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Abstract: Runtime verification is a relatively new lightweight formal verification method which is
concerned with dynamic monitoring and analysis of system executions with respect to precisely specified
properties. Runtime verification of complicated properties that involve many system variables imposes high
overhead, which makes it is hard to apply this method in the context of deployed systems. This paper
considered all the latent constraints including the efficiency of property violation detection and fault
diagnosis. It involved the key technology at the topic of speeding up for runtime verification on the
condition of multi-objective constraint. It mainly includes: to construct a model of multi-objective
constraint, to resolve the problem of how to recognize the involved monitor for speeding up by constructing
heuristic algorithm to get the answer for multi-objective model on the basis of monitoring statistics
information of verified systems before speeding up, using control theory, to implement runtime verification
speeding up by constructing self-adaptive speeding up control algorithm. This research will provide key

technologies for resolving the overhead problem of runtime verification. And it can also provide a basis for
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applying the runtime verification method for actual deployed systems.

Key words: runtime verification ; multi-objective constraint; monitor; monitoring overhead ; runtime moni-

toring

B 47 H} 561 ( Runtime Verification ) J& —Fh T 10 243k
B DGR T RIS T R R AR . BT
KA UEH AR R G L PRis 745 Ak @it s v is
AT A0 R 15 0l A 25 7 TR ST S X R GERY S0 IE . MY B
STy 3R s TR S W B, AR A e SO A 4 e 4 e A
(Monitor) , G HEFR P 2 BEAE LIS AT v ) W45 2 R A G
RSN BAT I B, W 45 e A JH 3k 26 53 15 4] - P i
AW RPEBTL . i T Is AT B R R A X X AR RS
AT B BE D BT BT, AN T X A R G
B, M 3E S T ARAS 25 R R (), 1 H, M4 45 RR S Bl 4R
BRSO UE R GE Y —FR 43, AE AT LU SR A I 3R 44 32 47 e i)
BRI, th T AEAS I I S5 i T R R s SR B (ST B R
TRA%EE) IR PE S R GEIB AT I B e B

PEREER AT I B b B 1) & e, 70 LIRS PR 5T
iR, LA R R B i 3 e PR 2 06, AT 7
WA BT EIER AR IIERE M RSB, k&=
AR T, IX SR R AR TR E 2 Y B T A X G sl B 4
P Ji A S E6 FE B AN T o R 1B 1) X R R T, A s
BORFENA TG 77 H 18 BB X G800l 2 A~ Iy
PR TEIF R FRT o, SR I A 3 25 B At 11 5 0 il A A
YRR o Xt SR 45 5 %V 32 4T B Bt 2 24 iy
BT F

B2, ZHU M T 45 0 S A 1 o ) FE 2 A7 I 38 ik
B TR B R Y AR g S A B S A R A
M REFAT, 25 7 A = B 48 (Overhead ) o BFFER W,
X F A AR HE 0932 47 1 50 UE TR JavaMOP Al
Tracematches™ | BIF = Az [ SE34 T 4543 31 R 41% F0 112% , —
BOAT Je k% A ) TR B B R T TR 9709% )
MR TR R TR RE A M . JUHXT T30 8 J5 1Y S5 BR
FAP SRS T R 0 P i RR A L TR SRR, AR
$ Bodden 25 {2 45 B | T L8 58 BT B 32 52 04 T A
MTES% LA o THH R RS 147 I B e AR TE S B b ik
2 T TR AR 5 R T R A A4S B A i
R . Qs NS A T I S U B L © B 2 i R A
2PN

AR SCAER AT P 7MFF 58 BUIR B A7 ) B3R 1, A
DT S A A T I R UE AR A0 A B K, £ 75 TR R
BRI GE J) 2 W SR RE ) ST TE T S LA I 29 TR K 42
2 BARZIRN MRS AT B B I R AE S, 3@ i I
22 H AR 2 RS Ry 2 v i W 25 0 5 o s ) 4 5
HEHORBIFSE LA KA S S 47 LRSI , SE 3B A7 I Sk i 2k
B0 TR A A DAz AT I 58 UE HP A4 O 5 ) 48 4 S B
AREAE, D IB AT BAEFORTE AR 5 AR G0 rh 9 T RE AL I 28
E HEAith o

