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ABSTRACT

Test environment on the company that handles a large amount of data such as telecommunications companies and financial
institutions, may not always be the same as the production environment, which is caused by conversion of important columns
about information and limitation of storage capacity due to the construction cost. Therefore, SQL performance degradation that
occurs when the test and production environments are not the same, which is an important cause of connecting to the unexpected
failures of online transactions, and it generates financial loss of business, customer complaints, a decrease in reliability. In studies
related SQL performance, it has so far been conducted mainly studies of tuning associated with DBMS Optimizer, and it has
not been addressed issues of this sector. Therefore, in this paper, I verify the validity about presentation of the advanced SQL
Performance-based IT application change management process, in order to prevent failures of the online transactions associated
with poor performance of SQL generated by differences in test and production environments.

Keywords: SQL Access Path, SQL Performance-based IT Application Change Management Process, Test and Production
Environments, SQL Performance Tuning, Reputational Risk

LN =
e o014 g9 d0ay O SRR FUI L U F AR A e
AN A d 94 =4 - N
t A7}, jarnet2k @korea.ac.kr FAbellA] Hl B L 75w AR <l ~Ee

¥ WAL kevinlee @korea.ac.kr(Corresponding author)



818 2akal A Aol WAIE & SQL As 7| IT S-Sz wiAde] ZaAx dF

7l S=Fe] A Y FeAE Al W3t Fog ¢ [I. M3l A7

G3AT ik FUE AL ol ujehA, olEdt

H2ESA T 29379 Aol v|Z= s oo & 2.1 DB2 72

AE dod 4 gled, o F 22l SQL Z&

ge] ostA] X Az AR E doA DB2 dolgue]~  AxEgOlE z/0SHE
7199 v=yxs o g pAaAnYd, AZE s Linux, UNIX % Windows Ze&dl| o] 27|71
A7l F8 falo] FHar gl o]z dh Al tefgt A =2 5 e R 2 AFA
HAESA A HAES} 283] o]FojHo|= [T < A3l DB22 z/0S dlolgHo] A AXEY
4z WAde] A~ 3 o= E& A, A 2 A AlEsH,

gt el e o
Fohirl7h ofele Aol @Aoleh B4 Ak

20114, 20124 AHA el €3 255 #A6EE 4
3} of 18%9] 22kl Adgelr} oleigr A1 A

22 eyt

ufeba], olzigt o] f-= 33| Ao} W
Aste 7S PEAls HaES A HAES 24
3] sto] 2kl ojE Aol ®AiE= SQLe A
TEAE S-S FElFSd = z}
28] Akl wE 22kl A Atelle| @Eet=
ARZ A ek A, ARt 5
o] SQL FedAt iAelA &
g3t el gk SQL A3AE 5
%+ DBMS Optimizer?] A= Wtz e
AA ot 201349 3 Hxo] wtzwl EZ 5000 7]
A% T1%w z/0S 714k wjd=zd sl AMSstaL,
ul= 2570 AefAS 2370AF, AAA 100 AL
% YRAPE Wz slSs ARsta olek(1). 2013
d 129 7% Gartner?] A5 wlzm A el
=) AR 72%E z/0S7F Afsln
z/OSe 99.999%=h= 7483 71A4S wiEe=w
DB2E stAiste] AAAAA g2 dlolElE v}
Fo WS AbelA AREE I gITH2]) wekA, 2
oA U8 dolHE ofe i FE
AHEEE z/0S 719ke] DB2 &HAellx, o3k
A olakelA] B3k 22ke] SQL ZE o] A5A sl
o W AWANE MAE SQL A% 7bke IT
sSZEay WA Z2A~E I Aot
AR g sfo] ekl AN} 78 SAR
oo x| = [T e]az] Zharkehe &},

SOA, CRM ¥ dlolglselshs-2 Foll A 3h= o]
T3], o]&3t z/0S 7¥ke] DB2+ =A dlolH
T3 e] dole A& $1& Group Buffer 2
=4 DBW9| dlole] Me]& $13 Local Buffer®
TAE viregdo deole] Ff el dlelEld
Consistency = e 0S 2 9]
CF(Coupling Facility), @le|e] AAg7te= +
A= 3 DBMS 71%, Lock 7I%, #lze @] 7%
< #2)sl7] 913 Address Spaces =3},

