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Various things

® |ntensiVE

® Program querying
® Regularity mining
® Smart annotations

® Analyzing Cobol with Cognac
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Java annotations

public class AccessorExample {

public Integer my_field;
public Integer my_field?Z;

@Getter

public Integer getMy_field() {
return my_field;

h

public Integer getMy_field2() {
return my_field?Z;

h

@Getter
public Integer returnField2()

{
return my_field?Z;

h

@Getter
public Integer getNothing()

{

return null;

¥
¥
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Java annotations

public class AccessorExample {

public Integer my_field;
public Integer my_field?Z;

@Getter

public Integer getMy_field() {
return my_field; (:>F<‘

h

public Integer getMy_field2() {
return my_field?Z;

h

@Getter
public Integer returnField2()

{ OK

return my_field?Z;
h

@Getter
public Integer getNothing()

{

Incorrect!!!

return null;

¥
¥
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Rules

® RULEI:Accessors should start with the
prefix ‘get’

® RULE2:Accessors should return the value
of a field
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Smart annotation

@Target(ElementType .METHOD)
public @interface Getter {
@Necessary
public static final String RULE
= "71tem methodDeclarationHasName: ?name, " +
"['get*' match: ?name asString]";

@Sufficient
public static final String RULEZ =
"?1tem isMethodDeclaration, ?class definesMethod: 7item, " +

"?class definesVariable: ?variable, +
"71tem returns: ?variable”;
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Smart annotation

Annotation => Rule

@Target(ElementType .METHOD)
public @interface Ge

pupti atic final String RULE
= "71tem methodDeclarationHasName: ?name, " +
"['get*' match: ?name asString]";

@ Annotation <=> Rule
pubt atic final String RULEZ =

"?1tem 1isMethodDeclaration, ?class definesMethod: ?71item, +

"?class definesVariable: ?variable, +
"71tem returns: ?variable”;
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SAT ToSE 2009

Eclipse integration

Java - Smart Annotation Example/src/example/AccessorExample.java - Eclipse SDK

[ESr LS|80 Q| BEHFC | S®@S | P I |8l v m & Java
7 - ) < N/ = 7 : _— V4 ) - \
' Package 2 Y Hierarchy| © O|[ 1) Getterjava 1)) AccessorExample java &3 ™\ “O|El TaskList 3 “0
= < NI package example; =] G| Be T
1= Smart Annotation Example public class AccessorExample { Eind: » AL b
public Integer my_field;
public Integer my_field2; .~ Uncategorized
@letter
public Integer getMy_field() {
return my_field;
}
: public Integer getMy_field2() {
return my_field2;
} 4
7 - p—
i @Cetter o= Outline 2 =0
;;ublic Integer returnfield2() 2 W \9 o W A
return my_field2; &+ example
} 9 AccessorExample
an © my_field : Integer
Y #Getter )
public Integer getNothing() © my_field2 : integs
{ @ getMy_field()
return null; ® getMy_field2()
} } @ returnField2()
© getNothing()
C S e
(Ts 2\ AT 1) o oA
(2 Problems IZ @ Javadoc [, Declaration ® -
0 errors, 3 warnings, 0 others
Description ¥ | Resource Path Location
5 Warnings (3 items)
n Getter AccessorExample.javi Smart Annotation Example/: line 12
t Getter AccessorExample. javi Smart Annotation Example/: line 16
t Getter A(CCSSO(EX&MDKJ&V: Smart Annotation Example/: line 22
C ) C ) 4 »
J 0 Writable Smart Insert 25:17

Monday 11 May 2009



Exceptions

public class AccessorExample {
public Integer my_field;
public Integer my_fieldZ;

@Getter
public Integer getMy_field() {
return my_field;

}

@DoesNotApply(Getter.class)
public Integer getMy_field2() {

return my_field?Z;
h

@Getter
public Integer returnfField2()

{
return my_field?Z;

}

@Getter

@DoesApply(Getter.class)
public Integer getNothing()

