12)#15)ªH�öýopq��

z{|}�I���GÅ 14)ªH�mSÅ 2 ��

�£12QRÓ��k�D������z{

|}���I����mSrWsõ+öMz{|

}x12D��w-���tGÅ 2)#3)#14)#

16)ªH� 

�Å 2`a�]²F3�`D<= 'E  %¦

^_`D<= E (Å 17)ª)�ØÙoTW 'E �Û

hi�	�s^_`D ( , )i jGÅ 18)ªHp³ ( , )i j

W 'E ��îGÅ 19)ªH�uvbîW iZ j�U

klmnGÅ 20)ªH�pxIS^_`D ( , )i j �

£12QR�ª CBR-DijkstrawD��º wD�

���!xy�klmnd�&'GÅ 21)#22)

ªH��!zWbîklmnGÅ 23)ªH����

`Dhi�	 ( , )b i j �oTD�Ù�ª{|��

s ( , )b i j Ú"`D ( , )i j }Uklmnt,u

���~��z{|}�\�12D�BIk��

7 ( , , , )ii jj i jδ � '( , )d i j �BIcç�]²bîo


XYhiG7g,+,H&'�c~ ( )

i

n i �

Á�GÅ 24)ªH�mS�(3)#�(9)��(10)�íc

ç ( , )t i j # ( )

l

n i � ( )

c

n i GÅ 25)� 26)ªH��Ùm

S�(1)\]	
����GÅ 27)ªH� 

CBR-GVTD]²mSTÕD��~z{|}�x

hi12QR+, CBR-Dijkstra ]²�ªKÕD

���8TÕD�G]²Å 5)#7)� 8)ªH��

WXY ã����8KÕD�G7CBR- Dijkstra]

²H��WXY����vCBR- Dijkstra]² Ö

@�H�È CBR-GVTD ]²��WXY���Å

2)~16)ª do-while QR� k T�!Å 10)ª

CBR-Dijkstra ]²�KSªk D⋅ TG D  12QR

�H�������D�D� h��£12QR�

h D⋅ Õ����Å 21)ª�Sªh D⋅ T���CBR- 

GVTD]²��WXY ( )( )O k h D+ ⋅ �k�hm

ãÓ©���Å4X����kefS4�hefS3� 

4  ���� 

mS�6E�{��W����#��9:

G7&'#$%�!"Ht,u�D�-�G7�

�Õ���sÕ�H3
ìøx CBR-GVTD]²�

ª-����p³ CBR-GVTD ]²��^]²

��8 �ª�ê�ûüÒGVTD��«c¬#

����hâ�ÔâvÊÖ8������

±��]²G7 LR]²

[12]

H����)*+,��

G� GAMS/CPLEX

[17]

R¬ GVTD��«c¬�

CPLEX��M¿-� ILPR¬���,��çâ

]²R¬ ILP¡¢��8 ILP¡¢� NP �§

�x¨�ê���«cR¬�����hâ LB

��(11)��(12)Rñ�����ÔâUB��(13)

��(14)Rñ���(13)��o
12QR ( , )d i j m

S ( , ) /( )d i j Cα
 

 

Uklmn�ªTÕD����ñ

ZXY&'Ôâ

ub

( )

i

n i �0 LB \]�/�³

ub

( )

i

n i õr�(9)��(10)�Rñ

ub

( )

l

n i �

ub

( )

c

n i ��

Ù³ö÷�õr����7ñZÔâ�UBG7�
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(14)H�LR ]²+,��������³ ILP ��

�¬�b�R¬ù¡¢�ØÙxo
ù¡¢R¬

p+,T�T]²R¬����x�¡¢��Ùx

ñZ¬�ª�ª���� 

ub

:

( ) max ( , ) /( ) ,

i

j N j i

n i d i j Cα
∈ ≠



=
 



 



∑

 

:

( , ) /( ) ,

j N j i

d j i C i Nα
∈ ≠



∀ ∈
 



 



∑

 (13) 

{
ub ub

( ) /( ) ( ) /

i l i c i l

i N

UB n i m m p n i m

∈

   = ⋅ + ⋅
   

∑

 }
ub

, :

( ) ( , )

i

l i t

i j N i j

p n i p d i j p

∈ ≠

+ +
∑

 (14) 

������ CBR-GVTD ��	
���

�����������	���������	

���� ������	��!�"#��$

#%&'()*+ 

1) ��,-+GVTD./�01��	234

5�67�8�9:#;<=>*?���	��+

���	9:#;�@� 10�20�30�40 50+ 

2) ����+Internet 	A;BCDE�FG


�HIJKDL-M

[17]

NODE�F	���

����9:P	QR�����@� 1 Gbit/s�

5 Gbit/s�10 Gbit/s�15 Gbit/s�20 Gbit/s�25 Gbit/s�

30 Gbit/s�35 Gbit/s 40 Gbit/s+ 

3) ��%S	TU$#V Cisco CRS3-8/S W

XY	,Z[\�$��B]%&'> 1)*+ 

� 1 �������	
 

�� �� 

c

p  

1 183.2 watt 

l

p  

379.1 watt 

i

p  

42.5 watt 

t

p  

0.825 watt/Gbit/s 

l

m  

8 

i

m  

3 

C  

40 Gbit/s 

α  

0.95 

 