=)

—

2.2 SQL M¥SE Zd™ols A= AT

kel SQL Z R Asolx 7 Fesh
AL SQLS AlgA e} AgA st DBMS
7Rkl A 2 aEle] galEl A SQLe] ojuwdt 43
22 delelE AIskeAldd dd AedAE 23]

w] o]5 ‘Access Path@ta gk},
ol Fig. 1.2 SQL f4d<s F3l a4 SQLY
AAES WAgte 24 Aeg NAAIZ Aol
Fig.1.-= AEBFZ] (subquery)®] =gt vhg4
o] w2 A5AsE SQL F4S E3 Mg A
$-oltt. o] AlHlE DEPT MAST Ho]Eel s}
DEPT_CODE" 39| o] T5H 297} glrh=
2715 AARZ gk ANA 2] A5 "ol EolA 3
T 271E s dolHE 23|spHA 276l 1t
B

N

FZ =1 = ] = =2 3
Fobe B AN 29 dis) ABeE Az
Source Source after SQL tuning
SELECT A.DEPT_ADDR SELECT A.DEPT_ADDR
(SELECT DEPT_NAME B.DEPT_NAME

FROM DEPT_MAST B

WHERE B.DEPT_CODE = A.DEPT_CODE)
FROM DEPT_HISTA
WHERE A.DEPT_CODE = ‘A’

FROM DEPT_HISTA,
(SELECT DEPT_NAME
FROM DEPT_MAST
'WHERE DEPT_CODE = ‘A) B
'WHERE A.DEPT_CODE = ‘A’

= The case of SQL performance improvement for obtaining value of column 'DEPT_NAME'
through performing only 1 time as changing the SQL predicate which is performed subquery by
all the searched rows into the SQL predicate which uses 'SQL Cartesian Product’

Fig. 1. Case of performance improvement by
tuning the SQL using SQL Cartesian Product
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Table 1. Configurations of the test environment
of companies with large volumes of data over
10TB

Financial Test DB Authorities
loading |Staging DB of
Corp.
cycle developer
Read
A Corp. o [ij(ifll Insert
& 3 months 8 v Update
separated
B Corp. Delete
test DB
Load
Read
Insert
C Corp. N/A N/A Update
Delete
Load
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Table 2. Major factors in system performance
degradation (4]

Category Detailed factor Wfaf)ht

DB Copﬁg & ~ 20
Design

System Design - 15
H/W Resources - 5
CPU overhead 9
Application & Memory overhead 6
DB Design etc. 3
I/0 disutility 42
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Online transaction test in Test
Environment

¥

In case of SQL associated with online
transactions, check performance about
the online transaction based on the
access path in Test Environment

o
suitable?
Yes
Applying access path created based on
physical environment

of Production System to Staging
Environment

Carrying and compiling object program I
source to Test Environment I(—

Performance improvement
through SQL tuning, etc...

Online transaction test in Staging
Environment

¥

In case of SQL associated with online
transactions,
check performance about the online
transaction based on
the access path (of physical production
environment) in Staging Environment

No

s performance
suitable?
Yes

Proceeding to apply object program
source to Production Environment

Fig. 2. Current IT Application Change Management
Process of the financial institution ‘A’
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Table 3. Analysis of relevance with this study
about the reasons for the failure of online
transactions

Year Causes of failures Riglle= | o=
vance | unt

2011, Copybook Change No 9

2012 Management

2011, Omitted the program No 9

2012 developer's test case

Problem about to
2011 apply the program No 1

version

Problem associated
2011 with system job No !

Because row count of
table in production
environment is much
more than that in test
2011 environment, problem Yes 1
is caused by difference
of applied access path
during big data range

scan
Problem associated
2011, .
with program source No 2
2012
code

Because the same
tables of production
and test environments
have been maintained
2012 as different sort Yes 1
method, access path
is changed when

applying program
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Table 5. Contents of analysis for Online SQL
Tuning of financial institution ‘A" in 2013

