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Cluster-based Hybrid Scheduling MAC Protocol for Wireless Sensor Networks

LIU Lan-jun ZHANG Xiaoc-tong WANG Qin LI Lei
(School of Information Engineering, Beijing University of Science and Technology, Beijing100083,China)

Abstract For the application scene with both burst signals and periodic signals, this paper proposes a cluster-based hy-
brid scheduling MAC protocol for wireless sensor networks CBPMAC/TFC(A Cluster-based Wireless Sensor Net-
work MAC Protocol for the System with Burst and Periodic Signals/Based on TDMA,FDMA,CSMA). Among differ-
ent clusters,a FDMA scheduling mechanism is adopted. In clusters,a coordinate Scheduling mechanism based on TD-

MA and CSMA is adopted. For the requirement of synchronization, a cluster-head-based relative time synchronization

mechanism is proposed. The synchronization precision is the clock drifting of a sampling period. In addition, an energy-
aware cluster-head alternation strategy and a listening-based disposal strategy for malfunctions are introduced. Analysis
and test results show that CBPMAC/TFC is a compromise proposal. Compared with CSMA, CBPMAC/TFC will lose
some real-time response for burst signals, but can save energy consumption by 18. 7%. Compared with TDMA, CBP-

MAC/TFC may consume more energy by 23. 6% ,but can improve real-time response for burst signals.
Keywords Wireless sensor networks, MAC, TDMA, FDMA,CSMA, Time synchronization, Hybrid scheduling

1 317

TEXRE BRI £ R iR+ . MAC B 5 1 igsk
NV IR TR E A A, e S et & LR HE,
BERIECHORE., MBENEREERENTERE,
H i MAC MR R TR ERBNE RERITH— K8
AR, BRTRATH LR IEBEME MAC thil T EH FIOf
VLS, 4512 CSMA, TDMA,CDMA,FDMA, #F CS-
MA JEEHLH 9 MAC thBCR 8ok T AL A B Rt
ERLEEDN , ATA MR K 155 a5 ARG 198, (B
HEEEHEREZNE R RPN EETER—FgER
2, 5F TDMA EEHLE 6 MAC B, W S BHE Lm0 H
AP S AN AURED B % T 54BN AR ERE, R
MAUAE B B BT BRI FT HE 4R e &k 28 , 72 oA B [A) U 56 A
MRS, KRWAD T 25 PR T e 1), ik TDMA BA R
FERT R D BRI E R R E S LIMERMER £ T
CDMA B EEHLH A MAC tMCH BN S0 ENEATE
R LRSS ZESTE B[] 25 18] AT AEE B, D AT DA B

*)BESTH . R EARPR LB (863) T H (2006AA09Z115)
.t & BLURE.

MzE BLER4EKRREY AHEELE B

BAF R R R L B NN EE R E R, HREE W
CDMA 9rf#hd, 3H& B8 575 KB ER & ; FDMA
VB AL R — B ™ A DR A R N %
BT HE

AE N REMEABESH NN ARG R BE T —F
EToBREMNTRERBZMNEREAE MAC hil—
CBPMAC/TFC (A Cluster-based Wireless Sensor Network
MAC Protocol for the System with Burst and Periodic Sig-
nals/ Based on TDMA, FDMA,CSMA/CA), #Id:%H FD-
MA HL#, £ R H47 TIE. AR A TDMA f1 CSMA )
BEREIH & TIERBRS A RABE SRR L FSa
B, ERMESHEN, YARBMY R RERAYES . HE
TRER ERRESBRA, &9 R %M CSMA KR
FIHEEE. UL ERRBE T AR AN
BRI R HUE 48 T X TR B RAEM R LR BEBM
EFOT AL AR, BT HXREREY, K
WARRARME SR TREETEWRE T REMNNAE
R, XEFREEVHANEZHLT .

