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Abstract  Quality of service and availability are crucial for Internet service system. However,
service systems become increasingly complex,and deployed with various heterogeneous middle-
ware and commercial off-the-self software without source code. These introduce more hidden
spaces for software defects, which challenge the traditional approaches for guarantee system’s
Service Level Objectives, or SL.LOs. In this paper, the authors propose an Adaptive Selective Re-
juvenation Framework to guarantee SI.Os in multi-tier service systems. The selective rejuvenation
framework combines software rejuvenation technique with request tracing technique to identify
and selectively rejuvenate the performance faulty components. The authors implement a novel re-
quest tracing technique in the rejuvenation framework, which reconstruct request causal paths
precisely, and analyze request causal paths by clustering similar paths into path patterns and se-
lecting relevant path patterns. Meanwhile, the authors implement a hierarchical rejuvenation
scheme, which identify and do proactive rejuvenation of performance faulty components, before
performance degradation becomes severe. The evaluations are given with RUBiS benchmark, and
the results show that the request path analysis approach is effective, and selective rejuvenation

framework can effectively improve system’s Quality of Services.

Keywords software rejuvenation; quality of service; request tracing technique; multi-tier

service system; selective rejuvenation
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Z2 5030 5 K AR 55 7K SE P il (Service Level Agree-
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M %7K 3 H #1 (Servive Level Objectives, SLOs) , &
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compliance. 2 T 52 B B A2 A Ak 48 FRATT /8 L — 1>
T SR AR A RO B B A bR oL FRATT AT T S B I oK
FEARBLA T R G0 S 1 X 43 e DA kB 0 b .
XF T A 45 W AR A 2 2R T s O 42 4 1Y)
T B IR X 03 B Gk 3 — & bR Y 4 2 4 A ol
XA ANE T AR £ S, AT &
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AR T 15 K B A2 HHE VAR IR DL i 307 I 4% 73 2K
G Y T S R b i Ty NI E R W T
H AT DAy (o 434 22700 e (8] 1) AH B G AR L [ B DL 3
P 28 I 2 i 155 B B B B 1) A BB 0, mT LA R
AT G b 53 9 % A 5% X0 g Wl e 1) R AR BB . 3K
A5 P AR LR 25 535 780 g DL oF 37 ) 2% ( Tree- Augmented
Bayesian Networks, TANs) J5 15 3¢ #) 2 [ 45 45 #4).
TANIZR DUt 37 B 45 47 s i A BEAS | 3 2.
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FEATTHE B 2 X o 2 AR n9 U 2R BE 0 AR D EA
25 6 1) AR SRR A T AT 1 0 R M BB I 7 R
TERE T B PEAY T H. R 3 O T I R T A5 10 43 2
PR RE I PEAN SRR L PR R AR OC B Y. FRATIERE T
Balanced Accuracy {E 4 & 8% %{. Balanced Accuracy
Hi Cohen % A& M RAEFEA 43 K L5 ) Ture

Positive il Ture Negative B {E S B 4. X AT LA
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X 53 RE J1 » 3t G 4 L 42

6 BHEEE:E

AR A R — 2 AR, a8,
JRIZSE — A2 TR A 2 f 3 (identify algorithm) ,
FHELHE D RERC IR AT A R AR 2 1 R AR SE T Xk
72 Ak, T2 & — > E B B Carbitrary strategy) ,
Xof T 25 5B B 15 00 o I 0 B i AR AR .
FRATT 4 Arh FASE T R Y 8] Fe 06 g P A SR, RIDAE IS 2
I8 W A~ % SV R B A A Ak 2R B AR A AR
T 2 e T AR R R B4 A SR i A e )
FEATR AT ) B HAT R4 009 k. nT A7
e 1 i A 25 il SUAE R & AL

Rejuvenation %

Knowlledges Arbitrary strategy

from gxpert Decision
tree induced

dynamically

Dependency
information

in Request
Paths

Latencies
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3 EUAL AL AR &)

UG 2 2 X B A 9 M R AR AL 1) 23 A1 A2 AR 1 0 1) )
FERE G, XF TR AL FAE R BT ST A B
H: (static rejuvenation algorithm with averaging) &
TR ORI 45 E 2 0 Ak R A SR 1 A3 A I DR S R
AR XSS 2T TR AR O X AT
— AT BRAE R A 0 Ak 3R E SR R A S Ak I 8 2 A4
I FRAEL B 2 X b A2 A0 2 75 F WAL PR SE SR 7E S8 7 5 L
B RAAEA T AN S AT S R L X 7 2 fd
— PR AR ) 7 SUAL B BAOR U BEAE IR 9 S (E
w, HbpEZE Ny d. WIAR T FRABL B N SE 3B P M w,
fEE DA AR HEZE d. VAT m A Bl AT DL &
IR CYHT m BN 3.k R 5. KD BR AR AR AR A
RS R RRE A 2 AT BRAE A A — R
Z MV L — A ERL Y FTAR T 0Rs T R AR 4

IN— A2 I — A 23 A A 2 A S 2. 2

@  Service Level Agreement (SLA) 0] DL % I, http://www.
service-level-agreement. net



10 4 HIGE A 4 2 )2 IR 95 RGP AR HE 4 1943

ATAGZS 1 TTRRE D — D IR B — A O 2
AR 24 BT A BOAR AR 1 0 1% A Y A B A IR A
Gt E X Ee k.

