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Novel Routing Algorithm Based on Trustworthy Core Tree in WSN

WANG Jiang-tao CHEN Zhi-gang DENG Xiao-heng
(School of Information Science and Engineering, Cental South University, Changsha 410083, China)

Abstract A novel routing algorithm based on trustworthy core tree(TCTR) in WSN was proposed in this paper. It
aims to prolong network lifetime as well as increase network security in a hierarchical-cluster sensornet, Cluster heads
with higher residual energy and trust level were elected from underlying sensor nodes. A minimum pathloss tree algo-
rithm was borrowed to organize all cluster heads as a trustworthy core tree with sink node as tree root. Expanded the
Trustworthy core tree to cover all nodes so that each node reports to sink node with a certain route. A trust model was

integrated in TCTR to evaluate node’s trust level and detect evil nodes. Simulation results testified the effectiveness of
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the algorithm in producing a longer network lifetime and a safer network.
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1 5]

TCRAR RS M4 — 1~ i KB HAE B F g A B AE 1
P BRSNS ARM AR RE. L5k, TRERER
2% (Wireless Sensor Network, WSN) 7 £~ 49 35 41 # B &L
MW DL R RN BRI T ZHAEA. AhTFER
BARTEM L, TILER ST SR, I aeR
KREE LZRTHSPFGER. W04 305 b R,
EREBIEARNEIR T . REVTERE, BRMEF4, &
TR A AR W4 o — N BB SRS M F R

ot fEE WSN A EF B EN T LB EREFHE|
B R AR 4% B R SR (5 0] SRR R O A R A%
AN P45 33— 2B A A — MR 10 DA B TET B 5 ) SR
FXTEE, £HXF WSN W45 i ot 46 S Bo g b il BB B3
S A 2o A6 T4 S R B B o ik B e 4 G
H &, B R EEN & 2% B R B IR P 45 , Sl AR K

m}

FIFE H#E.2011-01-26 R B H#A.2011-04-15
416) WA R EIHT M B %8 .

AT ER B RB S T H (60873082, 60903058) , IR B HFIT

B Y TS SR TR B 0 2% BT IR LA S R B SRR O A
PR3t T TC 2R % R 5 I 4% o, SO G 0 5 4 BT s AR
L BEHURABE BT » AT 8 B R O S 5 R B B
FOREMEREEY BB RSN, WR - MERH
— BB R

WSN 2% 1A R G5 RT LA 9 B0 R - 22T 7 i B pht A1
EToREEE. HhoZHb Bk R e/ B yLH &
By RITESEAER, AT LR RS B E R R
5 TR B RGBS PG L . LR, x5
JZ B el BB ST IR BL T R B SRR, SR T KR 40 SCHRER 7E 3 1
TRZERHEZEERFR AR R, Bisiet, &
WSN i & 1% Bt B B 5 AR X BR B 0 = WK 7 JRUIE L S
BE T ARKTERHRAFSHERARTANARGER.
B, A 30 B F — AN B/ BERE A U B ER K TR B AT {5
W A BB T, TR B FE B 2 )R Al Y A AE
B AR R PR AL AT A PRI RERL

BB A (10C0

FT (977, 5B, E1Ak, W, Iﬁmﬁﬁﬁﬁi’r‘ﬁﬁ Tk R4 , E-mail, wit77@163. com; BRER (1964 —), B B+, B M 4AE R,
CCF BH, TERR A M HHE 5040 B SHEL N B 1974—), B, 14, BIEEE, CCF MR E R, TR H AT RN

Fit 55 R B R R4 PR IR
L 36 L



HAEIE &F — B30 JIERIN T RS2 B2 M4 117 RE
AR, Bl SC3]h iy T —Fh 2 TR e vl 54
EUFE WSN R A, BT IR I B R 1 =, R R M E R
Za; CER(4 IR T — R WSN M4 F B {5 A6 3% HL %
SCHRLS I A Beta 437 5 1 3 B AN 7 5 22 8] B0y v {5 BB 5 ST
BRL6 148 T —Fh T 7] {5 59 B% B $9i TRANS( Trust Rou-
ting for Location-Aware Sensor Networks) ; 3C#k[ 7 5] 37 &
Z R E IS (opinion) RIS M {F A&, R Kan-
nan 1 S, Tyengar SF7E3CHR(8, 9 I R A T ZE R A BU7E T
B HASEBREN TR TR EREREN
Bl ph S, HIE A B R S BARMNEERE.

