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Abstract: This paper proposes a resource-aware performance diagnostic method. For transactions in Web
applications, the proposed method constructs performance profile chains based on the resource service time, which
is stable for different workload characteristics. According to the anomaly of resource service time at application
runtime, the proposed method provides an efficient solution to performance anomaly detection, location and
diagnosis. Experimental results show that this method can effectively detect performance anomalies caused by
different resource bottlenecks with changing workload characteristics.
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Fig.1 A typical Web application host environment: Web application server and DB server
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ARG L 33 B R P AN N, B Y AT DR A AR L (E A A I W) 5 S 1, DAL, ey 2 (6) T SR A5 80 A6 Ik 55 I T 3
n. EIAHEN ZE TPC-W W 43 BIEGIE, ] 5 7R (19 2 9 i i 2 57 2% (home, shopping  cart) 7E AN [7] £ 25K /M 50
R E(6) T AT B IR S5 I ) B AR AL D82 CPU B8 YA A BRI, TS50 21 (K IR 55 I [R) BE AR QR 45 AN 32, 1K
L5 I IR R 55 I T) B AT 3 238 B AR SR AR 511024 CPU SR Y AT I, o S45 280 (10 AR 55 I 110 -5 552 e e 55 I 1) 4 B W
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Fig.5 Relation between actual service time and calculated service time
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ZEGe vk, BVRAE SR AE B O N BT U AT )R M 0 2 0, X R R RN 48 U D — 2481 a7 4 iy e i o
Woelei jAELEN AP IE BT R 5, US  10%, (NG, R ) VE B0 B U 28 =5 45 T 1 28 il
k=10 " SE1W B R T8 B 38 1 Ta) 5 B3 Y580 HT AR DGR, [R] IR, ) FH e B oA 1) 2 4% 4k B o 0P T 2 s DU 2 10
WS B ) SBR[ J2 5 B AT AR ME;2) 0T LRCE, 10 3 55 A5 A B HE 205 (1) 547 W DU o 11 vH 44 g.

TERFIE R AR 7 1 45 B S LRUEFILRCE 43 il HEAT 1 REASEAE 43 17, 44038 1k e 4 1 . 430125 LA B ARAD . 2 R
Wil 6 Fros s TLRUE(SESE 2 17~9 A7), i 84— AN BEE BN 200 R FTAT (Ni j, Ry ) (B 0T 1R S8 3B I [ I A~
B8R 5 A A5 X (6) T 545 30 B U AH 2 Uk I 09 iR 45 I8 TRD R 5, 38 U5 ) FH 88 1 M8 28 23 A7 R 4 (cumulative
distribution function, fij FXCDF) 2 b # i 47 % Y5 38 H 43 28068 I 0 IR 25 1 1) B AR, 73 Bk e 4 A KA % 1 W LRUE
1) 1 45 ) TR AMEL A T LRCE(SE S 10 47~13 A7), vH B e R AR KA B 1 N 1) &5 5 BA Al A 26

Algorithm 1. Build the performance profile chain associated with resource r in a profile sampling window.
Input: Set of performance metrics P collected in a profile sampling window:

P = {[Nl.l’ R|.I’U|r.l] """ [Nl.jﬂRl,J’Ulr,J]""’[Ni,Phase, ’Rl.Phase‘ ’Ulr,Phasei ]} %

where re {CPU,Memory,DisklO,...};
Output: Performance profile chain ppci(r): T, — PP, 1> PP 25--o» PP jseees ppi,Phase,} <
1. for each elejj in T; do
2. if eleiﬁj is LRUE
3. for each Uy, 0<k<100 do

SR*N . . . . "
4. Rig= i 7 hiZ 5 /* Caleulate weighted means of all (N;j,R;;) pairs which have the same U" */
' 2N

5. Sk = ijx (1-Uy); /* Calculate service time R;; by Equation (6) when resource utilization is Uy */
6. end for
7. ?} = CDF(O,S,{Si'jvl,si'j.2 ,,,,, Si.j,k ,,,,, Si'j'mo}) ; /* Generate performance profile by CDF */
8. ppij= Si,j 5
9. end if
10. if elejjis LRCE /* Calculate utilization of waiting queue of LRUE within a profile sampling window */
11. QueueU; j=q/p;
12. pp;j=QueueU;;
13. end if
14.  end for

