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Abstract In order to address the node energy consumption imbalance issue caused by clustering-based multi-hop rou-
ting protocol in wireless sensor networks, a novel clustering-based energy-efficient multiple-hop routing protocol (EE-
MR) was proposed. Initially, the network is divided into clusters based on nodes proximity. Then, adaptive cluster-head
round-robin schema is used to optimize energy consumption among nodes communication in each cluster, and fitness
routing algorithm based on high residual energy-short path-radial angle for traffic load balance and energy consumption
among traffic-heads is used to deal with the node energy consumption imbalance inssue occurred in multi-hop routing
protocols. Simulation shows that EEMR protocol can effectively balance the energy consumption among nodes in WSN,

significantly improving WSN lifetime and network utilization,

Vol. 42 No, 8

Keywords Wireless sensor networks, Routing protocols, Lifetime, Energy consumption

1 5|8

FHAE B TC 2% 15 L 23 W) 48 (Wireless Sensor Networks,
WSNS KRR T £ 77 B RIAL A5 15 S0k B AR 47 e,
R B R A BB BT R AT R Bt B A
SR EHEFELRNOSRET SOEBE, RATL AR T
L2 Bk ek £ Bk SO BT AR BRI BE R R B
HIREEH HATAL Y, WONs B—FFTHEFERE.ER
LB ER T RN ERRE, S ZNATESER .
IRBE ] A MR YT B R LA B b T PR U

HEREEHERT GRS U o LI 7 KB AL

FM H#.2014-08-21 iR{& H#H:2015-11-19

MBAEFZARRERENG & AERE—RhabEy,
HEELSEBN ATEENEIFERBOFLT THELAA
HEJUF. B BRE  BEFR T I K 48 0 A5 AL
A TLAE AR BB RRED

2 HXHR

R T RESEREALY R BERRFE AR S BBRE AT, BN S Ak
EHRFERRT —RIVEFHENBZRMEHINGWEY,
PN HORG oLk 15 38 I 45 Tl 25 B IS 3 R4 Ry
— MM (cluster) , BIRBOGRBEER MW AE S, EE, W
BRKERRERENEY, HAT S EL R S5 2 ERHT

ALZER QMRS (61170232,81160183, K13A800070) , L X B H S X LERE

ST B (RS2012K011) , #E #A0%7 B BA T B (241147529 , B} 33 R B (W14L00320), LR BE-E K EFE & 1130 B (2k10201303),

JERTT B B OB R iR m TR BT E R

B A (1979—), 8, 44 I, TEFEH MATLREBRBEME, E-mail. 11112085@bjtw. edu. cns ¥t M (1958—), H . B+, B, FE
R A AT S A8 A AL e NSRRI JEERH.

u90c



L FEMEFIMAFEANE., HEACRP.C(Sink) 8] K5 #E
AT LR Bk Bk 2, BBy R E T R0k
HEHEARROEE HTRERSE BAEEERBEERRS
Sink 5 & ZRHT R B BEE TRAEBEA T A EE RS
MRS, 3F b BT A R o UME ST BUR AL B 815 , BUR W R
% F) Sink .