X REBE L EZ R R ERARAY SAF
B, HILARRER T sh il sk WSN F i TRE S R 5 M. &k
BT, WSN o i 43 122 B b R P 7E LT JLANIRIRE -

DA EHEREENRAEE T AEERKERS
Sink ¥ SR E, REEEE YV ARARARKERNEREE
{5, BB EREH R4 Sink WA, B TEEELFTHERE
BEERERN =R ARER, TESEERABRNFET
“BUH, MR FF .

BB ANEBAZ BT A FEE,

D (BB B e R B A % IR RERE AR

DBEAFERNREERBMFAMREE WSN PREBEN A,
45 FLpE el B B 2 MR AR,

ST AR, A SCHR T — R R T TR RO B el
B ¥ (Trustworthy Core Tree Routing, TCTR), ZEBERH
4 2B R B, XS L8 HEAT 439K , SE BRI R BE B AN RIS A R
BEATAIEEY L. RELUMNEPRE Sink 35 508
WAR K MG R T AR E W AES — W ERAR TG
BO B AR, BETTRZ AT S 0 B W B — R EsE TR
HPA T AWAE RN, BT R S E W — 8 B ok
TR B . [R) A 38 e o 0 4t B A S 0 T £ B R R R
FHEMERE., ZEEEEEET BETRMARTEHL R
T R BRI {5 BE (BIRE, LA 2 ook M A M BB R R BE B A
BRAUGENEETANETHREE S SN EHE
. [FItZE WSN R4 328l T o] [ i 8 i g 55 4 4, %
TR R MPERE Y R EEATANHT T ET. TRER
BR, AR LRI K TR AR M i A F A, AR &
BN HERBAESMENELRME, F XN FEQFANT -

18— B/ NBE Hh BEREAE B BB R 48 P I B Y
FAS R Sink 35 SRR BT (F 8001, fT46 T B s AL
.

DFTIE HEAE N E Y R HER— a8/ S
BEREROBR Y SRR HR G SRR R LT R
BT REMEPIAEY SERE R, BT % e A
WEBEKERBEE, TAT SRR, FERA T RETE—
2 [ SE BAHXTRERE /D 7T 15 B TR O B AR TE AR AR

3)7E WSN i@ 5B T A fEHE A, i Bl A min &
ZEBEANEBENT ANBEER. R ZQTIHTTE
I, ARRETEEY A RE TRANNENZ LM,

2 HEXMEERHER
FICHR ) TCTR B B RS EFARING Y,

BIERPATEL round Jy B (8] B34 , A round JE #H B AT {5 BE
BN B SEAREH N BB oA R . 70 {EH iR
BB, BAMA N AT RENHEERRERMNAEE
MRS T RNEE. YA EAHFRRBRES, L Sink
FEAWRIE AR T R LT E O, R %]
BRORETY B NTTWBRES AW AT ERER.
EBEEHYBRA TDMA B, e v EMNFIBH R A6
—E W B BR R IC IR , |~ UG E T {5 B v — B
BRAGHITEIREH. I TVYERBR PV ARBHEESH
¥5), fE—E A RIS EE VIR TG B R 2R
2.1 MEEHEER

WBRY ERBRE, B EEEET A8
B EARITA T S M Sink EI AN E(ERRER, &
XRA A BRI EMER);

(2)Sink T J 2 M S — &S EAMEFERNN A,
Sink ¥ R ARE R B S I R B WM AL R AR
Sink 7 S AER T HAEN L L) ;

GIIATERETLEN(ET Sink T4, WAMKE
B IAR;

WA RNTRIEESR 1;

)P ¥ R EA & 5 R A SR FAGH X8 B & 50 B8 14
TINERES

(B ML AEET S —E MR o HTHE M BB
ZRHERTH;

(D SR SFTEE A, R REFE—-NEENE
PR STARTE R HAT A BRI B R

3 TAIEREREE(TCTR)

AICRBHAEREREE A TESRNE N BREE
BHENMNAEHERN. ZEENEIRGETUT AL
BB R RN B £ B Al S O R R B B
S BE=XRTEE R R ERCR T R MERE R
SMMTEHEN . TES 3 /MRS BIHRBRELRK 3 M
B, A PRAMRESRE_NBRNBIEERTE,

3.1 fEEEE

RS- TAESUTHARTE AR «,
ZEFATHRE g

7% =aE; / Euit +,3Ti (1
XA E /B BT R SRR R SMRERLILE, X
ERBR T Z SRR T FRET SN EE e M
AR FAME MR EE, BH 0<a,f<L IR a+8=1, #E
B2 B AT LA LT LA Bk .

