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Abstract: The fast development of the Internet also results in sharp rise in network energy consumption. The energy efficiency of
present network devices is very low, which is an obstacle in realizing energy-proportional computing. However, while networks are
designed for peak hour load, actual network load can be quite low in a large fraction of time, leaving great opportunity for energy saving.
After an introduction of the energy consumption model of network devices, theories and technologies for optimizing network energy
consumption are studied from two aspects. First, when the total amount of network traffic cannot be changed, it is possible to add power
and performance states to individual network devices and optimize local control policies to realize energy proportionality; or, without

sophisticated power management capabilities, it is also possible for a network as an ensemble to realize energy proportionality through
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coordination and traffic engineering. Second, it is possible to reduce or alleviate the traffic by providing cache capability to the network,
which in turn reduces or alleviates the growth of network transmission energy. Intelligent cache deployment, content cache and request
routing policies can further optimize network energy consumption. Based on the above discussion, a thorough comparison between
different technologies is provided and potential future research directions are analyzed.

Key words: green network; energy consumption; energy-proportional computing; energy-aware routing; pervasive caching
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Fig.5 Illustration of energy-aware routing (EAR)
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1, Vs, d,i=s
Doyt =Y v =4-1,Vsd,i=d (8)
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Table 1 Variables and their meanings in the optimization problem formulation
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Fig.6 An example of energy aware routing based on OSPF link weight
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Table 2 Three flow demands in Fig.6
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Fig.7 An illustration of flow scheduling for network-limited flows

7 B2 IR R I A R 2 R

L, TG VR 2 i KA 3R /NP3 R o R, 3 T RE TS ik S B A Y RERCR O B, SR (6618 1
AR B T, A0 AL B A R DT R R U ) A Rl 19 28 4 2 AR B K I SR [23 ] 2D R
T PSR SR N RS BT AU L B — AR B AR, A A BT AL IR AS L AR IS B A IR /.

4.6 EERBHBHMEIEMNINSNE

8 L5t T S EAR JIT R (118 48 S 44, A0 45

() A5 ERERBH AT I TR WAL AEFERIE M KR,

(2) LA Al AN AR JEL SR A R I A T 70, i S A U R B A A S/ AL R 182 95 P RE R/ REIR S

(3) AP TR TR U0 A 0 25 R4 T/ SO 0 46 2 46 (1 RE SO S A TE RRR

(4) b AT MR AR D0 4 P i L 8 SRR /S o0 4 B 1) B o B B U(E 5

2% i »
AEFESS B i 7

R AUAE

Fig.8 Deployment of energy-aware routing
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Table 3 Transmission energy efficiency for different device types
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Table 5 Comparison and analysis of different network energy saving techniques
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