HR A E R B i $5 LEACH (low energy adaptive
clustering hierarchy)™ | HEED ( hybrid, energy-efficient, dis-
tributed)'®) , TEEN( threshold sensitive energy efficient sensor
protocoD 1 FI PEGASIS ( power-efficient gathering in sensor
information systems)(®14%, H 1, By Heinzelman & AR H K
LEACH &2 WSNs &8 B4 th #9432 8% th b il , HEA R
o SRR RV SRR T B B R RIS B R
ABERE JEK WSN R4 s B ins . LEACH Mk
TR, B WA, BFER Sink BUE AR
BEERCHRNAR, HRBEANB K. Younis FARHE
HEED) AME B ikl it 5 TR AE B A S 0%, ki
B RRBFEI K M S Al (B B 4. Manjeshwar
% NRH# TEENT PR A REE R A AR EE
SCH 48 %of B E A AR XS B B R 2 T R A IR R T &K,
EATREREAEHMEGEREX, EAEHTRAMEL
BRI RGN, Lindsey % A2 H #) PEGASIS® #hill
FEMBEMEH R R~ RS ARERRENE AR
ZRER—EREANT AR E S FEERERY FEEEH
BB MEMIERE K. 43 BRE N BB S ZRIGEFEAR
B a1, B 2 E 7 E R UCDPO Y, BIA S Sink
AR EERAE R, SR Sink B B9 X R
AN UBERERBIBEERER. G2 RERE FMERKE
BETFHTXNES SR, &6 RSB TR 55,
EHAARANKLBBAFRETREZ XK. HHILE
# 89 DEBUC tl I e S A B BB ARG &, 2
EToEOEE SRR b, BR AT K RIS E .
ZPKFRHM S ERIMER B LR N AR SRS
BB N AR, BB ABUMERE Y S, A RERE
R BISE TSRS I8] , FE A5 S RERE A TR I S P48 A 7 ) .
FURENRERHRTFHERHITESERBINE, &
HAEHN S SRR INERDD  ZE R K S R B
ROER RSB LG, ETIEHS . SRR AR IEEH
RO EABIITE R, A SCR & T A B B R 2 Bk
i 1 (Energy-Efficient Multi-hop Routing, EEMR), E#
T LEACH Wl , B 56k AP KB, LA WSN 77 K Bk
IREE B BEE A 255 BEHEAT 5 R R 4 B, P B R 4
PEVLE, FERE S Z B RS RS e R Bk Z Bk LS &
B2 MUV E T 5 R REFE, T BB B T M 4% REFE,
MTIEER T WSN s fr. (FELREHW, 5 LEACH il
#1 DIRECT §pi(A8 Lk, X P IR R IBE < WSN RI4& 1y 75
i

3 HR@Esr

Tk 15 AR I £ B ol BV 5 EL A B A 36, 3R
AR, W R BN EF AR R, ARARBRE—E X
BPE I R T X MBS BT A, WREAL

S0 P ) 4% SR P B B B B Bk O 3R R I SR R A
3 Sink, TEERNBACABMREER fMER R
A BRI FEI TR R,
3.1 EEMR M43

30K N A SFEVL A AER D X R0 Y (i
X3, RIRTE Y X XY, LB & Sink 24528 Sink(X/2,
3Y/2), M S ARME 1 Fin. RCRANEREMNE
BHWMTHR.

DFERB-KABBIEATEAREY, NEH
HYPEFT.

(2)Sink ¥ HEEE A2, A RBEHIHTE MRS

)M YR ERE R EE, BA T SR EFR M. AF
% ReRZBETRW.

DR S AW — D, BB B HAHRE R, THE
HEEREZRL.

GBMTEHMARNEESE Sink W AGERE, BEWE
AT, AT AR (S SR T S Y M X RIMEE .

(&)Y SRS H T HRG A RA SRR S S,

100

A1 EEMR RZEHIHRTS

3.2 EEMR iR

EEMR #HCR A 5 X @k 11 IR M BRBEEHERE, &
FTLEBESEANERMBERMNERELARWR D FR @ FF
N

Er (kyd)=Ey. (R)+E,, (k,d) (@D
RE,. tkesd?, d<<d
B, E,, (b d)={ = F >
kEd,c +kempd4 ’ d>do
ER, (k) =FkE,,. (2

ASCR AR SRR AU RS SNBSS
BEFE, ZEE T REHAMFHELIBPHBRNERE. HP.J4
BN A EREHETWIER, b NERE SN SR E.h
RIZRBEHWE LR T AR B AR B (S R B
RS e Mem MEBRRTFER d IR, & d<do, M K%
T RIBPIRRIREFRES 4 TP HRBIEL, BN 5 4 89K &
EH.

