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Agenda

m \What is Code Coverage?

- Goals/Questions addressed by code coverage
- \What is not code coverage?

m Types of Code Coverage Reports

m Creating the Code Coverage Environment
- Demonstration

m Code Coverage in Projects in IMS
- Demonstration

m Cross Reference Database

m Apar Regression Testing using Code Coverage
- Demonstration
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What is Code Coverage?

m Code Coverage

- Application Testing Collection (ATC)
» Provided by IBM Lexington
» GA product for external and internal customers

- |dentifies lines of code covered by testcases

- Creates reports on MVS
»Summary: show %'s of modules covered
» LOC statement results (branches, non execution, etc.)
» Reports are parsed and sent via FTP to web server
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Goals For Code Coverage

® New Version Lineitem Coverage
- Broadly saturate coverage of new code
- Ensure testcase bucket is thorough and not repetitive
- Provide process to enhance testcase bucket

B Apar Regression Testing
- Reduce Apar turnaround time/PE rate
- Shorten test cycle by reducing number of testcases in each test
- Verify Apars LOC are hit before delivery to customers
m Testcase-to-Module Cross Reference Database
- Allow coders to build test environments using real testcases
- Apar recreations are easier
- Determine Apar Regression test bucket from database

B No Changes to Any Testcases
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What Code Coverage is NOT?

m Code Coverage is NOT:

- A replacement for unit testing
» Proper Testing includes:
v Boundary conditions
v Timing conditions
v Impossible conditions
v Variations on data
v Stress conditions
v Code coverage analysis

- A solution for all types of problems (ex. missing code)

- A replacement for Native or Stress testing

m But... Code Coverage could help here, too!
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0S/390 Code Coverage Products

mBM

- Application Testing Collection (ATC)
- Used for our project

||tli |

® InCert Examiner
- Coverage for Cobol applications

B Compuware Xpediter (+ Coverage)

- Xpediter Debugger collects coverage data for single runs of

Cobol application
® McCabe Coverage

- Collects coverage data for single runs of Cobol application
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Agenda

m \What is Code Coverage?

- Goals/Questions addressed by code coverage
-What is not code coverage?

@ m Types of Code Coverage Reports
m Creating the Code Coverage Environment
m Code Coverage in Projects in IMS
m Cross Reference Database

m Apar Regression Testing using Code
Coverage
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Code Coverage Reports

® Change Module Analysis
- Determine coverage of specific lines of changed code
- Application: Apars, new modules, changed modules
® Missing Sequence Analysis
- Find consecutive sequences of code that are not executed
- Application: New releases, new modules, changed modules
M Testcase Coverage

- Show coverage for individual or groups of testcases
- Application: New releases, new modules, changed modules, Apars

m Build Worklist for Testing

- Create list of testcases to cover a specific set of modules
- Application: New releases, new modules, changed modules, Apars
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Agenda

® \What is Code Coverage?

- Goals/Questions addressed by code coverage
- \What is not code coverage?

m Types of Code Coverage Reports
§>l Creating the Code Coverage Environment
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ATC Code Coverage - Environment
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ATC Code Coverage - Environment

cics
(ATC loadlib)
CICS MPP
Brktabs IFP
DB2 MSTR 2 J - e L
. oaail
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ATC Code Coverage - Environment

Parallel Sysplex Environment

DB2 MSTR DB2 MSTR
. cics ; cics
(ATC loadlib s = (ATC loadlib o =
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Code Coverage - Customer Appls
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Combining Code Coverage Results

Testcase 1 ATC Result 1 Module 1
Testcase 2 ATC Result 2 Module 2
Testcase 3 ATC Result 3 Module 3
Testcase 4 ATC Result 4 Module 4
(@) 0O O
All Testcases All ATC Results 0
0] @) 0
0] O
Testcase 185 ATC Result 185 Module 370

Combined Testcase Results are Mapped to Modules
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ATC Build/Execution Environment

0S/390
(EC Machine)

Assemble/Compile

Linkedit

0S/390
(EC Machine)