Fig.6  Algorithm for construction of performance profile chain
(ORGP RFS

LEF 2 (6) T 7R 55 I 0] I AN AN 5] e 288 52 958 6 280 T, mT RAAS 3 3 55 T3 SR IR AN [ 5% U5t F) P AR AIE

(performance profile chain, {#f #Rppc), 7 7~ A ppci(r):
T——{ PP; 15 PPi 255 PPy jsees PP; prase; | »

Hr 1<j<Phase;,1<i<M,re {CPU,Memory,DiskIO,...}.

0P BE AR AE 5 A 1 R v FRAT AL B8 v 40 A1 o 0 Ak B R 55 N [ FF AS 8R4 i AR £ 1 (1] 91 3 A7 B 35 4
22 H MR T B ACR AR b 5 . ] 7(a)s B 7(0) 7 A AR T TPC-W it 14 v 46 £ 50 3 R i 280475 10
MRS5S I 6] CDF 43 A0 Fevh B T % it 4 1 Sk R e F A A — L8 i AR BAAh, KR AR AL s B AR v 7 CDF it
£ v ] 48 MR AIE, 169 CDF 24 50%IMIAFL 1 A R 45 BF i) F) A AL
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Fig.7 CDF of the service time for 14 transactions in TPC-W
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2.2 ETHRHFERNFERNSISHESX

I FH 1 B AR I ) 3 U7 ¥, 43 ) ) 3 Weeb I8 P P AR A1 4 1) 2 2% 52490 R I 47 Bk S 48], 8 5 A Y 38 4T I S 491
L5 2 25 SR [0 Al 25 2 A5 KT 60 B L, A BT 45 R B S L S b id anomaly 3R Reley 2 A5 H I :ﬁrﬂx
HAFE{-1,0,1},0 FnE&A BB, 1 R IR, -1 Korele ;5 B IR ANAFTE RHE. B L, ﬁamﬁéuzé
Frac 1)1 BeRE1E i ppei(r):

T,——{..,anomaly, ;,...} .

% 1 ZTPC-WHTE RERAAEHE 7491, 43 01l 55 Web . IR 25 % CPU  £cds 2 ik 5% 4% Disk /O % U S IR (“WAS-”
FI<DB-"43 ) 2 7~ 15 P B4R E S AT JCIE 1) Web B FH IR 25 4% 0% 905 R0 5040 2 IR 25 2 0 90R0), 6 v el 4 IR0 14 B B (4
TtV M A P S 4 b ) 1 5 -

Table 1  Performance profile chain in TPC-W

* 1 TPC-W ML RERFIEHE
Phase Element WAS CPU | DB Disk 10

WAS ThreadPool ThreadPool 1 -1

Home 0 -1

Application component Product_Detail 0 -1

Admin_Confirm 0 -1

DB ConnectionPool ConnectionPool -1 0

Home_SQL -1 0

SQL statement Product_Detail_SQL -1 0

Admin_Confirm_SQL -1 0
X5 Web NI H MA 855 1 P RERFAIE BE {ppe, (r),ppea(F),... pRCi(r),....ppew(n)} &5 & 45 1.3 15 IR 55 IR €47
PSR VM PR R A e (BCBEAS () ) BB 58 2 ) AN A6 A T 5 Wi, A B 57 5 A D00 A0 12 W 592 LA Db ARG T 5K
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AW 8 Pros i T35 T ML RERF AL B ppei(r), 534 1 Jo i ppei(r) o FLRUE & 77 HH 3 57 36 K 1) Bk 4 2L %
PR T AF AL 36 AR ppei () A LRCE S 117 H B 57 3 KA W AH B (1 eley /2 15 4 532 18 B8 Y50 S0 49 2 4

/O B8 B Y5 R IR 90, (9 A Pt e ot /) e 5038 4 R D 0.
27 S5 B Bk Web W R 10 1 R BE R AIE, 7T R A 7380 T 6 Web T EATREHULS 1) 3R 453, 15 SRk 70 B 7 v 1
2 > T FERAHARL AH R T S RS WU AN AT B <o 461, 9 L2 2 SIAB) AN 52 AR SRR AR A R 5 ), DR G 2 o) I RR A
BARK.
Algorithm 2. Detect and diagnose the performance anomaly.
Input: Set of performance profile chains ppcs={ppc,(r),ppca(r),...,ppci(r),....ppcm(r)};

Output: Root cause of the performance anomaly:
physical resource bottleneck r or logical resource bottleneck ele;;.