DA ST — 2 G — i K P B S48 [ R R AR 4
Bl BA SN 8, 811K A BN H5BRRBINSE
B o (RS R AR « fH B B © KRBT 0B I B30 S0
REEETRES T,

DEGHPEHFEEEETRESATHTARE
I REZRFEENNFE AP EROBEEDTH
WEHRNFEE T A, XBFEEVEETRAEEESRE
RN & B S AEEHHE.

DEBEHEBEUB LN EE BHEE BB
o EBRAKNEETANECWEY, FRZEE T RILR

e 37 o



HOAHEBRAT A,

DFFERBEE T A ¥E Sink ZEICRECAEE T A
HERCHRE OB R T A,

5)Sink B AEWBIFTARE W ARILRG . R THHEE
I 4 R A AT EE MG R RIR I R R A R RS T
SRR A G R B E R E W EE W R R ARLE  RE
S E AR Y SO AR R R N e IR B B R
HEYEANACHEE. XTMEBERE, ELME Sink
R SEER, BHRE MBS,

3.2 WEBLREME

BB B bR R R — B/ D BERE A R T
BB HE IR RS R, L Sink 05 R 8 FTE
DR GBI 0 B MM 2 R 7E Sink B3l AT,
HRWRELMML) WENBEENT .

DRIERE 1 RS Sink HE35 8RR, ik 2E XA
FEE T ST HEB, B HEA R S SRR — T i & Vector
.

DRI TR, BRI AR R A — MR o, B
Sink Fuk .

R HESFF ) Vector R&E—MEE &, X8 —
MEETAPTUT LT, T REFETEROMEET
LR

DM THEEN R o RKRERE o TEAERTFHRERE
FAMER LW R R E— M SRR . HEE—
FMEREF B o TR Sink 15 57 BRAE H S b BERE (B
B AR BN B R T B BT B AR BE B IS T 2 F) L TR R
IX 6 P HE 7 B vh U HUH P RERE BN T SR EAT S BRI

B/ N el REFE A U B R 9 P AVIB B N 1 BT
ClusterHeadVector={all elected cluster head nodes} ;
ClusterHeadVector. sortbydistance() ; //minimum to max distance
TrustCoreTree. root=sinknode;

For(int 1=0; i< ClusterHeadVector. size() ;i-++){
TempClusterHead=ClusterHeadVector. get(i);
TargetTreeNode = TempCusterHead, findTreeNodeWithMinPath-
LossQ);
TempClusterHead, farthernode=TargetTreeNode;
TrustCoreTree. add(TempClusterHead) ;
}

K1 B/ e BEREAE RURIE B 0 A0RY

3.3 FROWERBR

HEr B R B BAR R Y R AT E R K AT ERO A, EET
WEESSMIATN KK ERER. ZE B EEAN TR B
H BT H B B inRIEAER W E SRR
RSB R RORPHEEE. BRITKE S SORBFS
MFEETRRMERERAEEER, Bl THVRREH
B RE RN FE S AR R R Y =07 2 IMRO7 RUIE e, B
M EBGEREFRBERR. T RSV ARKKES
BE AR R EROR EEEHEERRE N Q2 H %
— ML EAE N BA B/ ERE R E W RE B R SR
FEBEE, AT B EENE. BN THENER
FR AR B A 1 R R B B 5B T R AR B R
B A AT B 5 2 B AR B R AR

. 38 .

[CIN))

%)
(. _
IO
) &
L %

B 5 BRI ER




Y BURT {5 B e AR 0B SE RUZE Sink B BT R B R
HEXmMeg, BRANHWEERINT .

DX EIER S WA 520 7T ER AR, MR T
B EE O E—FAPITEE 2),3),

DFEEVEHOR T EE R BARTTRA BR
BRI LEE N R BABEENFTARR TR BAENAB
HBES SetB, EE TR A FrBEEARA T A (BREY
KA ERSES SetA, SetC RHES N 1k AIER LW F B A
FEARNES, 4 SetD=SetA+SetB—SetC,

DTEE S SetD htBEA B/NPHREFEM TR K R
BT R BAA disth -« +distk.s B/MEFH BikR/ME/MTF
disth s T SUABTR Y A IR EE.OM T A—~B i
¥k A~K—>BMil.