1 SEIRTEDER TN

UEAER Az AT I B e T AR TE R PR b4 32 500, a4
E 1 EF M AR R AMES W58t BRI BF KEFriR 4
B EA BRI R 5 e MR ol K2 IBM Haifa 55T .0
AR Z BB S UL E R T R s A7 I IR ik ¥R i 5
TIEWTGE . WHFETT AR B STEL AR %[ 2 - 4] |
Bl A i IR B AT B RAT (Runtime Enforcement ) 5 %
PO I R AR M 1B AT I I E T AL R JavaM-
aCl™ \Tracematchesm \MOPw*lor \RuleR“” \JPaX“ﬂ \QVMVm
%o BN, ERRHOR A AU RS S L R TR B Y
BFFE. Bln, 2 m A " ST T 35 W B S T WA
AR BT o BT R BB AT I 38 UE 0 B ) Y 5 32 AL
DI JLZE:

1) BRSHS AT/ N TT 8 o A 3 A 20 A v o 2 AR
JF PRI AR T (048 B RO . Dwyer 2517 R #6245 43
Bk % Bk Typestate P4 5 i 4% 0 1 46 % 4 4 #E.  Bodden
S0 PR R TR R R R A AR e A5 AT 15, S AR )
A RS R AOARHE S /NP o Purandare 25 (L T F2
PR BOR S BOPR R EE 1 , T8 3 A s 42 A FR V8 ) 7 A 00N
TF

2) FETHAERITFEIOA T 5 o IRSEEOARE X P B
FRAERREB/N TR o Diep %2 $2 1 T 3T H A IURE B AR
WL/ INE AR A 9 T 4 . Bonakdarpour 25 5 T
[E fh A2 R34 T I B AR, W o e b JBORE AR P IR S
Tt PE R 75 BT Navabpour %200 B 5% 1 i & 2058 1R iR
20 78 TBURT: JA 40 A i S 0 o ) e/ N A GBS A, DA I
() — i 2 ) M 42 45 BE 06 i B ALY T 32 2 JBURE I [ 1N ) 7R
JFARAS . Goodloe %527 IIE 75 )22 T 4 1k 1 3 T HRURE Ay W 42
B, Arnold 25" Hy e T Wi FR A I ik HE TR ( QVM) Fr 45 3k
BT PREE, SR T T 1 BTG S 04 BORE FIXE 4 Oy v 1 BURE
M

3) ST ZH PR TFAS D75 o Bodden 25 11
T2 UE A IS AT I B E R AR o IR HOR T R s AT R
WAL S5 73 BC 25 Z2 A 0P, 4 TP AT 350 23 4 A 1) 7
JF, DA Bl / N 5 A~ P BT AR H Y i o I BCRTR B Liblit
A58 B A LT SR J7 MR R bug 12 1 AL, )R U
HZ M R ERTFPATHLE G B G AT R .

TR B ) /M ATE R A B N
RABATI S UE T IT UL A A LS, AT 1 s . AR
BUFRACTF AL 7 AR T — & B BUR, 7T VA 2080
TR R (AN A 0 2 20T (S PR IBORE ) Rl N i P e
COnPERTIORE ) o (Y RTRT R MAFTEVF 2 A R 24k 158, B



R

90 X 7

o

A T A2 T IR

http://scbg. gks. cqut. edu. en/

AWIFEBA T8 BT LA PRI R 29 R B e
I H LA XS WT SCRFRE T TR AE R R, 74 A o it rp ]
RESTHE RGUIET A HUC, MELLE 2 TR A A FOT
LS N 1 1R PV ER - S i e A N 24 WANP A L5 3 S
A B A2 BT T SR 2 DG 5 (Unbounded ) ™ o i
RIS TR B ST 19 2 o {5 A 25 o A 1 T T R RE T
SRR, B AT B (Bounded ) (197 FF4 . AT W1 AR
R AR5 A ROT Y (EE TV AR R

A - .
P
T P
(,r‘ """"""" ::‘.:\:‘
A7 A ‘-
s | A AA
kS WA

A1 ks EE

2 IBITRYIGIE IR H RAESE

B0 BT HEE A TE R LR [R]85, A B 50 MBes 32 Ji
BB AT B SR 0 A B e, AN DU T S AR DA A H
P, 30 [ 25 SE 85 010 AT B0 TE 45 2R v 1 A S22 i S fr e
I o AEEAFIZAT IR AP VA 45 2 B AR A )
R, DL WA T8 A 0 TS B GRS I SRR RE ) i
TCH bR, M T 2 BRI B2 AT I 6 53 £ AR AE
o P rRESR NI 2 R, AR E R AT I B IE
(92 H PR 2 AORAE | AT 4 0 R B g P il R
T RJEFITE R B PR 5 N2