ATC Setup on loadlib

0S/390
(EC Machine)

Start ATC Monitor

Run Testcase

0S/390
(EC Machine)

Stop ATC Monitor

Run ATC Reports

0S/390

Parse into SQL

Populate DB2 DB

Net.Data Web
Server

Any Browser | Web Browser HTML
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Save Listing for ATC Coverage Report

Create ATC BRKTAB (Real & lllegal Op Codes)
Create Zapped loadlib (lllegal Op Codes)

lllegal Op Codes generate SOC1
ATC code runs in First Level Interrupt Handler

ATC saves statistics when Monitor stopped
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Demo 1 of 7

Select the Acton to Perfonm:

# Buld Database Query
T Show Database Stathstucs
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Demo 2 of 7

3 IMS Staat - Microsolt Inlemnst Exploves

| P Edt View Favoster Took Hep

e o - Q) () 4| QSeach (sFavoes PHistoer | e b B |
ks £)18M Busiess Trarslommaton £](BM inlemalHelp  £]18M Stardard Scttwase rstaer (Free ADL bliktediotent =
|

| [ Ak [ C\Documents and Seings\idmmsaton\Local Seingi\Temp\ieZprmt. e A
=
Product Wersion: |IMS 6.1 2
# Show Compile Levels For Products
Submit |
)|
&1 Dore [ My Congutes
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Demo 3 of 7

1 Busld New Query - Microsoll Internet Explorer

| Be Edt Vew Favoier Took L

i @D O Osewh Giemn ey | 5 D A

Liks ] (BM Busness Tranilomsfon ] 1BM nfemalHelp 1M Standard Sctwase Instaler Q) Free AGL & Unided interet

|| ke |87 C\Documenis and 5 stingsidmerssiratonLocal Selling:AT smphbe 3pant bisl . j.__ﬁiu“
) - |
FProduct Version |
s 61 |

Product Version (Compde Level) - Description [IMS 6.1 (2000/04/17) — S DE/TM RSR 2]

T Shewr All Module Groups
© Show All Testease Groups
 Shew All Apar Groups
Ej.iimhfl

* Show All Testeases for Al Modules

© Show All Modules for All Testcases

 Show All Apars For All Modules and Testcases
 Shew All Medules for All Apars

" Buld Workhst for An Apar

 Buld Werkhst for A Module

8] Dorm [T Wy Conpiter
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Demo 4 of 7

' Show Compile Levels - Microssll Intemet E xploies

| B Edt View Favober Took Hep

i 2 D O Qsewch [alFertin Py [ D A

ks 2118 B oo 2114 ey €164 S S e Qe e e

Agkhess [ C:\Diocument and Sefings\vidnenishishoi'Local Selfings\T emphicdpard il =l 6o

Produet Version Compile Level  Deseription
IS 6.1 |2000004/17 4SS DBTM ESE |

Testcases |RSRROB - /ERE NEW ACTIVE WISECURITY 5

& Show Al Modules for A Testease

Subimit

© Show Coverage For A Testcase

With Minirmm Coverage: & >=0% © 2=23% C >=50 © >=T75%

Submit I

@] Dore [ 17 & My Computer
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Demo 5 of 7

3 Show All Testcases Fos All Modules - Miciosolt Indeinet Esploren
| B Edt Vew Favoer Took Hep '

el = - D[ | Qsesch [Foveies (FHiney [ e 3 B

Liks &]18M Business Tiersfomaton  &]18M Inlemal Help 1M Stersdord Scfiwase Inslaler (3 Free ADL k United ndeimet
Agkhess [ C:\Diocumeni and Setings\vidnenisiishoitLocal Sellings\T emp!icSpan. bl z @6

Product Version Compile Level Description | Testcase
|
s 61 [2000/04117 IS DB/ BSR BSEROE |

Madhile: ! DFS0T300 "'I

T Show Procedures for A Module

Submit |

® Show Coverage for A Module and & Testcase

With Minierum Coverage: & »=0 C 2=25% O >=50 © ==T5k

Submit |

© Show Miseing Sequences For A& Module and & Testcase

With Mirirrm Length: [5 3]

