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Software techniques on legacy systems.

Definition

e Software techniques includes
e Requirements engineering
 Architecture considerations
e Design proposals and practices
e Software development processes
e Development (CASE-Tools)
e Testing
* Maintenance
e Configuration and build management
e Software quality
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Problem

Legacy systems provides poor computer aided
software engineering (CASE) tools, especially
testing.

Testing is done

e manually,

e ohe-time,

e atthe end of the development process.
Refactoring is critical, because there is no
guarantee for same functionality afterwards.
Faults can not detect reliable or repeatable (Bug
known - cause mysterious) .
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Motivation

Automated testing is a requirement to act more
agile.
Automated testing allows further actions on legacy
systems:
Cheaper and reliable maintenance
Refactoring and modernization
Build management with integrity and
consistency guarantees after changes.
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Project aim

e The aim of the project was

e to develop a concept for testing legacy code
and user interfaces

 without changing the code (non-invasive
testing)

 without expanding the mainframe environment
directly (i.e. system software)

e and to proof the concept with a runable
implementation.
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Project infrastructure

e The tool works remote on a z/OS system.
e The 3270 protocol was used to access the user
interfaces.
e The z/OS Communications Server was used for file
access and program execution (TSO/E).
e The implementation uses Eclipse as local platform.
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Testing programs

The tested modules are callable COBOL programs.
The test paradigm is the XUnit paradigm. This
means:
e atestsetup (fixture)
e atestreference
define a test case.

While a test execution the DUT (device under test)
is calling with the test setup. Afterwards the
program output is comparing with the

expected output (reference).
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Testing programs (Retrospective)

Test data (fixture) LINKAGE SECTION.
01 WS-INPUT-RECORD = 91234
01 WS-OUTPUT-RECORD = 00000 OL1 WS=INPUT—-RECORD.
reference data - 05 WS-INPUT-REGION  PIC X.

_ 05 WS-INPUT-REST PIC X(4).
01 WS-INPUT-RECORD = 91234 01 WS-OUTPUT-RECORD PIC X(5)
01 WS-OUTPUT-RECORD = 47110 -

Inspect the datastructures of the COBOL program k /

< = coeoL
N program
Create a test with test and reference data.
Execute the created test. _
> % unit
| test

Propagates the test results back to the IDE.
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Testing programs (Retrospective)

r|>_‘| Projektexplorer &3

= = Workspaceo1
F-F coBoL
&-H3 COBOL.CNTL
E-f2 coBoL.COBOL
. B-[E FILTERFO

@ eSSl 1L TER 1.PO

&~ FLTRCPYLFO

RS 1 TER 1RO

H-H2 COBOL.COPY
&-H COBOL.LOAD
&-F2 CoBOL.TEST
[-f DATA

------ B3 15PF.ISPPREL

B —
H-|Z| BRODCAST.PS
g Junit &5 \_\

<

FILTER1 (SOURCE)
TFILTER1 (SOURCE)

A

TFILTER 1 NI =

Wiederholungen: 3/3 E Fehler: 0 B Stérungen: 0

ISRSE TFILTER 1 (0,010 Sekunde/n)
o gE| WS-INPUT-REGION (0,010 Sekunde,/n)
E']E'—_l WS-INPUT-REST (0,010 Sekunde/n)
o g..':.'—_| WS-OUTPUT-RECORD (0,010 Sekunde fn)

NouhkwNeE

|

FILTER1 (LOAD)
TRILTER1 {(LOAD]

1®

Generate a test case (local).

Propagate the test case to the mainframe.

Recompile the tested program and the test case.
Execute the test case (the execution is triggered locally).
Step 4. produce a result file.

Load the results from the mainframe.

Display the results (local).
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Testing programs (Retrospective)

Note: The tested program was not changed in his
structure. The given data determines which lines
of code, subsections etc. were called within a test
execution.

Problem: Some code can never reach and test —
independent to the chosen test data!

This kind of test is a “retrospective” test, because
the called subsections are determine by the given
test data.

Goal: Testing every part of a program, surely
without merging test and program code.
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Testing programs (Introspective)

e Solution: Temporally program transformation.