{
return null;
¥
}  SATToSE 2009 9
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Exceptions

public class AccessorExample {
public Integer my_field;
public Integer my_fieldZ;

@Getter
public Integer getMy_field() {
return my_field;

}

return my_field?Z;
h

@Getter EXPI|C|t exceptiOnS

public Integer returnField2()

{
return my_field?Z;

@DoesApply(¥ctter.class)
—— eger getNothing()

return null;

}

}  SATToSE 2009 9
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Cognac
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Context

® |ndustrial case study with inno.com
® Average-sized Cobol system (500 KLoc)
® Verify design
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Context

® |ndustrial case study with inno.com
® Average-sized Cobol system (500 KLoc)
® Verify design

|. outsourcing
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Context

® |ndustrial case study with inno.com

® Average-sized Cobol system (500 KLoc)

® Verify design
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|. outsourcing

fewfew

ewfew

2005

fewfew

ffewfewfewfew wiewfew

L wlewfewfewfew fewlew
Sy Lfewfewfewiew ewlew
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Challenges

® Analyzing Cobol code

® Parsing

® More than structural information
® Performance
® Extensibility

® Various kinds of design rules
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Cognac

® Declarative meta programming to verify
design wrt. Cobol code

® Built on top of IntensiVE
® TJechnically:
® |sland-based parser
® |ibrary of logic predicates

® Basic static analyses
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Example: Copybook-

PROGRAMS

fewfew

ewfew

efwefewfe

fewfewfew efewfewfewfewfew fewfew

wlewfew

fewfew

ewfew

efwefewfe

fewfewfew efewfewfewfewfew fewfew

wlewfew

fewfew

ewfew

efwefewfe

fewfewfew efewfewfewfewfew fewfew

whewfew

fewfew

ewfew

efwefewfe

fewfewfew efewfewfewfewfew fewfew

whewfew

fewfew
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efwefewfe

fewfewfew efewfewfewfewfew fewfew

whewfew

fewfew

ewfew

efwefewfe

fewfewfew efewfewfewfewfew fewfew

wlewfew
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linkage

CALL ‘Programl®’ using PARAM

PROGRAMIO

fewfew

ewfew

efwefewfe

fewfewfew efewfewfewfewfew fewfew

wlewfew

fewfew

ewfew

efwefewfe

fewfewfew efewfewfewfewfew fewfew

wlewfew

fewfew

ewfew

efwefewfe

fewfewfew efewfewfewfewfew fewfew

whewfew

fewfew

ewfew

efwefewfe

fewfewfew efewfewfewfewfew fewfew

whewfew

fewfew

ewfew

efwefewfe

fewfewfew efewfewfewfewfew fewfew

wlewfew

fewfew

ewfew

efwefewfe

fewfewfew efewfewfewfewfew fewfew

wlewfew

Monday 11 May 2009




PROGRAMS

efewfewfew efe

fefewfewfewfew efewfewfewfe

efewfewfe fewfewfewfew efewfewfc
fewfewfew efewfewfewfewfew fewfew

wiewfewfew efewfewfewfewfew

fewfewfew efewfewfewfewfew fewfew
efwefewigfewfewfewfewfew efewfewfewfewfew efewfewfewfe
fefewfewfe: fewfewfewfewfew efewfewfewfewfes

efwefewfe

fewfewfew efewfewfewfewfew fewfew

fewfew

ewfew

efwefewfe

fewfewfew efewfewfewfewfew fewfew

whewfew

fewfew

ewfew

efwefewfe

fewfewfew efewfewfewfewfew fewfew

whewfew

fewfew

ewfew

efwefewfe

fewfewfew efewfewfewfewfew fewfew

wlewfew
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linkage

CALL ‘Programl®’ using(PAR

22?Same data definition???