Sl.ilimh-l

2] Dore.
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Demo 6 of 7

1 Show &l Modules For & Testcase - Microsoll Intemed Exploret

e £ You Frter Tok b

EiE S0 [ O L Oy v 8
Liks £]1BM Business Trensformstion &]18M inlemal Help ]18M Standard Scftwase Instaler (Y Free ADL b Unlded interet
|[Addiest [&) D ocument and Setirgs\Admnishistor\Local Sellings\T empteSpant bl 2 ess
E
Produet Version Compile Level  Description | Module [Testcase
S 61 200000417 TS DE/TM RSR [DFSDT300 RSRROE |
Compile Unit.  Procedure #(Mod Stnts) #(Mod Stnts Exec) %a(Mod Coverage)
DFSDT300 |CHECK OPEN EC | 18 | 0 [ —
DESDT300 |QUEUE AWE | 18 | 0 ]
DFSDT300 [DBRC END OFR | 40 | 0
DESDT300 DBRC END TRACE | 52 | 0 | S
DFSDT300 [USID OK [ 5% | 0 T
DESDT300 |[DESDT300 [ 136 | 62 T
DFSDT300 [DERC END STREAM| 38 | 23 | 605 i
[DFSDT300 [FREE AWE [ 51 ] 27 !
DFSDT300 DO TRACE [ 14 14 _!
DFSDT300 |GETREQUEST B 26 [ e
€ Buld & New CQuery
Submit |
|
] Dore I 1 Wy Conguter
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Demo 7 of 7

Product Version Compile Level  Description  Testcase| Module | Proce dure

e 61 E|2EHJU.I'M.I'1'TI‘ IS DE/TM RSR RSEROE DFSUI‘BDU'lDBRC_END_SI‘R_EAM

l4249--13324 1 DHRC_END STREAM: 05980000 13324--
14250=-=13325 1 FROCEDURE OPTICHS (ENVIRCNHENT (PRIMARY)]: /7 */ 05990000==
14251--13326 1550V 2 IF AWLGFUNC = AWDTFSCI THEN i */ DEO0D0O0 5162,7257--H
14252--13327 1551 2 1 + Doy /* DEPSTCMP BRLSP[DFSBRLSP)ECE(PS  06020000--
14253--13328 T R TECE) PSTART [AMDTSC_PLGTH) TRRCE-—

14254--13329 g BN ER(DLI) i

14255--13330 1552 2 2 + RESFECIFY—-

14256—-13331 - {e1, 26E-—
14257--23332 i &+ £1%5) catd: 286--
14258--13333 1553: 2 2 4 £l = addr (DFSBRLSF) : 268,51, 10289
14259--13334 1554: I 2 + £l -> bripechp = adde (PSTECE) 268, 10291, B1
14260-—13335 1555: 2 2 + adde (ci-»brlipbrlb) -> bribfi = brlibficd: BI, 268, 10238
14261~--13336 1556: 2 2 + addr (cl->priphrilb) -> bribfl = brilbflac: Bl,z268,102598
14262=--13337 1557: 2 2 + addr (£1->brlpbrlb) => brlbespe = AVDTSC_PLGTH: BI,Z68,10298
" Build A Mew Query
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Agenda

m \What is Code Coverage?
- Goals/Questions addressed by code coverage
- \What is not code coverage?

m Types of Code Coverage Reports
\l Creating the Code Coverage Environment
B Code Coverage in Projects in IMS

m Cross Reference Database

m Apar Regression Testing using Code
Coverage
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Code Coverage Projects

m [MS V6.1 Remote Site Recovery (RSR)

- Provides remote disaster recovery for IMS databases
- 380 changed modules (102 KLOC) - 90% is PL/X.
» Result: PE prevented from reaching customer.

