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Abstract : Emergency scenario is an important application scenario of Ad Hoc Networks. In this scenario, it is difficult for nodes to ensure
the communication. It becomes one of the goals that forwarding data packet efficiently while minimizing the transmission delay. A new
opportunistic routing algorithm based on stability value is proposed , introduction of the concept of stable factor in it that the movements of
nodes are associated with their neighbors. The node which has better stability is prone to receive the data packet. Moreover, with regard to
the dynamics and complexity of the emergency scenario, the algorithm will dynamically update the stability of the nodes. According to
simulation results,compared with the traditional routing algorithm like Epidemic, Direct Delivery, Prophet, the proposed algorithm suitable
for emergency scenario can reduce the overhead and improve the delivery ratio in different network scales.

Key words: Ad Hoc networks ; opportunistic routing algorithm ;emergency scenario ;stability value

51 &

ol H AL 21 2% (Ad Hoc 4% ) J2& th AT A% 8l 47 a5

XA Tl R A ZUE A0 UGB, 7R
P tL T R rp 3 a0 - 7 7 X
e BAL BT — B R XL B A A

G, LI Z R U AT 22 ) A K A i P AN A
TESEHE B BRI , LA P 0 25 B A3 v o4 S L6 R 52 4

K HHA:2016-04-14 &0 H#.2016-08-10

LA 2% 100 BERS A 25 26 1 T EAT M 45 T 15, T LA
BT AR EFF N 20EESE
AR Sh A AL 4 R HE N YR 2

™) 4% H AR B [ : 2017 -02-17

ELWE . HEARPIARES W H (61373139 ,61373137,61300239 ,71301081 ) 5 H [ 1 - 5 Rl 27 3 4 (2014M560379 ,2015T80484 ) ; 7T IR

1 SR BlafHE 4 (BK2012833)

YEE B JEBEAE(1992-) 53 Wit WH5T 7 0] LS IR 48 s I ke | 10 w002, 9 Tl S Lo 4%
P £& AR Ik « http ; //www. enki. net/kems/detail /61. 1450. TP. 20170217. 1623.016. html



3

TR AEAF TR 0 A AR i th 5k -7

—, R KR S R H AR AR
S ZR 9 L TRt 18 2 W R AR 15 R il e 4 3
15 RGBT il RETCIE M . e, 458 B 4k 1V 237
SIS B A] A% gl i AR RS 1 ROR UEA T A SR T
DAIX ST i 2 AT e B 4 380 15 0 450 ik 1 2 3%
SR ESCHE MR EOR, N2, R s
SRR MEAL AR 5 s 2 1) B0 3 5 i 2 3 e DA AS B 1
UE, PR BRSS9 s AR Sl AL, R I v % 138
B B AE BB T3h oA B s i i 3

H T, X TR sh B 4210 4% b X+ 800l 1% i A 3L
PERIFR O 2B T — SR, g nm i Bk, £
BT PURIERE MG T (1) ZETIURM 5k,
Ve T JELTE o S DL RO I 2% v O R 2 T A A
) ph S A AR TERY 2 Epidemic ™, (2)
ST ROME R i rh 55 8 AOHE R THRR T U
KBRS i e — D 2 N5 %35 1. Prophet
B R P R R — FE AR A TR B R I
S SOPFTREAL R TR,

SCrP R T — RN TR 2 R el R
(Routing Scheme for Emergency Scenarios, RSES) , i
b RURRE (A 0 TR AR BB B A 1] A A 2 19 o
IR, LA SR AR S WL 2 e S RO, T g Xof
TR R E AT S AR, S BRI S TE
N s b RS T, A B — O G B R R

1 HEX#HR

TR 50 1) 6 H 3 A0l o Y A2 Bt Direct Delivery
SEEN FEAT AL 0 B R AL i, AN S i £
HEAT A, R B B AR S A AT i S AT
PRI B8 FR 9 A5/, (LI 36 TR R i A R e 2 T
52 MR, W G BRI )12 3t Epidemic 535 &l &
4 DU A5 B 7 2 R T I8 2 O R Tk,
A AR Y AR ORI A IR BRI RE EAE
A 14 JI ) 4 () I o /A% B A IR (L B o AR e
HERIERIAS, 25 5 8 UM 45 AL S i %€, 17 Spray and
Wait 3535 )& — g SR 193z ik, SCHR[5-6 ] R
HAE 2 SR N B — 5 ORI AE 4R Js
TR AR AR MRIRAFTE A 7 R AN & HLE A
IR AN RN B K55 (0] 8, Prophet 3075 & — Fh A&
TR A Al G RS B O A
1 P S A5 L A B — AN R AR TRy =X i i T
Ly RS TR S 0L 27 I RS- Al 2 e RS e
HIRCR LI AR (H R AR U Z RIS O, e ead Kot
BT A AT REAS BT — Bk 0y 5 a5, 8 L3 o Ll T
B2, Inwhee Joe SFAESCHR[ 7 ] & T —Fh iy
WS, LG TE B KB A N AR R 2

