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Eco Models in Heteregeneous Peer-topeer (P2P) Systems
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Information systems are composed of nodes like computers and sensors
interconnected in networks. Here, we have to reduce the total electric energy consumed by nodes in
addition to achieving traditional performance objectives. In this research, we proposed a power
consumption model of a node to perform application processes. We first measure the total electric power
of types of computers to perform application processes and then abstract essential parameters which
dominate the power consumed by nodes. The power consumption model which we proposed is referred to as
simple power consumption (SPC) model. Here, a computer consumes maximum poser [W] if at least one process
is performed, otherwise consumes minimum power. Based on the SPC model, we proposed the energy-aware
server selection (EA) algorithm and evaluated the EA model. In the evaluation, we showed not only the

total power consumption of a server cluster but also the average execution time of each process are
reduced.

P2P




, COP21
CO2

CPU

(power
consumption model)
)
[W] (power
consumption)
2
3) P2P(peer-to-peer)

( )

CPU

(macro-level approach)

CPU (C:
computation) HDD
(S: storage)
(CM:
communication)
©

(SPC: simple
power consumption)

S
Pi S Se
S; T
CP(T ) E(t)
St T [l
E(t) S
maxe; [W]
mink, [ 1]

maxe, if |CP(t )| 1.

E() ={
CP(t ) otherwise.

Ee(7) W]
1

maxk,

mink, 4 —

> time (1)

1 SPC

S T L)

[WS]EE(T 1, T ;)
EE(T 1, T ) =Z 41,12 ELT)

2
CPU
(MLPC:
multilevel power consumption)



St

minTg;

minT,,
Pi

St
Pi
minT i[sec] S;
Pi T
minT; S
minT;, ...,
S
minTg;
Pi
S S,

(VS: virtual

computation step)

St

rate) maxF,

Pi

(maximum computation

1 [VS/sec]
maxT;x maxF,= maxF, [VS]
S, maxF,

minT; / minT,; (< 1)

P;

minT; )
Ic,(t )
Ic,(t )

")

Average execution time of a process [s)

] Pi
minT;/ minTy; = minT;/ minT,;

S Pi
Fa(t )  maxF/ |CP(t )]
Pi Ic(t ) vS; (=
T
Fa(T )
0 T Pi

/

1 150 piiil 50 W

Number n of processes

Pi

S
Pi
EA(Energy-aware)
St Pi
et,;
St Pj
ettj
Pi T
S
Pi
Te EE,
Tx maxe, [Ws]
EA
[EA 1
1. Pi EE,
et,;
S
2 Pi St
3 S,
EA (RR)
(RD)
[Ws]
S n
Si -5 S, Si
maxE, mink,
maxF,
m Pis s Pa
Pi
m RR RD
EA
EA
Total energy consumption [KWs]
Nuu:llu’r n of prnla.l-s.-;t's;



RR RD

Kumber & of proceises

EA

88

__ Tomoya Enokido, Ailixier Aikebaier,

and Makoto Takizawa, Energy-Efficient
Redundant Execution of Processes in a
Fault-tolerant Cluster of Servers,
International Journal of Parallel
Programming (1JPP), , Vol. 42,
No .5, Oct. 2014, pp. 798-819 (doi:
10.1007/s10766-013-0270-9) .

__ Tomoya Enokido, Ailixier Aikebaier,

and Makoto Takizawa, Energy-Efficient
Server Clusters to Perform
Communication Type Application
Processes, Journal of Supercomputing,
, Vol. 69, No. 3, Sept. 2014,
pp-1087-1102 (doi:
10.1007/s11227-013-1025-5) .

__ Tomoya Enokido, Ailixier Aikebaier,

and Makoto Takizawa, An Extended
Simple Power Consumption Model for
Selecting a Server to Perform
Computation Type Processes in Digital
Ecosystems, IEEE Transactions on
Industrial Informatics (TII), )
Vol .10, No. 2, May 2014, pp.1627-1636
(doi: 10.1109/T11.2014.2303315).

__ Dilawaer Doulikun, Ailixier Aikebaier,

and Makoto Takizawa, A Hybrid Clock
Group Communication Protocol,

International Journal of Adaptive and
Innovative Systems (1JAIS), ,
Vol. 2, No.1, Jan. 2014, pp.59-72 (doi:
10.1504/1JA15.2014.061048) .

AKio Koyama, Shohei Sato, Leonard
Barolli, and Makoto Takizawa, A
Visualization System for Mobi le Ad-hoc
Networks, Journal of Mobile
Multimedia (JMM), , Vol.9,
Nos.1/2, Nov. 2013, pp-155-170.

Hanh Le, Joshua van Eck, and Makoto
Takizawa, An Efficient Hybrid Medium
Access Control Technique for Digital
Ecosystems, IEEE Transactions on
Industrial Electronics (TIE), )
Vol .60, No.3, March 2013, pp.1070-1076
(doi: 10.1109/TIE.2011.2173889).
Tomoya Enokido and Makoto Takizawa, An
Integrated Power Consumption Model for

Distributed Systenms, IEEE
Transactions on Industrial
Electronics (TIE), , Vol.60,

No.2, Feburary 2013, pp.824-836 (doi:
10.1109/TIE.2012.2206357) .