B .HtAES

.« 67 o


http://www.cqvip.com

% 2 T B CBPMAC/TFC B FriE A M 45 19 M 25 4
8 3 Wik 4 CBPMAC/TFC MY SLEHLE) ;55 4 3
BRI L RARE R BEHITT 84,

2 CBPMAC/TFC thifl B & FI B 46 #h

CBPMAC/ TFC B4+ 3t B F AR 45 I E BRI 4540
ISR . WA 1 PR, XR— N REER LR T
EVRRBNREN—RE L, RN ZRE LW AR
REN—RBE & _RBELNWEBREENTHEHNEERES
MM _RE. TRVAAGBAELRZEA, BB S rsE{t
B, B~ A EREGEENAREEEENMEEE. A
SOEERBERFBOHMERED, BN AEEFER L
R EAARS TN SHEF, RRFEDEM TEHRNER &
HEE b Bk WA R BB, A A5 A TR B,
Wl S TAERES BB R T S B8 7 THEH R
b A T BERHEBO R BT S BRI B L R —
HIEERIPRE. B, Sk W R L E @ Ry
RER. ZIEPIMY% %, 7 CBPMAC/TFC il # %
ATELREERE., TEERSVTARTHERE &
BLAHENERT AR TAEARIR BT K% BRET

—##%% O %ﬂ%mﬁﬁﬁ

Bk
© (cx#R) &

1 BT RGN ERREMEH T

3 CBPMAC/TFC il B9SCEHL &I

CBPMAC/TFC thil B 454 TDMA, FDMA, CSMA £
HE— BT RERER A FEE N R, HLREaE. &
FHEL S E A FDMA $1%] .2 F TDMA $il CSMA %
SVABEHLE S AR A A BT E RIS AL E TR B
(e LS B 2 FARE D07 IS B AL S . Al
5 BPERE A TEIHLE
3.1 BTt FDMA 4§

3T 5 69 2 U R I 45 45 $M 45 # 6 X 2, CBPMAC/
TFC # 1A% AR T8 3k 48 b1 i FDMA #L%. B 2 Fim
B—ABA m A 0950 2 W25 B35 4 BRSO . RS 5
RABaABEFI DR RERSHBRARETERE. DA
GRENE ERGELEH S EEELNEBET, EdEk
RISUEYIE(E E T F) CRM % R 4R IF 2 . 1 — R ER 5
BB, BPA B RS B I R R B , B OR T
B A ME S5 S T TR R S BB Bk A DI E Y 3
BIABEMFE, MEAT AT BRASHE LA -RENF
#. MF—MBAE n BEMME RKILE. DRETEHR
B, S e S A A B S b R RS 2 I S M
(AT, LA BB AR K. ACRAKET
S ATN HI B0 FDMA HLE), B — AR HLE 54 2%
BRI B D TR

» 68 o

£ 000 http://www.cqvip.com|

} ‘ﬁﬁﬁﬁ

l :Mmm

B2 BTHKMEEREK FDMA HUH

3.2 EF TDMA 1 CSMA MBS ENH

RG-S W E R RE S N, CBP-
MAC/TFC # N XA F TDMA #1 CSMA MBS VE B #L
#, —MNEE n M ENBERFEBENSIE 3 Fim. DEkL
TERTAEBEHNBARREENEARES @EeE) . |
R Y TEAEICRS, TrERCE A BERA T ARNER.
DENTVAREE AN T, &t THEERNRGS
HHEBMERES LB, ERAMESLERNE, 4T
METTENBN T EARERANGEHRLABELT A ES
TRERRABENIRREGBEFE, Rt EX ALY
R R T Y80 TAER BT S A RBIRRES , & 7 7B
BYARE LML GESNER  EREESLEEB, &
B TAEEEVRE, B CSMA MR g ZENE
B.ERRERES.

FAEL P2 | . Ao, Bk
LN B

@i‘m#%m r Mﬁ%m& . 1.1

B3 EF TDMA #1 CSMA §8:-&VEmEdLHl

3.3 KESAHEAMNEHERBIH

WmE 3 R L EBENNERETRERR—-1EE
S EHIE S BR TAE R, RZE o R R A1 AURIE R 89 22
TR B RAERE AT . T SZRaRNER,
BEE TAemtial i BB, W R Z B TAER B R A2 E, T
SEEEME. Bk, fFEAT S TESRAE S E CBP-
MAC/TFC #y4t. et o47/E £, &M S TrEa BRI
[F2b RE R BIHE XS [R5 B AT, B ik CBPMAC/ TFC R A T X
B R RSt R R L . BRHA R =50k 3
FE R SR DA S R R b B RS e BT PP A4S
g,