H ARG E A AR AR BE 4007, LA T AL G kA
W s MRk R N BRI, 48 H AL G0 0 i i SRk AR
FRRG) 50T & W% hfe b df A IR LG JF A g e
Al T RPAS B . SR [ 7 AR 75 1 0 38 32 O X 9
PSRl X e I R =D SN iU = S  27) B Y YN R E Y
HEATIH B & AEREARRERE A RIS, 045 Hh 1 4 ) 28
IR AW/

L2840 55 T 1555 1 2 23 0 5 B g 3] i 5 ST
% R Y CAEREC A5 R0 sl ok A 8 A1 25 58 B
5 ANEOR MY %58, T DVE R B — ) DTN ¥
REFHMEM O BN AT PRI EE T 0 3 E 4 M
TR AR R E PR E 2R RO B
HI, - THEN 255t rh LS W 2% ) BF 98 U 1 — 26 i
R, — e 2ok N S TN 2 s B RS Sl AR AR S ik
RS E T IERE R A fE R SR AL T i o
BTt R 237 s S Ml AR A R s 2 TR A
AR AL 23 Ry IV 37 T A )3k B 22 Y45 ml e AN
PETAF A8 IR RIIE , 2 S T L e R — A %
WFFE T, SCHR[9 ] & X T PDM ( Post—Disaster Mob-
ility ) BB BN 237 5, BB DR R 0 23
S NS SHAFE , TA TR N 237 5 by i 1Yz 8t
A4 EBEHLEY , QR N\ 512 7E Rl 5 52 K X0
FAA 2 G e A TR I N B ST AL
B TG E S TS, 5 IEJE L, Aschenbruck
N SFFESCHR [ 10-11 ] Rt 6 N A7 e i de th 7
NGt TR sh B R, SCER[ 10 ] 32 1 T — > LU
P Xl Bt ) B s AR A ke i 3 52 R E 1 1z s
R B AR AEAA TR FE AL XN BEALRL 3l
T AE AR G DI 4 4k DX PN % S0 ABE 238 0 A /D[] B e 1XC
BN SRR N A — i AR AL X Z [
o, XA A S 2 T 2 K E AL X BN
B RAR N SN 2 iz s, SCHR 12 58 ik
H TR Y REPLES SR A i 4T 58— A i B Al Ak, 2
SR AL TR BEALE Y BT A REALARC R | AR T
MBI R EE— D HE XA (v, ,0,,) W, @8
PR EE U L T s A sl B Y A R
JFH 33 R BU{ V5 L B 2% ( Velocity Value Interval Range,
VVIR) i —F& 55 A #4785 1, B J 380 2ok 0 BC5 3 1 R
JE 22 PR R R AIE S > 1) 38 175 P 1) R 368 £ U LA 4 v 1Y)
ZrRRE, SRMITEN S 5o, SEPr b5 SR8 3l i 2
SEARENLAY, SCHR [ 13 ] K 8 R R ) 78 4> 2 X ]
3 L PRRE T S B R R BT A3 AR RCR AR IR
G T RSG5, I HAEREAE h 4k i35 siF A —
B NS S ARAE I SRR 9, 12 ] FIFE g e rh 4
AR BRI,

SCHUE LT TN 2 s i B s AR A A TE I



8- HRHLE AR S LR

27 %

DR IGE A R YAz 3 AN 58 AR B AL
B, a0t a2 A o A 2 B TR (K8 R N B 2 ik
P dn e AR BA KR B 5 AR S 38 15 A i 15 e
T olis S G LA SRR T £ E X (v, ,0,,,,)
Rz 3,

2 ETREENERAMEENSISHE

"