MOVE ™4™ TO FILTERI1.
MOVE ™4™ TO FILTERI1.

MOWVE "5" TO FILTERZ. [:::::::t;}

PERFOEM 3000-CHECK-FILTER

MOWVE ™5™ TO FILTERZ.

IF W3-INFUT-BREGION FILTER1 CR

j Ggpé:k:. CONTINUE.

FILTER1 OR

W3-INFUT-REGION FILTER:Z THEN

IF W3-INFUT-REGICH

END-TIF
MOVE W3-INPUT-RECORD

TD W3-OUTFUT-RECOED

W3-INFUT-REGICH FILTERZ THEN

END-IF )
CONTINUE. MOVE WS-INPUT-RECORD

TO W3-OUTPUT-RECOED

GOBACK. CONTINUE.

FERFCEM 3000-CHECK-FILTER
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Testing programs (Introspective)

Every subsection is now a separately test case.

For all subsections a test setup and reference data
IS require.

This kind of test is a “introspective” test, because
all subsections are called. The structure of the
original program is not longer important.

While a test execution the test data and the origin
program code joined temporally.
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Testing programs (Introspective)

Subsection A
05 WS-INPUT-REGION PIC X.

Test data (Fixture) 05 WS—INPUT-REST PIC X(4).
Test data (Ffixture) 4 Subsection B
> 05 WS-INPUT-REST PIC X(4).
Test data (fixture) 4 [0 Subsection C
01 WS-INPUT-RECORD = 91234 [0
01 WS-OUTPUT-RECORD = 00000 | 4

Reference data 4 |10

01 WS-INPUT-RECORD = 91234 |0
01 WS-OUTPUT-RECORD = 47110
1 Inspect the paragraphs and data structures k — COBOL
_J program
Create a transformation program based on the —

testscopes, the testdata and the reference data.

» - Transformation

Aw Program
Propagates the test results back to the IDE.

L w % Unit

_| | 9 test
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Testing programs (Introspective)

E|
[ Projektexplorer 3 = G:b =
= E Workspace01
- H2 COBOL

H-H2 COBOL.CNTL
H-H2 COBOL.COBOL
H-|Z| FILTER.PO

-5 FLTRCPYL.PO /
BB
l -H2 COBOL.COPY
l -F2 COBOL.LOAD

e E—

l B2 DaTA
g Junit 53

-} ISPF.ISPPREL
l -H 15PF.IsPPROF | [TEILTERL /

i Ef TEST.CLIST

: B Fehler: 0
B~ = BRODCAST.PS

Wiederholungen: 77

B Starungen:

=] .‘_| TFILTER1 {0,000 Sekunds ) {
EF-'——| 0000-MAIN.FILTER 1 (0,000 Sekunde /)
'—_| 0000-MAIN.FILTER 2 (0,000 Sekunde /n)

:E 3000-CHECK-FILTER.FILTER 1 {0,000 Sekunde/n)

-] 3000-CHECK-FILTER.FILTER2 (0,000 Sekunde/n)

g 3000-CHECK-FILTER. WS-INPUT-REGION (0,000 Sekunde/n)
%] 3000-CHECK-FILTER. WS-INPUT-REST (0,000 Sekunde/n)

N

%= 3000-CHECK-FILTER. W5-OUTPUT-RECORD (0,000 Sekunde fn)

PwnNE

o

FILTER1 (SOURCE)
TFILTER1 (SOURCE)

L 4

TEILTERY {(LOAD)

o/ 1@

FILTER1ILOAD) FILTER1{SOURCE)
{transformiert) (transformiert)

1©

A

Generate a test case (local).

Propagate the test case to the mainframe.

Recompile the tested program and the test case.
Execute the test case (the execution is triggered locally).
a.) Transform the origin program

b.) Compile the transformed program

c.) Execute the transformed program

Step 4. c. produce a result file.

Load the results from the mainframe.

Display the results (local).
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Testing user interfaces (Definition test)

e The easiest way to test an existing user interface is the
comparison with a definition.

e The comparison includes the data itself and the
metadata (mask structure) too.

e The definition can be taken from an existing mask
(post-definition) or defined in a editor (pre-definition).

