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Abstract
fault-tolerance, connectivity fails to consider spatial relativity of failed nodes and assumes that any node group can fail

At present, most studies utilize connectivity to evaluate fault-tolerance of wireless networks. As a metric of

simultaneously. In fact, the faults generally have strong spatial correlativity in wireless networks. It is particularly true
in military application that the nodes located in the same limited area will fail simultaneously such as due to the damage
of an enemy bomb. Therefore, connectivity hardly satisfies the fault tolerant design requirements for wireless networks.
To capture the feature of the spatial correlations of faults, the notion of convex region fault-tolerance was introduced
and based on it,a fault-tolerant topology control algorithm named as convex region fault-tolerant algorithm(C-RFT)
was proposed. It is proved theoretically that C-RFT can preserve the convex region fault-tolerance of the original graph

and simulation results demonstrate that the topology generated by G-RFT has lower logical degree and transmission ra-
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dius compared with original graph.

Keywords Fault-tolerance, Connectivity, Convex region, Spatial relativity

1 8l

TR, AEHSEI ARBANEEZ AR
TSR, 5 AR S 2SR PR 48, BRI 4% 1F %58 15, R itk
REHR TR MR LRAE, EEZI T EXE.
B LR o T BRI P4 A . B R
RSB BB SN AR, MR FEEE L EEE
B E BRI R DFET e —1 A48, MEEREEHE.

Bl RKygge

B AT, # R AEENRIMNERIEE K ESRETEEE, 10
FLSS™, FCBTCH# , YAQ,,. [ #l 2-UPVCS™*) 4, X S35 v 4
RE MBS RE b EEE. R b RS RN
F AW EREE, MERBERFER. EBEERTRN

R BT T HBA % AR RO R B 28 B, it 15
(B B3 B R TR AT, R BE A BAE R A SRR WK
LR M4 R BT RURLE B BA S AR, T — R
TR EA RE R RN S Wl B R ETE— N, WA
EEBHTAHE. B 1R, TRIMTR2ETHES
[FlAs R0, T4 8 2 AW AR 3 A KA BB Rk, Bk, TR
MRS FRIBARBWPREREE, Sen B WAEICHR[S]
PR 2 X S 2 Y IX 3 5 R {ELR SCRE X XM
R AR OUR T B, KT S T — R X,
HEARREEE. 5 LRAE, 4308 & 4% N KA
e, I KA SR R AR W AT — M KR 5 R
JERETHRRFEE . AXTMAET : (1D Bl MK RA
(DEHAIMERBRAERRE LXK BREHERHTN; (3) 2
WIE A B v A BP0+ D BE S (R 5 I 00 VR 0 7 XS G 5 (4D
I ESRBVM L TIRGE, 2 CH A RhFMEEE
e LR B BT R, SR TMERIE.

EE Q979 , 1. B4, TEHRF M LR MERIMNSH , E-mail : sun-rz06@mails. tsinghua. edu. cn,

» 305 o



2 ORXEFREYE

TR PR R SRR B w A, R HEESR
BFRHR, LUANKE B A B i S — DRI A RR R A3
FHET AP R RIS R AR N KIEFEE, THS
H— B U AR B B A 3L

B 1JRBERD 4 G6=V,E)RTrEinE,thv i
BN RE, SHBEN E={(u, v) :d (4, 0) <dmax 4> vE
Vi, B du, ) R u Ml v Z BB EE B doex B K
BRAEHHR, WR G BRITLMERIRRE.,

BN 22X 4 RA-NFEEXE, 2y AXKER
LHEERAIE - My ER EWEE - RAEHEFER
R, W# R B X 8,

EN MR EAEN 4 6=V,E)EFmtmAE,H
HVEBAE ERNE. SREVHIEELXE, HE
BRI EERN Fr={u:uCV,ucR} , BHENRBADERN
Er, 78 G WER £ R Fr MU Er, BRIFLE GR, INF GR
REEMN, WA G X TR BANMKEAEYE.

mIMERBRER G E BRI — RTINS, B8 -4
MHAARERTE G, W ot 07 88 1 B B SR, 0% 8
£ A4 PER spanner % . RETRME N SRBIFR,
A A A AR EE G R R AR B A X A, Bp AR
JFaR RS X8 R 2548, B8 A4 U FMB X Y X388 R 2
.