3.3 EEMR ¥ ERABE

EEMR R SRR & AR KW > WSNs B4 55815
B, LXBAMGERENMEN, A XEHELRPRETHS
AT EARBEBEAFRENRSTAE FEBRERRAK
B HBEN K EBEHEIEL, A5 R%4 Sink
T . HH Epa=5n]/bit,

3.4 EEMR E{THEH#R

EEMR thi{C# LEACH 80 8“3 7 1 4 M 4% 13 17 B
B BL, BT AENERAENEEHEIHE. Mk
BFTE ) S I AINE 2 BTR .,

e 0] »



T [T

T, Tt Tetuster-s Tiocluster Teumterroner
B 2 EEMR WMGafTatEsEE
F, T 3275 WSN RIB W] BB, Touwne B P48 B 48
LBERB TR, O TRk LEACH P38 A R i
SEFEANHY, EEMR Hhill R B 2 S A Rl ™ g%

W TIRR A S m BRBER., HP,.m HEBRRT
WSNs # SRR EER 5 M A3 IR AR R L fE

4 EEMR #hilligit

4.1 EEMR P&

AR AUR AL PP 7 R B XXY &9
W R IBN, TR ABIER S (x5 3:)  WTIREE RN B .

EEMR YR AT SIGE B #H TR 5, FRENE
EREBTHE. EEFYRNERTEARXERGI IR,

di =~ (z;—xz; )2+ (yi— 3, )7 &)
He,4,j€1,2,3,,n+1,i#j, BB d; RAERRY HE
B/, AR .

Mgz fT R, TRWBEFREIERERFR CM
(Control message) ¥ {5 & DM (Data message) B &84 ¥4
B T REBESREIFHEERREER BT ERE RPN
W EZEMXRE. H4,CM 1 DM M B E = E, B DM>
CM, ST & Sink WEHEHNIESF MEHAETEEN
&,

4,2 EEMR thi m HRIME

LEACHP ML S0 10 45 B Sk 45 R RERER
ETESRTAERASONR. £TENIER MR- 8
B Sink X RIEEBAREHBLELR, CER[(13, 14]_-H T
FRABIRREEN T ER NS LEACH i, BT -
&,

EEMR LSe35k AR5 S B L4 WSNs Kl X i
R B EEERLE RSN m BEERAILE.
Hep,m MEBRWBE.

m= Ervs total (4)

H, B o TRPE TR B HEE , Eoie ot TR P LB BI04 B BE
B. T HBIMNE R R P8 RERE, &SR AR m B
EFRERERLEE, AN n—1 REBEERE, KRR
T B PERINT T IBEFE.
4.3 EEMR fhill #5826 Hh e

RN AEEN B, SIAYT SBKREU R EUEER
B E E R LEACH thil o RS B 1e 28 1] IR
T, BEABMET AEELREIENEN. TONHER
m=R G R

T(s)=

vy

p
=G mod1/py DTt LT ®

Er ur Er ur d _Sink
fb, Ti=— T == Ty=g——,
° 2 E, 2 di st
r=1 k=1
Ty =rodiv —
4 m P ©

092.

ROFPE o BATEYMROBRER,Conn BT
RETBRBERRERAD , dio_sow TR 53] Sink ¥ EHIBER , 7,
RATAEERETREEORE, — BV X HEEY. B .
H0,

4.4 EEMR thilEEE BH R

R EEMR Pl BB A% R R R B E mAr
BEABATBECRENEHES REEQSHEENN
BREL.y.). P, i BrRBEERS . EHBEKN
KRB ERER CM, FE B RASNSTREYT R
RIETh R4, EHEE BN B A W AT E %
EHHEE. BTFEIMENESHEARAR, BilH k%
WRBRTFEARA T SAEE B ENBRESE di . 0
KO R,

doi e =mmax{d. 4} 1£=1,2,3,"*,Ci nen (6)
4,5 EEMR Hpis0 il (& BB
4.5.1 #HZAMiBE

WSNs R4 SURA 7S MOE FARIR B9 28, P iR
AW HRBURE IR 3 F, FEAERES , T PR AR BBRE (AN &
H 10%AA . 2305 WSNs B3R W R, R A 4
FREE AL & 1 i 4 28 4k (Time Division Multiple Access, TD-
MABEARAME S HETABIMHRAY R oK — ot R, &
FAUAE BT B B 15 AT BE SR AR R B0 , HE i )3 ARBRR S 1Y
4.5.2 HEHEEsE