Definition with data Instance with data
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Testing user interfaces (Functional test)

The functional test extends a definition test.
The test data will be insert in a mask, process by a

program (not only COBOL) and an output mask will be
produce.

Input
(test data)

Input mask Processing .. |

‘@ OP

Definition with data QOutput instance
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Demonstration (Prerequisites)

A “HFS Project” in Eclipse maps the mainframe members into a local

workspace. Changes were propagated automatically back to the mainframe.

& HFs Workplace - MyHFSWorkspace/COBOL/COBOL/FILTER.PO - Eclipse Platform

File Edit Refactor Mavigate Search Project Run Window Help

File Edit

=10l

VIEW AFVA.COBOL .COBOL (FILTE

Command ===
-Warning- The UNDO command

000100 IDENTIFICATION DIVI
000200 PROGRAM-ID. FILTER
000300 AUTHOR.
000400 ENVIRONMENT DIVISIO
000500 INPUT-OUTPUT SECTIO
000600 FILE-CONTROL.
000700
000800
000300
001000
001100 DATA DIVISION.
001200 FILE SECTION.
001300 FD EINGABE
001400
001500

Ic5-Heléla-lagles-8|E 0 | & -5-06- 0 - 9| o s workplace | 7
I™ Project Explorer &3 = 8 || 5 FurerR.po i3 =0
Edit_Settings Menu = \'—T,| = 000100 IDENTIFICATION DIVISION. 00010011 &
5 5 MyHFSWorkspace 000200 PROGRAM-ID. FILTER 00020023
552 cosol 000300 AUTHOR. STEFFEN VAUFEL 00030022
OR1PS 000400 ENVIRONMENT DIVISION. 00040040
5-F2 CoBOL.CNTL 000500 INPFUT-QUTEUT SECTION. 00050023
"B AAAQIZLPO 000600 FILE-CONTROL. 00060012
000700 SELECT EINGABE ASSIGN TO INPUT1 00070028
your edit profil Hmﬁgcoggpigéi 000800 FILE STATUS IS EINGABE-STATUS. 00080019
FIL'II'ER.PO 000300 SELECT AUSGRBE ASSIGN TO OUTFUT1 00090028
FILTER 1.PO 001000 FILE STATUS IS AUSGABE-STATUS. 00100012
STEFFEN i FLTRCPYL.PO 001100 DATA DIVISICN. 00110025
5-F2 COBOL.COPY 001200 FILE SECTICH. 00120014
Bl FTRCPY.PO 001300 FD EINGAEE 00130018
2 COBOL.LOAD 001400 RECORD CONTAINS 155 CHARACTERS 001400
SELECT EINGABE . FILTER 1.PO 001500 RECORDING MODE IS5 F 00150018 —
FILE STATUS IS | B TFITERLPO 001600 BLOCE CONTAINS 0 RECORDS. 00160018
SELECT AUSGARE 5-F2 COBOL.TEST 001700 01 WS-INFUT-RECCRD. 00170022
FILE STATUS IS © B TRLTERLPO 001800 05 WS-INPUT-REGICN  PIC X. 00180022
-2 DATA 001300 05 W5-INPUT-REST FIC X (154). 00190022
. INPUT.PS 002000 FD AUSGAEE 00200012
i OUTPUT.PS 002100 RECORD CONTAINS 155 CHRRACTERS 00210017
_____ £} 15PF 1SPPREL 002200 RECORDING MODE IS F 00220012
RECORD CONTAINS G- TSPF.ISPPROF 002300 BLOCK CONTLINS 0 RECORDS. 00230012
RECORDING MODE [N £ TEST.CLIST 002400 01 WS-OUTPUT-RECORD PIC X(155). 00240022
_____ BRODCAST.PS 002500 WORKING-STORRGE SECTION. 00250012
_____ LINKLIST.PS 002600 01 AUSGABE-STATUS PIC 99 VALUE 00. 00260013
002700 01 EINGREE-STATUS PIC 99 VALUE 00. 00270020
002800 01 FILTER1 PFIC X. 00280026
002900 01 FILTERZ PIC X. 00290026 |-
4 of
M i Writable Insert i:
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Demonstration (New retrospective test)