O ERAERERS T FHARED ARMH PR
BEMEEN & ES RN LR MRS E Y SBHE
B R BIMEAREE T AN TN, EE S 2T
AV R AER T, '

BT 3 /N Fri R el {5 B el i B R i 2—
5 FimR.

3.4 pEmHITEE

SUREL ARG, THENE E 2 MK E KB
NBRESTE Sink B, HREBREALHME. ETHK
Sink %7 S0K 12 BT 0] fF B B IR, XA BT R
W BT (E R e i, AT BT J AR AE A © i Sink £
YEICRBE v —BE 1R . BT ORI A BB E 3B B, TE X MY
BN SRR B S s ma R A A R AR R T (E R B
R — R R A% 1R Sink Z R ICHEEE, S0 —BEREE, K
T M4 8, TR B R AR — R T (5 Bl A R B
B.

4 TEER

BB A ERTIE AR T LR A RS W45 s o
H, B R B S R BRI AR B I 2 IIEBAR DL R BF
i O7 A X R 45 PR B S BRI SRS ERT
HH AT RIFAAED . HIFEAR SRR ERRESE X EAT
SANAENRE. THERZEY ABA#ITRER
MR EEEANTRN. —BEMERT AN TR
Sink 5 SR &R, BRAZEE T S A E RS EHEN
TiFEK., —B Sink W EARAFEN T EWATEERTF-TFK
FRENEEYAUEERE, B2XTHLEEFEANE
BV ATHEMARE SRELE.,
4.1 WEERE

R rh AT R EAE — N AME R, BT Y S AT EE
FEAEFE Sink 8 b, I SN KA BRE - ATEE
YRR BT {5 REME , B Sink BEYSAREP AT (S5 EHEH
—¥E. Sink WEASFSEFHEANTEWAMGEEMES, &8
HRETZ NS ACK HE (REESRERGEL LN
TR 2O REFEMET S 5 EAE, A4y 5
MEEMEN—B . EEAEERAOHT T ).

(DRER BIET BT S MTTFERY 1. Sink &

ST R N R BT R K SR BB, AT BT
P S EREAT R B9 R BE  HET A BT SRR R 2
T,

(@) P BT RIA — DA ATGIXT, AR BT R %
BORCERHEAT N A 4 » DT AT LA Y8 5 R D0 48 o O 3R
e SEB AR EETR AP AT BT .

GOMEFTHRERTREU—FNBE o HTHRR.E
. BEAEREERETA.

O EMEPHT BN EFRETEEEAEE AN
A SR E Ak i, 20 RSB SR A B R HETE S,
RIGEEREHBAERA Sink T A AT NS , PR HEE
AW E A (E R N I B2 &, LB Sink B, HFTHEK

gAY SRR I P SR AT A, LURIT RS 404k

BT A A, EHE T Sink Bk A0SR

(5)Sink 4B HE SRIFEL KR RIFRBEET S5
FEHEARE MBS T RR B U REQ., ETAN
RSB PR INGSH , A8 IR S R AT BB 7E SR T
AT SR E M E G A Bk A B2 L R A L.
4.2 TEEITH

AE B A A (A BT B AR R AR AE T
. EARBRRIEEST RN ET &, BIEH T E, 2
BRI L P 4% b ) S SO RSP ES. Sink W AU ST T
AV EEITREEE, TR E S SRR A RSEL. e
4470, NTTEHF Sink 35 A WA AW TS REME. §—
BB N B TS , Sink ZEW M S A SIS
BE MRS TEE R G T R G BUR BIME R 075 S BN NE
B AR B TR A, A TTRE B X S BT
BB EENESE,