HANAN 2 FEE WL, fEN 25t &
ARk NG B b RC A — Al A A D RE Y LI e
B ERER R A S — N AR R T S R
e B T R AT E S R B T e, 7E RO N LR AR B
T4 s ) 4 — A 22 B R 21T 4% A 0 S
RELJE N PR 300 15 B S e 45 RS T rh A A% B 1) 22 B )
2 DA A I AR i P45 265 38 154 SR 152 )

PRI RAERRE BT & R e s e iR JF
AT ARG (5 M 265 56 (H S0 B)E b iR kR 55 %
IR W R R A KR FERS By, 5l e i A5 49 A5
PR S5 2 (o J5E 20 O A 1 38 15 T B B IR . i,
SUT 2 A

(D)2 i G (v, v, Ve o Hiy,
WEA R A Gt G2 23 A ) BRIz B T R
A AL IERER Y R R BENLZ BN T A

(2) %5 HASE (H ( Stability Value) , H>5 iR
BA A — B I [E) P A R (L, FH DA 3R 7 3k B ) i) Py ] 48
JE T R OCIRAR BE | I HL AR 2 (B 7T AE 23 Bl & I 0] 11 &
HEMUE

SCHBRE I BRI B A R R N S g R
AT iz sh . BoE A LW s s A H ik,
AT S A I TA) B35 H b 5 A% ks 71 A 32 PR 458 52 i)
RIS AT FIE, BRIE S vV, FE T, B
2P — A RAE B RSV, IH B TH B L i
MIAESAEFAN T, . BEEERRNET+T,,
i 22 PR T B R 45 52 5 4 T B 5 e e /N T R
SR X0 R PR A i 1 R T A R I R R AR H
U AT RE R R AR, R FRE 19 s DR W] fig 2
Hi e R B AL 125 ST DA 25 IR B X e e K
PRSI, 9820 IO 4% e A4 1) R AS it ) R DRIE A 1 114
HEIKF
2.1 BEME

T A B s — B IR 8] PN 5 PR 15 R 25 rh i R
PR SCHIA T S I T S0 R AR AR N B
SEPERRAS , XFFAT V, R S AR R A B
B e e v

s ¢ BF 205 0V, BARAR A (w,y,) X T4 &

WRUEES LV, Ve, Vb 2l R v, R
Vi VooV BREZ: (x) - x, 0y, -y, (x, -,
Vi =) (g =y = y) o

t+1 BEZIT 50V, BARRR R (a7 ) RIRGTHE
ARV, Ve,V RS (o) -y -

t+1 1+1 t+1 t+1

Vi, ), (=, Xy, syﬁ:l - y;jl),"', (),

t+1 t+1
=X Y

v e

) T e B2 E] ¢ +1 B2
V, 2B L0

Ak k) = 10" =) = (a2 ) 7 +

[ =) =Gl =y P72 (D)

TE ¢ W20 QRAT S V, ARV, BB
W () ,yt ) 0 O TRIRERE ¢ +1 B2, HOSEAS &V, A St
BV, BB L (2 ) R0, [, T
VRV, SV, eV, 2 B 2
fb1A.,

V, 51

rrrrrr

{8, = (2) AR AR Ty 2%
! 2 (A(A-,m _Amin)z (2)

n— 17
b, A, FR AV, RG22 6 5
AEAH
PR AR T 25378 1 a5V, TR 48 3 ) i 2
FEEER/IN, BVRRE PR W AR, RS, 0 07 28 0 — 1k oA

Zrctan() ¢ (0,1) it (3) S B
%%ﬁ@
S

2
s =

2arctan(s”)
T

Hoift, S, FRBERT.

BN A A 2 — R (BT 4, A b
RT 1 SE T I A B R LA/, 340 2
i, 2 A 7 OB AL, O ELH A R (b
ot 5 A T T, T A 2 AT

1
S :Sm(t)(m)k (4)

Horr, s | Fm E—A~ o 25 S RE A k
H A EUIHERER G St i 25

M (4) T RLE Y A0 51 A R &0 JE 49 A ) e 25
FREEFF IR R AR e AR/ (R AR 22 )
2.2 HESEEKRBE

VTRV, A T R A I G SRR 3 ]
FEAE LAY 5, MK R e R T B B Rl A5 R i
HoA T A5, HALTT SR BT, B R R R
P e 08719 s LA 8 e AR TR e R RO
M= (5) Fi

=1 - (3)

(1)