1 for each ppci(r) in ppcs do

2 for each anomaly; j in ppc;i(r)

3 if (anomaly;; && ele;;j is LRUE)

4, Physical resource r is a bottleneck;
S. end if

6 if (anomaly;j && elejj is LRCE)

7 Logic resource elejj is a bottleneck;
8 end if

9. end for

10.  end for

Fig.8 Algorithm for performance anomaly detection and diagnosis
B8 MEfE S A II RS W Sk

3 RAELUELER

IR 5 VR S e R ERR A B A BT AR TR L IF R [ Java EEM IR 55 %% Once ASP1 P & JEAT 17 5 AL 52
ILASFIAE A M T ) Web S H R G I BEAT A SC 07 5 (AT R0 AR, I 5 B T 219 R s N R0 A i ACRS R 1 1k
BEZ T R BEAT R GETT A0 EL .

3.1 RWHE

1. WAL E

FRAT R BRI R 55 2 2 4% 7 Web I & v TPC-W L Y18 S B (1 £E 28 13 % (online  bookstore) ) 34
14 Fhe g5 Horp 8 Tl JOBOE PR . S #RAEJ& T30 B K (order-related) ) 38 5556 it S0 Rz B4 AF J& 1) W AH
K(browse-related) 1) 95 5. TPC-W R $2 AN [F] LU A T & T8 25,44 J AN [R) A 3 25 TR 6 15 50 P IR 3 Pl = o, ) B
(browsing)- J¥ 3 (shopping) Fl 11 1 (ordering), W38 2.5 7 v K FH 47 43 25 ) #8400 7 438 3K 5 4%, 6 1 K /N T il
T SR I S T P B R .

Table 2 Transactions types and mixes in TPC-W
F 2 TPC-W AEAEN G i 05 K AR A X

Web transaction Browsing mix Shopping mix Ordering mix
Browse-Related 95.00 80.00 50.00
Order-Related 5.00 20.00 50.00

2. JiEAT AR

ARSI K AR AE A [R] SR IE X R GUE B D0 1 AR A S5 9% B 15 A 80K U AN 2 W B R S5 kS
PR RE S OF 5 5L T B 4 5075 W (rule of thumbs) A ELAL I, %% 7 i i < ¢ 26 30 B (browsing) I 3K
(shopping) M11T W (ordering)iX 3 Pz S (MLAK 3), Fo 25 B BUO B e KB AR 1 AR 408 10 78 3

2 18 B WAK b A7 75 12 58 BT A0 2 50 B 2 Ao K A i) AL FRATI M AT 18 A T i 2 e s T R AT Y

© TEBEABRSAAIST  hitp/www.c-s-a.org.cn



IAh F TR Web iR ARSI ik 203

EARATT v I8 R 18 iz 25 2 (K PR | 77 3l ST A AR A AN T SR R SR U RA BSRIR S B B kE RGeS
500K R AL AT AR Gk B DR AR 0 B K Y B 9 AT TAR CGCHR[29,30]) K Web 1 T AR IR 55 St B DR B A6 D — A
2 2R R80T BR8] R T € L SR AT DA C B 08 28, B A AR RO MERA Ve A SO i TAE AR
7150 B YR 2 3 A R VR A, AL WP AT R AR P A2 5 ¥k EA T AR SOREARY (R FRA 1K T R B R A
AR LA F AR 2 TR AR R i K S B .
Table 3 Changing input workload for TPC-W
*&3 TPC-W H AL it
Browsing ___ Shopping ___ Ordering