2. The wizard “New COBOL test case (Retrospective)” define a new test case.

_ioix
COBOL Unit-Testcase
This wizard creates a new COBOL testcase,

Container: |,.'T~“IyHF5'n“a'u:nrkspace,."COBOL,.‘“l‘E5T Browse... |
Test name: | TFILTERY

Tested program name: | MyHFSWarkspace /[COBOL/COBOL/FILTER 1.PO Browse... |
Copy libraries: MyHFSWorkspace f[COBOL /COPY FLTRCPY.PO

(‘?_:J < Badk Mext = Fimist Cancel
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Demonstration (New retrospective test)

3. The test setup has to be define ...

SI=E

COBOL Unit-Testcase
€ 1WS-OUTPUT-RECORD PIC X(5). is not correct defined!

Variable | Definition

=~ 1 WS-INPUT-RECCRD .
5 W3-INPUT-REGION PIC X(1).  null Va ria bleS frOm the LI N KAG E
. 5 WS-INPUT-REST PIC X(4). nul
‘. 1 WS-DUTPUT-RECORD PIC X(5). il S ECTI O N .

(?) {eBadk | meas | Fnsh | cancel
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Demonstration (New retrospective test)

... and the reference data with the comparison operators, too.

SI=E

COBOL Unit-Testcase
€ 1WS-OUTPUT-RECORD PIC X(5). is not correct defined!

Variable | Definition | Cperator
E| 1_'.'-J'S-II~IF‘L|'I'-RECORD
5 WS-INPUT-REGIOM PIC X(1). null

. 5WSINPUTRESTPICX(4).  nul
- 1 WS-OUTPUT-RECORD PIC X(5).  rul

(?) {eBadk | meas | Fnsh | cancel
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Demonstration (New retrospective test)

5. The generated test case.

PROCEDURE DIVISION.

0000-MAIN.

MOVE **4" TO WS-INPUT-REGION Test data (Fixture)

MOVE '*9999" TO WS-INPUT-REST _

MOVE '*00000" TO WS-OUTPUT-RECORD 01 WS-INPUT-RECORD = 49999
01 WS-OUTPUT-RECORD = 00000

MOVE FUNCTION CURRENT-DATE TO WS-CUR-DATE-FIELDS

CALL ,,PFILTER1" USING Reference data

BY REFERENCE WS-INPUT-RECORD _

BY REFERENCE WS-OUTPUT-RECORD 01 WS-INPUT-RECORD = 49999
01 WS-OUTPUT-RECORD = 49999

DISPLAY "<?xml version=""1.0"" encoding="""UTF-8""?>".

IF WS-OUTPUT-RECORD = "'49999"" THEN
DISPLAY "<testcase name=""'WS-OUTPUT-RECORD"'" classname=""""""""

DISPLAY "time=""" WS-CUR-SECOND1 **."" WS-CUR-HS1 """ />"

ELSE

DISPLAY "<testcase name="""WS-OUTPUT-RECORD"" classname=""""""
DISPLAY "time=""" WS-CUR-SECOND1 **."" WS-CUR-HS1 """ >

DISPLAY "<error> Expected was 49999, result is "
WS-OUTPUT-RECORD ".</error>"

DISPLAY "</testcase>"

END-1F

DISPLAY "'</testrun>".
GOBACK.
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Demonstration (New introspective test)

For introspective test cases the steps 3. and 4. looks like this:

& COBOL Unit-Testcase

COBOL Unit-Testcase
€3 1FILTER2PIC X(1). is not correct defined!

=0l x|

Paragraph

| Definition

[=I- 0000-MAIN
i 1 FILTER1 PIC X(1).
-1 FILTER2 PIC %(1).

null
nll

- 3000-CHECK-FILTER
. 1 FILTER 1 PIC ¥(1).
. 1 FILTERZ PIC ¥(1).
El- 1 WS-INPUT-RECORD
¢ i 5 WS-INPUT-REGION PIC %({1).
|l 5 WS-INPUT-REST PIC X(4).
b 1 WS-DUTPUT-RECORD PIC X(5).

null
null

null
null
null

Subsection followed by the scoped
variables.