. . Tuning Cou-
SQL Tuning Point method nt
Enhance the ability to Change 96
discriminate of index SQL
(increase  count  of | Add Index 49
matching columns,
change matching in- Change 86
dex, etc...) Index
Delete unnecessary Change 15
SQL function SQL
Delete unnecessary Change 1
Joinb) SQL
Modify
Modify business logic non-SQL 4
to call SQL program Business
Logic
Request
Request examination for
about extraction range | conference 3
limit in task requisite to relevant
department
. Change
Adjust SQL syntax
that does not match access
. path by 1
transaction pattern .
and data status changing
SQL
Delete unnecessary Change 4
Inline View®) scan SQL
Decrease execution
Change
calls of the same pat- SQL 6
tern table scan
Rebind
Change into optimized after 2
access path through Reorg?
optimization of table Rebind
datas (for example, in- and 9
crease cluster ratio) Change
Process
Adjust access path ac-
cording to changing Rebind 2
status of data in table
Prevent performance
degradation by un-
expected access path Change 1
change through fixing SQL
to the access path de-
fined at current time
No tuning point with
no performance degra- - 44
dation
Total(Tuning point in respect of 9892

whole tuning guide)
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Table 6. Determining the level of impact for
SQL performance of DB2 PLAN_TABLE columns

Column Content I_',evel ot
impact,
QUERYNO query number None
QBLOCKNO query block num-| None
ber
PROGNAME program name None
PLANNO PLAN number None
METHOD Join method Middle
CREATOR package creator None
TNAME table name High
ACCESSTYPE access type for re-| High
source
MATCHCOLS count of matching| High
columns
ACCESSCREAT-|constructor None
OR
ACCESSNAME |accessed index High

INDEXONLY whether query is| High
handled using just
indexes

SORTN_UNIQ® new table unique| Middle
sort

SORTN_JOIN new table join sort | Middle

SORTN_ORDER-|new table orderby| Middle
BY sort

SORTN_GROUP-|new table groupby| Middle
BY sort

SORTC_UNIQ composite table| Low
unique sort
SORTC_JOIN composite table| Low
join sort
SORTC_ORDER-|composite table| Low
BY orderby sort
SORTC_GROUP-|composite table| Low
BY groupby sort
PREFETCH prefetch type Middle
MIXOPSEQ order of sentences| None
in multiple index
scan
VERSION program version None
COLLID Collection ID of| None
package
JOIN_TYPE Join type High
QBLOCK_TYPE |CRUDS® type None
BIND_TIME Bind time None
PARENT_QBLO-|parent query block| None
CKNO number
PARENT_PLAN-|parent query PLAN| None
NO number
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System catalog which
hold valid SQL
program lists

saved access paths of
all the online SQL
program

Join the tables for checking through the
proposed formula according to the level of
impact for SQL performance of DB2
PLAN TABLE columns whether the
performance of the last access path and the
previous access path differ from each other

Fig. 3. Methodology for comparing the SQL
performance based on SQL access paths using
System Catalog Tables with PLAN_TABLE
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Table 7. Set algorithm to compare the SQL performance based on SQL access paths using pseudocode

Phase Contents

Create the basic result sets for obtaining the information of the access paths by implement-
ing and run the program (for example, query applied the following pseudocode).

Phase 1-a) Accept input values about ‘COLLECTION ID’, PROGRAM NAME', 'PLAN OWNER'
from external variables

//Perform the following phases for obtaining the last access path and the previous access
path about SQL program for comparing the access paths.

//Select rows with the equal values to ‘COLLECTION ID’, ' PROGRAM NAME' values (were
accepted in phase 1-a’) from PLAN OWNER.PLAN_TABLE, and then select the valid rows
by joining table ‘SYSIBM.SYSTABLES using the predicate INNER JOIN like following
phases.

Phase 1-b) Result set A: Select rows from PLAN OWNER.PLAN_TABLE in condition when
COLLID = ‘COLLECTION ID" AND PROGNAME = PROGRAM NAME', and then join table
1 ‘SYSIBM.SYSTABLES' using the predicate INNER JOIN with the same values ‘COLLID',
‘PROGNAME’ among the selected columns of PLAN OWNER.PLAN TABLE

Phase 1-c) Result set B: Select rows except for rows matched in condition when column
‘VALID' (of table ‘SYSIBM.SYSTABLES) = N among A

//Perform the following phases continuously.