DI RS, EERRRLENVIHFRERE, XA
A EBABENNTHESSN S, B, — K%L #F
SHE RR—EERRE. R5, “RELRERNTH
AROEKIIRSHEEE EXEBERN BREHES, TR %
BRI R, HTEBNAHEE AEENRHFE
KRB RS EBHT A XEFEATUELHEENC RS
ISEEY S AR S ARERFE . W 3.5 ol
L, e O] LUFIE 100 % R BEEHARIB R,

D LABEL R AERIBT ph B R R RS F MR B TR
ERSREIBHIGRE RN S, XA BAR UL e ah


http://www.cqvip.com

HEAE, AR A F RS B 2R, LUABIER AN
AR RMEXTFEL . BAENERITEMT

O BATRABRAEMEBRE N REP I HENT
YEmt B,

@ HAEMEREE VAL B AR — LR THE
A B .

Q@ BEHERFE TR ERLANGFSRBELLEELTR
BT K R IR R 2R Ts —RABBL A

@ BELH R EMERET SRR MG SRR,
FAHIF IR ERWON 2B AR T, R TTE A AR Te MK
BRI RS 1T S BIRTAR Ts MZRZEXME To=|Te—Ts 1>
B — M BIME Tk, X To=Tk/2 I, IBESL B RRAE,
HEHERSTANNSRER, FELEERERST R
HFA R XA R RSB RN KRS A . FIREE R
HN A ERBIEE BT WIAT I E IR A A, AT B E
W7 L N A R Z LR R RS AN TR E T
FE.

O FERFETRARBIBEIWNRERE HET X
BRI iR 8 O TERBR.

DNAEREE RN . BRTHK P LUE A
R F BB R 22 07 B 2 — PR R 25 T v, BV X4 B 4 22 ) 3R
UEA HTRE, R—FEZEN . ATHLEREES . AH
175 A B RAE RS 15 m7E [E A ] 22 o B o 38, R BN
RATWE 4 FURK S EB AR BLERAMNGES
[RIE B L R AR S IR B B LA Be AN R 9 63 B T A B B 22 i)
RIPEERELH . KRR RRERENRHERE T
—REIEHRES WA T BARRE, AT T RGLRERE, B
REWBET —EHREE SRR LR 1.

H51 M Hh 2 B ¥ oo HR | HABR

| Ry e e P

B4 wphIRBAHERRE

3.4 ETFatRRENZESBRIE

HE 1 BRRET O ESHEM S &, kR R I
HEBEEREN SEKX, F RPN %K B %k, CBPMAC/
TFCRATH TR RERE LLBRERTY  REENE
B ARERERFR, BRERRERBEANERET A
mEEL. AL,

BHTHE KKV RRE RN Ps, X n 885 MR HBE
ﬁﬁjﬂ Pg, ?Eﬁgﬁiﬁﬁjﬂ Pp=Ps—Px, &%—‘/l\iﬁﬁ

- Px»¥§ Pp>Px, B} Pr<<Ps—Py BF, YR kA THE LR

B, HETEATARERTF VA LR EZBEATHH A
FIRERGER EH N HREREREERET S BH
BT —RBLY S PR R R B A S ERBT AN
BRERABETHF LRI REEFHELNID ), &
HRETA ML B T R U L R S B, AR F— 2
MFBL TR DS, BRBIELRREEE, REEFHT
RRBIERFHELN ID S, Gk b F ik sk W B R FE L
REBANFEFBEWREEANEABTERGEE. 2.5 —%
ML T AT . MRFAFELEREFHNHEEZ
A T e 2 AT R IE T 5 S I R/NE R — R Rk , B
Wi RS/ .