LR AT o ARG 5 P2 AR T B0 P15 B T S A P
PUTF 3 /M5 skHik.
4,2.1 3B 6 Lo AT A 94 B Fa 48 T

B R WER SRR, A SCR I T oy E i
FENMED. MRS LRIES Sink &35 2 LK
B9 BOR B SRR N, WA 0 BT o 7T B & A 70 B
BHREREHEE-IRE T AL, HIMRERET —
KR BEYATHN, I 4 n RS S G SEA T i
AT T HBRAE, Sink 3 E AN SIRMER LB P
W EEPAT T — R EEE R, X B PR SBITR T
—YHIRRAT R . BRI S B U 2R 7T
1588 B IR I B 2 B, Sink BESSHEGEH B4 AR
BRI BROBEOREBRE ¢. 86 HLRLWERE,
W45 T S BB AR BOR B HTE. Ehaaiah
PF L SE I BT R G ML B B R T A T 6 M N B
HBOE R BOR R SH

AT B T8

DIREREAW K (R FF Sink 3 &) BB GERRKS
FHITA T S B AR S RS A0, W SR
AT R R/, AR R LY S BIR AR
iR,

D MBEAT B (BRFF Sink 35 ) W EESE R KRS K

. 39 IS



FHEA F S BBGE LEBOR B A, W S AR
AEBATHRBERER, AR U RZT ARG
BBHAT R, IFRGE A AT MR A RN S B F R B
FHED B REN SRR OER K ¢ BF.

Ri=(1—0OR (O<R:,6<D (2)
AR TR AR EE 0 B BURT R

Ve
\\\\\
~

~
40 (74\\‘
T

@ A
Z’/ A0 )
g 3 sink nofle -~
Ly{@wu\/ Sﬁ

: A ,‘

B 6 MEmEBRELTE

4.2.2 E@ATA AR F R

AT HRREHNAMETEET ENEETH,
A RBREK Sink 1 AR BB B &3 8 a8 —e
105, 10 R T HEE &% R SRR R, o R &%
AR ABEE AN, BIECEPETENERHR LT ®E
FLEE RN AR AT R, REMTE ERE
PR R BR ¢ BBA KRBT A FHEY S AEIEHIAN
B AR ZEERR S8 TR £, ATV B8
AR BRI A & 17 Sink EYEHRERKE
WEM, X Sink 7 5 S5 XA E BN R 5 R EL
B, GRA BB AT A Y A S B AL RO A
AR ABEALRE o, WA T & FEEREERITH,
BRI AL A TS EER.

Ri=(—wR, (OKR; ,p<<) (3
RALR AT E T WAEE .« A EEETRE.
4,2.3 wBATAHNHKD L EF

X ERET S NBIRTIRAT N A SCRIHT I T ARG
FAHBIEEAERD . BiR Sink 3 5 & H—REBEEHH
RIG &A BB E MRS SOBE SRR B e i o 1%
TER . AT RBZHI/NEE A EIEERD B35 S X
—REHTTCREAER , BIFTCR A BRENZ A A — &
RIFEUEE , BB — B LR | . IR EAN T RUTIL R
RO 5 1 1 LAY SR BT AR B B AR X 22 KK, A
BN SRR R IT R, AR R S EE. B
R FET TR T

Sink H 3B B RRICIRBIR G A TN T
B EICMBGB AR, BRESAN T EWAE
J& , %5 A BT A MV SR B SR AL - #4E .
gRiVi

e 4O

N
% )

V="

4

et on HERAICIME AT SNEOR AT KRR
{8, V., A S RCRBEE . 03N A TR B A X
ZA AU TARITE:

Diff—"2t. 6

A n HBEPCIR S R STD 23X n MEHREEE
HOBRUER 22 » Dif f; 15 A3 ¢ I IRBCHE B G 22, 7T LR OR
R A — Btk
TR M AEEER AR
RAA(1—ROU—Diff),

0<Dif £ <1

R :{ 1 o (6)
Rl“XRt(l"‘Dz—J(ﬁ); lefz>1

AALRS AR B EIRTE R A 2R R B X 8 P4t A 1)
4.3 TERBARHSN

AEEH A EEA N T B iR R R E g
BB A AT R BN AL X AT T B R AT R R
BEHTI PR PR E T A R R A . AR i R %
FHE R RS- E MRET RN ZEME R
il MREA A FREAXEFEET AN T RS ——K
0 e Sfe , JLAT {5 BE 2 32 B A R O PR A1) . T AE B ) — %2
MR E R B B ARE A Ty R B 2 07 vk M B B AT
R B G e DR HC T £ BE A2 BV T M R 1 L g2 i
BB AEE, W EIRENEPRHEET RS REH
HEFE RS R %, ATV T HE T B BT IRl 8iR,
BT TRENE M. FEAGTELRBEIE M Aq
(BRI A B BAT T AU B RR B X s
.

