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Abstract ; Software aging phenomenon plaguing in many long—running software systems is a contributing factor to impact software relia-
bility and it will affect the normal operation of the whole service system and bring immeasurable economic loss to the enterprise. Software
aging is characterized by progressive performance degradation or a sudden hang/crash in long—running software system due to resource
exhaustion of operating system. In this paper, through monitoring system resource usage and considering system load variation, the soft-
ware aging phenomenon in a J2EE application server is investigated to analyze when resource usage reaches the pre—determined thresh-

old. Thus it will help software engineer take measures with preventive maintenance,and prevent the unplanned and expensive future sys-

tem failures.

Key words: application server; software aging;software reliability

0 531 &

KAV N R G AE 8 PR IB AT — B R 2 5 | &
GEvRE I RE | 45 M B A B i T M R
IR ISE = S € ¥ AL N B /ot
WARGMEIALD  HBEARGT, BRKME
Tt SR AT P9 A7 4% A 20 8 At B 2
Al BEBL RS A

HiT R R G B 2 B 2 A IR 42
SCHRLS ] ep s S0 R G R TR R LIRS, K
TEA 23 IRVRE P52 22 9 SO 2 A7 U L R E 0
TREAE40% . SCHR[ 6], 45— U T 3 T 4 7

I #5 B #3.2013-10-06 & B H#A .2014-01-08
HEETH . B Z &R E KL H (2012ZX01041-002-003 )

BRI A A B, 1 58 W I 300 R G I 5 L
IR, AN N A sS4 X (L CPU (5 3 %5 IR
WAF IS SR G2 BAG SR E AR & 4k
R AN [) 14 SR 6 e R 2 7 S ART B HEA TR A A e, SCHik
(714, R GRS 5 ik A6 D 7 2k = 55 4ub 24 Al
SRS AL S, SCHERI8 T v, LA iy fif
VEx) 0 37 3 Ay 2 5 B 14 45 e K 0, 5 0 kAR Ak
F,1EH Web RS54 R G0 TR L AR RN 7 i . SC
BR[9] 8 o W 42 Apache Web fI 45 #5 %o $8 [X %
it P P e DA B g s () 254 8L, R AE S 50 i
S EHEAT AT, SCERT 10 ] H 8 IR Web il

[ 2& HS kg B 18] :2014-04-24

YEE BN XEEZ (1978-) , 55, Wi+, TREI , BF 527 1) A3k F TR A vl b
W25 tH KR 3L ; http : //www. enki. net/kems/detail /61. 1450. TP. 20140424 0842. 096. html



. 238 - HEMBARS R R

%24 %

FSan PR S, EIAR G Re R TR R )5
T R GV T BT )3 51 A e K28 W S 8 5,
I RS2 E E AR, SCER[ 11 ] £F %) Sun
HotSpot Java JEIUHLRSE , %5 %8 2 Gt 51 4800 A0 I 52
DL R G5 A R A i AR AL SR SE 10 B i
BV R G n) A H, SCER[ 12 ] 45— dk T
AOP( Aspect—Oriented Programming ) 4% K i) & 4 4 fig
AW TNATL A 38 2k 0 R 55 i 2R 6 v R A 2L 4 7 O A
FHG O, P 43 B 1 5 51 8 i & A iy 21 046, SOk
(B3] R m B RGP AR TR R 2 A R
SN PRI 2R 3 2ok W T 2R 0 R 0L PN A RN 3 PN A )
100, IR FR GE A7 BT IR % W IH #E L CPU (5 A7 it B b
Han, I H AR Geme W i [A] e 384 it Ah 5 R n
Netscape Fl XRN L AAFE A2 B4

WSR2 B, AR A 254 R AT A B Bk i A 2% R
st FE R Ak B B HE DL e e HEBR Bk FE . )
Hh AR Z A ZR G R R BRI AR 0 B R T RS
U8/ e I R S G R L BT U
FAETE BRI bug MELUHEE , AN RERE ST 58 4 b A 3,
Sl 9 e P R R A R RS SE n  BRLG R B
GORXMELLRE L, JF B A R G s AT i 2 AR A
WARXERA E

