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A Case Study for Improving Performance of
A Banking System Using Load Test

Tai Suk Kim', Jong Yun Lee'",

ABSTRACT

Jong Soo Kim'""

In this paper, we describe a case study to improve performance through the load testing of multi—tired
system for financial accounts before the system opening. The load test was conducted after the data
collection tools(Performance Monitor, DB PSSDiag) were installed. By analyzing the collected log, we

were able to identify the main sector requiring performance improvements among the presentation tier,
web tier, business logic tier and data tier. The ASP.NET server-down on the web tier could be improved
by modifying the parameter values in the configuration file. Some server downs occurred on the business
logic tier when a large number of users access at the same time, were more difficult to be solved. By

analyzing the hang-dump at the server-down time, we were able to find a process that caused the problem.

and we had to modify the relevant codes. For major performance improvements of the data-tier, indices
of some queries was optimized by using the built-in DBMS query analyzer, after analyzing the log of
long-response—time queries. The problems and solutions considered in this case study will be a reference
for the performance improvement of a multi-layer system with the similar structure.
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Table 1, The main sector activity and the expected outcomes

Requirement Activities

Expected Output

[SQL Server]
* Request for applying
the bad query tuning

* Long Run Query List

and restore

* Find and tune bad queries from the
list-based top 30 SQL statement
guide * Strategy establishment for the backup

* Long run & Bad Query List

* Quantitative performance improvements
list for the before and after tuning

* Recovery Report for the DB failure

[Transaction Server]

* Request a load test to
create a Crash Dump

* Request for applying stabilization ClientCOM

the Communication

Server failure and restore

* Crash Dump Analysis for the
communications Server Stabilization
* Hang Dump Analysis for the

the guide to overcome | * MSMQ configuration check
* Strategy establishment for the backup

* Analysis report for the communications
Server Crash Causes

e Analysis report for the ClientCOM hang
causes

» Optimization guide for the interworking of
ClientCOM and Wrapper

* Reports for recovering the communication
server and the web server failures

[Integrated Terminall
* Request for applying usage
the guide to optimize

the memory

* Request for applying
the guide to optimize
the web server and the
external processing

architecture

* Verify the optimization of the memory | * Guidelines for optimizing memory usage
« verify the web service processing

« verify the external processing
* MSMQ configuration check

* Guidelines for optimizing the web server

» Guidelines for optimizing the external
processing

« Inspection reports and optimum guide for
the MSMQ

S g Qe g Bl sl flste Alx
Holl A F E2E9 OAS N2'e TASAL =
F8 PR Al diste] B 59 Aol
7Hste] Ql9jH o Aol E AR ¥ olE 24T
ot Asih FakE Ao s 27k Fat
H2E E& HPAMY Rl 2E AZEZ 0] 2=

# (LoadRunner) S A-&33 T,
4. N2”- M5 2AM0) oM

A 2=Elo] FA Fetstr] A ARE TR
23l Performance Monitor, DB PSSDiag Tool<
AX G & HelE|~EE T3 A3 volH AZ9
DB AH &= AdH o2 F&4sta e B vl =Y
2 22 AT B4 AUt thEe @] T E
fom, ASP.NET Recycling, ODBC Connection
Pooling 28]aL DB Lock Timeout®} #&& &A|7} qt
AE= dRo] #SFHATH

41 ¥ AB2 g5 M A

171

ofr

o
LMz 07 WA 9 Recycling S WA

Hx BXo] "HQdty HolE
Hlo| 2o AE S 913to] AgAle] 291 FR
E AAsts 72 HolEQd USERDATAY ##HH

Qe o] HEAL Tetd Bast g Ao B

A e A2 EAls A= ) A 2}
=3 B3 Aele A9 SN, ASP.
NET®] $5o] ¢l&s AT F, | A7l A5
2 A A Z(Restart) = & d7de] dt=E AT o5 %
A8t7] #18ke] Recycling 7159 AH&< w4 5}
A7E e $HAHo s Hgals ol AEY
At