%3 0 WL T 2 5 B AL R B 2 B o 0 9.
PV, V) = I M

(PL(V,V) +[1 =P (V,V)IP " (5)

Hr, P (V,,V,) TV, , V, B Z 5
KM P, k[0, 1 ]S HIN BB H &

TRV, AR REE AR N T R R
BEPEMEABR BT AT BR e e, o AR I M
R DU B G — I [ B 9 19 s B, A v ko i A
AR R AR

WeAh, B R BA e, V. 5V, 2 AHiE, v,
5V, S ANV, TR R E Bk
MV R R R, RN

P(V,,V,)=P (V,V,) +[1 =P, (V, V)] *

P(V,,V)P(V,,V,)B (6)

Hrb L3R B e [0,1] B,

BT

(D ARREFT 8V, AV, EASIBE Y 38 15 1 42
HE

(2) KAy sl vV, B R v, MRRE M, I (4) i
FTEpr e AL (3)

(3) a5V, MY ALV, SR M1 B, AR AR
(ELFIHE A B R LA B 2% 113 e ) A Y 1) B R A
AR A 2 FAS: A RS (T ST, S I e AP B
(4) , BEHEFTRE R IR (2)

(4) AR (5) BB RV, ARV, ZE Y
B R AR JFRI A (6) IR AV, B ALV, ZIEY

(5) 49V, B AR HARTY s i Bt M, a2t
TV, BB MOOF EAT AV, B R AR R
TR KR M TV, RIET RV,

3 SRIGHEMRIERES T

A3 AR bR (I B IE S % H T A LU 4
i) X ) RSES 58 A RO E A T B

TH BIR IR R L AR A0 LI 1) 4 32 p 2 ) K a2

eeeeee

FAHL

Nt = Notiven
Fl?% EE 3:|: %ﬁ [:t: Overhead Ratio — relayed delivered

N etivered :

HH N, 72 P2 P 2285 453 A BE AL S EG N
A% 33 U B L B, AR I SO B T 1 ik
— R AR A 2 DA RAB R I BB AL . B
TR LBy, 0 I TE 99 26 v T8 B R AS B 22 | 23 45
BT S

At A N« 2 AR A K 36— Hi i A0 3 3k H 1Y
TR B ] A% A SRR N U ] B ER SR Y
SRR
3.1 fiESHRE

K FHHLE W 2545 B 45 ( Opportunistic Networking
Environment , ONE) USTS3E 47 I 38 R FBEHL T & T Helsinki
WY 235, W 1 iR,

A1 AT Helsinki 76945 A5

5 B% i 8 %5 Epidemic , Direct Delivery 372 UL &
Prophet kAT 0AL, AR B WL 1,

IR, SRy 7 PR BN 2387 55 B R AR, BOE 5% BT
SN 28 s AENEE N QIR (S RS & - PN E
JCER T R RS T ) o P A T B Y

PHBBIRARERL 3l , Rl N B3 38 15 16 45 32 B 9 1
FEIE F IIRE , IR 9 1L I 19 i e 12 BERR B E
ANREMAE 172 MR 1 s BE AN RERS Sh L A BEIE 15,
R U0 B 4 S A SRR T A5 193 Bl S8 A BE ML Y | BRIV
BLEERERE 7 [ AR5 ], BRI B L3R 2,



- 10 - HEMBARS R R

27 %

*1 BAEAHEKE

28 fH
15 BB IE)/h 8
15 FLX I8/ m? 4 500 * 3 400
A 19,40,63,86,117
LSO AN 500 kB ~1 MB
AR A0/ h 5
Bl AL = A /s 25~35
P, 0.75
B 0.25
%2 WEXE
e PSRN 1] BRSBTS
Shortest Path Shortest Path Random Walk
R Map-Based Map-Based
Movement Movement Movement
BEdE/ (m/s)  2.7,13.9 0.5,1.5 RitiAIL
R A IS/ m 200 100 10
5 5 2517/ MB 50 50 5

3.2 ZWERMMERESH

R R R TN M A & | o2
P2 e B B H R IR 5 5 = R B R RE ) A2 1k
5 B R AN 2 ~4 FioR

—{— DirectDeliveryRouter
0364 _o— EpidemicRouter
—/\— ProphetRouter
—/— RSES
0.32
2 0284
©
[hq
el
2 024
[}
(=]
0.20
0.16 -