EXAXFEEY MNTFFHEERER MR, HEHE
HIRMATREL K Fe, M Fr, , XBRFEXHHR. R
Fr, =Fg, ,JWHRXE R, 1 R, .

W1 bW XA 055 B4, IREMEEM K, FEEHMIX
BIERAANRE R, AR F 70 XA
Wi. TEEITIRHRATE R AT E LA R A RN X
BRI, R E IR A R NE G REXTAR
AP ERAH N MH R R RS E R KR A .

3 ORXEBESRMESEE

A TR DA RV £ 0 2 T 24 (P A, 4 1y
I XRASE R IMERA R CRFT, 358 o BIE W iR R AR
AX DR R A4, REA RS G M FTA ¥V EAS,
W G RXT R A48

EXS5(NED XMFFEAL PR CR—IE/DD
ZN, B PHMEEEEC HREEC L, MK CRR
£ P L.

Vi LR EA TS A ERRESHREME. I
& 2 fizn, Hy 1 H REARREEFH, BRETEE R
WRESHR, BIEE L 4, H: # H. SH . BRI AT EES
BRI ERTHEMER A, 0T RB X A4
AR E B ARTWEAT RS, FEEWEREFERE
SMSAEXE, RESLAEHRESHNE LR — TN,
Wl 2 RS, TRESHOENHETUR 1 8 7 RKE

+ 306 -

WY WBAIUEY, REEEIMER LV HEH, BELES
— ORI, BRI, TSR A RS 46k
P, FEWT .

e 1
R 6
. R 2
’ 3

B2z SM¥rmmia

BREFH.

Stepl HEPEEV NG, |VI=N,

Step2 A x1sa25 " s 2m BRI TUR , IS 6T HERF .

Steps X TR 2., 1<m<M, Y z. WEXR, HHE -1
EFME, HER A vEVN\{ZosZ1 s T } (@o = ) B IEF 1]
Wy fh , Il 2 R, I AR R A H/NRAIKHETF v, v,
s UN— (1) s EE T 1 =T

Stept BRFEEY = WETPECIEFTQENTR
B2 {ubslmswmt {vsmsvs s { vy s Unemt1 ) FEH
N—m+11.

H_ERFET AR MN—M+1)/2 AR 71, 3R
RE7EX LT it G A4S BTN XEA
HmINEFIES CRFT. BBFHE G XA KT HEE.

C-RFT g&

Stepl L FTHIEZHEYHE H,,Hy -, Hy o

Step2 STEREL W He, 1<k<K,ZEFIHE PR E
H, FiBEMT AESMEFTEENL, SAHAE G, &
G* i EB/NE RN T, A E BB .

Step3 BB G'=U .

Stepd BN A u G PEMEN N, 4 u P
Br. AEE5 N, hEESEWER.

X FAEREFE He o A GHBRE He PR AFHEER
WL EAEGHH LN V\H BN T B G B/ ER
LG T REN VG =V\H,,lN T"CG*, ik G* &
S T G RHER R TR AN .

SCHRES, 7]eh 3 i, Vi B35 A S R E L TR
BB MK OUogN), N B R B, B EEMITHEATA, M
HIH MCN—M+1)/2 NMESM 5|, X FE8—1
i, CRFT BREHE — W /DM g, T8 8/ E R
HIEZEN N'logN, BTl CRFT B Mt HEREN N°
(logN\D?,

THEIEAE Y CRFT 2RI G HBERE T RHAE
G W XA .

EE 1 REVESXE, MRFHE G R A4,
G xR R 204

IER N G R 4544, BT G\R #Hl, M FEBEH K
u,vE€EG\R,u flv BFE—%E2 P uw,v)=(w=u,w ,wz,
ey =), W w, € G\R, 1L, £ Plu,v) FRERE—
HNEE (wH>win))ER, HK R BN, BHELE—ILE




M H,,#18 RE Hy, A (wirwir) €EG\H, . BN G3HERE
FEAS, WA G\H, 2%EHN, BAYA w MwBTE
G\H,, FTLHE G\ H; "FHFEHER P (w,w) = (o =w,
21002y =wir1) » K 2, € G\R, 1<G<{J, SR LIS TAEE u,
vE€EG\R, 7 G'\R HFEfE— 4 B842. T « flv REE
i, Bl G'X R 754,