@) < Back

[ext = | Einish I Cancel
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Demonstration (Test execution)

6. For both kinds of tests the execution configuration is the same:

& Run Configurations

Create, manage, and run configurations

x|

)

= A=l

I

IC'_"DE ter ext

------ 8 Apache Tomcat
=-(i7 COBOL Unit-Test

""" {17 Demonstration
& Edipse Application
E4 Edlipse Data Tools
Generic Server
8 Generic Server(External La

E‘—k Groovy Script
lE‘_k Groovy Shell

El Hibernate Console Configu
8 HTTP Preview

E J2EE Preview

F4] Java Applet

[3] Java Application

Ju Junit

J¥ Uit Plug-n Test

D oAW Workflow

Operational QYT Interprete
& 05Gi Framework

----- ‘ SpringSource AMS Server
----- SpringSource dm Server
----- ‘ SpringSource tc Server
-Juf Task Context Test

N S

Filter matched 24 of 24 items

Mame: | Demonstration

COBOL Unit Test

Project:

| MyHFSWorkspace

Browse... |

rDevice Under Test:

| MyHFSWorkspace /COBOL/COBOL/FILTER 1L.PO

Tested module + recompile ?

rResult-Member:

| MyHFSWorkspace [DATAJOUTPUT.PS

Browse... |

— Access rights:
User: | AFVA
Password: | ““““

Apply | Reyert |

©

Run Close |

Bromse—]
¥ Recompile DUT (Device-Under-Test)
[ Testcase: .
| MyHFSWorkspace [COBOL/TEST/TFILTER 1.PO roTE '| Te St case + recom p | I e ?
V¥ Recompile Testcase
~Loadmodule (DUT):
[yt SWorkapace/COBOLLOADFLTER LPO eromee— Load module (tested module)
~Loadmodule (Test):
| MyHFSWorkspace [COBOL/LOAD/TFILTER 1.PO Browse. .. |

Load module (test case)

Result member

User authentication
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Demonstration (Test execution)

The results of the test cases looks like this:

|
R
Runs: 3/3 B Errors: 0 B Failres: 0 T ——.
E Fiel TRLTER 1 (0,000 5) = Failure Trace o
gl WS-INPUT-REGION (0,000 5)
~-gE| WS-INPUT-REST (0,000 €)
‘... W5-OUTPUT-RECORD (0,000 5)
retros pECtIVE results
|
ERa
Runs: 77 B Errors: 0 B Faiures: 0 e —
E §E TFILTER (0,000 5) = Failure Trace oL
tgE] 0000-MAIN.FILTER1 (0,000 =)

= 0000 MAIN.FILTERZ (0,000 5)
:'E'—_l 3000-CHECK-FILTER.FILTER 1 (0,000 5

-] 3000-CHECK-FILTER.FILTER2 (0,000 5)

-] 3000-CHECK-FILTER.WS-INPUT-REGION (0,000 <)
] 3000-CHECK-FILTER.WS-INPUT-REST (0,000 5)
gk 3000-CHECK-FILTER. WS-OUTPUT-RECCRD (0,000 =)

introspective results
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Demonstration (Definition test)

The wizard “New TUI test case (Definition)” define a new test case.

_lo/x]
3270 Definition Generator

Generates & definition for an 3270 terminal screen.

Source folder: | MyJavaProject/src Browse. .. |
Package: | (default)  Browse... |
Name: | TestDefinition

.| | The context is a kind of path to the
Context : I H: 1SV 228107917 MasterarbeitKaontexte\start, xml Browse I m a S k_
{* postdefine | H:\5v2281079'17 Masterarbeit ontexte istart.xml Browse. .. |
{ Predefine The same context is used for a

" | post definition.

RACF User: | AFVA
Password: | ==

@:I < Back I MNext = I Einish Cancel
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Demonstration (Definition test)

2. The generated JUnit test can execute directly.

In this case the metadata and the data is identical with the definition for
every field. The test pass.