4) ��!�WX"#H	^_�@� 1�2�3�

4�5 ∞�`a�H = ∞>*�bc��	!�WX
"#+ 

HId��,-����� ��!�WX"#

	��^_	?�efgh 5×9×6=270�i�@jk

�+��l�DL-MNO����mnaop6

q=�d�rs	tu�Vvw�ef	�Dx

jk 10ygh 2 700yi�wy�	����JK

��	op#�zNO�rs^QR_+��{Q|

}~ CBR-GVTD�GAMS/CPLEX�LU�UB LR

	�rs������JK��T�	�$#

g����,-����� ��%STU$#i+

��!�"# H � CBR-GVTD ��)�C�� 5.1

9 5.2 9	�a���!�"#���b�<

H = ∞�� 5.39a��*H 	`�^_(	�r

s����'�%&H 	_+ 

4.1  ���� 

GVTD	���!����	�������

�����	����3�	��(������

��������O�}�<����BC�;�

�G


[9]

+���� CBR-VTD��� 	����

� GVTD ¡¢�-M!£_	¤¥�¦§d,-~

�g< 10¨9:i	��jk-©��JKGAMS/ 

CPLEX ª� GVTD -M	!£«gTd¬¤b�

2%i���� 	����� CBR-VTD ���LR

��V1����	((LB) v(UB)jk}~�

rs'® 1)*+�® 1a�����	vgUBi

 ( LB�CBR-GVTD�LR�� GAMS/CPLEX

� 	���������¯°±²³
�´	µ

#U¶�<>°·¸&	�;��G
+`a���

��((LB)�!£« CPLEX}~¹º��>\ LB

»�����(�¼�½¾	�67����,-

¿�Àg7À�Á�KGAMS/CPLEXÂ !£«i�

LB=KÃ�� CBR-GVTD��	
�+�® 1a�

CBR-GVTDÄÃ LR� CPLEXÅP��>\ CBR- 

GVTD��� 	����} LR��	¿ÆÇ¿¹

ºÃGAMS/CPLEX� 	!£_+ 

 

� 1  10���	
���CBR-GVTD��� 

CPLEX�LR�LB� UB��	�� 
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��j¸È���`�,-	��v�CBR- 

GVTD��� 	����	
��HI�@�9

:#� 20�30�40 50	��vjk-©��

�rs'® 2)*+X® 2=É�ÁÊ��9:

#��Ë�CBR-GVTD�ÌÃ LR� LBÅP��

[\CBR-GVTD��� 	����ÍÎ}LR�

�	¿Æ�¿¹ºÃ����((LB)+ÏÅ��

����Ð��® 1 ® 2>\ CBR-GVTD��

BC} LR ��¿£	
���ÑÂ ¹º!£

_	����+InternetÒÓÔ_��Õ���Ö

×g<ØÙÕÚiÛ¾��Ö×	QRÜKÝ~

Æ�67����#ÀPÞ�����ßÃàá

Ôâ�® 3�?�,-	�����àáÔâÀ

CBR-GVTD��9ã	!����< CBR-GVTD

�����ÆÔâ (1  Gbit/s)À���áÔâ

(40 Gbit/s)ÀT}9ã	����+X® 3=É�

���àáÔâÀ�CBR-GVTD��!�=9ã

62%~90%	�����Ç�}äoå��,-	

���ævç+ 

 

� 3  ��� 
�!"#$%&'(�)	*+� 

4.2  ������	 

GVTD èÆ����	¸¨éêë6�Ãìá

��Ö×	ÜKÝ�(�íÖ×ÜKÝÐ���

CBR-GVTD��	
�+® 4� CBR-GVTD�� 

LR���30¨9:	��v� 	��Ö×QRÜ

KÝ�XÃ9:#� 10�20�40 50	��	Ö×

ÜÝ�® 4îï�HIðV 30¨9:	���ä[

 

� 2  ��� 	
���CBR-GVTD��� LR�LB� UB��	�� 
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\+�® 4a�CBR-GVTD�� LR��� 	�

�Ö×	QRÜKÝ�oå������	�ñò

���òÇ�¹ó ³ô	QRÜKÝ�õö�~á

	÷Q+dÃpø ³ô	QRÜKÝ�CBR-GVTD

�� LR��¤@���ù��CBR-GVTD��d

�	¹óQRÜKÝ} LR ��¿á�úHûö�

80%~90%	üýþ�ò LR��d�	¹óQRÜK

ÝúH� 70%~80%����«����� CBR- 

GVTDd�	�����Ã LR��	����+Ï

Å�® 4>\�Ö×ÜKÝÐ��CBR-GVTD��

	
��£Ã LR���CBR-GVTD��=VÂ 

�á	Ö×ÜKÝ+ 

 