4 RS

A BOHE N T PR ) BB R R AT SRR R
AMEFRBIE CRET BRAERFFFHE G MK RAHE
R, B RS R. BEREEREY ACRAGHEER
. BEPTEE R S EH, DR EEEREMER
G B AR LR TN AP 39 R R A 45 6
R/, BB BEENE G RERE—1
WIMEGRIE R WA B

n A R BEPLIY ST AL 10001000 fF T X 48K, 1 R
A B, A MRNB R LR dn. =250, MEEHF
HEREEMEHEESHABEERX, W LB H 100
iz 200, ALK PN ERR ST R HEAR R, B
FRE 50 MBI PRI

B 3 B FHGA G fi CRFT 834 AT G ¥
WEEBEENELXR. NETRTT LIS, CRFT BHEAER
HIEIh G VBB EY B/ N FFERE G, 38 CRFT Hik
X FREIL L RA % HHEE W A E s, CRFT &
B RIS G BT R B AR/, TR G B R
K, BEE W R B B8 b0, V3 8 8 B R R K, LD
CRFT HEAREFHAY R,

oo 116 120 130 140 150 160 170 180 190 200
i34

3 FHEEEHEK R

260

Wool ]
jg —e— C-RFT
w0 — E#E
= 1g0)

160

1
“oo Tio 10 (30 10_150 160 170 180 190 200
FasE

G £ SR
M 4 BRFHE G fudy CRET Bk REH T G'HF

B R R R . NEFTLES, BAREBE G®
HedmIMES, A RBRERM MR RER¥E, T
C-RFT B34 BMHI G TSGR 2 Y BN, SR Y
RATERABAARF 2T LURAMBRERE G —RHN
K BAHRE S, BiiE T B EA U s 5F HREE W R R
o, R AR R AR/ /D e kR AR e B 8. B
1, BEE T BB R R, G I PR R TR,

PIRERFN, Bt CRET BEHTHIMERREA R
19, FL7E R IR LA B i O XSRS R i R BY , (P48 R 1R B
IFGRRE, AR T BRI BT K.

BRiE FHEMEERZMNEIOTAT AR TR,
AT H AT S BT LR E R A, RBA S BARY
R ZS (B A S A , A3 D7 TRk R0 28 SE B R R 2837 i, TR 4%
KRBT A EEH RA S MR AT - RBNHRET
BERIBT R 2. ASCIR D RIA S SRR B R M4 &
MR, BRI KR A SR ) CRFT Bk, Bt iEH
C-RFT BHEA R B30 Th BB B4R 357 IR 4R R A0 7Y X SR 5 S .
PR RVIM TR A, F A CRET $HFMEHIE 8 M4
RAE/NOFEE B EEN T IEHE X2, SREREAE
HEARZERIEST » M HE MG RA BB T HRAER
o] e KA

2 % X W

[1] LiN,Hou ] C. Localized fault-tolerant topology control in wire-
less ad hoc networks[J]. IEEE transactions on parallel and dis-
tributed systems, 2006,17(4):307-320

[2] Bahramgiri M, Hajiaghayi M, Mirrokni V S, Fault-tolerant and
3-Dimensional distributed topoiogy control algorithms in wire~
less multihop networks[[C] // Proc. 11t int” 1 conf. Computer
Comm. and Networks (ICCCN). Florida, USA; IEEE Press,
2002.392-397

[3] Hajiaghayi M, Immorlica N, Mirrokni V S, Power optimization
in fault-tolerant topology control algorithms for wireless multi-
hop networks[ C]//Proc. ninth ACM int’1 Conf, Mobile Compu-
ting and networking(Mobicom). San Diego, USA; IEEE Press,
2003:300-312

[4] LiX-Y,Wan P-],Wang Y, et al. Fault tolerant deployment and
topology control in wireless networks[ C] // Proc. Fouth ACM
Symp. Mobile ad hoc networking and computing (MOBIHOC).
New York: ACM ¢2003,2003:117-128

[5] Sen A,Shen B H, Zhou L, et al. Fault-tolerance in sensor net-
works;a new evaluation metric[ C]// Proc. of IEEE INFOCOM.
Barcelona, Spain: IEEE Press, 2006.:1-12

[6] Har-Peled. On the expected complexity of random convex hulls
[R]. Tel-Aviv:330/98. School Math, Sci. ,1998

[7] Rényi A, Sulanke R. iiber die konvexe hiille von n zufallig
gerwihten Punkten[J]. Z. Wahrsch. View. Geb. ,1963,2.75-84

e 307 o