® [MS V7.1 High Available Database (HALDB)

- Provides Partitioned Database support for Full Function
- 178 new and changed modules (178 KLOC) - 90% is Assembiler.
» Result: Added 42 scenarios in 7 testcases

®[MS V7.1 Online Recovery Service (ORS)

- Provides faster database recovery in datasharing environments
- 146 new and changed modules (57 KLOC) - 90% is PL/X.
» Result: Added 31 scenarios in 8 testcases (Sev 1 abend found)

m [MS Fastpath Toolset (ODE)

- New product to provide Fastpath Database tool functions
=51 new modules (35 KLOC) - 100% is High Level Assembler.
» Result: Improved overall coverage of product.

E FET=SEnn Galler © BN Siptrat@ien S 1 IMS Techaisal ConfergRisio



Code Coverage: Current Projects

mIMS V7.1 Apar Regression Test
- 600 testcases

-4500 executable modules (1.6 MLOC) - Mixture of HLASM
and PL/X.

- Provides cross reference database for Regression Testing
» Select testcases to test group of apar modules.
» Verify apars are tested with testcases.

SEET=5Enn Galler © BN Siptrat@ien S 1 IMS Techaisal ConfergRiso
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Demo 1 of 4

T Show All Testcases For All Modules - Miciosolt Inteinet Explorer
[Bo ES Ve Faoier Ioor tin )

el - = - [ | Qsesch [afFovite (PHsty | L O3 B

Liks 2)1EM Busness Tedemion. £]18M ncmalHeb€]18M S ot sl i ADL  Unkeded i

Agldiess | & ] C:\Documents and Seflrgs\dnmististontLoc Sellings\T smphes] prinl hired

Product Version |Compile Level Description 'I'amnse%
S 6.1 2000004117 Th4S DETM RSE BSEROE |

Module: !DFSD'I‘IU "I

 Shew Procedures for A Module

Subnit |

© Shew Coverage for A Module and A Testcase

With Minirum Coverage: & =% © 2=250 O =50 C >=Ti%

Subrmit |

& Show Misetng Sequences For A Module and A Testcaze
With Mirirmum Leagth: [5 3

sdligm-|

© BN Siptrat@ien S 1
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Demo 2 of 4

3 Show All Modules For & Testcase - Microsoll Intemed Explored
| e Edt Vew Favober Took Hep '
e o = - D[ A QSeach [aiFavcries fHisioe | e 3 5

Leks £]18M Busnes Tionslomaion £]16M IntemalHely €]18M Standd Sctiwas Irtaler £} AOL k ikrded interet

!. Jﬂﬂt_lﬁ_'] CADocuments and SefirgstddmniztraborLocal Seltings T emphen: 2pint. hirml j_{?ﬁu

Produet Version Compile Level  Description " Module |Tu-rh:a:n M:'.u.lfﬁaq Len)
HId RS 6.1 (2000004117 S DRETM BSR DESDT300 iRSRRﬂB | 5

Compile Unit # of Sequences Min(Seq Len) Ave(Seq Len) Max(Seq Len) |
DESDT300 | 6 ' 15 | 43 [ 108 |

 Buld A New Chery

Submit I

@] Dore [ & My Compiter.
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Demo 3 of 4

3 Show All Mizzing Sequences - Miciozoll Infemet Esplorer

|| P Ed Vew Favwoider Took Hep

e % QD Qeen et Pinon | B 3 &

S HL

|| Aoz [ C\Documents and Sestings\dminististortLocal SettingsATemp\asJpint bl = 6o |
H
Product Version Compile Level Deseription Madule |Ttﬂtan Min{Seq Len)
= 6.1 (2000004117 = DRTM BESE DESDT300 iE.SR.RﬂB | 5
_'Saquam:a Line Number Sequence Length
12893 42
(13001 [ 20
13369 | L]
13838 | 108
14305 15
14404 40
 Buld A Mew Cuery
Submit |
B
&1 Dore [ & My Computer
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Demo 4 of 4