Phase 1-d) Result set C: Obtain the set of unique values of ‘COLLID and PROGNAME',
‘VERSION’, BIND_TIME' columns of B by performing the predicate ‘GROUP BY’

Phase 1-e) Result set D: Sort C by ‘COLLID ASC, PROGNAME" ASC, 'VERSION DESC,
‘BIND_TIME" DESC (meaning: ASC = accending, DESC = descending)

Phase 1-f) Result set E: Select result rows composed of five columns ‘COLLID’, PROGNAME',
‘VERSION', ‘BIND_TIME' and Row Numbering Value' (Row Numbering Value is sequentially
assigned as method of partitioning by columns ‘COLLID’, PROGNAME', VERSION' and sort-
ing by columns COLLID ASC, PROGNAME' ASC, VERSION DESC, BIND_TIME DESC)
from D

Phase 1-g) Result set F: Select result rows in condition when Row Numbering Value (= 2
from E (for obtaining two values of the BIND TIME about the last access path and the pre-
vious access path for the same ‘COLLECTION ID’, PROGRAM NAME', 'VERSION)

Obtain the last access path and the previous access path about the SQL program by running
the program applied the following pseudocode for result set (was obtained in phase 1).

Phase 2-a) Result set G: Select result rows (for obtaining the last access path about the SQL
program) in condition when Row Numbering Value' = 1 from F, and then join table 'PLAN
2 OWNER'.PLAN TABLE using the predicate INNER JOIN' with the same values 'COLLID’,
‘PROGNAME’, 'VERSION', ‘BIND_TIME' among selected columns of F

Phase 2-b) Result set H: Select result rows (for obtaining the previous access path about the
SQL program) in condition when Row Numbering Value' = 2 from F. and then join table
‘PLAN OWNER'.PLAN TABLE using the predicate INNER JOIN with the same values
‘COLLID’, 'PROGNAME’, 'VERSION', ‘BIND_TIME' among selected columns of F
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Phase Contents

Obtain the final result values to count rows by comparing result set G with H (were obtained
in phase 2") using the predicate 'FULL OUTER JOIN for determining whether the perform-
ances of the last access path and the previous access path differ from each other.

Phase 3) Result value I : Select (result value columns) count-1, count-2, count-3 from G
FULL OUTER JOIN H in condition when G.column = H.column ...

3 (explanation about component items in SQL of phase ‘3"

- count-1 = total count of the joined rows

- count-2 = row count of the last access path information

- count-3 = row count of the previous access path information

- G.column = always fixed columns 'QBLOCKNO’, PROGNAME’, PLANNO’, VERSION
and the other flexibly-assigned columns by the level of impact for SQL performance in
business situations of each company

- H.column = the same columns as G.column

Determine whether the performances of the last access path and the previous access path
differ from each other, which is based on the following formula by using values of result set
I (was obtained in phase ‘3).

4
Phase 4) There is no performance difference of the last access path and the previous access
path only if it is the case in condition when count-1=count-2=count3.
‘count-1", ‘count-2, ‘count-3 = o|&s}e] o} ¢l Fig. 4.+ IBM2 REXX <1¢i(language)&
3} e kgt whrl o v A =3k}, o] HEARG 3 o] &3l A3t el AHE-sly] $le] ZE R A
Me 3.2127 SQL AeAAAdg= A olt}, Zx2 REXX(REstructured eXtended
Ak Al AHE7|F wel A" eXecutor) 1ol IBMe| Alu3ls w2 #HFH
PLAN TABLE®] Alsv]x il Z3Ho] SQL A TAAAE Ak T3 T2 doZ A
FAF ] Aenla duelES FI 2F AsE F WA E A dEZeErt 25 E2A436)
UEE nkedstsict, &2 g ZRadS o] 83 AdAZY A
SAelE ARA R AFd A 7|GHAES A1
count-1: 3% AYA3 Aust A4 APAY & -gelrt.
Huel MzAs} 5 =9 A%
count-2: #F AYA L Hr| 2 AP
count-3: A4 AYPAH AR 24 Z=

22 count-1=count-2=count-3 ¢ 73wt
T4 SQLS AAAY A wE AF A
FAE ] A5 zkel7) glek

3.4 ¢12|E HE F H2AE

3.3914 AAZE dae]E&s o]gsle] SQL A3
AFe] XS vlAsl= 2AS ol Fig.4.ol4A
2 AA ol ALkt Fig. 4. Applied source-code of algorithm to

compare the SQL performance based on SQL
access paths
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uction environments of financial institution ‘A’