71E GMHE 7 AT AlZre] 3& oz AF
Ho] glolA, RiIAANA o7 Fatets YA oA A
AE oA EY STFHAZ ATFHAZE Fetel 7
o] gl A, ASPNET©] A} A2 (recycle) H ol w
BPA BE AL doiwEle ddo] BAFAS. w
A Aol HEE AEIY BE ZEoldE
(Client)ell 500 o217} &A= ATt

ol gt FAE A3ty 95t & I 2o

|

=
“responseDeadlockInterval=Infinite” ¢} Zo] &



1504 ZEIDICIOEE =2 M18A M12=(2015. 12)
xﬂ%} Are TR AAS WA T
E(Clienth)Y AW ol A ] gHo] =oiA
(recycle)°] WA E A] ekokth ASP.NETS] 3
Y2l Machine.configoll A a3 3ebu el S
AR, WASE odF Fig. 29 Yehith
A WA ZBoe, 3}x3 B3} Ao = Recycling
o] A=A gelstom, 1o #d A
= A= A= AT

Zcte]
i

A|

rl borr

o B

Al
734
&

KR
=

0r O O

whea =

Ho
St

AT R
s <processtodel
enable="true”

timeout="Infinite"
i idleTineout="Infinite"
shutdownTimeout="0:00:05"
requestLinit="Infinite"
requestQuevel init="5000"
restartQuevel inft="10"
nenorylindt="95"
webGarden="false™
cpulask=""0xFFFFFFFF"
userHane="SYSTEH"
password="AutoGenerate”
logLevel="Errors"
clientConnectedCheck=""0:00; 05"
comiuthenticationLevel="Connect™
conimpersonationlevel="Inpersonate”
responsebeadlockinterval="Infinite”
naxWorkerThreads="20"
. naxloThreads="20"
'._ />
"tasnen T T T P T T PP P T
(mncnntrols
clientSeriptsiocation="/aspnet_client/{0}/{13/"

"
wanr?

1y

Fig. 2. An optimization example of setting “Machine.
config” file in the ASP.NET,

4.2 HizLA 22| AF9 o

Mz 22 AZAA Acheol wAE AH
O7sh A3H o2 FANY AME Foll A 209 A
oo} Y5rhede] 208 Ma RS AA B

YA% AEg 2 e $7

AA 3+ 2l boot.ini®ll

AAE /PAE A7 #™o] Q& Aog 55U
E]- PAE(Physical Addressing Extension) 348 32

1E 2] A=Hy 495 4 E WRE o=
A FdYo R dHste FHOE olE HE&F A
Alzdlo] AHg3tE CPU 8571 3712 4 St
Performance Monitorg At-&-3t 54 Akt #14
FAo 2 TAYPE 07H A} Ao 543
& 201 Al tisked Current Connections, Regests/
Sec, % Processor Time9] A% 7}2E S AL83l
FHE 2O 747t #HEE d4e EAsE
Fig. 3¢] Current Connections A %578 18] Z
Al FY Al 07H A= HE 17478 Ho
546,000 2 7|EFH 3 oH 20 A= H 11,806
o} 54200022 Connection 5= A2 Hl%g A&
E F Utk

Fig. 4914 Requests/Sec A5 7}-+E S AL-&31
EAE 07 A s Hd 16048 ol 138401 715
o 2081 AW E H 15609 Ho) 136,3332.2
Z Zol7t §le AS E 5 Urh

Fig. 594 %Processor Time A%571SE S AL
3l Y AIZHE A% TP oA = 07/ AW
£ B 3718 Ao 32,168< VR ¥, 208 A
A= H 18,150 H Ul 91,116 S 71 &3} 079
AW 9] CPU A&-&o] &2 A& Ao 2 BAF

HZ2U 2 22 AFA 5 Au7t s e 3
ol AE Fofatr] Yste /PAE w4 /“7§>-°4 !
o B4 AH AW Eo] AHEE
Physical “ﬂ‘}_ﬂlh 4GBel g o2,

S0 &

,v\

>~
T

A el A
2 8T & Qe Ao vl 4GB

B8&s5883888

=
2013-08-07 05:52

o
=

2013-08-07 10:47

=

885888888

2013 DB-D? 05:52

-

OFRI2E |

Fig. 3. Analysis the “Current Connections”

\V\J\ JJ_L_JN’ J IMVV#\

ASPLNET Applications  WWEENBP20

- 07(top), 20(bottom).