T T T T T T T T T T T
20 40 60 80 100 120

Number of Nodes

B2 HEZARLY EZ G XA

—{— DirectDeliveryRouter
25004 | —o— EpidemicRouter
—/\— ProphetRouter
—/— RSES
2000 -
2
2 1500
14
o
@
o]
£ 1000
[
>
O
500 4
0 {F

T T T T T T T T T T T
20 40 60 80 100 120

Number of Nodes

A3 BdF4sF sz et i

P2 7R T 2471 s 50 E B s Sk kR 2 H] 1
W, ATUAE ), =R S 5k 1 ik ik R AL T
RSES $3k , F 2 R BE & 5 A8 H MBI, Epidem-
ic S5 DL B Prophet $75 255 2 4 A I 45 15 A5 AH 18 I
B R0, DI Ty 2 3 1A SRR, 1 e A
WL P TE . FERAF XA BRI 251, X P FP AL 25
AR E 35— Lo 0, Eisg ) Tk 8%, Ep-
idemic 9223 %0 18 2 (1 B — A AR AT IH B R &
AR 2 T R B & | AT S 2R I 4
Fasth 2RI 455 & 3, Direct Delivery 83 H X
H bR s AT B 5 &, BRI 48 TF R S AT L) 20
HRE R RELAE . 1 RSES 559 1] LU w4 i @l AR (14 %
i TEAR R Z 00 % AR JE T s AR M HOR AR E
U T RS R BT R, RO/ T R AR 4L
L TET SR 2R T BRI AR R R AR B Y
T, M%ET Prophet 51, RSES 53 78 38 #u JJj 2 5
S [R) 25 pEE Y AR AR T, R R R R Az )
G IR SE AR /N 63X RS s A TR &, T DA sk
ST EE B DORIREAR T B% B R84

—{ 1 DirectDeliveryRouter
7000 —O— EpidemicRouter
1| —— ProphetRouter
|| —7—RsEs
6 000
>
e
@© 5000
o
[
=)
o
2 4000
<<
3000
2000 T T T T

T T
20 40 60 80 100 120
Number of Nodes

A4 HirafdhH ek i

ME 4 da] LLE H | DirectDelivery 55 ¥ (1 5F- 34 i}
FERE T 5 B H B9 3G LE K JR R & DirectDelivery
R O EAR I s AT R 2 B E B e, 54k
HFRT S gk ke nT b A, = Fh 51k 1 7 2y st 4iE i
B RUECE (RSN i 4 X R s R E Y
TG, P46 v i R AR B30k B 22 1, 0 B BT R A A 3
Bl bl 2 38, B AT B 7% & 09 °F- 35 B S8 25 R AR
[A] Prophet B s TEA EEEIARWERT ,
RSES &% 1 - 34 I 4E F Prophet 22 240 75, 59K I 2%
T Bl A E 5 /D F Epidemic 89% F1 Prophet 8.7, {0
S 1E B A0 2 O i) A A 4 o o e ke B0 AR KA
RSES [ 500575 B8] T R 237 5t S 8 %%
BT, B sh AR XA 2 19797 i LU B HLRS 3l 32 R 5%
TR A A S RN Bk H A A X B RE T
RSES 5357 B I e PR 1k 17 s b A 785 & iy =X,



%53 1 TR TS BTN 23751 A 2 2L 2 i e B3 - 11 -
4 gﬁ;ﬁin [6] Becchetti L, Clementi A, Pasquale F,et al. Flooding time in

SIAT TN S S B R AN, TR 4 AT S B g
SE B AN A ST SRR R R T L
% H M —RSES, X RaE Mk | 32 4 IR R /N Y
TS TR K, e R I B E B, U5 EY
SRR RSES 3 1T ATE PRRF45 i3 2% 15 6 1 [ e A 4
TR X 2% v ) AR BSCRE | BRI B R TR Y 38 T RE LG
B R S

SO R A DY A IR T A A RS Bl R A AT
T TRIE R BT, A J5 RS SRR T 15 1K M 32 K
DA b N B0 B 10 U T 2 10 S B0E i b A
NS R SHRRIE KT R T 6 S S AR (i ASE A
S 5 B R DM

B3 LK ;
(1] REZKFE, IMVFIRS, A= 2. LML )], Bf24402,2009,20
(1):124-137.

[2] Becker V D. Epidemic routing for partially connected ad hoc
networks[ R ]. Durham,NC ; Duke University,2000.