B S F TG R G IR IE AR IS s
IR S IR IR A 52 AR 22 55 Hovh R GE o R TH AR 2 R &
i s WIS . DR, A6 2R 46 rh A2 A8 3R 22 Ak
MG, TS B TR B R i SR B 447 5 B, LAl
Biia AT R 40 oK R E KB i R A=, SCk[ 14 ]
Aty B s 3 R Y 2 ST (] T o3 A = R e
SCHR[ 15 ] o, FHES BRI FN CPU {8 I8 (AR Ry AR
SR, TR O, 3 ST 5% 0 02 % 28 496 i o 1]
T AR AT B U, X T J2EE B AR 55 i Y
A L AN WA T R0 A B SRS A AN B 1
W, SO RS TN T 1 5% R R G P e 2 A R TS B 2
B, Fe 4 (R B s ], B2 IBON IR 55 25 h I RS 8K
G 7 FH A 55 % 22 48 vh B 302 A IR 42, DA T =
ek,

1 J2EE KN ARSHFRS

IO PR 55 882 o R R A F — AN 43 %, i Tl
P f o i S BRE 2R, 4L P B A TR LB AT R IR
LR 55 A IR TIRE . R FHIR 5 B Tl o F 5
PRAE 250 2 0, BRI R AR 2 5 T4 LA R B 2 1
SEAPERIE Aok | i o 41 0 2 287 AR BLN 028 32
F¥4G, 1 RE—AET 2EE F 4 190 R % 2845
PR TEIEL, st 0 PR 45 4 52 JI% 45375 5K | 1
AN B AR B R 257K (9 2680 43 10 B 435 (9 HTTP IR

G54 b SR HE R S5 18 SR e e 25 i FH IR 55 4 I %0
R 55 2R 2E VR 2 | 43 BT Ak B R 55 3 >R e #7445 SR 3R [l
BE P, J2EE 2209 1 0 IR 55 4% 57 AE JVM (Java
FERAL) Z 1, VM 1Y P A7 i 5 2 5 SO0 R 55 4% &
O — A2 A D RR ZE X JVM A B S
FEMIR AT 8T

HTTP

[
# %i PSS |
5 N —— HlF
. k|| CEB AR ]
i urTe| | —
# el B R

%

®

H1 ]REE ZARSBHREEH

JVM PIAEIX S, Al 01 38 47 I 50080 X, 20 S ik X
He R AR A HLAGER TR JVM 3B AT R P I A it
T XS SA R IRE SR R AR e DL R ) 46 2R AR A
P NAFHE SR A7 L Java 2 1732 17 B A1) S 114 288 52 4]
BB, BRI T R E— RS ], JVM
AT DL G0 BE N A ABRE RN A7 B AT: 55 1R iy 35 1]
WAL 56 B o 17 3 (DAL ] 1T ISP 5 P 8 TG
G, B0 — XGOSR 5 | I, A7 mHICE o5
()25 [R], DA H 25 B 0 Je R BT X 2 (B2
LA BN W PO SN o N A EE (R YA SO
Tl 2 JEo 3 RDSCATL i 3ok ol v 7 194 55 e 3 B PN A7
DG ) B

ToHIL Alikat g

AT TR | +O

Q/Q\O/g:@‘

JVMHT)
[apEais

o O

B2 AARERER

DAL 7T ] R0 A SR AN o e e 5 st [ AR 2R 3
LIV A AR S A FE R I, 2 JVM N A ik
B HAR KHERE K /NEE, JVM [ 3 A Bz 3% 18] fie ML ] 25 ik
PRI o (AR AT B IS I, JE FE A4t
(8 IFE RO A o3 BEAB RT3 /N B 26 25 S B0 IV 35 25
HbHEAT b7 3 M, o5 KR CPU B fE] B CPU f
RFFEEIGN MR G IREA FRAY, JVM WA F1 CPU
fiff FH R LR, e 208 R B R A A L% 4k
MG, WL, HEL AT H RS JVM N A7 W,
PN AT B T TF & & R LU 25 5 i H) i A
JP & A5 AT N ARG B HL 7 A 04 D H ) DI B e b 36 A 7

TR ANWIER R




557 3]