7£ WSNs Még o, S EZ M FENEEMESTIRE
BEFHIALR . FCRAH COMA HEARL A K —5E
FkBRfES TP,

HTFHE S Sink EREEAR—, ERAREXNSSEE
BEEEERART, FAENEAEENAL. FXREEK
e EeR, R A B A R WSNs 4288452, XA
FIZ ARG A BB 3RE , AR B AR (D IR,

Layercy: = (dou, s div do)+1 D)
A, do=vefs/emp 1i=1,2,3,+*s Nou » Now TR P14 1 1
B,

LMK BENBEZE FFEUT R B8R,

(D BBk By R ARY

AFE 1 ZEEMNEYRARBE RS Sink ¥ HEHE
B EER, YE T BRRI R AR T R WBER, S0
EERBEEEERZE Sink ¥R,

(2) BHFEHER

WFE2BEEZ FHEERALIA RS Sink ¥
BE HRBETEET BB TR, B THRY
BRA MG S REENENE, A S0EE T Bk S s BE
#EE =X (B FiR,

Ei s 1

[=a( E, Rt (do_d{,j
HA 4 G=12, ) AN EFHNERY Es . NEEER
BER .0 A B ER M.

7 EEMR UGB &3 8 , Sink WA BIRHER S
WSNs ¥ B 15, AR ML EEER, TETEQEM
BURHWEARARE LB BRFEETWHXEL, RHaE
i, 3B R AR E RS MERE N HERSHETH %

1
)+/13(E(')?0) ®



MR R, BB MG ik,
5 EEMR i RS&RSW

5.1 IR

F3CRA MATLABE SR, i35 84 100m X
100m g — 45 18 , 76 W U 9 B P REALEE & 100 D LT B
HRESH0NE 1 5o,

#£1 HMUFEFHIRSH

5% Value 2 ¥ Value
Eetec 5nJ/bit p 0.05
efs 10n]/bit/mé emp 0. 0013n]/bit/m?
DM 2000bit dy sqrt(efs/emp)
CM 100bit Epa 5nJ/bit/message
n 100(200/400/600/1000) X 100m(200/400/800/1200)
Ey 0. 5(0. 01/0.02/0. 05/1. 0) Y 100m(200,/400/800/1200)
5.2 &£%ERE

A CE T EMERER WSNs 4597 16 %14 R, 10
3 FiR. %% LEACH Bt 5 8008 B AR A, X P48 R
B B SR AT T B A0 B0, I F MATLAB #4545
H.% EEMR thi 55 LEACH ¥ .DIRECT W3 AH o358, 05
HER P MNAERRINE 4 R,

aﬁﬂﬁfﬁgﬁgﬁ_.

00.1020304050.8&70.80.91

&3 FgiERls REE R

=

Number of Surviral nodes
o588 58833888

3000 4000
Round number of netwerk

B 4 EEMR,LEACH # DIRECT P ¥ SFE R

A CE L REE B FE T R R B 35 AR 754 M
RRBMABE R . AE 4 715, EEMR PrHH R4 ia 178
Btk LEACH 8 T 24. 4% ~41%, It DIRECT thil#25 T
84,8%~89.1% ., EEMR HMY B 5553 S7E 1834 8,75%
BT R B 7E 2295 %55 LEACH #3043 51 35 1301 % A0
1803 % ; DIRECT $hill4r 3% 185 %71 1131 . (FEZRE
8, EEMR HMY #932 FI {78 WSNs R4 158 58 1B 17AT 8] Kok
MR, AMUBEA R & DIRECT il E 8 AR 3 Bk
SR EREE , T ELANEE T LEACH 45 % B FISE i BE ML 2
WRNRGEFH. £L,FEMR Y BRRE S A M &Y
RBEFE, X RBGE KIBIE K ML B F5f , Befh th ek,