[ HAE AT I E T 4 5 B 452 R

10

)
[ samsrToTmenpsie |

Il

BRAFE AT B G A ik 45 4] HR

ik g

£ R4
LR %

PRANF &

JL

[ TEREF KB R RS J

H2 BAERTEH

1) A1 TR0 UE A Y 2 B bR 2 SR A

TEFAF AT SRS, B T MR E A2 W T 5 R TR
WS, AN 8 AN R e T 3 T R D e g, T EL
REME I I T (5 B IR o BRI B 47 s 36 TF i i 5 7
T BRI/ N VLT FE B R BIEAS BE FEE S W S R &2
A TR 24 0 E AR ) 2R A

AR LASLIG AT T 1k R IRANE 1T B IR A1t
TR Z2 HARIA) I N ZE AR M OC 28, Tl B0 00k 2 114 52 ) 72
T2 HRZIA, 103 A5 R AR M B A 8 0 T
FERRIFNIZ WY S AR 7 PP A RS RY, HF 1M 2 37 22 H bp 29 s
B AR R A2 A T BTN B AT AR AR

2) Z HARZYTT (AT 4 25 4

TSI AT I SR N T, T 2 S A L MR e 4
AT AT A, B R W P AR AR B A T R OR FR AL
WRLET] LA T A, Hil 2 2 HARZW . X T S8k
AR MRS , B T MRS TR, FAAE s S PE AT
SEVESRRRAE , HL B B0 U0 RS B A2 W R RE ) Z Rl
B ORAE RSS2 22 HARZY SR o s s 25 0 R R R
HHERY .

BZHAMIRRIL T 2 H R RR A 09 W] 0 5 W 4% 25 )
FEHAR . FIFAPERT YT SCE5H 43 0 AR Y i3 47 h RT3 1Y
PUATHER S IR R, U0 R AR AT 44 vl e
FIE o R R PATHR E R S, — s S it
MR 2% 2 FEA A4 70 B0 F 2R 48 A S 1B A0, 322 A T
WEFEER Z ] (TR AL 10 R, )8 M s 28 I A5 0 B 5 ) — J T
kR E £ BB AL R A 2 S 8UE . XA RER N
SV 2 2o R 2 SR I A LA R I ) o B
J5 2 A Ry SE R I8 1T B 36 TE i S A

3) BB AT B SR A AR

Syt 2 AR XS A S (Bounded ) TFEH 7 B 753K, AR
VBT AT GG (8 A0 R4 A, R B it 4 s AL, 30
VR AR K IT SRR P AT e 2 Y 2 N 5 R, 7
T A, 2 2 B AR 2R, ANBERE MBS IEAS .
TAEGLI LB - FRA3 - sy (PID) 45461 | B2 i S FS A
RE BN AT AR M B HUR G b, B B X B 00 R 42 19 45
R B GEAR L i s ) SEREATL A AN Sk . RIS Y | 3
T BENE 7R AR B T A B A, LA AT ool s 4 2
AHRL N B XA R 2R G0 24w S PR 45 F0 H bR
V(L[] 14158 2 A T S ] 1 3 7t 0 M 4 8 R A T 4 o X
FEER SHASTREE (AN, W B DG PR R a4 85 ) |, sl S M s 5 8
P T e 2 K-

4) 16 BIRBFFE ARG b, B SR LR R AL IR R AT
15

FETF UL BT AR, BT 58 B R ) SO Re T HLJE RS, 3
F 2 B R 29 SRR | P M s 25 0 A B 4 o
ARIEI, FHAEBARGE ] b A7 0 T, M, AR 9T S B
SR FH R B — 5 B T 5T AR 5 T 7k



) FK,F: S BARY R T R ST IE ik RAESR 91

3 ZBEMRYREER

A SOR PR m, FEXE N IS B m = (m,
my e m,) " N YR, m TR 5 AR R A ], m %)
B H AR R K BIAR IR £ (m) £ (m) FLf5 (m), Horpe
S Gm) g PE B F RN BE 1Al eR s f, (m) Ay 42 T 4
FEVTAL EREL; f3 (m) W7 SCRFRE 1 IFAl B R

ZHEE R (f (m), fo (m) Ff; (m)) PR AE %S 0] 2 H A5
Z3 [H]

AN A AR HE XS RS M = (my ymy oo m, )
FIRY R i 47 8 A A R R SR A T 81 2 07 e
Cmul 7543 WP A 1 e -

f,(M) < f, (M)
(M) > f,(M") (1)
f,(M) < f,(M")