X E A J2EE I FHARSS 78 0 A2 AR DR 5 - 239 -

BAT B BG T

2 J2EE M FARRS/Z LRI04
2.1 SRIRIREE

IR SE 36 PR A0 45 J2EE I P IR 55 s F 54 1
IR 55 %% 84T HE [ — A ] 3 14, 38 2 100 Mbps J) 35k
MRz, FAHLER I BCE N P4 2.4 G Intel CPU, 81T
FREE K] Sun JDK Hotspot 1. 4. 1_02-b06, M3 i &
SeFE IBM B 0 FH IR 45 #% Websphere Application Server
5.1 FFEBE IR Petstore 1.3.1-02, [F] I 2 H
FAAR R 0 7 % 7 vt 32 B2 VR BB B ol 45 18
T b 55 B 5 AL TE T R EE R R S5 7 b i B
B3 W R ST A R AR RROUE R R SE 2 IBM 1Y)
CloudScape4. 0, & v 38 & A A T IR & 3% SOAP/
HTTP Iz 5518 3K B, 76 2 7 v S F i 1 S g 1o B[] 45
ZEMEReSBUE B, IR I B0 IR 55 # 3 Tivoli PEBE#
A, ORI IR S5 48 s S S8, A I AT A2 an &
3R, TR AR R SR P S B, R —
AN — AR 20, X 43 52 B oL T4E B ik
B B A B 0% BN [R) B % PR B /N
[ Bt PR IR TR 43 A, 72 A TH AR TP S I A1 7T A 2 ik

RE o

sl

(Perstorel.3.1-02)

J2EEREFH S5 &%
(WebsphereS.1)

Al

(IBM CloudScaped.0)

TivolitEfE & 5 7%

B AS

B3 J2EE 5 R% 35 8 Al iX e 4h 2 4

B R AR T ELAEH WAS B Tivoli YEfEE B
#% ( Tivoli Performance Viewer) ,'BA] DA W45 R G0 %R MY
il FHAE L, rT LA WAS IS AR I J2EE S8 44 1 IR 55
PSSR, SRR B R B AR JVM i 4T
A SEIC VM N AF Y S R /INFIHEE A 1 DR DN
RGUER B P, BEHL CPU 1 % R0 & 48 /T A7
Web ZEFEAR I, 4 A0 4t 1Y 2 72 S8 R Y 2 A 8
B IR IG B AR R N R M R s R 55 A R
ORI )RS 55 IE a2 )RR 55 2 Jm S 5542k
I 1) K 4 Jey o 55 IR A5 Horh, JVML Gz 47 I AR &
GEAHRESYUR i AP Tivoli PEREA R
fr Al WAS [Rl s AT 7E R HIR 55 4% b, o5 T R GE R 03 ¥t
P, SR T R 7 A A B 0 22 Ak TN ASE AL S PR b2 A s
SREEFPEA J2EE B IR 55 dr i) LB R B, i T
Tivoli PEREA F % 5 HIBY RGEHEIRAR D emi A 2 nl LA

2 R EE R E AR J2EE B IR 55 4% Ak i 2
2.2 J2EE M ARE=HE LMK

TN J2EE R R 55 45 Hh o2 A5 A7 2 4k
MG, AT S BN IR 55 245 &AL R 3T T AN [R5
JE T B B 100, W 7 FH R 95 25 138 AT I S EE I, O
PEAT AL AT o 33 B BT IR ] 6 37 R Al B0
IR 55 RSt (]2 g i T R A EE R E
FHIR 55 25 (%) 671 30 A 24 107 FH IR 95 #4575 B B (1] 14 g
g 7 11 e R P B3O, T e A A S T O T R 55
R AR P I SRAT 55, (R B 76 28 P i 110 S M) 7
(] 2525005 8, 5 5 7 o O 3 2R 4 s A5 2 i 17, D344 i
TR, 520 BN IR 55 4 TG vk il 7 It A 1 oK
155 1k, S P 1 70 2 B RO 7 4R, A & AL DI
R I 55 2 67 3R (I 8 T & 2638 SR 1) R 25