[3] Lindgren A,Doria A,Schelén O. Probabilistic routing in inter-
mittently connected networks [ J]. ACM SIGMOBILE Mobile
Computing and Communications Review,2003,7(3) :19-20.

[4] Grossglauser M,Tse D N C. Mobility increases the capacity of
ad hoc wireless networks [ J ]. IEEE/ACM Transactions on
Networking,2002,10(4) :477-486.

[5] Spyropoulos T, Psounis K, Raghavendra C S. Spray and wait;
an efficient routing scheme for intermittently connected mobile
networks[ C]//Proceedings of the ACM SIGCOMM workshop
on delay—tolerant networking. [ s.1. ] : ACM Press,2005 :252—
259.

(E#F5R)

(3] JetA], £7 2. FPGA MiAH AR & ATE SEBL[)]. 1H5EHL
TAES R, 2011,47(6) :65-67.

[4] Rajsuman R. System—on—a-chip: design and test[ M ]. Bei-
jing ; Beihang University Press,2003.

(5] ff1 F. o5 P& A Y FPGA B 743 Br Baes 42 1l
WOTERTFEL D] )M A TR, 2013.

(6] JAMEAR. I P MI7ERGE FPGA it H R R[], B
T TR ,2005,31(11) :41-44.

[7] Bertolino A. Software testing research ; achievements , challen-
ges,dreams [ C ]//Future of software engineering. Minneapo-
lis: [s. n. ],2007.85-103.

[8] ZSAHM. JLT LUT 1Y FPGA BT 434 G (i B9 [ D].
P2 P2 HL R R #2009,

[7]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[9]

[10]

[11]

opportunistic networks under power law and exponential inter—
contact times[ J]. IEEE Transactions on Parallel and Distribu-
ted Systems,2014,25(9) :2297-2306.

Joe I,Kim S B. A message priority routing protocol for delay
tolerant networks ( DTN) in disaster areas| J ]. Future Genera-
tion Information Technology,2010,4,727-737.

Conti M, Kumar M. Opportunities in opportunistic computing
[J]. Computer,2010,43(1) :42-50.

Uddin M 'Y S, Ahmadi H, Abdelzaher T,et al. A low—energy,
multi—copy inter—contact routing protocol for disaster response
networks [ C ]//IEEE communications society conference on
sensor. [ s. 1. ] :IEEE,2009.

Aschenbruck N, Gerhards —Padilla E, Martini P. Modeling
mobility in disaster area scenarios [ J ]. Performance Evalua-
tion,2009,66(12) :773-790.

Aschenbruck N, Frank M, Martini P, et al. Human mobility in
manet disaster area simulation —a realistic approach [ C ]//
IEEE international conference on local computer networks.
[s.1. ]:IEEE,2004 :668-675.

Wang Xiaoming,Lin Yaguang,Zhang Shanshan,et al. A social
activity and physical contact based routing algorithm in mobile
opportunistic networks for emergency response of sudden dis-
asters| J |. Enterprise Information Systems,2015,3(2) :1-30.
Lin Yaguang, Wang Xiaoming,Zhang Lichen, et al. The impact
of node velocity diversity on mobile opportunistic network per-
formance[ J]. Journal of Network and Computer Applications,
2015,55:47-58.

AR, TR T B4 AR 58— KRB v i T A BB 4%
ax[J]. PEE RS ,2014(4) :68-71.

Keranen A. Opportunistic network environment simulator[ R].
Helsinki ; Helsinki University of Technology,2008.
S S S U U SO
B, XIS, 36T SynopsysVMM 5 45 1#) FPGA B8 F 57
A1 FHFEHLRL T ,2009,29(9) :2527-2529.

B4, AR XU, A5 LT SRAM BL B H R FPGA
MRRTT LT[ )], 2 SR ,2007,32(9) :804-808.
ETE R R HET FPGA () A R 2 A A L M 3K AR B
FELT]. I 51322008 ,45(11) :34-37.

e 72,8 K. FPGA MNAF ARMFFE[1]. AL, 2008,
29(2).11-14.

Amendola A M, Benso A, Corno F et al. Fault behavior obser-
vation of a microprocessor system through a VHDL simulation
—based fault injection experiment [ C ]//Proceedings of the
conference on European design automation. Geneva: [ s. n. |,

1996 :536-541.



