u

) <

The University of Osaka
Institutional Knowledge Archive

Title WebH—E 2> X7 ADBEMRES LM DI HDE
Br—YHENRESE

Author(s) (#EH, B—; A, @EXEB; B, = b

Citation | BT BHAEREF=MIEED 7k - © 27 L. 2016,
J99-D(1), p. 100-108

Version Type|VoR

URL https://hdl. handle.net/11094/92558

rights Copyright © 2016 IEICE

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



=
— i

Web ' —E AL AT LADILEWRBILZR O /-0 0FE T7— 5 HE)
I

M gt
HEE Rt

R N BmE i S

Automated Training Data Selection for Response Time Degradation Diagnosis of

Web Service Systems Using Machine Learning Combination
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Table 1 Metrics to be monitored.

# Resource Monitoring Items

1 | CPU(DB has 2 cores, | User usage for each core
others have 1 core) (%)

2 | Memory Used (bytes)

3 | Network (LB has 2) Used (bps, sent+received)

4 | Disk (except LB) IOPS (ops/s)

5 | Web Access (a)Request count, (b)average
(only LB) and (c)max response time (s)

6 | DB Access (a)Processed data (bytes),
(only DB) (b)Written data (bytes)
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HEIIEEL.

AT HEFERAEIE, Y- SAOBEHL -V
YONHIUET 2B — 7 2 ER L, BRI
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A OEER T — \BE8E E1Z, CPU . 1 core,
Memory : 1GB, HDD : 20GB, Network : 1Gbps ®
)V —=ZX% b D20 Web-AP #—/3, DB #—/3,
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AERL L 72,

08 134:% — /3T Linux (CentOS 6.5) 3 L7,
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Fig.3 Amount of requests for initial training data.
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Table 2 Experiment result for 1 turn.

Heat ID Training Data Avg Dist. | Euclid. | Correlation
Base Base - 5.36 -0.16
L1 Base+0-5 20.49 3.21 0.34
L2 L1+5-10 21.97 3.03 0.38
L3 L2+15-20 6.02 0.91 0.66
L4 L3+25-30 8.79 0.16 0.98
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Table 3 Comparison with other training data case.

Heat ID Training Data Avg Dist. | Euclid. | Correlation
L4 L3+25-30 8.79 0.16 0.98
R4 Reverse of L4 - 0.38 0.96
F4 Base+0-20 - 0.42 0.78
S4 Base+20-40 - 1.21 0.85
Cc4 Base+10-30 - 1.50 0.60
P4 Base+0-10,30-40 - 1.49 0.43

F4 MY T — 5 R EW LG OERIER
Table 4 Result of experiments with different initial
training data.

Eval. Exp. ID Heat ID Euclid. | Correlation
X Exp_Sa L4 0.66 0.36
R4 0.60 0.88
o Exp_Sb L2 2.57 0.95
R2 3.19 0.95
o Exp_Sc L4 0.16 0.98
R4 0.38 0.96
X Exp_Sd L4 1.27 -0.07
R4 073 0.28
o Exp_Se L4 1.26 0.37
R4 1.31 0.30
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Table 5 Result of experiments with different
diagnosis data.

Eval. Exp. ID Heat ID Euclid. | Correlation
o Exp_Da L2 1.27 0.90
R2 1.45 0.90
X Exp_Db L2 1.34 0.90
R2 0.97 0.95
o Exp_Dc L3 0.39 0.97
R3 3.50 0.88
o Exp_Dd L3 0.57 0.80
R3 242 0.85
(0] Exp_De L3 0.97 0.95
R3 3.37 0.72
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[ Heat ORER%, 24THIC, HIBECHRIIL:
59 BAWORER T — 5 & RE LG A CRAORRE

Hi L7 Heat OGS % % & L TRt L7-. Heat

106

ID 2R Tl F % Heat ¥, RETFETEIRL 2o
72IXB O, RISHE S BFESOXM%E 7 >~ ¥ LI
ﬁtfﬁﬂr FIBIML 72356 DR+ BHT 5.
¥ 72, Eval i?m%?(fi)‘ﬁﬁ@ﬁﬂ ﬁ@wlﬁm

WREBELHEICO0, £ THhVEHAIZX 230
Lt.tﬁt,l—70x%ﬁ%&0ﬁ%%ﬁ®—ﬁ

TORMENYED TNz, FEEE Exp DA B LT, #

MREODLFhREL ) b a—2 1) v FEEEOMEE 2

ErEEMALTO L L.