10 Minutes 0—100 0—100 0—100
20 Minutes 100 100 100
10 Minutes 100—0 1000 1000

5E SR R B Utility=X, 3 X R ik 5 PHE [ 4 C = {C,, C,,...,C, ) FE 7 Web 3 FIT IR 55 2 i vl ) 25 1 2
(1 2 M0, e A 2 8 A7 A UL TR (™™, e™™) . AL 7 v I L 338 2% CATTAT (1 2 K e 2 5 1,
TR AT DR AT B U I S B C R Al S 5 B A1) M = {C + AC} U{C —AC;}, JiH, AC, %R e
VRS T4 A 2 B0 38 2200 1 S 30 v ot R80T o8 B0 X C = {, G b, 31, Cyp, Cop 20 T 78 Web . IR
55 % T 202 Rt s 0 B0 2 O eV L B AN S5 0 U Y R 2 2 (1,100) M1 46 (53 A 5. PR € L 43000 2 = 38 e £
R EE MR 2 AN [F) 5 45T 45 2 B8 P o 50 0 0 0 o O e, TR0, >4 S 60 v ) 8 55V 6 R AR 7R AR TR L
SV S BT A 2 B0 K 0l ORI AA AR R O T8 T 0 B A 3 s B D B 4 ) I T 1] 5 (control
interval) ¥ & A FFAERAFE 5 11K/,

3. RGTFAH I

JProfilerfINetBeans Profilere P fl i ] Web N Pk 68 20 B T BB A1 i 3 f5 v N BL R 4 A QA
I 7 2B B Web I T 100 250 4% Il 3K 0 JE KB 6 T TPC-WIK 3 b o 4% VR 2 W, FRAT 1 43 ) £ A [ 47 4 K /N i
Wt % EE R A S ¥ 5 TProfiler L M NetBeans Profiler[t] & 48 T4

4. KA R SHRE

WwE 9 FiR,ERABAE— G Bl TPC-W % 7 i ) il 45 %% (DELL PowerEdge 2000 PC,Intel XEON
CPU3.04GHzx2,2GB WF). —&IE1T OnceAS K4 #s(DELL

Client OnceAS DB2

PowerEdge 2600 PC,Intel XEON CPU3.06GHzx4,2GB W ff). —& server+probe  server+probe
ZAT DB2 9 H#E 1 AR %5 % (IBM X255,Intel XEON CPU
MP2.5Gx8,4GB N 1£) LA Je— & PR 7 2 W IR 55 2% (Dell OptiPlex
GX620,Intel Pentium D CPU 3.4G2GB N 1), M £% % 2 % 1
100Mbps I LUK P A e bl 55 A R S8 2K Window 2000 > ¢
Server SP4.

Web 1Y T ik 25 45 A0 E5 95 P ik 25 48 R N J 00 28, 1 7 M i Diagnostic
AT I R I 7 10 /N DAy 28 B E KA B 10 K /N2 2min, il 45 B ) server

[0 22 B VLBl 20%, 2545 B P 20 O B(E L B0 60%. 525 o Exoerimontl st
Kk AR Lk BRI 14 FRNIALAE. SQL ¥ fu 4% 38 48 v A T 76 & @;peim;“; system
2 Web FFH IR 25 28 2 it . $iCH0R 4 0 255 B R 4 T KRBT

DL Web I T R4 %% CPU. 048 7 Il 45 2% Disk 1/O P Tl 45 28 M BR R U5 G C R W3 1.

3.2 SWEERB AN

3.2.1  XPARR R AE R3S Y fig
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REAE SRA i 1 P BT ] 17 BRG, [7) BF t,2  J it 47 w1 P40 s 1) ) o, 56 v TRD Rl 1~2.0 2 330 B ASE 5 11 470 48,2 1~40 Sy g ST A
K3, 41~60 4y 1T RS 1) G128 [ 10 22K Y 3R /s 2, P o i 0 3 7 S0 o P S o T ARG DU R 32
FEOL UL R A ARG B 11 AE Y BEROR Web BT IR 45 5% A 28 A it R B0 4l 22 08 b e ) B KL
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Fig.10 Detected and diagnosed performance anomalies under three transaction mixes
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Fig.11 Configurations of thread pool and connection pool in WAS under three transaction mixes
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Fig.12 Resource utilization under three transaction mixes
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Fig.13 System overhead under three transaction mixes
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