Example: Copybook-

PROGRAMIO

efewlews wfew
cfewlfewfew WM&:\W&M&M&W E wiowfew fewfew
efewfewfe
fewlewfew efewlewfewfewfew fewfew
cfweiefife

wiew
|
idhtew
A
\ fewfewfew cfewfowfowfewfew fewfew /
efwefewfe whewfew
N viewadtfiew

efewfewfew eiewfeMeMeMewiewiewfew fewfew
ewfew

fewfowfew efewfewfewfowfew fowfew
efwefewfe whewfew
fewfew
ewfew

fewfewfew efewfewfewfewfew fewfew
efwefewfe whewfew
fewfew
ewfew

fewfewlew efewfewfewfewfew fewfew
efwefewfe whewfew
fewfow
ewfew

fewfewfew efewfewfewfewfew fewfew
efwefewfe wlewfew
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Example: Copybook-
linkage

PROGRAMS PROGRAMIO

fefewfewfewfew efewfewfewfe wiewfewfew efewfewfewfewfew [ ] efewfewfe wiew
efewfewfew efes ew efewfewfewfewiel wiewfewfew fewfew ‘ , efewfewfew WME:MEMEMEW ef wiewfew fewfew
efewfewfe fewfewfewfew efewfewfewfewfew efewfc fewfew ewfew efewfewfe) few ewfew
fewlewlow efewlewlewfewfew fewfew / fewlewfew efewfewfewlewlew fewlew
efwef efweigflfe wiew
.
[ ) |
\ y X
fewfewfew efewfewfewfewfew fewfew % \ fewfewfew efewfewfewfewfew fewfew /
cfwefenMglewfewfewfewiew cfewlewlewlowfew fewfewfewlsyth wiewiew efwefewte wiewlew
fefewfewle o & ey piefew
e e, oy
fewlew efewlewlew efewlewfe ewfewlewlewfow fewlew
ewfew ewlew
fewfewfew efewfewfewfewfew fewfew fewfewfew efewfewfewfewfew fewfew
efwefewfe wiewfew Y o efwefewfe wiewfew
fewlew fewlew
ewfew ewlew
fewfewfew efewfewfewfewfew fewfew fewfewfew efewfewfewfewfew fewfew
efwefewfe ‘wiewfew . . . . . . efwefewfe wiewfew
fewlew fewlew
ewfew ewlew
fewlewlew efewfewfewfewlew fewfew fewlewfew efewfewfewfewfew fewfew
efwefewte wiewlew efwelewte wiewfew
fewfew fewfew
ewfew ewlew
fewlewlew efewlewfewfewfew fewfew fewlewfew efewfewfewfewlew fewlew
efwefewle wiewlew efwelewfe wiewfew

COPYBOOKI

0l PARAM
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Example: Copybook-

PROGRAMS

fefewfewfewfew efewfewfewfe

o
fewfewfewfew efewfewfewfewfew efewfe

ew efewfewfewfe

fewfewfew efewfewfewfewfew fewfew

wiewfewfew efewfewfewfewfew

efwe X
[ ) |
\ y

fewfewfew efewfewfewfewfew fewfew

efwefewitgfewfewfewfewfew efewfewfewfewfew efewfewfewfe

W

fefewfewfe o
oo fewfew
ewfew

fewfewfew efewfewfewfewfew fewfew
efwefewfe wiewfew
fewfew
ewfew

fewfewfew efewfewfewfewfew fewfew
efwefewfe wiewfew
fewfew
ewfew

fewfewfew efewfewfewfewfew fewfew
efwefewfe wiewfew
fewfew
ewfew

fewfewfew cfewfewfewfewfew fewfew
efwefewfe Wlewfew

Y

“*COPYBOOK1’

linkage

CALL ‘Programl®’ using(PAR

22?Same data definition???