Category Content
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DB volume about 34TB
Test DB vol- about 27TB
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Carrying and compiling object
program source to Test Environment

Test DB load- T
; (for example, PII) at the be-
ing cycle .. ) v
ginning of each quarter and Add the below process to phase ‘Applying access path created based on
. . hysical environment of Production System to Staging Environment'.
loading cycle is 3months phy * of Production System to Staging & !
Staging DB Use logically separated test - - -
. . Creating the information of SQL access
Conﬁguratlon DB | path based on Test Environment |
Developer S Read’ Inser’t, Update‘ Delete’ Creating the information of SQL access imprz\el:;;mn::‘}freaugh
"] S— path based on physical environment in -
tgble pelmls Load o ‘ ot SQL tuning, etc...
sions in test | (No permission of ‘table 7

environment
Developer's
table permis—
sions in pro-
duction envi-
ronment
Job execution
control for de-
velopers in
test environ-
ment
Job execution
control for de-
velopers in
production
environment

Create and Drop)

Read, Insert, Update, Delete,
Load

(No permission
Create and Drop)

of ‘table

It is controlled minimally(for
example, job associated with
system)

Normalized approval process
through IT job management
system

As the comparison of the SQL access paths
about Test Environment and Production
Environment through the implemented
program based on the assigned level of
impact for SQL performance by each
company, check whether the SQL access
paths differ from each other or not

Check the possibility of SQL

performance degradation in

Production Environment by
SQL tuner

Do they
differ from
gach other2

s it expected the’
SQL performance
degradation?

I Proceeding the next processes No

)

Proceeding to apply object program
source to Production Environment

Fig. 7. The SQL Performance-based IT Application
Change Management Process
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access path in production .
. tion
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Tra- Transmit SQL access path
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7] SQL APAEE ozt el xgutol 3913k
7Aool SQL AAR vlwE T Fx glo
o, A meAlavh eodaiel gl 9w

]

A 3ES L9 AE
oRu) Z2As Ao e £ 9L 3
s3] Sla) el egeln AeiE s neakieh



830 kel A Aol WAE 1% SQL A5 7 IT S-8$x=2 a8 WA Za2Ax dF
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(Chie= Resource content ey
gory system
SQL access path data in
. . Test
production environment
Master information for
the SQL program to be
Table determined by SQL tuner Test
whether there will be any
performance degradation
Historical record
determined the performance Test
degradation by SQL tuner
Creation of SQL access path Produ-
data file in production envi- rt9 v Fig. 8. Application of the algorithm to analyze
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Table 12. Test results of the SQL
Performance-based IT Application Change
Management Process for analyzing the

differences in the access paths of same SQL
between test and production environments

CI Program Access Changed
package

name path content
number

Not
KEAxx QEAxxxx | chang- -
ed
Chan-
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gl £ Az} PLAN_TABLE®] PREFETCHI6)
Yurk Gebgehs 2% ok st go] g
S1eiek
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Fig. 9. Access path of QFAxxxx SQL program in
the test environment

Fig. 10. Access path of QFAxxxx SQL program in
the production environment
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Table 13. Calculating the human resources for the trouble shooting about the failure of transactions

caused by degradation of SQL performance

Required Staff
Category Input staff time
(hours) category
Problem v each OS, DB, Middleware Staff
Analysis and v two of program developers 1 IT
solving v two of reporters(system engineer and developer)
Program v two of program developers
Change v one of change managers 0.5 IT
Management | v one of reporters(developer)
v bankers
Business v 50% of the staffs excepted dedicated processing staffs IT &
Support on among fifteen of system support staffs 1.5
Fault Term v 30% of the staffs excepted dedicated processing staffs non-IT
among twelve of developed program supporters
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Fig. 11. Result of the transaction performance
depending on the change of ‘Cluster Ratio” based
on the searching column of SQL

Table 14. Comparison of the transaction
performance depending on ‘Cluster Ratio based
on the searching column of SQL

Enviro- Clnss Getp- CPU Respon-
nment e age usage se time
Ratio (MIPS)
Test 100% | 3.039 256.54 0.453
Produ=| 670, | 80,150 | 335.07 | 4.506
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