£ 000 http://www.cqvip.com|

3.5 BETFEEBHIFAKEALERRE

R A FR R B T O U P L AT Sk ek, Pk RE T
WX RFPHU B AMEGE. R THEESHWHNEREME KK
BEETEAB GRS T S EmELY S ERN T E,
CBPMAC/ TFC 3 % T4B F5 0T W7 i i f8 4k 38 SR 0%, B8 T
LA AN B RRES Y S NS AR R, R L R Ak
HEMMEARF, AL BETF .

DFELT SN, BLTAEETENEREM
HAVE T A8, R B R A S RS R, —
BB W R MR T B DL T 4B AL FREBOIR S
F BB HATE MR, R B TR 3k (07 UT 5 e R Ab BB A
B, TUAHEL THEEMBIRUTIRE , BB S A Sk M at B
#Hir BEARBEFE. YRR LAERE B R R AEK
W3 24 8 Sk AT {5 BUET , WA A 24 R0k H PR AR , BUmT
R2Z,HEHEEEEN L RELN A, EdrRER, BEL
Wi s BB MR O BT A EFS TARELT A
BE L EELT SNEN @S, LAFELTANEFRE,
R HNEIRPIITRES (WA, EFE, T BERTTARELS
MBI,

DERBV AR, YELTREESE=-RHE
BN EE WA MR RN EAMEE S, M4
HZ AR A S AR I, B — LT R, @l o
FALi, BN EE B EAEER L. HEt, Mg A
RARA—-ITFH TR RBEN L FHTEMARE AT
PrRE. ATEASMERSB T A RAELNEANM®ES
BiEG ELAE M RAMEGEERBEANNERERTRE
FW R TAERBRE B, B0 AU LU I W 07 X b R4 40 3k 1
BAEH K I/ERE. FH, FHTEAMAYENRRSE
A

O MENEAERB N S RAELNEANNEEHR
i

@ (ML RS MERB T AKNANNGSEER
HIBIAR.,

N AR SRR . :

BRI 3 S8R K n, B 58 ID 2% ¢ W
T EMA B2 48 5 N TR B R ik I
FeRBATHERL, RN D={(D\> Dy, Dy, =}, Hh, D R
O. O AP EE L H—F,

EX ABEHAWT.

AFHRBRAO.OIrRWAEIEL PR —f;

B: W A BEKRBINGEERERK.

& P (AB)FERFHAERE i SHARERNRAPHH
BAEELRS | SHANRARSESNIAC BRI
AL, I

P;(AB)=P,(B|A) + P.(A),

(1=1,2,+,g—1,q+1,,m) (@D
B, B SRR Dy sShin ASE RS %
Pi=27 3 PaB =11 5 P.(BlA) - PiA)

(@

E I, 795 SRR D B AR N

Pe=(1—P)* P « P, (k=1,2,) (3

FE I, B SAREA S D BRI A YRk

P=§)1P,=§)1[(1—P1)"‘“ CPI=1——P)¢ (W
. 69 o


http://www.cqvip.com

EidmweEd P.(BJA)=~98%, P, (A)~99%, B (2)
w48 P~97%, MR (1), Y k—>+ooltf , P—>1, HEERE
B, 370 AGE 0T O @ PR BOEEE A R I A BT K
E#iETF 100%.

4 MeESHERR

4.1 RUEESLShE AR TET E B S a i aE Rl

DA Sk Sy 4 04 AR X B U] ) 25 0L A 03K R O - R 4%
AEE 1 MEL ANMEBRBET VAN BRAER N
32. 768kHz, ¥ X 10ppm; B3 B RZE 1R BI{E & 40ms, B 5
B RWIRES R, Kb (a) B 0T i) BB HLH AR i 45
R, REAREFRLHOEERSER. AEPATUE
i, B R EIZBAL A b i T SRS Z A2 R,
BR #I7E £30ms BITEEIN .

e
BEs_ 8B

00 400 500
3847 B 1 (min)
@TCR AR AL BT ITEF N T

S (m)