EEMR MY BRI R B AE LR BT — 3, W0
A 3 HARE Co A TFRFREFLUE. BIEX G EES
PER R SRR RN A G, RYEH RN R, B
PEEREZVRZREHAXEHNEN EEHS. FEB2T

LEACH #p8(# DIRECH Hihis{ i L) R 45 4% BE A B8 R
B, BRI ] £ e — A B, B BRI A
5.3 il it

A 3CGEEXT H 3 R PSSk B sk 9 Bh 45 B B I A9
B8, AR RAER rom B XK (D TR .
Rinatit e ®»

Taoms = Rmmld 5% erual»d—fim
HEA ) Rimatia 159 TR M 45 KRBT K3k 5% 6 Fr 2 H B 50 3.
K (O RBE R LLEE 3 P ZE ML E T A RRE 5%
RS IG BT 22 1 B0 B 16 7, (L 78 K 3 A T S50 A4 WL S8 1P R
f£. 3 R R LA 5 BiR.

S EEMR
MR 1EACH
HHUBORE DIRECT

Wbk
obmbnBRubabo

LEACH DIRECT
1 34 4 %100 100

B 5 EEMR.LEACH #1 DIRECT #H f9uir 3

5.4 thiliaei

WSNs RIETESE LB R Y S BRTER T, it 3 #ih
W R RE BB ARER MM, H HE S B
B LR RAE P W W St A X4EH 1%, 107,
20%6.50% 75 % F1 90 %6 15 KRBT 3 AP HM R R B AY 1
B8, A 6 fiR.

Round number of network

l 10% 2% S50% 75% 90%
Percent of nodes failure

A6 LAEIH EHAT EEMR.LEACH 1 DIRECT il
RBBW

M 6 PIRFE 3 RPN T B A RME 90U H HERK
B EM R R A TR B A5 4L BT 0, DIRECT #hd 3 4L B
B8 ,LEACH MK 2 , EEMR BB (LB B/, Hb,
DIRECT Hpill d1i8 (M B 5 R R 2% 8 185 BT E 90% ¥
FURBLH 1757 4, B A IR 1572 % LEACH il f 1E &
MBS AR 1301 RERIT E 90 %63 A e B0 2033 %2, 18
{E3% 1B 732 %5 EEMR HMU R IR{E B35 A 2 2080 1834
BRIEZ 902095 JMIRRMY 2308 58, IB(EIMIE R 474 . BES
EEMR PMUE W R R Eh 1834 8,38 i% X T DIRECT
PMNFI LEACH BMUMBIE , (5 45 R B ATE M4 S BB %E
¥ 75 8, EEMR il 1.

TR ML R Sk 75% L -, WSN R4 77
AT WM A X IR, M WSNs B 45845 45 i 5 3k it i) 35 B 43
Bro B 5026 ~75% F 75% ~ 90 % B A SR R[] BS B R
EEMR $hY( 43 BISELE T 81 % #0 13 8, i LEACH 4> 5%
299 #71 231 %, DIRECT M4 609 #F01 620 #; (B &b At A 5
BT, DIRECT ¥ § 25, EEMR 1 LEACH Hhil g 4 —
. %4 50%m EEMR 9 2214 % & LEACH f9 1503 %, 7]

e 93 »



P18 #5 LEACH #1 DIRECT HHAH ., EEMR HHiFF 2
BIR Rt a1 B SR 4T, it — 2B IR IE T EEMR BA FiF Bk
. WEIRCN A B 75 %R0 /= 502 R g 8] BE B ¥,
LEACH #1 DIRECT 438l 502 %1 946 %, EEMR thiX £
FirhatE] BB 461 BB, FIRKIE T EEMR WhisUi8 Ml
k.
5.5 WA RiE