1) 5 R

A EINA ST 3 1 0 B 1R O R (Y
30%,ﬁ¢ﬁ$ﬁ&%m%ﬁﬁﬂmﬁﬁﬁﬁf 55 1B

WE(ERY 50% o JVM INFEIE i IR0 46 K/l 128 M,
KME K 256 M, W& 4 Fis, BEE RGE 1T
RS, 1 R 5528 R G N AE I B P35 e A R 58
TEIZAT 43 /DR, JVM NS Il T 256 MB 53
JVM AEBEIRAS 11Tt 3 AL, L B 3R 495 T 32 el i %%
Pt oK o B4 oA AR AL R AR R 2 VM
B HLRIE R P25 2] - N R AN A2
AR AR B N AE 7 R B, R G0k E 3h iR Bz 3% ]

WAL, B 22 i T FH N AE S ] SR, Bl o5 g IR
5w R IE AT FPEREA T T I, VM [ 3h A 2R
BILT BT A (9 1 R BRR B /N e S B R G WL,

KRR R 55 i R AR E AL IS, B R Se
RE 2 75 Bif o) ] A HE RS 1T 2248 T B, SR A — o 4tk ml 5
J5 AT IV A = Y (B kB A AR 55

FRISATIIE] X (AL min) B9 OCFR A B (1) R 1Y
WA EETTE.
Y=25.852 7 * X+137 920 (1)

25F

]

mg | X“ i |||H['””
g I ml”ll'l IHH| i \ll” N

;;( 1.5 | ni Il

: '1 ”H Il W

o

IZAT I ) /min

B4 FETHHRFEATEARSSEIVM AGEHZ



- 240 - HEMBARS R R

%24 %

(1) P B A RRR R IE R JVM N AEff
FH 2 I F IR 55 28 3 47 I 1) f 4 8 10 84 o, 2 T R
F i EE B

2) B A,

R AR | S 2y 67 A B N B AT S v e
I ) 67 28 58 3 B 18 S o i £ A IR 1 20% . 1Y
k55 4% VM A I L an &l 5 Fis

x10°

'M
Hl I ih. HM it i i i

[
T

n
T

.-'M ||

JVM A {74 i 4/kB

Y=11.736 5*X+139 380

05
0 1000 2000 3000 4000 5000 BOOO  7OO0 5000
JZAT I ] /min

HS5 BABHFEALTERARSEIVM AAEAE

BT LI 55 6 8 A i 9 20 A AR
JVM PNAE(E R 5 250 M 224 sk, i AR5 28 5 AL, Jovk
e S0 2% P o 3 K, IL B R SR8 1T 140 /MBS, ATAR Sy
TR R 5 IR 55 a s ATt Rl i — ootk e R X

Y=11.736 5 * X+139 380 (2)

X (2) P IHE L RRE N IE, BRE NFFER
SLEM S R G B 21, b, B face i
TR B AR B gD N R 55 a8 AT I [R1 I =A%, AT
NGRS A e LS AN E S S

3) HE P35 R 5 R i (a9 & AR

IR AR | S 349 i 55 5 252 15 1] Ay R 14 7K
5, ELERAS I R] P 2% 32 17 3K 0 Bt 5 42 0 2 b A
6], 0 HIIR S5 JVM N A A L an il 6 s .

L

¥ 10
3
25}k ]
“ || LIIH
2 | "
= .. I|| i
iz B | "
2 |||u\| ‘|| B
e h
m l
SRR
=
=
=
1
- . . . X ‘ . . .
i] &0 100 180 200 250 300 350 400 450

IZAT I A /min
B 6 P3RS 2 B E KB B
R%% JVM A A& 8 &

55 HT PR &AL D AR TR], JVM PR B A
250 M iAW IR 55 i R Gtis AT 8 /Nt IR A AL, 1
N Z G0 0K R N0 P SR o TV A S5 0
255 a8 1s AT A B — ek MG R X (3) .