£ 8 o B 8

100 200 00 400 500 600 700 800
XEA7 5 (@ (mmz
®) H T PP AL WA e Er N 2

B 5 BUBESk R ZHEa XS B 1) ] 25 DL B i 5 R

4.2 CBPMAC/TFC il FIE8E 5 17 55 HliK

CBPMAC/TFC #hi{l 5 .41 2 F TDMA i B # #h M
L D BB E I ARIE S R 15 5 A B SERT . 78 TDMA B
W, REESH RS E R RS R A E g pR3E1T; W CBP-
MAC/TFC MY, REEENREREREEB R LN
AT CSMA EEVL R ZEE , 55 0 B fSC A 8T .
DEEEKMMEAEER. £ TODMA Bl , 5B B E Rl
EERAPESMRERES, FEMABRE, ARENY ED; T
CBPMAC/TFC il , Bt B4 Be R A% [ ARG 5 R
SIHBAPR, S RNRS, TEATRE. DEERBHERK.
¥E CBPMAC/TFC thifl f , E R E 55 TIERT B, T X THE
EQIER, . TDMA il R IR R AR E K.

CBPMAC/TFC HMi 5 4 2 F CSMA & B & th il
W DRI EEZES /N, CBPMAC/TFC thil a8
B E VA S 8 24 BC B 2 BR B ZE AT BR Y BT 1k
TREEEMAYMESHHE, FARFENEREE ST CS-
MA ) RTS,CTSEBF 5, B T W R HEER. D RMEY
BHSE. BFRAT TDMA EEVH . MEY B NE
4 CSMA, DMET —EHNRERIE WL, BFE
BBES AR E, R ESBARImE, At REFSHE
R —ERRR.

BH 2z ,CBPMAC/TFC HH B4t X A s B MR L
FEHFNRMAGER UM — MR, BB RNEER
G i BB B Bt R B SRR ER

& 6 fifR & CBPMAC/TFC, TDMA,CSMA =i )
R BB B AN L. W W, CBPMAC/TFC #pi
FIEER WS F TDMA #1 CSMA Z ], 5 CSMA M Hs, ¥
EHERE 18. 7% ;5 TDMA AaLL, K BERE 23. 6% . WHR&H

e 70

.0 0 0 http://www.cqvip.com]

R DG S8 A% AN 30s, REHE N 300ms, 4% it
2% 300ms, BEEE 3 K, ABES TN 5s; DK
{55 WM R B E] K 55, & % BT A% 300ms, RTS,CTS @& 3%
BY1E] 2% 100ms; 3)CSMA BT AR 1s, (T 525 1 1/505
) fERBEH K ETF ATmegal28L,CC1100 FF &, &4 TR
SR TEBREME 1R,

El E:

W0 15
AEAT R ()

B 6 CBPMAC/TFC,TDMA,CSMA =il e RIS EEHR

£1 ARIEREH TERRERR

B ER A ZRREA  HERERS BEHEURE
40pA 8mA 36. 7mA 23, 6mA

& 7 B 2 CBPMAC/TFC, TDMA,CSMA =# MY iy
{5 SR SERH XY LB . Px (K=1,2) %59 A K #EH
{(EEmR A, Bx(K=1,2,3, ) ETHE KHWERZFEESW
REBTBR,SP #RAMES,SBERIAREERES,SP M1 SB TH
KB FERTEES. NEPTLLEH, CBPMAC/TFC #i
IR RSB B L 4 F TDMA 1 CSMA 2 5 , [& &t
CBPMAC/TFC B It T A S MR EEE R bR H g,

I ! ! ! : 1 i

TDMA KRR E
CBPMAC/TFC R X F
1

i B, St
1

1 1 t
xEESHRnF [P (e [m] 1 [m]=]
i

=

o

| | 1 H 1

csmzzon (1] (5] () ] | e

carvacrremmyor | [ [m[mife ] (][] [& !
i l 1 b ¥ ]

TDMARIEEZFE 2 ENEIE Lm IE i ERED

oA

B 7 CBPMAC/TFC,TDMA,CSMA =#h{y B 1% B Rz Sead
T H

HRE IHNREGSMAMESHENNAGR, R
T —fE T4 Eg e TDMA,FDMA, CSMA 441
TR 1B RAEM % MAC Bhil——CBPMAC/TFC, 41 T 5L 8L
Pl BT FE Y# A FDMA H14 .2 F TDMA 1 CS-
MA/CA BB VERE YL L LA 3k Oy 26 ¥ 49 AR 5 B 18] TB] 36 L
il 2T ab B R (8 A Sk S0 S L ) Fn 1t 45 B BT i e AL
HRRE . APTRNRS RER, KRN ER R R
BRERBN LR ERITP IR, B RBR T ABGESHE
RIESHERENEIERERE, B T EREE EKTH
KR,