F7HA 1 A4 50007 ©]’d] AHEAE HE
S AS 20 AT A EA eEHE A8
ODBC Pooling ¥ DB Lock Timeout= 1 d¢lo]
ool A EG o Bt &3 E4& 93] Fa
NS oE 2 ALsle] Ao T AT = AW
o MIBFA SR AFEHE AWE BlaE A5t

Page/Sec 212 BA3% 7M Wingy &882 4
s AW S Hit 142A o] FA ASS
FaL, HI28d AF Ao Aex 7 WEe &
EL Hd 2824 FHA /\}%% 3t BiAAd A
7t EE ARdAE Hold 34 10739 7

ol

I oo

HEIHAEE 0|28t 28 AMNAHQO MsIHIM Al 1505
00 . .
80 2013-08-07 05:52 2013-08-07 10:47
i 9901 i "
60
@ } H-|»H'i’|
40 -1. i
2 1_{ i | q,w
e e AN A 14*L|- L AR
OFx) 000 2| .IE‘NE -( 000 2 .I?ﬂ‘dﬂ] 3 A551B0
L ' ; HT‘?‘?«?";—E '!3,'1’33 Iv;\?vi:%na:tlw -
—a
2 IZ{H}O&O‘( 05:52 2013—08—01 10:47
| 20 J“ o ¢
ol o y ’HHl w\ |
xw‘ | L ) ” LA
I: 4 —tk. A B A UES | SO S VSR N 2 5 I
arxiet 0000 w2 15609 =) 0000 EICH T 2! 45530
[ |we |sieE loses [we | J
% & o hoi evceuses
Fig. 4. Analysis the “Requests/Sec” - 07(top), 20(bottom).
100 I I
z 20130807 05:52 1 20130807 10:47
n 3?6
.
40
30
AL )
& arme | 06 w2 | #5530
2 lue Lzesl [ES ES L b
! 1 u _._‘ tal = Wb Se v\(e
! U = T I = (
2 | 20130807 05:52 0 ‘ ‘ ‘ 2013-08-07 10:47
n o7 !
: : W}‘w
2 R ,. e
5 Imﬁ;lll?‘l‘? ‘;;i‘ .EE‘ nom ﬁlml 1" - 45530
Fig. 5. Analysis the “% Processor Time” - 07(top), 20(bottom).
£ 4395 99T, HaE A, BHOR B8 =9 Pagingol A AL 4 AT ol B4
I A= T2 MY FoAE /PAE 40 e A AT Al W EZE] ARgd EAZE JARE A=
= oA g A2 A S vAA g EX AT %Processor Timel & £2413+ d o]
Aoz A% AU NAE, A4 AEHE Ao 4§ CPU HEEL

o) 17%, B 10%2H l$- FA A8-2 3193,
HZgd A5 AW A5 A 234%, B 64% =
A A AEE AT rRVA 2 MW7) thed
°]% CPU AMg-E©°] ozl o2 Ho} giiE
Aol CPUE AH83E Aoz E4E3It

43 H HEE 0|82 MY Zto] sS4l ZH| 7 At

22
e
Ee)
=
@
Q
o
9]
12}
ot
12}
o
o
@
o
@
o,

2

Atk Fig. 62 Requests
Queued AS7HSEZE BAY 218 RoZE)



1506 ZEIDICINES ==X X18A X125(2015.12)

- - -
N . I
= 2013-08-1019:00 ]
| |
: {1 H | \ ! |
s | | 1 ! i ] \ |
. [ ../-'—'—“.-L
£ r v 1 "nh ] { =
=| e ﬁ»f PO fL
ok ﬁ;’fvf’“? e "‘4‘;"\1 iFﬁL‘: ’*i‘f‘r.u}n FPRTEITE AL T PP D Ll
[ e w2 @ LU @ T30
CR T ) ssus ywo
T o -

]

oEENEBBABEE

Fig. 6. Analysis the “Requests Queued”

AAHo g FAseE AW A9, ASPNET
Queuer ClientCOM©o] A 2] 2¢] Fol] 285 A
23 = Zgjo] 45 2 wrkA driste 83 @&
o] 022 o]A -2 Queued H7] 3= Aol §le A

%a‘:ﬁl o}t A ChentCOMoﬂ g 2 HA "
= Ao®E AGE 4+ Ao},

Hs R G o2 FAstE AW A,
ASPNET Queuet AW 7t &5 7] H74A] 0013
SO g A 7F 2 EHA ClientCOMe| 24 &
Aol g HgE F3==2 ASPNETY Queue’}
1212 AAE = @45 & F Uk ol g dels
AR sHA B2 Y8 =2 A 2(Process)7t A
B2 AHAA 3 ZEA 20A AFE F<l H R
o %S IR YR ol YEl= & Y2 (Hang
Dump)& A&3te] ASPNETOIA 24 Fold =
2 M 2=(Work Process)E #4135t ASPNET 2t
A ZEAH 2+ ClientCOMol| W& 228 =(Thread)