7 KRITH

7.1 XWHERTE

FATR A RUBIS 2 483 fr A SCH2 i /9 15 A2 42
2. RUBISY & i1 Rice KAFTF K 1, FI LA AL eBay.
com [ =2 MR % RGN &. RUBIS & — 1%
TPC-W B 3L-F 5, L2 4L 17 27 Fhiig SR 2 /Y, fif
FH D ZR R SR B R I 1 5 B8R0 s 245 B (R —
SRR AD . RUBIS 4 fi 7 2 17 28005 5« BRI
7 (default) FI3 55 AL 2 (browse). & Fh AR 24 457 €
PR Bl T L IV 20 1T 5 1R T R 2 B R e RS A AL FRAT
Xt RUBIS AR L% 7 G 415 88 B0 1 670 4 mT LA B o
PR, T o FRATTAH R 98 H AR A £ 2 B dE ©
A I B B A SRR T S5

TEFRATEE 56 B, X & 48 i ik 55 o i F0 AT 4 L fif
FIR % 7K 131 (Service Level Agreement, SLA)
H %f iR 55 7K SF H #5 (Service Level Objectives, SLOs)
FR DL R 7 Ok i AL B B R 8 Y T RS Hop
SLO M~y XM - {44k T SLO Violation 4R
B IRAR RGAE— 45 W] B (o) L 37 5K A e
IS ] 38 1 5 — A T R AR Cs) B3 SR AN %50 3% ik i) BE
PR RSB 4 HOE R B 25 8 A TTBR L 451 ()
ez BG40 T SLO compliance AR, Horb, [TERE
tyssr BRI AT D42 55 A 00 1

FATHY LB & il 7 A s SRR .
100Mbps DL W B K. A5~ 9 5 B BCE 4> PIIT Y
AhFEZE AN 1GB P4 1247 RedHat 4.1.1-30 Linux
ARG WA 2. 6. 19, i B kprobe 7 4. 52 56 7
HnE 4.

;I Precise Tracer
@ Request | Log

Client Emulator o8 Log

@‘Req\e“» Path Path
Client Emulator ;Path |E Path |E
Request

Httpd Jboss MySQL
Web  Application Database

Client Emulator Server Server Server
Bl 4 SRS EE
7.2 BESWHETGN
T VAR SCHR MY AR 0 B O 8 FATTAEC T

_ = > [TiE

PN S0 5 1A S8 00 0] 45 4 BE AR AR AR 1Y AL BRAT Ry
FEAE A9 20 7 D7 AR VAT FATXE RUBIS 4244 i1 8R4
B (default) F B4 20 (browse) W £ 4828 Y
Ay ST 2. FATAE RUBIS | BrowseCategories
B B E A —A> 50ms M IER. SC 45 R an &l 5. & 5
144 Component Performance Mean (CPM) {H Xt
I RUBIS 145 i oK 28 B 1 B A2 AN HE JBoss 2
R BB 151 T D = VR S S A N T Y &
I BrowseCategories fffj CPM B & & T H &gk
R BRARFEA 1) CPML FRATAY 3B J7 125 n] LAAR 35 0 3t
a3 B AR SR B SR AR AR

40
0O Default
” BrowseCategories O Browse
& CPMs
© 20
3
) m
/a
0 ” m 0 n n ” =0 ﬂ = m

i SRk

K 5 JBoss L& iERIEAIN CPM 4 Hr 45

5 2 > SEER SR N AT R AR AR R 1 DT AR
. FATE AT RUBIS ) BRI AR 54K $ 1 1998
AR FURR B R b R AR B R AE AR LS A L
3]SI 6 I (] RS 6 - 5 P Y R A FR AT T A
FRURFE H 0 513, ZE BT[] 4% 3min B 1Th /F 120
(9 R 45 76 T AR 3% 121000 /5 R 45, AS 236 M Fk
MR AE 7.1 35 s xd SLO i X7, Hdr 1T BRE
tyssr BUE N t =1min, s=300ms, r=10%, B 247
Tmin P37 3K @4 Wi 57 6 (] 5k 300ms f U 5 i 4
FIE KRB LBl R T 10%, A RE LT SLO
violation R &3 R Z» R Gt & F SLO compliance kR
& FRATHE JBoss 19 s, s A BE MR A AR 98
W B8 98/ B 10Mbps, DU DL 0 28 34 422 1 i e
Al A 4 UL BRE A R 2E 3min, [ 10min, 5] 6
F1 AveResponseTime 3 7n F 2 0 W Bsf ] (ms);

1.5

——AveResponseTime

» ReqRatio é

» x SLOstatus s
= v v x%\,ﬁx 1.02
= 0
= 350 1 A 2]
<

& ' {05 £
E . 5
o

]

0 Riddakkidds Ph kst i [dF: o ol S P okl [ o O o e o 0
1 21 41 61
i [H] /min

Bl 6 1998 4F T A AR P 38 B f 8 MR i A SE 8 Y SLO

@ RUBIS #o] LI £ L http://rubis. ow2. org
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