Y=174.847 2 * X+160 260 (3)

X (3) el B2 A RERO IE, HORHRE: LR M
ol 0 M RS R, 3K DR A S K il 55 R 52 (], TR
& W IR 55 4 o EJB 4 g it O T B i ] £ B R
GEGEUR R IE AR 55 4 B9 R GEBE IR, I A
PRERPFZACEE

3 HRiF

SCrh W J2EE 13 R 55 2 2 G o i YL
WL, 2 RSN 88 Ak, W AR 2R 45 R IR RE B K08 L 6
MR GEiAL NG, SMHT 28 50 W 50 ] A 326 B0 1 S
M, AT B P TR B S i SR B A 4 T B | T i
T R G rh Aok KA

T 2B TARAIE X 2 55 8 AL LB AR A L
R BFST

Sk

[1] Avritzer A, Weyuker E J. Monitoring smoothly degrading sys-
tems for increased dependability[ J]. Empirical Software Engi-
neering,1991,2(1) ;:59-77.

[2] Jia Yunfei, Zhao Lei, Cai Kaiyuan. A nonlinear approach to
modeling of software aging in a web server[ C]//Proc of 15th
Asia— Pacific software engineering conference. [ s. 1. ] [ s.
n. ],2008.77-84.

[3] Marshall E. Fatal error: how patriot overlooked a scud[ J]. Sci-
ence,1992,255:1344-1347.

[4] Huang Y,Kintala C,Kolettis N, et al. Software rejuvenation ; a-
nalysis, module and application[ C]//Proc of IEEE twenty —
fifth international symposium on fault—tolerant computing. Pas-
adena,CA,USA .IEEE, 1995 :381-390.

[5] Smith K A,Seltzer M I. File system aging—increasing the rele-
vance of file system benchmarks[ C]//Proc of ACM SIGMET-
RICS Conference. [s.1. ]:[s.n. ],1997.:203-213.

[6] Garg S,van Moorsel A, Vaidyanathan K, et al. A methodology
for detection and estimation of software aging [ C]//Proc of
ninth international symposium on software reliability engineer-
ing. Paderborn; IEEE 1998 ;283-292.

[7] Cassidy K J,Gross K C, Malekpour A. Advanced pattern rec-
ognition for detection of complex software aging phenomena in
online transaction processing servers| C]//Proc of internation-
al conference on dependable systems and networks. [s. 1. ]
IEEE 2002 :478 -482.

[8] LiL,Vaidyanathan K, Trivedi K S. An approach for estimation
of software aging in a web server[ C]//Proc of international

(T35 244 1)



© 244 . HEMBARS R R

%24 %

VARG i8I 2 By 2 D B2 ) A B Y
S ITIEARE T A E B AL 5272 A — PR
B D (Y B A0 <2008 AFE R FEBET rh Y R
27 REE , XA RE H B R PR A i B A X L 2 B
WA IE 727 %0 H

SR w1 R O TR N = i U DL et
BRIISL Y A LAY TARC AT S m , FH i LA
A, SERE A AR 1 I s v — S T 25 ) 2 W 114
)L (e R S 2 R B B B e o 2T A 0L )
FUA kSl MARAS B A ke 1, w9 4 BELA i
E—AB G A REE RA R L AR
Bl rboCAE B w48 B ep Y 22 R ] — S8 A8 By I T
B GGt o A2 R ER Bl 48 24 w8
Y RM A ERTT vk AR St A B 5 > s 0, K
I RO T A 7 B I PO i 2, o R R IS A
A AZI I B G b R e AR AR 4 e B I
.

3 HRiF

ARG AR ST T H RS &
o7 FHZE AR o | B A X5 B K P A 5, 7T LA
R LA PG HOM B AN B S R A A T B
O B0 K R B I 2 3T R g L RS I 2
ST RE I G A S R AR, B AE — R RIS
SR TAE NI, T LA 20 0T R o s 9 AT 85 1
FHE G 18 2 B PR ) 300 | 76— 30 Bl P9 40 5
YR, w350 B TR,

S 3k
(1] BEZE PRuCIE. GEit o0 M SORTE T v T A P

LI, W9 59 % ,2003,20(5) :4-6.

(2] SEEH. Ge A HTHEAR AE 4 Il AT B R 0 PR [ 9] AR
A,2008(8) :50-51.

(3] Bh— K22 PARY, %5 giteie[M]. bat. 54
LU R G KA A, 2003.

(4] FHMAETH. ZTGHT M. ALt B EGEH

#1,1999.
[5] #NCH B2k ZooGiladr [ M]. et bl S S8 E
H AL, 1994,

(6] BeifEdl, 2R, TREIA, &5 SR E e I S i R 458
[T]. FEe2:42,2003,24 (1) :19-22.