Tomoya Enokido, Ailixier Aikebaier,
and Makoto Takizawa, Process
Allocation Algorithms for Saving Power
Consumption in Peer-to-Peer Systems,
IEEE Transactions on Industrial
Electronics (TIE), , Vol.58,
No.6, June 2011, pp-2097-2105 (doi:
10.1109/TIE.2010.2060453) .

Tomoya Enokido and Makoto Takizawa,
Purpose-based Information Flow
Control for Cyber Engineering, IEEE
Transactions on Industrial
Electronics (TIE), , Vol.58,
No.6, June 2011, pp-2216-2225 (doi:
10.1109/TIE.2010.2051393).

227
Barolli, Fatos Xhafa, Makoto
Takizawa, and Vincenzo Loia,
Analysis of WMN-GA Simulation System
Results: A Comparison Study for Node
Placement in WMNs Considering

Exponential and Weibull
Distributions and Different
Transmission Rates. Proc. of the 9th
International Conference on

Broadband and Wireless Computing,
Communication and  Applications
(BWCCA-2014), Guangzhou, China, Nov.
2014, pp.139-144.

Tomoya Enokido and Makoto Takizawa,
The Improved Delay Time-Based (IDTB)
Algorithm to Perform Computation
Type Application Processes, Proc. of
the 17th International Conference on
Network-based Information Systems




(NBiS-2014), Saelrno, Italy, Sept.
2014, pp.31-38.

Dilawaer Duolikun, Ailixier
Aikebaier, Tomoya Enokido, and
Makoto Takizawa, Power Consumption
Models for Migrating Processes in a
Server Cluster, Proc. of the 17th
International Conference on
Network-based Information Systems
(NBiS-2014), Saelrno, Italy, Sept.
2014, pp.15-22.

Tomoya Enokido, Makoto Takizawa, and
S. Misbah Deen, The Delay Time-Based
(DTB) Algorithm for Energy-Efficient
Server Cluster Systems, Proc. of the

8th International Conference on
Complex, Intelligent and Software
Intensive Systems (CISIS-2014),
Birmingham, UK, July 2014,
pp.294-301.

Dilawaer Duolikun, Ailixier
Aikebaier, Tomoya Enokido, and

Makoto Takizawa, Power Consumption
Models for Redundantly Performing
Mobile-Agents, Proc. of the 8th
International Conference on Complex,
Intelligent and Software Intensive
Systems (C1S1S-2014), Birmingham, UK
July 2014, pp-185-190.

Admir Barolli, Tetsuya Oda, Evjola
Spaho, Leonard Barolli, Fatos Xhafa,
and Makoto Takizawa, WMN-GA for Node
Placement in WMN: Evaluation and
Visualization Using HotSpot Ad-Hoc
Method, Proc. of  the 8th
International Conference on Complex,
Intelligent and Software Intensive
Systems (C1S1S-2014), Birmingham, UK
July 2014, pp-23-29.

Shigenari Nakamura, Dilawaer
Doulikun, Ailixier Aikebaier, Tomoya
Enokido, and Makoto Takizawa,

Role-Based Information Flow Control
Models, Proc. of IEEE the 28th
International Conference on Advanced
Information Networking and
Applications (AINA 2014), Victoria,
Canada, May 2014, pp-1140-1147.

Fatos Xhafa, Xavier Herrero, Admir
Barolli, and Makoto Takizawa, A Tabu
Search Algorithm for Ground Station
Scheduling Problem, Proc. of IEEE the
28th International Conference on
Advanced Information Networking and
Applications (AINA 2014), Victoria,
Canada, May 2014, pp-1033-1040.

Tomoya Enokido, Ailixier Aikebaier,
and Makoto Takizawa, Evaluation of
the Extended Improved Redundant
Power  Consumption  Laxity-Based

¢y

@

(EIRPCLB) Algorithm, Proc. of IEEE
the 28th International Conference on
Advanced Information Networking and
Applications (AINA 2014), Victoria,
Canada, May 2014, pp.940-947.

16

, - P2P
, 2014, 167 pages.

Enokido, Takuro Inoue,
Ailixier Aikebaier, and Makoto
Takizawa, Macro Level Methods of
Power Consumption for Servers in
Distributed Systems, Chapter 3 in
Evolutionary Based Solutions for
Green Computing (S. U. Khan, J.
Kotodziej, J. Li, A. Y. Zomaya (Eds.),
256 pages), Studies in Computational
Intelligence, Vol. 432,
Springer,2013, pp.55-94.

Tomoya

TAKIZAWA, Makoto

(BAROLLI, Leonard

(ENOKIDO, Tomoya)

(KOYAMA, AKio)

(IKEDA, Makoto)