E XMW

[1] Zhao J,Erdogan A T. A novel self-organizing hybrid network p-
rotocol for wireless sensor networks[CJ // First NASA/ESA
Conference on Adaptive Hardware and Systems. Istanbul, Tur-
key:IEEE Comput. Soc,2006:412-419

[2] Arisha K A, Youssef M A, Younis M Y. Energy-aware TDMA-
based MAC for sensor networks[J]. Computer Networks Jour-
nal,2003,43(5):539-694

[3] Guo C,Zhong L, Rabaey ] M. Low-power distributed MAC for


http://www.cqvip.com

ad hoc sensor radio networks[ C] // Proc. Internet Performance
Symp IEEE Global Telecommunications Conference (Globecom’
01). San Antonio, TX, USAIEEE, 2001 :2944-2948

[4] Sohrabi K,Gao J, Ailawadhi V,et al. Protocols for self-organiza-
tion of a wireless sensor network[]]. IEEE Personal Communi-
cations Magazine,2000,7(5):16-27

[5] Mao Jianlin,Wu Xing, Wu Zhiming,et al. A novel energy-aware
TDMA scheduling algorithm for wireless sensor networks[ C]//
First International Conference on Wireless Algorithms, Sys-
tems,and Applications (WASA2006). Xi’ an, China: Springer-
Verlag,2006:319-328

[6] Fan Yong,Zhang Xiaotong, Duan Shihong,et al. Energy Consu-

.0 0 0 http://www.cqvip.com]

mption Distribution-aware Node Placement in Wireless Sensor
Networks ( WSNs) [C] // 2006 International Conference on
Wireless Communications , Networking, and Mobile Computing.
Wuhan, China; IEEE Comput. Soc, 2007 ;4145-4149

[7] Heinzelman W B,Chandrakasan A P,Balakrishnan H. An appli-
cation-specific protocol architecture for wireless microsensor
networks[ ] ]. IEEE Transactions on Wireless Communications,
Oct. 2002 :660-670

[8] Santi P,Simon J. Silence is golden with high probability: main-
taining a connected backbone in wireless sensor networks[C]/
First European Workshop on Wireless Sensor Networks
(EWSN 2004). Berlin, Germany: Springer-Verlag, 2004 :106-121

(L% 3870

[25] Ratnasanry S, Francis P, Handley M, et al. A Scalable Content-
Addressable Network // Proceedings of the ACM SIGCOMM.
2001:168-175

[26] Maymounkov P,Mazieres D. Kademlia: A peer-to-peer informa-
tion system based on the XOR metric // Proceedings of IPTPS’
2002. Mar. 2002 .:53-65

[27] Malkhi D, Naor M, Ratajczak D. Viceroy: A scalable and dynam-
ic lookup network // Proceedings of the ACM PODC 2002. ACM
Press,2002:183-192

[28] Xu J,Kumar A, Yu X X. On the fundamental tradeoffs between
routing table size and network diameter in peer-to-peer net-
works. IEEE Journal on Selected Areas in Communications
(JSAC),2004,22(1)

[29] Harvey N J,Jones M B, Saroiu S, et al. Skipnet: A scalable over-
lay network with practical locality properties // Proceedings of
USITS’ 2003, Mar. 2003:113-126

[30] Aberer K,Mauroux PC, Datta A, et al. P-Grid: A Self-organizing
Structured P2P System // Proceedings of the ACM SIG-
MOD2003. ACM Press, 2003 :29-33

[31] Jagadish H V,00i B C, Vu Q H. BATON; A Balanced Tree
Structure for Peer-to-Peer Networks // Proceedings of the 31st
VLDB Conference. 2005:661-672

[32] Kaashoek F, Karger D R. Koorde: A Simple Degree- optimal
Hash Table//Proceedings of the IPTPS2003. Feb. 2003