%i
ol

= 3 £33 JE Z2AH 22 ASPNET 3
Hz s e 522 H5 /4ol ASPNET AHA
AE AJA olY® ClientCOMS A3l Z2A|
2o d=A B8] g HARE T4 AW ERE
9] = (Response)E AZ @i JEA o tig A
AHE fgtel itk

9 24 A7 Slow Downe] &A= A=
sl Aol A ASPNET Web Application Process

- 07(top), 20(bottom),

(aspnet_wp.exe)ll 1477H9] 2@ & (Thread)”} <3}
F oo, 14T F 130719 2HE=EL BT
“clientcom!ClientServiceClass::GetSyncMessage()”
HAEE 5% 3 T Sync MessageE 71tha]la §)
Q=d), 1307) 2HE Fol| A Critical Section®ll 4] <]
Lock Contention®©] $1ATh wetA F4l A A%
Asl= clientcom.dll W¢] ClientServiceClass::Get
SyncMessage() WA Eoj A &3 A (Bottleneck)
o] I EE Fo R FAAEU o, o] WA= s}
of B4l A o] &S st A% A ZH

< FYsiATh A ZE2A~E TG e &2xF
co] BXAD ze g A8 Fo YPE =8 A
ol gk &AEA 558 YASstE 227t 7

A Apee st & Aw, BAE A5 9
@ S8 Frhsanh 4 A ol F HiEAE
BYAOR FASE e AW EA WET CPU A

& Bgon Muy FE glod AL & 5
»12;11, S Aol A B H AL W (Hang) BHE
SEEERIERELE

4.4 HOIH ABS M5 MM Ata
HlolE] AlFol At SgAzke] Bol At 2
%@. 7] 918l 2o =A% A3, Aol
371 A28 detstant. o FolA =18l
] 9131 USERDATA Elo] o] 4] 25h=

mlm

8%

'%’40}



A7t FCPU, Fe17], AW PAZ, Hielr] &
o] gEollA T A Sl Hish €53 FAVF 2
Aoz yeyton, ¥udde fiste Az &
A At

o]zt F ol thall where 22l AND A4+ 3
Z HolEY JY2E AR AT JY F,
CPU E8&5& A 29 =Zs B4l A5 21
QA Aol AdolA Azl /A Holl= SQL Serverell A
AHEslE CPU &-&-E°| He 60% FFolAoy
USERDATA H ¢ &g HA|2dhs Hedol tgt
Jeal~E F7hA o8 YA Fol= H+ CPU &4
E2 5%UE dolgon Al 45007 0] A
o & AJ™ Aol Blal 80009 o]/ 219l A
27} 7hs e R o

2 A A= TAZoE A" AHolA B2
U222 Aol dojvhs 54 Ao A28 ot
& WA AAE Totsty] f1d A HA GAE ]
A AWt AN 8 A5 7heHY 208

B W B3 H =8, 1 FolA “Requests Queued”

T 7heEY 2O a9 =0t Alx"e] b 3% ]
ASP.Net«] Queue AHE-Y HHEH EAALS Uy
02 HAFATH

li‘:]- S ﬁ-}fﬂ' 4

H Activity9} o AFEES A3, ) Al
£ AWt glAtol 29 o
HE = At EHS} %ﬂ-rﬂi dALe 4%

SSEIAEE 0188 28 ANA-Q

HSIHM At 1507
< B3 AW odLS sAstATh

Hl2U 2 22 ASAA DGR F e T4l A
‘ﬂﬂ Aol AstEEA Aade e AH

< MAE7] st A5 7leEE AFEste] Ads
A5t oH, A A AQ1S Fetatr] 218l Page/
Sec, %Processor Time, Requests Queued A 571&
HE A&t a8 B8 stAT FAA <
S oA 3, A7 EE A “ﬂ
28 FEE fotetr] fld 3 9= E Wkt &
B3 Ay} AL A3 ZE2AHAE
AoH BEAS Qo= ~2xTE HZ 3
of s AW A W= AT ) (Hang)
FE Y AR

w3 dlolE AFe 8% MAE Hs RUEHE
S ARG 28 AHEste] A iAo 2a%
A E ol DBMS WAE A7 E A
g35te] oY ~s A= wHe By

3 ]1 ATFE gAS 7Nt E A= o

A 2" AL F JEE UHLSIA 7
A

mlm )l}‘.’. i)
ot o [k

2 m\m

REFERENCE

[1] S. Duttagupta and M Nambiar, “Performance
Extrapolation using Load Testing Results,”
Proceeding of International Journal of
Simulation Systems, Science & Technology,
pp. 66-74, 2008.