3 Show Listing ol A Mirsing Sequence - Momosoft Internet Explore

| B Edt Vew Favater Iock Hep

el = - D[ A Qsesch [Fovoies (FHiey [ e B B

Liks &]1BM Business Tienstommation £]1BM Inemal Helo 4]18M Stendard Softwese Instaer - €3 Free ADL & Uniirded infemet
Agkhess [ &1 C:\Documens arvd Seitimgs\Admnisisio\Local Selings\T smphassdpiin bl z 6o

Product Version Compile Level  Description Tam:nsei MModule 'M:i.u.t:an Len) |Stu'b[50q Line #) Seq Len Module Seq:i
s 61 (2000004117 TS DE/TM BSE BSEROE [DESTTI0D | 5 | 14305 | 15 | £ I

14249--13324 1 DERC END STREAM: 05580000 13324
14250==13325 1 PROCEDURE OPTIONS (ENVIRCOHNHENT(PRIMARY)) : /" */ 05990000
14251--13326 1550V 2 IF AWLGFUHC = AWDTFICI THEHM Fe */ 0GODODDOD 516Z,7257
14252--13327 1551 2 1+ il H] /* DEPSTCHP BRLSP (DFSBRLSP)ECE(PS O&020000
142583--13328 Z i+ TECH) PETART [AVDTSC PLOTH) TRACK

14305--13377 1584~ 12 F ir J.HI]TE'L'_F LETA{1} == DO X THEWN /* PNBZ746 /) Q&0E0040 T446
14306-—13378 1585 2 3 DoO; f® PNOZT4E */ 06080070
14307-——13373 F 4

14308--13380 1586 2 4 /"

1§309==]13381 z 4 & DFSCVTH  FUNC (TOLOCAL) FRON { ANDTSC_FLOGTH) TDII.(H:&L_TiHEh FI.REHPLRH_J.FIH

14310-—13362 2 4 + )SCDADDR{YES)

14311 -—13383 2 4 + L7

14312 =-=13364 2 4 +

14313-=13385 ] L B pLiEE] f* TDFSCVTAR FUNC (TOLOCAL) FROH[AW

14318--13384 2 5 + OTSC_PLGTH) TO{LOCAL TIHE) PARE(

 Build A New Chiery

Submit

@1 Dore I & My Computer
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Categories of Code Not Covered

= Dead Code

- |ncludes / Copybooks:

v Procedural copybook contains multiple routines, some of which
are not used in current program

- Obsolete logic
v Driven by obsolete values for parameters

= |nput Parsing

- |nput/Cntlcard Syntax Checking:
v Situations which are impossible
v Situations which should not occur, but are testable
v Situations which may occur
v Logic to set defaults for omitted parameters

= Debug Logic

- Conditional Trace Logic
v Not executed because pgm is not in trace mode

- Residual Debug Code from debugging logic problems

SET=5ENn Galler oA SpmatRion 1 IMS Techpisa! CRITef8RfFo1



Categories of Code Not Covered

= Error Situations

- Message Generation, Abend Routines, DL/l Status Code Checking
v Situations which are impossible
v Situations which should not occur, but are testable
v Situations which may occur
- System Service Failures:
v Unsuccessful Getmain Logic
v Open errors
v Read failures

= Missed Functional Areas
- Large sequences of missing coverage

SET=5ENn Galler oA SpmatRion 1 IMS Techpigal Coef8RfSo1



Agenda

® \What is Code Coverage?

- (Goals/Questions addressed by code coverage
- \What is not code coverage?

m Types of Code Coverage Reports
m Creating the Code Coverage Environment

Nl Code Coverage in Projects in IMS
B Cross Reference Database
m Apar Regression Testing using Code
Coverage
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Cross Reference Database

B Cross Reference Database

- Production Platform
»DB2 UDB database OS/390
» Net.Data application running on OS/390 Web Server

- Database Population
» Testcases automatically create reports after execution
» Reports are parsed and database populated
» Analysis done on missing sequences during parsing

- Query Capability
» Net.Data application queries database from Web
Browser

OB Spmatrion N 1 IMS Techaisal ConfergRisio
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Cross Reference Database