[7] Gurney T R. Fatigue of welded structures[ M ]. 2nd ed. Lon-
don ; Gambridge University Press,1979.

(8] BRFF ZHRBIEILINRGERITT LS [T]. B4
A ,2004,33(6) :70-71.

(97 EESIR AR MK BN S SRR T BB R 5
W ST [J]. B4R 2005 ,34(S0) :56-57.

[10] Tang Guowei, Gu Guochang. Multi —resolution motion esti-
mation and compensation based on adjacent prediction of
frame difference in wavelet domain[ J]. Journal of Electron-
ics,2009,26(3) :412-416.

[11] XA, sk 28y, 22 . T TR TR RERIN 2R R 5 h
FELI]. RHLATHTFHE,2009(13) :89-89.

(12] farmele. AL H LS AIM]. bt P EARK
A, 1998.

[13] Fayad U M, Simoudis E. Data mining and knowledge discov-
ery[ C]//Proceedings of 1st international conf on KDD and
data mining. [s. 1. ]:[s.n. ],1997.32-33.

[14] Zhang Fangzhou, Zhang Linlin, Wang Dan. Progressive cor-
respondence approach based on edge[ C]//Proc of WRI in-
ternational conference on communication and mobile compu-

ting. Yunnan:IEEE,2009:195-197.

(L% 240 W)
symposium on empirical software engineering. [s. 1. ]:
1EEE,2002 :91-100.

[9] Grottke M, Li L, Vaidyanathan K, et al. Analysis of soft-
ware aging in a web server[ J]. IEEE Transactions on Relia-
bility ,2006,55(3) :411-420.

[10] Jia Y F,Chen X E,Cai K Y. Chaotic analysis of software ag-
ing in web server[ C]//Proc of the second IEEE internation-
al symposium on service — oriented system engineering.
Shanghai; IEEE ;2006 :117-120.

[11] Cotroneo D, Orlando S, Russo S. Characterizing aging phe-
nomena of the java virtual machine[ C]//Proc of 26th IEEE
International symposium on reliable distributed systems. Bei-
jing . IEEE 2007 :127-136.

[12] Alonso J, Torres J,Berral J L, et al. J2EE instrumentation for

software aging root cause application component determina-
tion with Aspect][ C]//Proc of international symposium on
parallel & distributed processing, workshops and Phd forum.
Atlanta,GA ;. IEEE,2010.1-8.

[13] Araujo J,Matos R, Maciel P, et al. Software aging issues on
the eucalyptus cloud computing infrastructure [ C ]//Proc of
IEEE international conference on system,man,and cybernet-
ics. Anchorage, AK:IEEE,2011.1411-1416.

[14] Chillarege R, Biyani S, Rosenthal J. Measurement of failure
rate in widely distributed software[ C]//Proc of 25th IEEE
international symposium on fault—tolerant computing. Pasade-
na,CA,USA:IEEE, 1995 :424-433.

[15] Lin T T Y, Siewiorek D P. Error log analysis ; statistical mod-
eling and heuristic trend analysis[ J]. IEEE Transactions on

Reliability ,1990,39(4) :419-432.



72 BB RS SR8 2 L BRI [H hh8E ..

1E#: XNEZ, @7, LIU Jian-jun, MENG Hai-ning

2 A XFZE, LIU Jian—jun (0 BT THECECORBEFURT, BV PU%2, 710068),  daiff T, MENG Hai-
ning (2B T K% (FHHLRLSES TRZE, B 764, 710048)

e LA S R ST

B F 44 Computer Technology and Development

£, B 2014 (7)

5 CHR (15%)

1. Avritzer A;Weyuker E J Monitoring smoothly degrading sys—tems for increased dependability 1991 (01)

2. Jia Yunfei;Zhao Lei;Cai Kaiyuan A nonlinear approach to modeling of software aging in a web server

2008

3.Marshall E Fatal error:how patriot overlooked a scud 1992

4. Huang Y;Kintala C;Kolettis N Software rejuvenation:a—nalysis, module and application 1995

5.Smith K A;Seltzer M I File system aging—increasing the rele-vance of file system benchmarks 1997