FEEROME R, RETEE 10 M 7 o FERC Ty
ThIEREMTEDTE. T2, MPEET—4
RERLIGE L, BT — 5 2 EH LA 0HER
FERCBEE E VIR O N o 7o,

Dibkt, EFHRIREOBM T — 7 Ohr b4
Br—5 L LCRHTREEST — 5 % HEIYICER

WETHHI L, $72, BN OFHERIIFETF—¥
BIZIBIT 2720 8], OWTIE, BEZW %179 BN
DF B OFEMIZHBRTE 5 Z &b o7z,

4.5 BEROEZE

A@@%%fiﬁ%“wﬂiﬁﬁﬁiﬁbié&w

IZF 570105 7ORERTERE XYY, 2

@Emb Abﬁf ST G Y AT ANER R L

TwWa. Lo, #Rzsicotr Lz 25, Bl

T= Y PRTAMMIZD 545 Eﬁwﬁﬁ%izfﬁ@

X IZHET RITLTWDS I EDgnolz. TS
v, ﬁ%%&f1mLtEﬁ®¢®Eﬁ%%“¢%t
BERMO—E %2 FE L0 LR CREIEL N L0

REMDSH D EEZLND.
COWRREHET L L, AMOBEDIHRED Lib
DEIELL L THEETF— 2 A AR, 22, B

FEOFAENE Y —ELTICHET 2 2 &, 4%

BUREELTHITONS.

FEBZ, FEEE Exp_Sc T3 A DIRETHEIEE L
o KB 72V %5 L7 Heat R4 7%, RETIE
THE LXMW %258 L7 Heat L4 ICHEL 245K %
H L7225, R4 OFBIl o 72 & X 2> & 1B R O X ]
( WKETNTWD) OFEIE -S> TWBLEHED 15

1 (XM 5 53D 1 457) OF — % Z) v T8
%%ﬁotm%,w&%ﬁﬁo%ﬁ%wmosm,l—
7))y FEEEAY 0.38 705 2.62 ~E 25 L, FUMEAS
WD THE L 7 B & W) BIR 2 R L 7.

5. BEMR

Ira Cohen 513 [2] I2C, A4 DREFHLFEO



Fi L/ Web H—E 2 2T LADIEMERESLZ W O 720 OFE 7 — ¥ HE)RE 5

TAN (Tree-Augmented Bayesian Network) % {i5
LT, BiaZe A Y 7 AR E AT L 0REZ
B ) 2 Hefii 2 563 L 72, Steve Zhang 513 [1] 12
T, AFHERIRL T, HEOXEOBNT—5 55
AR L72HE T OVDS, BEXEOZMIB VT, BT
EFNMEGHNOEDET VLY S BOBHHEEZ L
7Y, COWMETNEETVESITENT 52205
FEERELL. COTETEEHEOTFVERKET S
DI, A DTHETIIEE T — 7 2HET 5 508
Bip b, FEHT— 5 OFEWHDST =4 7 7 4 VOH
MRREETEITEZDITHN, 7L O ITHEH
DD BRI L 72 5

Satoshi Iwata & (2 [6] 12T, HARESILOMAEE %
BT HHEEFRELL. VAT LT LK —
INT OMLPRRE] DYy /e [l K i /e A B ) 7 A
ELTr A5 ) 7 rdre, FHRHOHPL TWaEL
MDA F Y VeI 2 IAFIRT BHMA ~
FUMIFAURETIHEL TV EHEET A, FHHIC
ANFICLB0Makz 2887 —5 GMiT—2) %
VHEET LI ENRADOFLELR G L10TH 5.
Thanh H.D. Nguyen 5 & [7] 12T, ¥ A7 AD%
RES LR R O H B e i 2 % L2, ZofidniE F
3, FHAroMRET A b CHERERHI T — & L HEES LR
HONXT ZHEIEL, ShE2EMT—5 &35, K
2, BEPOHERIHET— O EFEPL TV
DEBWMFETVIT) ZLCTRAETHI L THED
Iz HfEE T 5. 87— & @O 72012 Control
Charts ZFIH$ 5. 17 HOBMEE 7L T X412
T, TNENhO 6 MOMREA LR R DT E L
CHER, LERBD ) MODFRT— 5 2§ 5
ET, T4~80%DFEETHRNFEHTE 5 2 L A ffER L
7o, LETED LN, HHICATICL 2002272
FET—5 (HiT—5) 2 BETHIENKAD
FLEELRLLETHA.

6. &t T U

Web F—E ALY AT LD CPU/ AT [F v T —
7 S OF IR OBHMEZ JCI2, FMFEE 2L <
AT LDIREE, FRICHRERE ORMIIEFS TS, ¥
Br—s OR#EETFEEERLL.