A o ]

' Apa r Gro u'p Téstcase_G rou p

m Uy m
+ Apar Changes
m 1I 1 1 m 11 ml
g
m

= Apar 1 - Apar Coverage--——1—- 'Testcase '
-y | k
YNy ym L my ml1 l " "

1 m ¥ —F
I‘Droduc‘t +«—» CUProc ;n_m CU Proc Group
1 17 tm
1 11 ‘|‘1 1 1
Missing i CCU Proc | >
Sequences overage
'1
Worklist
Builder
Ty
Listing ll_m Listing I 1l
Coverage
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Agenda

® \What is Code Coverage?

- (Goals/Questions addressed by code coverage
- \What is not code coverage?

m Types of Code Coverage Reports

m Creating the Code Coverage Environment
m Code Coverage in Projects in IMS

m Cross Reference Database

m Apar Regression Testing using Code
Coverage
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||tli |

Apar Regression Testing

®m Apar Regression Testing
- Enable code coverage on changed Apar modules
» Ensure each Apar LOC is hit during test

» Redefine "Successful Apar Regression Test"
v Testcase did not fail
v Apar LOCs were hit
- Use Cross Reference Database
» |[dentify only the testcases that hit the changed Apar

modules

v Run all Regression Apar Testcases (600 TCs)
v Monitor all IMS Modules (about 4500 modules)
v Populate database after each testcase run

- Reduce time to test each Apar
» Fewer apars in each run (less analysis time)
» Fewer testcases in each run (less run time)

?Enn Galler © BN Siptrat@ien S 1 IMS Techaisal CoNfergRiso



Apar Code Coverage Process
Y

Determine Set
of Testcases
to Run

Run Testcases
(Code Coverage)

(o)
Check Apar O A)
LOC %Hit

_ 100%
Certify Apar =

Check with
Author if
LOCs hit is
Enough

Yes
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Apar Regression Test Benefits

® Reduce PE Rate with higher quality tests

m Code coverage results are documented and saved
- Results may be used in PE analysis

m Apars that Fail Apar Regression Test
- Submitted sooner to subsequent Apar Regression Test

m [dentify code coverage holes in regression test
bucket

‘FET=EENn Galler oSBRM Spmation R 1 IMS Techaisal CRNfergRRF01
]



Demo 1 of 6

‘T Busld Hew Query - Mictosoll Infernet Explorer

| B Edt Vew Favoie: Iock Hep
T o DR A T 2 i R 1 | S
Lirks #]18M Business Trarsformstion ]18M Infemal Help @M Standard Scftware Instalie (3 Free AOL & Uinkmted Inteimet

|| Agdrest | |87 C\Documents and SetingshadmnisiatonLocal Selling\T smphap] ponk bl _ j__ﬁg:;“
, =l
FProduct Version |
s 61 |
Product Version (Compile Level) - Description: |IMS 6.1 (2000004/17) - MS DE/TM RSR |

© Show All Module Groups
© Show All Testease Groups
 Show All Apar Groups
Eﬁﬁml‘t\fl

" Show All Testcases for All Modules

© Show All Modules For A1l Testcases

# Show All Apars For Al Bodules and Testoases
T Show All Modules For All Apars

" Build Worllist for An Apar

 Build Worldlist for A dModule

@1 Dore. [ 17 1E My Computer
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Demo 2 of 6

‘3 Show Compile Levels - Microsoll Intemnet Explores

| Be Edt Vew Favoie: Took Hep

e D) O] Qe et S | B B

Agdhest |2 ] C\Documents and Setirgs\AdmmisistorLocal Selling:\T emp'ap2pant bl

El

aicrad

Produet Version Compile Level  Description
IS 6.1 |2000/04417 S DETM ESE: |
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Conclusion

m Code coverage adds a new quality testing dimension
m Useful in IMS for

- Lineitems
- Apar Regression Testing
- New Products

m Useful for IMS Application Testing

m Cross Reference Database
- Allows intelligent reuse of testing data
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