6. Garg S;van Moorsel A;Vaidyanathan K A methodology for detection and estimation of software aging

1998

7.Cassidy K J;Gross K C;Malekpour A Advanced pattern rec—ognition for detection of complex software

aging phenomena in online transaction processing servers 2002

8.Li L;Vaidyanathan K;Trivedi K S An approach for estimation of software aging in a web server 2002

9. Grottke M;Li L;Vaidyanathan K Analysis of soft-ware aging in a web server 2006 (03)

10. Jia Y F;Chen X E;Cai K Y Chaotic analysis of software ag—ing in web server 2006

11. Cotroneo D;Orlando S;Russo S Characterizing aging phe—nomena of the java virtual machine 2007

12. Alonso J;Torres J;Berral J L J2EE instrumentation for software aging root cause application

component determina—tion with Aspect] 2010

13. Araujo J;Matos R;Maciel P Software aging issues on the eucalyptus cloud computing infrastructure

2011

14. Chillarege R;Biyani S;Rosenthal J Measurement of failure rate in widely distributed software 1995

15.Lin T T Y;Siewiorek D P Error log analysis:statistical mod-eling and heuristic trend analysis

1990 (04)

Bl AR XEF. 5. LIU Jian—jun. MENG Hai-ning J2 EERFH RS 2% (18002 AR i 72 D8 0] -
FHEPHEARSRE 2014(7)



http://d.wanfangdata.com.cn/Periodical_wjfz201407059.aspx
http://www.wanfangdata.com.cn/
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%bb%ba%e5%86%9b%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%9f%e6%b5%b7%e5%ae%81%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Jian-jun%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22MENG+Hai-ning%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%ad%e5%9b%bd%e8%88%aa%e7%a9%ba%e8%ae%a1%e7%ae%97%e6%8a%80%e6%9c%af%e7%a0%94%e7%a9%b6%e6%89%80%2c%e9%99%95%e8%a5%bf+%e8%a5%bf%e5%ae%89%2c710068%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e8%a5%bf%e5%ae%89%e7%90%86%e5%b7%a5%e5%a4%a7%e5%ad%a6+%e8%ae%a1%e7%ae%97%e6%9c%ba%e7%a7%91%e5%ad%a6%e4%b8%8e%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2%2c%e9%99%95%e8%a5%bf+%e8%a5%bf%e5%ae%89%2c710048%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e8%a5%bf%e5%ae%89%e7%90%86%e5%b7%a5%e5%a4%a7%e5%ad%a6+%e8%ae%a1%e7%ae%97%e6%9c%ba%e7%a7%91%e5%ad%a6%e4%b8%8e%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2%2c%e9%99%95%e8%a5%bf+%e8%a5%bf%e5%ae%89%2c710048%22+DBID%3aWF_QK
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Avritzer+A%3bWeyuker+E+J%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e1.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Jia+Yunfei%3bZhao+Lei%3bCai+Kaiyuan%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e2.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Marshall+E%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e3.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Huang+Y%3bKintala+C%3bKolettis+N%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e4.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Smith+K+A%3bSeltzer+M+I%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e5.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Garg+S%3bvan+Moorsel+A%3bVaidyanathan+K%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e6.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Cassidy+K+J%3bGross+K+C%3bMalekpour+A%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e7.aspx
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e7.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+L%3bVaidyanathan+K%3bTrivedi+K+S%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e8.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Grottke+M%3bLi+L%3bVaidyanathan+K%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e9.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Jia+Y+F%3bChen+X+E%3bCai+K+Y%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e10.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Cotroneo+D%3bOrlando+S%3bRusso+S%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e11.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Alonso+J%3bTorres+J%3bBerral+J+L%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e12.aspx
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e12.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Araujo+J%3bMatos+R%3bMaciel+P%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e13.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chillarege+R%3bBiyani+S%3bRosenthal+J%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e14.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Lin+T+T+Y%3bSiewiorek+D+P%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201407059%5e15.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%bb%ba%e5%86%9b%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%9f%e6%b5%b7%e5%ae%81%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Jian-jun%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22MENG+Hai-ning%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_wjfz201407059.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx

