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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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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 A # i 47 % Y5 28 H 43 2068 7 0 IR 25 1 1) B AR, 73 B E e Al KA % 1 W LRUE
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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, , PPi2s+s PPi je++s PP phase, ) -
1. for each elejj in T; do
2. if eleiﬁj is LRUE
3. for each Uy , 0<k<100 do
4 2RXNG . . N .
. R =4 i~ i’ /* Calculate 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. ppi;j= 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
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Hr 1<j<Phase;,1<i<M,re {CPU,Memory,DiskIO,...}.
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£ v ] 48 MR AIE, 169 CDF 24 50%IMIAFL 1 A R 45 BF i) F) A AL



EAH HF AR

100 7

T RALB A Web B PRI WT 7 ik

= Home
====New products
— Best sellers
====Product detail
—— Search request
====Search result
= Shopping cart

201

==——=Home
+===New products
—Best sellers
====Product detail
——Search request
====Search result
——Shopping cart

401 ====Registration ===-Registration
= Buy request =Buy request
304 ====Buy confirm ====Buy confirm
—— Order inquiry =—Order inquiry
201 ====Order display ====Order display
10 Admin request Admin request
0 Admin confirm Admin confirm|

S IR T e R R R ) T e e e e e cee e e <
S S S S8 IS I I I IS DS S D
SSS§S8EEEEEE SS2ESE8s5ss8s8¢5¢
IR N A S — A A FTwH S DD
= a a F =w S

=

Service time (ms) Service time (ms)

(b) Over load
(b) T#ENE

(a) Tiny load
(a) NGB
Fig.7 CDF of the service time for 14 transactions in TPC-W
7 TPC-W14 F 855 1 I 55 If [ CDF 4) Aii
22 ETHRHEENSERNSISHEZE
AU L B I B A 36 T 3%, 73 ol A Weeb J82 AP A 11 B ) 2 2% S 451 A& AT I S 451 300 3 A 2 3 AT I S 3
5525 26 S IR i 22 2 17 KT B0 B, P T2 7t DS 3 S5 W B idanomaly; iR vsele 2 1 HY B
o Sk

EALHE {-1,0,1},0 LoREATHINRHF 1 Ron BT ,—1 Forele ;5 B Wr A7 46 X th ok, 3145 214
Frac 1)1 BeRE1E i ppei(r):

3‘53‘

T,——{..,anomaly, ;,...} .
% 1 R TPC-WHITE RERAAEHE 7491, 53 1] 55 Web Y IR 25 % CPU . £cds g ik 5% #5% Disk /O % U SR (“WAS-”
FI<DB-"43 7 2 7~ 15 P B4R AE S AT SC I 1) Web B FH IR 25 94 0% 9050 RN 5040 2 IR 25 2 0 90R0), 6 v el 4 IR0 1) B B (4
TtV M A P S 4 b ) 1 5 -

Table 1  Performance profile chain in TPC-W

*1 TPC-W HIVEREFFIEHE
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 T Web 1 H MA 555 (8 1 BEAFAE B {ppC, (),ppea(r),..pPCi(r),....ppom(n) )45 15 1.3 IR 55 I [ 4E4%)
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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 %
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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;
5. end if

6 if (anomaly;j && ele;j 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
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Table 2 Transactions types and mixes in TPC-W
F 2 TPC-W AEAEN G i 5 05 R 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
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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
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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.13 System overhead under three transaction mixes
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