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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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3.1  �������Dijkstra�	——CBR-Dijkstra

�	 

Ö8EFD�
 DijkstraGCBR-Dijkstra, con-

straint-based routing dijkstraH]²\]¾�`Db

aEF��sD�Õ�EF
��DVG7Õ��

�
DVH�CBR-Dijkstra ]²0��
 Dijkstra

]²
e�Ë�£vh 3 Y�1HCBR-Dijkstra ]

²���
�
|}ù�Ô�+, Dijkstra]²\

]Õ���
DV��|}ù��î�����£

�,�	�812QR�Q�	
`D����̀

D�î��D�\]S��mS¸¹���`D
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ì����2H��ñ��DVÙ�
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CBR-Dijkstra ]²
*õ+ºh�×��@A


*õ+��,-.v/0ü1{23�v40ü

15 end �xw
5678F�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 

�]²
lrûü12QR ( , )d i j #��XY

<= N#��`D<= E#��`D
�,�	<

= B���
�sD�Õ�H �]²l­ ( , )d i j
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@XY� ( )hops v >?W:XY iZXYv
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( )visited v �AXY v��B�C¡� ( )pb v Ú×W

XY iZXY v
DV
�,�	� ( , )b u v B∈ Ú×

`D ( , )u v 
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!NOP�NIL (Å 28)ª)� 

� CBR-Dijkstra ]²*õ+��Å�
 for Q

R
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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) 
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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 
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