5 HRIBERRSH

FEZRITN - EEERENTARENTEERER, U
BRMELEFRE., AT FTEEARRREEEY S8
HEEERNENEEE., R EFELRPRITRALTIL
MEVRRE BB R

- PR TFRTA) LB PR A AR E R BN
P48 L FERT TR BE L 9 B B W S FE T SR ORI B0l S 3T
R B REANEEANT AR TR LB B R R AR
LIBERE , AT E K 45 i .

cFRTEBRFE - NEFRAFEE T ANER T =
REBARTENAR S E. BNBKAT SEEFEIERE
REEA RO R 45 B, T IE K M4 .

s AT EEYAEE . M%& P RIAFET ST
BEREE WSN MERATEKENERTE. SHREK
AP {EEIEHIENEBETEER. RelRE.

c BRESE ZERES U TAREX:

g _NSP,

" NRP,
RF,PS, HRRTLTRHNBERELE, NSP, ¥ ZHRLEH
Sink T 5 2B A BEAE 20 TR s BB A A 5
NRP, RHZH LB P FERS RSN EELH M
M. XMETEIT BRI ELREFE, Sink T SBERBINE

(N



SR G I ITE W AUT ISR LR He . R T LA
B MR 22 2R
5.1 MXSMEE

B HIBESE an B 5 B REBE B MR TR 45 A o (H B
BRESBMAEENESH, TRP SN HRER 0.6
0.4,

0o BIESE 16,0 S BIRA BB A BRI H AT EE
TR AT SR SR, E TR P ENEHRE Y 0. 2,

R BB « R IR B 2849 S0 0 T 45 0 B0 4, R 2
— A BRI SR, T LB X LA & BB
Ro I qUSEIMT AR

Rtlrcurrent =0'-Rth—prev1 + 1 —U)Rth—preVZ (8)
it EP ’Rth-prevl *ﬂ Rtl’rprevz ﬁ%uwiﬁ%*ﬂti%ﬂg Rthﬁ 'O ygﬂj‘
FRESH.

5.2 TRXBERESR

B, 100 A5 A BEHL 446 7E 1000m X 1000m
B EZSE T, SCEKE TR A S TCTR 5 WON 1540
B4 EH Bk LEACH #47 s, M M4 A 77 6 TR R IR 4
TRERFER MERREEFTEENEE. SR,
HEEKBEGIH SR LRAIBRT S Y EEMEREER
L kAR TCTR Bl AN A R, TRPHE
BHFEFES BT SRR MERBIEa HENGER, Kb
FREBBEAEENER S RXEBRN =K RIEL.
5.2.1 W% A A6FHE LK

XERSFSLHHF B TCTR E3:f1 LEACH B3 6 R 4%
A FRAT R MR R 2 EL S ASBR B B Y SR TR g
B AT EE D RHLBEHIT 10 K, BRER
433 50 %, B LI PR FELH R 500 N SR A
[ Sink 5 SICHREE .

~—a—desth round of|
Y A =R Balf nodes 12 |
5 cTR !

- |
0 ——death round of!
balf nodes in
LEACH

experiment time

A7 WEETRELITE

MEZIREE B oAl LUF Y, TCTR B3 76 I 45 A 77 6 1A 1
B8 LIFF LEACH B, TCTR Bk A9 1 ¥ s A1 J095 A58
TREHHSE T LEACH &5, v RRaHE:

* TCTR BB B REUZ B P EE M AR T #R 45
Sink 7 &, A T KEBKEAS, TAT XENER, X2
ZHEEMSEEFEGERKHEEERER.

« LEACHEBZ:HHEE AR AN, ATI SRR HE
FAXTEE R, — RS SRR T

* LEACH BB 2B P RAT &M #H
R, XTI RERE T TR RRER.
5.2.2 ReFERFFERE

K8 BRTERIREREFHHEELNNMERRT AN
BEEyE. XS, LEACH BENE AT SR 28
F TCTRE ¥, X8I # LEACH e £ 9, B4
“PO R SR EER TS . LR R R E T LA
TCTR B HIRBFE S T 395, 31X 02 T 0 4% A 77 ok i) 38 K 140