JTRIE EEMR BRI Bk, 2304 B2 4 ARIR]
#37 b xt EEMR.LEACH #1 DIRECT #fH{i E. HE 3%

BRI, TR BB 2 FT51.
2 LHERBY
FE1 k2 k3 k4
#EAY 200 400 600 1000
S E K 200 400 800 1200
Sink & #7 100,250 200,450 400,850 600,1250
LA 1.0 2.0 3.0 4.0

BRIEFE 2,430 R 45 I3 X 38 25 200m X 200m., 400m X
400m.800m X 800m A J& 1200m X 1200m f WSNs R 4% 4 4y

F#HAT O R R E 7—E 10 fiR.

§ &

Number of survival nodes
g
L

o 8 8 8 8

“
oy
"}-.“:..‘,_
0 1000 2000 3000 4000 5000 6000
Round number of network

B 7 WRZRA 200mX200m

400 Y, [ EEMR
\, |=——LEACH
20 % |+~ DIRECT]
£ 3m i
3
[
E 250
S ,
-
© x
Bwo H i
! S
E I H
FAT RN H
+, *,
4, “,
4, *
N e
T,
T e

o . . e
0 1000 2000 3000 4003 5000 6000 7000 BOKG 5000 10000
Round number of network

E8 WA 400mX400m

600 y-2nay,,

~, [ EEMR
* w—— | EACH
_g 50 . e n e DIRECT|
,E 400
E »
-
300 kY
- L
° H
J P
%
: '
= 100 %,
a, ",
8 s %

Round numbers of network

B9 Wi RA 800mX800m

.94.

Round numbers of network

B 10 SR N 1200mX 1200m

TEE 7B 10 B 4 NG P, LEACH Phill B R 3K
4y 514 200,262.21 #1 1 8, DIRECT il & %5 S &304 5%
82,15.21 1 1 %, il EEMR Bl & 45 s R 34 51 24 3031,
4775.1238 1 1000 %, A W, EEMR Bpl i BB B T #6455 51 14
B4, 3t EEMR PR 5, HYERE7EIS & 400mX 400m 3%
PLEAE, T7EL R 800m X 800m % 1200m X 1200m R
TRERYART R, LUE 9 A6, Wiin R R <+ 800m £ 4
B 8 5, Mol SR H 6 %, (HR R AW S NGE BB E
DU F 3 4%, S HE I B R SO S o, 3 1 22 PR O R B
B, RIS 5 800m X 800m BB W SR MBI IRAT. A
10 BBRE & 9 A
5.6 HHYA

A& —JRE, BB TE 100mX 100m # H #5 Wi 37 8 b B
BLERE 100 AMEBEEET &L B LEACH #380f EEMR
W5 T R hREALYE I 100 58, 3 EA U S AN 508
A HER & & LEACH S B BB, XREA N
LEACH B8 54 BEAL 1 725 06 15 75 o 3 B 9 3 3h 7 B AR K, T
EEMR #MX NI R e, 2B B AR . £ 100 KIFHE,
AP EEMR W RBEEHEREE T~10 M KERENE
BN, U E ST

HHRIB TR GRIFRE I P B B
L B SRR i B &, A 0 % LEACH L
Ay AL R —FHTH BB B R WSNs ¥ i MU (EEMB) .
5 LEACH . DIRECT #3380 b, U BB 45 7= AR A #5743
A ERE , SR FH BB AN & BRAH S & A izt BR o g BR R
BARMEEAR, NEEHEET ZREHERWERN
. FEZRERY, EEMR AL A b 1 B4
WSN WA+ SR BEE L, LK WSN R4 894 ar i, Wi
BEAHITRR AT Bk,

8 % X W

(13 okBesh B4, iR, & TR EBRSNEELH AR T EER
(17, E{E217,2012,33(5) . 143-157
Zhang Xiao-ling, Liang Wei, Yu Hai-bin, et al. Survey of trans-
mission scheduling methods in wireless sensor networks[J].
Journal on Communications,2012,33(5):143-157