Cmul LA ST H EE  2 H bR 29 ROBERL, B 114 B Hfe
SRR TE  SCRR o B PR3 o I R SCEE R O3
FrR R s 1T Th AR O SRA TR 4 WP 5 8., A 1
RAXFERZZ BRI fE Cmul FEAT3R %

Cmul =

4 XW5IIE

Buf B IR HORHESE SR A TR A5 ) R G AR o ST Jg
SRy P TRBEA ZFRAT A RIE 55 10 B A (i BRARBIL I
FEARIERRSE) | TR B30 i #4444 R X TR AT 1

TR b ARA A T AR OC SR AE H & R IR AL ] 45
AT, T H AR 52 I A7 1 26 S e 2o T 2 B4 o
A AT IB AT I

JITHF R S 1) ELAR D TR e R B 3 s, %
FFRBARAE S 2 H br 2 R R e AT Lk e 43
BT AN S A 42 08 S R S 42 o) B0 06 AR 0 G B A A
LR,

1) BllEiss . 85, R Z I E kR U R
RIE ] R GLas A7 I 9 e AH SC S92 g0 84 . BT Command-
Success \SAFEFILEWRITE %8 254N 5] 25 B 1) M S A/ R 17 56
EMET . N, 1% PR RGIAEEAT i 2 CommandSuccess
P A4 Command (i, n, e, ) Z5 00 24 i 2L BR [ Suceess (i,
noty) FF TEWARER Fail (i,n,0) SR A A2 R
31 (CS, command success ) P4 Jfi °] L) I LTL #4735, 1E5E
PRI WO HON R 58 B R P AT B E B, 4R
500 ANUIE, BB AL 5 400 A A, P B BRI R
2 0005, A, B U T I TT 4 S0 UEAS 2 12 M S
FERE JTRE 1 SE I AR -

2) Z2 B bp & OB AL RO i . AR 8 T W 4R S I A
i, G55 8 PEVPAS R E B 4307 Tk, ST ) A0 I A E R
B A B AR BE VT R EIORN 2 W SRR RE DA BR AL
IS B = Z A N TE RO OC R, 13 30 2 H bR 24 AR A
Cmul ) BIESH, W T84 Hbs Z B EAFTE 05, R
T kAR ERRER 2 HARALR A, 15 8] 32 1) F Ay fix
Ui M, JE4 M i M SR S A A B PR, AT X Lk
s T s,

o am s _ 71 5 PAT o Anig Y 4% B g 35 ok b
B % B A2y RALA TG A FIE B My BAME

o iEATHF IS k2 o0 N , PR .
ame | ERAEES o g *RRNELE | o piDgsis
Bl o b2 A 4 o BRABELAM | ﬁ%;@ﬁ/\ﬁ &t

o it i &% e F4it e | e FaE
AT e | ¢ RadEmERE S 0T o ¥ EHMMA &
& e pammAmER | RO o BHRBKE | IF

AN o HMM#E Aot o kit

I |

itk % B ARKALIEE . EATHIRIER .

| b F

HARFH: GOQMEEF £, MEF T, BAXEM. 25 AN HMMEAES

Rk XeRiRAR. LA RBE . Rt TRERAKAF

A3 ZRIREABARETER

3) SERGT M AIbLaR 2] U5k X AR R Lis T
AR AT L A M 5 BTG o i, M B R AL
GUHARER . TR S AR AT RS AR nTLEE AR S RS
i RGBSR . R GEoE B A AT P b2~ HF 1
HE TR KB GETT AR (HMM) |, I 1] FZASE R 7 4h
LR T RE R R R

4) R FHPEHEIE , B 0 o 2 ) () B e £ Ry W AR Rk R
SRR — A B A5 2 0 ) R, o S BG4 TR I 2 O ()
F G PID il 25 700 1] B9 AR R G ) W B 5 o e, 1R
T L 2R BRI o ZEBIERE b BT A I R g
S 2 AR ARYE T B 1 AL AR HE AT O T, S B 2 T
TR A



92 EREE IR

5 IRk http : //scbg. gks. cqut. edu. cn/

A 0T B T IS R S K , SRR AR A
YIITEE A S1% , J3d 2 e 73 A B0 A 1 2 W SCRFRE 1 i
PP XTFH I Ny 28 % 38 3ok I 47 1 B 925 O o X ]
WA AR P B T B RITE 10% LA