� 4  
�>?@AB�CBR-GVTD��� LR���� 

4.3  
�� 

�	���	
�W�´����	��À

����67�W�´�g<WX"#i=KÃ

�� CBR-GVTD��	WX
�+® 5� 30¨9

:	��JK CBR-GVTD �� LR ��jk 10

yDx� �	QR"#�!�"# wy�

	!�"#	QR_g<QR!�"#i�® 5a�

�@K avgHop�maxHop  avgMaxHop ���

CBR-GVTD�� LR��	QR"#���g�

�Ã 3i�`a�CBR-GVTD ��	QR"#��

Ã LR ��	�Ç�oå������	�ñòl

��>°·~�	WX
�+X® 5=É�Ï]v�

!�"#�o������	�ñòl�+XÃ

maxHop��	� 10yDx�a	!�"#�=

��op6q	���6ò>°·~�	���ò

avgMaxHop ��	�QR!�"#�67¿ñQ

����·!�"#o�������ñò��	

��+7���® 5a�CBR-GVTD��	!�"

#� 6~10	üýþ���\ áÃ LR��	!�

"#g��üý� 3~7i+® 6���9:	���

?���	����(	QR"#�!�"# Q

R!�"#+�® 6 a�LR ��	QR"#�!

�"# QR!�"#o��9:#	�ñòl

��CBR-GVTD��	QR"#oå��9:#	

�ñ±²õö���ù�!�"# QR!�"#

oå��9:#	�ñò��+ 

íQR"#!"�® 5 ® 6�>\CBR-GVTD

��BC¹º LR��	WX
��ù�!�"##

} LR��	��Çoå��9:#	�ñò��+

®7j¸È$%�30¨9:	��&kCBR- GVTD

��	"#�F+�® 7a�'�(�W�	"#�

���8C)Ë#W�	"#~�+oå�����

�	�ñ�"#~�	W�)*}ä+,��+_ 

-.	���Vv�a�CBR-GVTD ��	��

!�"#�/Cbc�<�$#H = ∞�67�
�rs�0>� CBR-GVTD��	!1WX
�+

�m$#H �=d CBR-GVTD��	!�"#jk

2c+HId9:#�@� 10, 20, 3, 50	���J

K CBR-GVTD��� 1,2,3,4,5H = Àjk���

K LR�� ( LB»}~+XÃ��9:	��

	�rsTï�(�ðV 30 ¨9:	���ä[

\�����'® 8 )*+�® 8 a�CBR-GVTD

��� 3,4,5,H = ∞À	����úHT��Ç�Ã
LR��	��+�>\ CBR-GVTD��=����

�úH��	��(l���	!�"#��ÀÂ 

} LR��¿Æ	���� ¿�	WX
�+ 
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� 6  45C��
�� 	FG�CBR-GVTD��� LR���� 

4!�"# H j¸ÈlËÀ��m® 8 =V

É5�4 2H = À���9:P	QR�����

1 Gbit/s  5 Gbit/s À�CBR-GVTD ��	��}

3,4,5,H = ∞À�á�ùoå������	���
2H = À	����� 3,4,5,H = ∞À	��úH

T�+X® 5=É�4H = ∞���9:P	QR
����� 1 Gbit/s 5 Gbit/sÀ�CBR-GVTD�

�	QR"#�Ã 2�67��® 8 a�!�"#

b&� 2g< 2H = iÀ�����6C)�ñ+

4 1H = À�7À��	)C���JK7"WX�
CBR-GVTD��	����<�¢(14)	����

v_ UB+67��m89$#H 	^_�=V

°�����WX
�	9:���õ;

CBR-GVTD ��	
��<=$#H ����Ã

H = ∞À CBR-GVTD��	QR"#+ 

 

� 7  CBR-GVTD��! 30���	
�	45C�HI 

 

� 8  CBR-GVTD��! H����J	
�� 

5  ��� 

HI>? Internet @A�	BCD©45%ª

gGVTDi./+GVTD�m��EFìá��Ö×

ÜKÝ�Ò�GH��Ö×°�I�JK �L<

M��	D©45�VN�èÆ����	�	+O

Pd GVTD ./jk�¡¢�$%�<M� GVTD

-M+XÃGVTD./�NPQ	�OPì·¸¨ú

ÃRSWX	TU¢�«���<CBR- GVTD��+

CBR-GVTD ��V����	(�úVWX

GVTD./	«�JK CBR-Dijkstra��Võ;YW

Z;RS ��!�WX"#RS+CBR-GVTD �

�ÒÓí���	[\ß3��	����]d�	

����<M:�:	
��5�jk7"WX�í

ò^&��	D©45�d�	����JK

CBR-Dijkstra���D©45	_`abvjk�"

WX��m��cÛ

[19]

ìá��Ö×ÜKÝ+

CBR-GVTD ��Ò�GH��Ö×��L|<MD

©45�°�D©45d������	�Ld

���Ç=�m89��!�WX"#!°dWX


�	2c+�����	�������	���
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