[2] Yick ]J,Mukherjee B,Ghosal D. Wireless sensor network survey
{J]. Computer Networks, 2008,52(12):2292-2330

[3] LiB,Wang W J,Yin Q Y,et al. An energy-efficient geographic
routing based on cooperative transmission in wireless sensor
networks[J]. Sci China Inf Sci,2013,56:4757-4762

(F#$ 117 70



[4] Williams C. What is a green data center[ OLJ. 2011. http://
www, mnn. com/-green-tech/computers/stories/what-is-a-green-
data-center

[5] Liao W H, Yen Wen-ming. Power-saving Scheduling with a QoS
Guarantee in a Mobile WiMAX System[ ] . Journal of Network
and Computer Applications,2009,32.1144-1152

[6] Dong Ji-guang, Chen Wei-Wei, WU Hai-Jia, et al. Load balan-
cing study in cloud storage based on dynamic replica technology
[J7. Application Resea-rch of Computers, 2012, 29 (9) . 3422-
3425

(7] 25, 8806%. EFHEACLLSF T AEMEIAFEERI] &
1§24, 2005,16(8):1499-1505
Wu Qi, Xiong Guang-ze. Adaptive Dynamic Power Management
for Non-Stationary Self-Similar Requests[J]. Journal of Soft-
ware, 2005,16(8) ; 1499-1505

[81 Roderol, JaramilloJ, Quiroz A, et al. Energy-efficient application-
aware online provisioning for virtualized clouds and data centers
[C] // Proc of International Conference on Green Computing.
Washington DC: IEEE Computer Society,2010:31-45

(9] HE4H Wb B ETREETEOMRSB[ERBRIR
007, 3R, 2013,4004) : 22-30
Xiao Zhi-jiao, Ming Zhong, Cai Shu-bin, Study on Energy Opti-
mizaion of Servers Based on States Management[ ] ]. Computer
Science, 2013,40(4) :22-30

(10] H—ng, WER, T4 EVUIEFEZ TRV S PRENHELE
O kT]. ¥R, 2012,23(2) . 266-278
Tan Yi-ming,Zeng Guo-sun, Wang Wei, Policy of Energy Opti-
mal Management for Cloud Computing Platform with Stochastic
Tasks[J]. Journal of Software,2012,23(2):266-278

[11] Lin M H, Wierman A, Andrew L L, et al. Dynamic right-sizing
for power-proportional data centers[J]. IEEE/ACM Trans. on
Networking, 2013,21(5):1378-1391

[12] Beloglazov A, Abawajy J, Buyya R. Energy-aware resource allo-
cation heuristics for efficient management of data centers for
cloud computing [J]. Future Generation Computer Systems,
2012,28(5):755-768

[13] 4%, W30, RE4H, %, —FH A RHILBERENKIIETS
A EE ¥ (EB/OL]. 2009-10-23. http://d. wanfangdata. c-om.
cn/Conference_7242376, aspx
Li Yu,Zhang Hai-wen, Wu Ming-yu, et al. An Efficient, Energy-
aware Heuristic Scheduling Algorithm for Heterogeneous Clus-
ters [ EB/OL 7. 2009-10-23. http://d. wanfangdata. com. cn/
Conference_72423-76. aspx

(14] faH, G2, R E® —HETRERCNZHEREESAE
L] T ENL TR 58, 2013,49(20) : 19-22
He Li, Rao Jun, Zhao Fu-qiang. Task scheduling method based
on energy optimization in cloud computing system[]]. Computer
Engineering and Applications,2013,49(20):19-22

[15] #ki. BEHL Petri ARG HERRIFH GBSO M. b3 W EX
1 R4t 2005
Lin Chuang. Stochastic Petri net and Performance evaluation of
systems(2nd edition) [M]. Beijing;: Tsinghua University press,
2005