I . K|
—_— O | iy o
U dunit B g A | Q. gl [
Firished after 4,766 seconds '
Runs:  148/148 B Erors: 0 B Failres: 0 s
SRS E} T=<tDefinition [Runner: JUnit 4] (0,328 5) | i’ = Failure Trace L

gEl testfieldo (0,000 s)
----- tE testfield1 (0,000 5)
----- PEl testfield2 (0,000 5)
-] testfield3 (0,000 5)
----- gl testfield4 (0,016 5)
----- pE] testfields (0,000 5)
= EE. testfields (0,000 <) -]




1.
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Demonstration (Functional test)

The wizard “New TUI test case (Function)” define a new test case.

3270 Function Test Generator

Generates a input and a output-reference for an 3270 terminal screen transaction.

=0l x|

Source folder: | My JavaProject/src Browse... |
Package: | (default)  Browse... |
Name: | TestFunction

RACF User: | AFVA

Password :

Context : | H:\5v 2281079417 Masterarbeit\Kontexte \first. xml

——fose L

@ sk ] et Erich

Cancel

The context is a kind of path to the
mask.
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Demonstration (Functional test)

2. Allinput fields of the first mask are display. They can fill with input data.

_lo/x]
3270 Function Test Generator

Generates a input and a output-reference for an 3270 terminal screen transaction.

Used/Label | Row | Col | Visible | Protected | Numericl Length | Value il
[ field10s 19 14 true false false 3

-
4] | >

@:I < Back [ext = | Finish I Cancel
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Demonstration (Functional test)

3.  The definition for the response mask is require.

il x|
3270 Function Test Generator
Please specify the reference and the used AID,

{* postdefine |H:'|S'u'228 1079417 Masterarbeit\Kontexte\start, xml Browse... |

" Predefine ~ POSt def|n|t|0n.

Attention Identifier: I MNTER 'I

oy
l\_\?-)l < Back I Mext = I Finish Cancel
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Demonstration (Functional test)

... or pre-definition.

1=
3270 Definition Generator
ol
3270 Definition Generator
Flease define or redefine your reference definition.
3333
output | Mask | gggg
BREEEERREEEEERRE CGEERERREEEEEER GCEEREEEEE BEREEEER 2333
Bee BEERE Bee BRER BEREEE @EREE Be 2333
@ BRER @ BEERE BEREEE @EREE ae 3333
BRER BRER BRERE EEER EE 3333
BREE BRER BREEE ERERE 1333
BRER BREE BRERE ERER 3333
Beee EREEEEEERRER BRERE 3333
BeER Beee BE BEREE Release 5.3 3333
BERER BeER BE BEREE: 3333
REREE BEREE R BERRE 3333
ERER BRER ae BeER 2301
BRREEEERE BREREEERE BREEEE BREEEEE 2333
Copyright (C) 1%8419%%¢ Computer Associates International Inc. 3333
Userid: (or LOGOFF) 15:47:37 5301
Password: 26/07/11
New Password: TS00017 3301
Account: 3278-2 3333
Transfer: FFARY 3333
3333
3333
3333
3333
PFl=Help PF3=Logoff
Cancel |
® < Back [dext = | Einish I Cancel I
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Demonstration (Functional test)

4. The generated JUnit test can executed directly.

In this case the metadata and the data is for every field identical with the
definition. The test pass.

I . K|
—_— O | iy o
U dunit B g A | Q. gl [
Firished after 4,766 seconds '
Runs:  148/148 B Erors: 0 B Failres: 0 s
SRS E} T=<tDefinition [Runner: JUnit 4] (0,328 5) | i’ = Failure Trace L

gEl testfieldo (0,000 s)
----- tE testfield1 (0,000 5)
----- PEl testfield2 (0,000 5)
-] testfield3 (0,000 5)
----- gl testfield4 (0,016 5)
----- pE] testfields (0,000 5)
= EE. testfields (0,000 <) -]
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Conclusion

The developed tool can use to create easily test
cases for COBOL programs.

The test scopes are not restrict to the naturally
program flow.

The program code and the test code is separate
(non-invasive testing)

The system environment of z/OS is untouched.
The mainframe is totally encapsulate. The test
designer needs no green screen terminal.

All generated test cases could be modified /
customized if necessary.
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