[2] T.H.D. Nguyen, B. Adams, Z. Jiang, and A.E.
Hassan, “Automatic Load Test Verification
using Control Charts,” Proceedings of the
18th Asia—Pacific Sofiware Engineering Con-
ference, pp. 282-289, 2008.

[ 3] D.A. Menascé, “Load Testing of Web Sites,”
IEEE Internet Computing, pp. 70-74, July-
August 2002. http://computer.org/internet/

[4] SW. Lee, J.S. Kim, and T.S. Kim, “Optimization
of DB Server and Web Server to Enhance the
Performance of ECM,” Journal of Korea
Multimedia Society;, Vol. 16, No. 12, pp. 1446—
1453, 2013.



1508 ZEIDICIOES =2X M18& X125(2015.12)
[5] JW. Kim, “Bandwidth Requirement and

[6]

[7]

[8]

[91]

[10]

[11]

[12]

[13]

Priority-based Synchronization Methods in
Hybrid Client-Server Architecture for Mobile
Multiplayer Games,” Journal of Korea Multi-
media Society, Vol. 17, No. 4, pp. 526-534,
2014.

J. Park, J. Kim, and T. Kim, “Analyzing
Operation Deviation in the Deasphalting Pro-
cess using Multivariate Statistics Analysis
Method,” Journal of Korea Multimedia Soc-
iety, Vol. 17, No. 7, pp. 858-865, 2014.
Windows Sysinternals, http://www.microsoft.
com/technet/sysinternals (accessed Apr., 20,
2015).

PSSDIAG Data Collection Utility, http://suppo
rt. microsoft.com/default.aspx?scid=kb;en-us;
830232 (accessed Feb., 14, 2012).
Debugging Tools for Windows(WinDbg, KD,
CDB, NTSD), http://msdn.microsoft.com/ko-
kr/library/windows/hardware/ff551063(v=vs.
85).aspx (accessed Feb., 12. 2014).

SQL Server Disk Performance Metrics - Part
2 - other Important Disk Performance Measures,
http://www.sqlshack.com/sql-server—disk—per
formance-metrics-part-2-important—disk—perf
ormance-measures/ (accessed May., 12, 2014).
How To: Use SQL Profiler, https://msdn.
microsoft.com/en—us/library/ff650699.aspx
(accessed Feb., 12, 2014).

Microsoft TechNet-Evaluating Memory and
Cache Usage, https://technet.microsoft.com/
en-us/library/cc958290.aspx (accessed Jan.,
12, 2014).

Microsoft TechNet, Library, Server Object,
https://technet.microsoft.com/en—us/library/
cc757730(v=ws.10).aspx (accessed Jan., 12,
2004).

[14] MSDN Library - Memory Object, https://msdn.
microsoft.com/en—-us/library/ms804008.aspx
(accessed Mar., 08, 2015).

2o A

(=]

1981d A& st
FTA 24
1989 Y& KEIOW g} o] F8hi
A7 g FeA A
1993 ¥ E KEIOW 8} o] F3+3
A4k 71 3847 (3-8 uh

A

A7 3

19939 L& FAHANASATFA(KDD) 71€ild
1993 Y& KEIOth3t o] 288 2 A7

19949 ~ A7) Fo|hstm AFE 2T o B8t
BARF: ARA2E, A)AM E N =Y 2

o &

1994 WAt 4bd FEAE
=]
= H
1996 mE st A+
20154 so|tigtn H3FE
Aol FstdF FshakAt
20063 ~ @A St=rufol 2 AT
E F8AYER VeY
o=

B Bok: golE o] 2 ATES ] AA

20129 FoUigty 4Fr1E MAATF4A PD 979
20138 ~ A =577t ¢4 g
BARoE: AZTEY O] AA AY