[33] Fraigniaud P,Gauron P. An overview of the content-addressable
networks D2B/ Proceedings of the ACM PODC 2003. 2003

[34] Loguinov D,Kumar A,Rai V,et al. Graph Theoretic Analysis of
Structured Peer-to-Peer Systems: Routing Distances and Fault
Resilience // Proceedings of the ACM SIGCOMM2003. 2003

[35] Shen H,Xu C,Chen G. Cycloid: A constant degree and lookup-
efficient p2p overlay network // Proceedings of the IPDPS 2004.
Santa Fe,New Mexico, Apr. 2004

[36] Li DS,Lu X C,Wu J. FISSIONE: a scalable constant degree and
low congestion DHT scheme based on Kautz graphs // Proceed-
ings of the IEEE INFOCOM2005. 2005

[37] Ratnasamy S, Shenker S, Stoica L Routing Algorithms for D-
HTs:Some Open Questions // Proceedings of the 1st Interna-
tional Workshop on Peer-to-Peer Systems (IPTPS 02). 2002

[38] Xu J,Kumar A,Yu X X. On the fundamental tradeoffs between
routing table size and network diameter in peer-to-peer net-

works. IEEE Journal on Selected Areas in Communications

(JSAC),2004,22(1)

[39] Gummadi K, Gummadi R,Gribble S, et al. The impact of DHT
routing geometry on resilience and proximity // Proceedings of
ACM SIGCOMM2003. Karlsruhe , Germany. Sep. 2003 :381-394

[40] Naor M, Wieder U. A Simple Fault Tolerant Distributed Hash
Table// Proceedings of the IPTPS2003. Feb. 2003

[41] Skype. http://www. skype. com/.

[42] Rhea S,Geels D, Roscoe T, et al. Handling churn in a DHT //
Proceedings of the USENIX Annual Technical Conference 2004.
Boston. USA, 2004

[43] Li Jinyang,Stribling J, Morris R, et al. Bandwidth-efficient man-
agement of DHT routing tables // The Proceedings of the 2nd
Symposium on Networked System Design and Implementation
(NSDI’05). May 2005

[44] Aberer K, Mauroux P C,Datta A, et al. P-Grid: A Self-organi-
zing Structured P2P System // Proceedings of the ACM SIG-
MOD2003. ACM Press, 2003:29-33

[45] Zhu Y, Hu Y. Efficient. Proximity-aware load balancing for D-
HT-based P2P systems[ ] ]. IEEE Trans on Parallel and Distrib-
uted Systems,2005,16(4):349-361

[46] Manku G S. Canada Balanced binary trees for ID management
and load balance in distributed hash tables // Proceedings of the
twenty-third annual ACM symposium on principles of distribu-
ted computing. New York,NY,USA, 2004

[47] Mitzenmacher M. The Power of Two Choices in Randomized L-
oad Balancing. IEEE Transactions on Parallel and Distributed
Systems, 2001,12(10);1094-1104

[48] Dabek F,Kaashoek M F,Karger D, et al. Wide-Area Cooperative
Storage with CFS // Proc. 18th ACM Symp. Operating Systems
Principles (SOSP). Oct. 2001:202-215

[49] Rao A,Lakshminarayanan K, Surana S,et al. Load Balancing in
Structured P2P Systems// Proc. Second Int’1 Workshop Peer-to-
Peer Systems (IPTPS), Feb. 2003;68-79

[50] Godfrey B,Lakshminarayanan K, Surana S, et al. Load Balancing
in Dynamic Structured P2P Systems // Proc. IEEE INFOCOM.
Mar. 2004

[51] Byers ] W, Considine J, Mitzenmacher M, Simple Load Balancing
for Distributed Hash Tables // Proc. Second Int’ 1 Workshop
Peer-to-Peer Systems (IPTPS). Feb. 2003:80-87

[52] Karger D R, Ruhl M, Simple Efficient Load Balancing Algor-
ithms for Peer-to-Peer Systems // Proc. Third Int’1 Workshop
Peer-to-Peer Systems (IPTPS). Feb, 2004

o71c


http://www.cqvip.com