FEHZ—,

——TCTR
——~LEACH

k: —
TE oo
& ’*"'
ég 0_02==/{ o,
OM hd
1 2 3 4 5 6 7 8 9 10
experiment round

B8 FMEERNERT AR E R

5.2.3 TCTR ¥k &% 5-FHTIEHE
TR KBS T A3 20 BEREME P ERERXF
BT REEHAEERN LA, NERERTALUEFS,
TCTR Bk M RRTFE T RN T EEFE— LT
Wefa bt % X R ARG T S T E R R R
L, & LR EHT, BB R ST RR BN EF
BHRSERAT N, AT I Sink 1SRRG LM BEN A
PEATREAR TS B A, B R F SR T RS
e BOFMARTE S BE - LANBE, XEHTHE
& Sink 7 BEEAT HHED, BRET AL RIRAH
K s T BHERR B4R , (AL e IR TR R A 38 1 LB P 34 T
FELEF. BITHE 10 R)E, MEHTA BT ASHR S
W2, BT AP AT E M A2 1, WRB SR LIE ) TC-
TR BT LARGE |6 8 A SRR B .

1010 g

aversge trust level

123456789 1011213141516171819
experiment round

B9 TCTREBRBMAFE WA HEEELE

5.24 BPBESE

A LR ER T ERLBERERRLBNBEES
B, SEHRITIH A e PR R RENLE R 10 M BB R
RORET Q& U—ERBER 0 RETRR . ZENERQHE
HEBRIT N, Sink TABEBI TS RAXLEN KHEE
7R3 % Bl EEHEAT IR, — B R BEA T Rl 5 R
FRAEBE R BRE R » % RSB UN BT SR
B,

Path Security

12346067 89101121314151617181920
experiment round

B 10 TCTR HEmERELEsiTHE

ME 10 TLAEH, MELRNZRENT BEXLE
PS, Z¥i L7, —HBI% 10 RiGREERR/KF. ATHBKIERE
FEBE W AW PR ERRER. XRERER TC-
TREKRBEAMIRFEEY L ERBEEANELZLE.,

GXRIE FXNBTMERT WSN HERHETAF
Bl B o B . BT R RV B R A X R
FIAR GER AT (5 B 017 UM BRI 0, AT X 1 P 45 3
frorie. @it — A B/REREE RN B R T R RS
SREL Sink GO AR B TR BCL I , HETT A 2 T 2R U 35 4
W A fER . R BESIAT AEHR, ZERE T

' « 4] .




R4 P B R R TR ST 0 B B RORVE A
TAMATREE . LA RUEN, % TCTR 5 ¥k AR/ BEFE .
A O A TR P 4% A A 1] 1) A B R ROt iR A1) 5
FRELE R AL TR BB IR R 2 .

2 £ X &

(1] FHE, LB BReh. TRERBRETHETERI] K%
#,2008,19(7):1716-1730

[2] BP0, XK. AEIHREERD] FREE 5 EEHRE . 2003
an

[3] Dai Hong-jun, Jia Zhi-ping, Dong Xiao-na. An Entropy-based
Trust Modeling and Evaluation for Wireless Sensor Networks
[C1//Proceedings of the 2008 International Conference on Em-
bedded Software and Systems. Washington, DC, USA, 2008, 27-
34

[4] Xiong Fei, Xu Qi-jian. Active Trust Transmission Mechanism

for Wireless Sensor Network [ C]//Proceedings of the 2008 Se-

cond International Symposium on Intelligent Information Tech-

nology Application. Washington, DC, USA, 2008.626-632

[5]

(6]

(7]

(8]

(9]

Ganeriwal S, Srivastava M B. Reputation-based Frameworkfor
High Integrity Sensor Networks [C]//SASN ’04. Washington,
USA, 2004

Tanchaiwiwat S, Dave P, Bhindwale R, et al. Secure Locations:
Routing on Trust and Isolating Compromised Sensors in Loca-
tion-aware Sensor Networks[ C]//SenSys’03. California, USA,
2003;324-325

Li Xiao-qi, Liu M R, Liu Jiang-chuan, A TrustModel-based Rou-
ting Protocol for Secure Ad Hoc Networks [ EB /OL 1. http:
www, cse. cuhk, edu. hk /~lyu /paper_pdf /Aero04_TAODV.
pdf

Kannan R, Ray L, Iyengar S S, et al. Maxmin length-energy-con-
strained routing in wireless sensor networks[ C] // Proceedings
of 1st European Conference Workshop on Wireless Sensor Net-
works. Berlin, Germany, January 2004 :234-249