[16] A, =M, BHIRX & —F S ITEFET REERCBI R M &
Tl B2, 2012,23(2) 1 200-214
Song Jie, Li Tian-tian, Yan Zhen-xing, et al. Energy-Efficiency
Model and Measuring Approach for Cloud Computing{]]. Jour-
nal of Software,2012,23(2):200-214

(L% 47D

(4] Huang W W,Peng Y K, Wen J, et al. Energy-efficient mhop hier
ar chical routing protocol for wireless sensor netwoks[ J]. IEEE
Computer Society,2009,35(2) ;:469-472

[5) Heinzelman W R, Chandrakasan A,Balakrishnan H. Energy-Ef-
ficient communication protocol for wireless microsensor net-
works[C] //Proc. of the Hawaii Int’l Conf. on System Sciences.
San Francisco: IEEE Computer Society, 2000:3005-3014

[6] Younis O,Fahmy S. Distributed clustering in ad-hoc sensor net-
works: A hybrid, energy-efficient approach[[C] // Zhang Z S,
Low S,eds. Proc. of the IEEE INFOCOM. San Francisco: [IEEE
Computer Society Press, 2004

[7] Manjeshwar A, Agrawal D P, TEEN: A routing protocol for en-
hanced efficiency in wireless sensor networks{ C] // Proc. of the
15th Parallel and Distributed Processing Symp. San Francisco:
IEEE Computer Society, 2001,2009-2015

[8] Lindsey S, Raghavendra CS. PEGASIS: Power-Efficient gathe-
ring in sensor information systems[C] // Proc. of the IEEE Aero-
space Conference Montana: IEEE Aerospace and Electronic Systems
Society. 2002:1125-1130

[9]) HER ZM.XE % ETHEFTENEREBREMEIENS
BLABER R ML LT ). B AE 44,2014, 35(1) : 198-206
Sun Yarrqing, Peng Jian, Liu Tang , et al. Uneven clustering routing
protocol based on dynamic partition for wireless sensor network[J].
Journal on Communications,2014,35(1) : 198-206

[10] HiGIL. BERNJERE, % eEAEH TR ERBRNEEDS

S s e UMILLT . SR AR2E4] , 2012, 23(5) : 190-200
Jiang C J,Shi W R, Tang X L, et al. Energy-balanced unequal cluste-
ring routing protocol for wireless sensor networks[J]. Journal of
Software, 2012,23(5) :190-200

[11] FAA, FE54E, 7R, 5. ETRESENSBRIMNERR R
HHEHBI,2014,41(3) : 96-99
Li Peng-fei, Li Zhi-hua, Yin Xi, et al. Energy-level Based Clustering
Network Topology Control Algorithm[J]). Computer Scie-nce, 2014,
41(3).96-99

[12] ZEHE,BEKTF, ARIA. TR EBRF LTSRS BRI
gHmrsEl]. HEVAEE, 2013,40(2): 49-52,77
Li Hong-bing, Xiong Qing-yu, Shi Wei-ren, Study on Topology
with Non-uniform Hierarchical Clustering for Wireless Sensor
Networks[ J]. Computer Science,2013,40(2):49-52,77

(18] BRECEE, BX/ME, PREEZE. SR LR 15 TRAR FI 48 AR &Y XU L3R
HBGRIHT], SA54R, 2010,21(11):2933-2943
Chen Q Z,Zhao X M, Chen X Y. Design of double roundsclus-
tering protocol for improving energy efficient in wireless sensor
networks[J . Journal of Software,2010,21(11).2933-2943

[14] Ham, B30E, 485, % ARNERANTREBRBNESE
SRR HE LR, 2014,37(2) 1 445-456
Su Jin-shu, Guo Wen-zhong, Yu Chao-long, et al. Fault-Tole-
rance Clustering Algorithm with Load-Balance Aware in Wire-
less Sensor Network[]]. Chinese journal of computers,2014,37
(2):445-456

« 117



