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A Distributed Sleep-Scheduling Energy-Saving Method in
Autonomous Systems

F. Dabaghi-Zarandi*, PhD student, Z. Movahedi?, Assistant professor
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Abstract: In recent years, due to the increase in internet usage, the energy consumption of communication networks' infrastructures
has been significantly augmented, resulting in the increase of monetary costs and carbon pollution caused by ICT. To address this
challenge, green communication is investigated in order to reduce economic costs and environment pollution of ICT section. In this
paper, we propose a distributed sleep-scheduling method which switches off some network links and nodes in order to save energy
during low traffic periods. In order to avoid the management complexity as well as the network and computational overhead of traffic-
aware approaches, the proposed scheme takes care of network performance without any knowledge of network traffic matrix. To this
end, the proposed approach selects switching-off nodes based on vertex cover problem and the occurrence of their related links. Then,
some low-occurrent links in the new topology are switched off if their removal does not cause a significant increase in average network
links' occurrence. The proposed approach does not depend on any central controller and imposes minimum computing and network
traffic overload since it does not use the network matrix and profits from the information already provided by link-state protocols. In
addition, it can achieve significant energy saving by switching off both nodes and links while minimum negative impact on network
performance metrics can be ensured. Simulation results performed on real network scenarios show that our proposed technique allows
higher network performance compared to other green alternatives, while significant amount of energy conservation is achieved.

Keywords: green communication, sleep-scheduling, energy awareness, energy efficiency, link and node occurrence, vertex cover.
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l: procedure NODE—SLEEPING

2: Inputs: the initial network topology
G(V,E)
3: Calculate the occurrence of each link

Og(e) in graph G
: VC + All of network edge nodes
5: LC' + Each network link (z, j) that ¢
or j is included in set of V'C'
6: LS <« Sort all network links that are
not included in set of LC based on non-
increasing order of their occurrences in

graph G

7: for each link (i, 7) € LS do

8: VC « VCU{i,j}

9: LC + LCU {Each network link
(v,u)thatv =7o0ru=j}

10: if LC' == E then

11: break

12: end if

13: end for

14: of fNodes +—V —V(C

15: Gres(V',E') = G(V, E)

16: for each node v € of f Nodes do

17: Remove v and all its connected link
from G,.,(V’, E') satisfying connectivity
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18: end for
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1: procedure LINK—SLEEPING

2: Inputs: the initial network topology
G(V, E), the residual network topology
G..s = (V' F’) resulted from node
switching off Algorithm and the « thresh-
old that specifies the maximum increase in
average link occurrence

3; Calculate the occurrence of each link
(Oc(e)) in graph G
4: Calculate the average occurrence of

network links LO 4,4(G) in graph G

5: SL + Sort all network links that
are included in graph G, based on non-
decreasing order of their occurrences in

graph G

6: Giin= (V" E")  Gres = (V', E')

7: for each linke € S do

8: E"+ E" —{e}

9: Calculate LO 4,4(Gyin) in graph
sz'-n

10: if LOAI‘Q(Gfm) > o X LOA.UQ(G)
or (G ;, is not connected then

11: E" « E" + {e}

12 end if

13: end for

14: Output: the final network topology
sz'n — (V”., E”)
15: end procedure
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