Kannan R, Iyengar S S, Game-theoretic models for reliable path-
length and energy-constrained routing with data aggregation in
wireless sensor networks[ J]. IEEE Trans. on Selected Areas of

Communications, 2004,22(6):1141-1150

(L% 30 ®)

Frft— 5, BT RBEAHENERBE TEMRIE,
EFHEXEZARMBEH &AFHTEER DR RAE#
kT,

(DTEFHT RIEEF WA E SRR, 7574 18 £ 7] 8 iR
L, MRS KB RRANLE . FTaMaIBEEE. FTER
P FLARAE S R RIS B AT R AL BT, 5350, R R R LB R
EATREWHEXR, FEERERYERA RS HEM
WHAERREWRFRETRE %,

OHEELERZE T LI EREZHN NS, B FiE
XHHNEEES .,

8 % x o

[1] Douze M,Gaidon A,Jegou H,et al. INRIA-LEAR’s video copy
detection system [C]//Proc. the TRECVID Workshop. 2008

[2] Xu Peng,Xie Le-xing,Chang S F,et al. Algorithms and system
for segmentation and structure analysis in soccer video [C] /
Proc. the IEEE ICME. 2001.928-931

[3] Gauch J,Shivadas A. Identification of new commercials using re-

peated video sequence detection [C] // Proc. the IEEE Interna-
tional Conference on Image Processing. 2006

[4] Shen Heng-tao,Zhou Xiao-fang, Huang Zi, et al. Statistical sum-
marization of content features for fast near-duplicate video de-
tection [ C]//Proc. the 15th International Conference on Multi-
media. 2007.:164-165

[5] Zhao Wan-lei, Tan Song, Ngo C W. Large-scale near-duplicate
web video search: Challenge and opportunity [ CJ // Proc, the
IEEE International Conference on Multimedia and Expo. 2009
1624-1627

[6] Shang Lifeng, Yang Lin-jun, Wang Fei, et al. Real-time large
scale near-duplicate web video retrieval [C] //Proc. the Interna-
tional Conference on Multimedia. 2010:531-540

[77 Hoad T,Zobel J. Fast video matching with signature alignment

. 49 .

L8]

(9]

[10]

f1]

(12]

[13]

[14]

(15]

[16]

17]

[C]// Proc. the 5th ACM SIGMM International Workshop on
Multimedia Information Retrieval, 2003;262-269

Lejsek H, Torméesdoéttir H, dsmundsson F, et al. Videntifier
Forensic; large-scale video identification in practice [ C]// Proc.
the 2nd ACM Workshop on Multimedia in Forensics, Security
and Intelligence, 2010; 1-6

Vouk M A. Cloud computing-Issues, research and implementa-
tions [J . Journal of Computing and Information Technology,
2008,16(4) :235-246

Armbrust M, Fox A, Griffith R, et al. Above the clouds: A
berkeley view of cloud computing [ R7]. UCB/EECS-2009-28.
EECS Department, University of California, Berkeley, 2009

Zhu Yong, Ammar M. Algorithms for assigning substrate net-
work resources to virtual network components [ C] // Proc. the
IEEE INFOCOM. 2006

Yu Min-lan, YiY, Rexford J, et al. Rethinking virtual network
embedding: Substrate support for path splitting and migration
[J]. ACM SIGCOMM Computer Communication Review, 2008,
38(2):17-29

Lu Jing, Turner J. Efficient mapping of virtual networks onto a
shared substrate [ R]. WUCSE-2006. Department of Computer
Science and Engineering, Washington University in St. Louis.
2006

Courconbetis C, Weber R R. Economic issues in shared infra-
structures [ C]//Proc. the VISA. 2009 .89-95

Heymann E, Senar M, Luque E, et al. Evaluation of an adaptive
scheduling strategy for master-worker applications on clusters of
workstations [ J]. High Performance Computing,2000:310-319

Dean J, Ghemawat S, Mapreduce; Simplified data processing on
large clusters [J]. Communications of the ACM, 2008,51(1):
107-113

Motahari Nezhad H R, Benatallah B, Martens A, et al. Semi-au-
tomated adaptation of service interactions {CJ//Proc. the Inter-

national Conference World Wide Web, 2007:993-1002