5 HRiE

3 5 RATHIAT 1 A ST TS AR B A7 A TR, AR SCH 22
FIARZIACT B AR I8 47 I B e I B RHESE . 5 B 1847
IS UETT B A T TR AT L, R @RI 2 b E A T O
Z FBRAL 1 BEWF T I8 47 I B0 TE A e F A e
S22 BRI RL I AT s 7, B2 R ERE ;@ Ml
AR EHE Ml o 5 22 BHOR, SCBU B T I 3R R
i, WIS A R AT, AR S R T A RE RS TR 1 I 22 H s
LRI A ROR NI, S I H . R — 2
FEAEASCUTFERER |, b2 T FR X b 52 0 el HE 2R o ) 45
TR HEA

Sk

(1] #kak,Fm, 755, LT AOP W4T BhiE P o 5F 2
Heml [J]. S F4R,2011(6).

[2] BAUER A,LEUCKER M,SCHALLHART C. The good, the
bad,and the ugly—but how ugly is ugly? [ C]//Proceed-
ings of the 7th International Workshop on Runtime Verifica-
tion (RV’07).2007:126 —138.

[3] BAUER A, LEUCKER M, SCHALLHART C. Comparing

LTL Semantics for Runtime Verification[ J]. Journal of Log-

ic and Computation,2010,20(3) :651-674.

[4] MEREDITH P O. Efficient monitoring of parametric con-
text-free patterns [ J |. Automated Software Engineering,
2010.17(2) :149-180.

[5] SEYSTER J, DIXIT K, HUANG X, et al. Aspect-oriented
instrumentation with GCC [ C]//Proceedings of the 1st In-
ternational Conference on Runtime Verification. LNCS,
2010405 -420.

[6] FALCONE Y,FEMANDEZ J C, MOUNIER L. What can
you verify and enforce at runtime? [Z]. Software Tools for
Technology Transfer, Special Section on Runtime Verifica-
tion,2011.

[7] KIM M. Java-MaC ; A run-time assurance approach for Java
programs [ J |. Formal Methods in System Design,2004,24
(2):129-155.

[8] BODDEN E. Collaborative Runtime Verification with Trace-
matches [ J ]. Journal of Logic and Computation, 2010, 20
(3):707-723.

[9] CHEN F,GOSU G. MOP; An efficient and generic runtime
verification framework [ J]. Acm Sigplan Notices, 2007 ,42

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

[22]

(10) :569-588.
MEREDITH P,JIN D, GRIFFITH D,et al. An overview of
the MOP runtime verification framework [ Z ]. Software Tools
for Technology Transfer. Special Section on Runtime Verifi-
cation ,2011.
BARRINGER H, RYDEHEARD D, HAVELUND K. Rule
Systems for Run-time Monitoring: from EAGLE to RULER
[J]. Journal of Logic and Computation, 2010, 20 (3):
675-706.
HAVELUND K,ROSU G. An overview of the runtime veri-
fication tool Java PathExplorer[ J]. Formal Methods in Sys-
tem Design,2004,24(2) .189-215.
ARNOLD M, VECHEV M, YAHAV E. QVM: An Efficient
Runtime for Detecting Defects in Deployed Systems[ J].
ACM Trans Softw Eng Methodol ,2011,21(1) :1-35.
WEI D, MARTIN L,SCHALLHART C. Impartial anticipa-
tion in Tuntime verification[ C]//Proceedings of the 6th In-
ternational Symposium on Automated Technology for Verifi-
cation and Analysis, Springer-Verlag,2008.
REH ,ER, T, F. @ S LTL 9 Fm Ji 42 3
MR AT ]. St F47,2010(2) :318-334.
ZHAO C Z,JI W D, SUI P,et al. Software Active Online
Monitoring Under Anticipatory Semantics| C]//1st Interna-
tional Workshop on Software Health Management 2009 ; Pas-
adena, California, USA.
QADEER S, TASIRAN S. Runtime verification of concur-
rency-specific correctness criteria [ Z ]. Software Tools for
Technology Transfer, Special Section on Runtime Verifica-
tion,2011.
BODDEN E, HENDREN L, LHOTAK O. A staged static
program analysis to improve the performance of runtime mo-
nitoring [ C ]//European Conference on Object-Oriented
Programming ,2007 : 525 —549.
DWYER M, PURANDARE R. Residual dynamic typestate
analysis. In; Int” 1[ C]//Conf on Aut Soft Eng, 2007124
-133.
ERIC B, LAURIE H. A staged static program analysis to
improve the performance of runtime monitoring[ Z]. 2007.
BODDEN E. Efficient hybrid typestate analysis by determi-
ning continuation-equivalent states[ C]//Proceedings of the
32nd ACM/IEEE International Conference on Software En-
gineering, ACM : Cape Town,South Africa. 2010.
BODDEN E,LAM P, HENDREN L. Finding programming
errors earlier by evaluating runtime monitors ahead-of-time
[ C]//Proceedings of the 16th ACM SIGSOFT International
Symposium on Foundations of software engineering, ACM:
Atlanta, Georgia. 2008 :36-47.