FUIA VGV AT AERME, SO LOMAEL
TUFEEF— 2 ISR T, RETHECHEREE L
BT — 7 BBIL A OBNERLE, &7 512
£ B B R OB % HE T 2 sHBFEBR 2 47 o 724G

F, 0P 7THET, LYPROT -5 TaT -5 5EE
EAEOFBRPRPGOND 2 L MR L7z,
SHOMEL LT, (1) CL TOREYHE /REH % H
T ABRO L EWEOPEE, KT, (2) K¥EET—
5 EFET = S IHAANDBED T — 5 KEROUE
T b EFER L., KAEFRTIE, CLOYHEL W
fEL LT, B¥EHT— 7 I LTEHaickEne A
B2HEL726 72, $72, 7= XKMOGHTEE L
THEER 5 0%, TRERAILA, BEFICHLT
ZZ MBS Z L L7z, I9RIE, mEICE L TIEA
BbE, %EICHEL Tk CL oIz EMICKE
(RBTy VEPRZ TS, SII/NSRBETO,
NEROTF—yKWzHRMA L, 2, BEEOHED
I FTELCL ) ICHIET 20058 &L E 2 5.
X ik

[1] S. Zhang, I. Cohen, M. Goldszmidt, J. Symons, and
A. Fox, “Ensembles of models for automated diagno-
sis of system performance problems,” International
Conference on Dependable Systems and Networks,
pp.644-653, Yokohama, Japan, June 2005.
http://dl.acm.org/citation.cfm?id=1078322

[2] I. Cohen, M. Goldszmidt, T. Kelly, J. Symons, and
J.S. Chase, “Correlating instrumentation data to sys-
tem state: A building block for automated diagno-
sis and control,” USENIX Association, OSDI’04, 6th
Symposium on Operating Systems Design and Imple-
mentation, pp.231-244, 2004.

[3] SR, MINEM, HHEN, “T—F3 4= 7IX
BRI AR — Y X ) T DR
%, vol.57, no.9, pp.506-511, Sept. 2012.

[4] E. Stehle, K. Lynch, M. Shevertalov, C. Rorres, and
S. Mancoridis, “Diagnosis of software failures using
computational geometry,” 26th IEEE/ACM Interna-
tional Conference on Automated Software Engineer-
ing (ASE 2011), pp.496-499, Lawrence, KS, USA,
Nov. 2011.

[5] E. Stehle, K. Lynch, M. Shevertalov, C. Rorres, and
S. Mancoridis, “On the use of computational geome-
try to detect software faults at runtime,” 7th Interna-
tional Conference on Autonomic Computing, ICAC
2010, pp.109-118, Washington, DC, USA, June 2010.
http://dl.acm.org/citation.cfm?id=1809069

[6] S. Iwata and K. Kono, “Clustering performance
anomalies based on similarity in processing time
changes,” IPSJ Trans. Advanced Computing Sys-
tems, vol.5, no.1, pp.1-12, Jan. 2012.

[71 T.H.D. Nguyen, M. Nagappan, A.E. Hassan, M.
Nasser, and P. Flora, “An industrial case study
of automatically identifying performance regression-
causes,” MSR’14, pp.232-241, Hyderabad, India,
May 2014.

107



BT HEAE S5 CEE 2016/1 Vol. J99-D No. 1

http://dl.acm.org/citation.cfm?id=2597092

[8] bnlearn — An R package for Bayesian network learn-
ing and inference, http://www.bnlearn.com/

[9] JPetStore, http://sourceforge.net/projects/
ibatisjpetstore/files/jpetstore4/4.0.5/
iBATIS_JPetStore-4.0.5.zip/download

[10] WorldCup98 Site Access Data, http://ita.ee.lbl.gov/
html/contrib/WorldCup.html
[11] The R Project for Statistical Computing,
http://www.r-project.org/index.html
(P 27 42 3 A 31 H%AS, 8 H 14 AT,
9 J1 28 HY-#I4H)

EH R—

1994 FRRKFRF S LB T, [
(bR O BER ASL. B7E, TEHonE
A I R=varkry 757 FEFFEERIZ T
2757 R8O I e

A FH2ARR

2000 4F B2 JlE Ze R R BRBE A A3k
R 14 FRIRFRFBEBOR - A 74 TR
FHE LIS T, W4 (B HAZBIER A
. DSk, AbL—=YV)a—-vary, ¥
AT 2l E PR ORISR - BAZS I HE.

BE &

2014 HRBURFFERE LI Rk Rk
K. 2015 FERBURERFBEIE B RS
BigE. v 7Y AT LORBERMOIE
[grie

L/ N

1993 4 KR HeE TR 1 M LA Rk
I 1998 FEFRF KRG B A AR
17, AR FRIR IR T i LR
F-. 2002 4FERBUKR TR BEAEHE 078
Bar¥a—s4 1y 2EEWT. 2005
RSB EIE. 2007 A HLUESSZ. 16
+ (T%). v7 vy = THERE, VR M)~v1=070
Wrgelcfed. HAY 7 by = 7R44, ACM 44 A.

108

#E =B (ER)

A1 59 4 RBORERABEIERE L2078
PHELERIREE T (T . MR, K
B EE BEBE TR0 A LA R T, IR A

- 59~61 4, NTAKFEY ) THRI Y

% _ A I AR B EEZ. PR 3 SERBK

I TSR Ed%. SR 7 SRR,

SRR 14 FRRKFRFPETEIREFFI e R #dz. PRk 23 4 8

H &) KRR RGBT e B R R, v 7 b7

T, fFlca—Fru—rRa— MgEELREDOT T T T LGN
R A Al O FE 12 HE S,