(TEE 121 ;W)



FARE, KB AR B TR

22 0 A 121

4 EERIE

RAEHE AR B , B 3E — T8 (9 455 5 i ) RV ok
Wi, P Bl A BA A A S B 9 4 i, 15 AR A BEF B 7R 45T

S

[1]

WER. KEFEHA M B TFRE F&R[M].
A7 F Tk RAR 2014,

()2 T, AR (5 SO TR Ty AR A ) [2] AR KBBEAR L A K&k H[M]. Lw. & F T

BTUHEALTR G R o R TR ) 2 A5 R R A R A i Bk, 2014,

SEALGEBRAE 73T, A6 R T IR A P ) SRy BRI 2P 22 [3] FZ XBEAEZTIMAEIM]. LT FERFEMR

RS M ) T I A, S5 B KR il B R BB S A R #,2015.

W, EEME BRI R R AL, AT TR EE T2 [4] TR, F 24, R KB T £ &R X

FA A8 RS 73 A T B, PRI R B 73 B AR B B AR SR 1 [J]. #AHARFR,2014(3) :65 - 68.

WIRIEFE . IR IR T AR 4 0L S OG0 [5] 24 =, R, i KB T HE AL TR & 2

RIS T3 AR R KBS R G- &, % BB B K Fag A LT]. ¥ B AR ,2014(1) 17 -20,27.

WRAT RIS EH] . [6] Zwif. %ﬁ"*i;}%#z,a‘/ié’] R&EBAZ LT RMA[D].

ERIAFREASGIMESL TR EZ 2013
(7] %A, 200, 45, REFBFFRLEL[T]. A A
B3 ,2014,31(6) ;1612 - 1616,1623.
(REHE Hak)

(E#E 92 T0) 345-359.

[23] PURANDARE R,DWYER M B,ELBAUM S. Monitor opti- [28] JIN G. Instrumentation and sampling strategies for coopera-
mization via stutter-equivalent loop transformation [ C]// tive concurrency bug isolation [ C]//Proceedings of the
Proceedings of the ACM international conference on Object ACM international conference on Object oriented program-
oriented programming systems languages and applications, ming systems languages and applications, Reno/Tahoe , Ne-
ACM :Reno/Tahoe, Nevada, USA. 2010:270-285. vada,USA. 2010:241-255.

[24] DIEP M M,DWYER M B,ELBAUM 8. Lattice-Based Sam- [29] CALLANAN 8. Software monitoring with bounded overhead
pling for Path Property Monitoring[ J]. ACM Trans Softw [ C]//Parallel and Distributed Processing,IPDPS 2008.
Eng Methodol ,2011,21(1) :1-43. [30] DWYER M B,PURANDARE R,PERSON S. Runtime veri-

[25] BONAKDARPOUR B, NAVABPOUR S, FISCHMEISTER fication in context: can optimizing error detection improve
S. Sampling-based runtime verification| C ]//Proceedings of fault diagnosis [ C ]//Proceedings of the First international
the 17th international conference on Formal methods, conference on Runtime verification, Springer-Verlag: St. Jul-
Springer-Verlag: Limerick , Ireland. 2011 :88-102. ians, Malta. 2010 :36-50.

[26] NAVABPOUR S,WU W W C,BONAKDARPOUR B, et al. [31] JIN D. Garbage collection for monitoring parametric proper-
Efficient techniques for near-optimal instrumentation in ties[ C]//Proceedings of the 32nd ACM SIGPLAN confer-
time-triggered runtime verification [ C ]//Runtime Verica- ence on Programming language design and implementation.
tion,2011. San Jose, California, USA. 2011 :415-424.

[27] PIKE L. Copilot; a hard real-time runtime monitor [ C]//

Proceedings of the First international conference on Runtime (EERE W)
verification, Springer-Verlag: St. Julians, Malta. 2010