COPYBOOKI

PROGRAMIO

efewlews wfew
cfewlfewfew WM&:\W&M&M&W E wiowfew fewfew
efewfewfe
fewlewfew efewlewfewfewfew fewfew
cfweiefife

wiew
|
idhtew
A
\ fewfewfew cfewfowfowfewfew fewfew /
cfwefewfe wiewfew
N viewadtfiew
efewfewfew eiewfeMeMewieMewiewfew fewfew
ewfew
fewfewfow cfowfewfewfowfew fewfew
efwefewfe whewfow
fewfew
ewlew
fewfewfew efewfewfewfewfew fewfew
efwefewfe whewfow
fewfew
ewlew

fewfewfew efewfewfewfewfew fewfew
efwefewfe wlewfew

fewfew
ewfew

fewfewfew efewfewfewfewfew fewfew
efwefewfe wlewfew

COPY

0l PARAM

Design rule: A caller should include the

SATToSE 2009

| 4

copybook used in the linkage section of
the callee
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Copybook -linkage

Called programs

(?program programCallsProgram: ?calledProgram:J

Program with copybook

?program programWithCopyStatement: 7copy,
?copy copyStatementInLinkageSection,
?copy copyStatementIncludesCopybook: ?copybook

SATToSE 2009 |5
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Copybook -linkage

Called programs

(?program programCallsProgram: ?calledProgram:J

\4

Program with copybook

= ?program programWithCopyStatement: 7copy,
?copy copyStatementInLinkageSection,
?copy copyStatementIncludesCopybook: ?copybook

v ?caller e Called programs :
3 7corresponding € Program with copybook :
?caller.calledProgram equals: ?corresponding.program,
?caller.program programIncludesCopybook: ?corresponding.copybook

SATToSE 2009 |5
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Copybook -linkage

t programd) ;

Domain 656 owtof 698 (93.9828%) Range 116 outof 201 (57.7114%)

~~

program -> Program PMKTR342
callegProgram -> Program PMKTR439

program -> Program PMXTR439
Copybook -> RMKTY4358

program -> Program PMKTR342
callegProgram -> Program PMKTR439

program -> Program PMXTR439
copybook -> RMKTY436

program -> Program PMKTRS34
calledProgram -> Program PMKTR435

program -> Program PMKTR439
copybook -> RMKTY435

program ->» Program PMKTRS34
callegdProgram -> Program PMKTR436

program -> Program PMKXTR439
copybook > RMKTY436

program -> Program PMKTD365
callegProgram -> Program PMKTR459

program -> Program PMKXTR459
COpYDOOk <> RMKTY4556

program ->» Program PMKTD365
calledProgram -> Program PMKTR459

program -> Program PMXTR459
copybook > RMKTY459

program -> Program PMKTR404
calledProgram -> Program PMKTRS04

program -> Program PMXTRS04
copybook -» RMKTYS04

program -> Program PMKTR404
calledProgram -> Program PMKTRS504

program -> Program PMKTRS04
copybook <> RMKTYS04

program -> Program PMKTM307
callegProgram -> Program PMKTR434

program -> Program PMKTR434
COpYyDOOk -» RMKTY434

program ->» Program PMKTM307
calledProgram -> Program PMKTR434

program -> Program PMXTR434
Copybook «> RMKTY434

program -> Program PMKTR470
callegProgram -> Program PMKTRS70

program -> Program PMKTRS70
copybook -> RMKTYS70

program -> Program PMKTR470
calledProgram -> Program PMKTRS70

program -> Program PMXTRS70
copybook -> RMKTYS 70

program -> Program PMKTD398

Not in domain

program -> Program PMKTR447,
program -> Program PMKTR454,
program -> Program PMKTR454,
program - Program PMKTR476,
program -> Program PMKTR447,

v 7 program -> Program PMKTR46G0,

program -> Program PMKTR447,
program - > Program PMKTRS 73,
program -> Program PMKTRO04,
program -> Program PMKTRS73,
program -> Program PMKTR448,
program -> Program PMKTR447,
program -> Program PMKTR459,
program - > Program PMKTR461,
program -> Program PMKTR4A4S8,
program -> Program PMKTRS 72,

SAT ToSE 2009

calledProgram
calledProgram
calledProgram
calledProgram
calledProgram
calledProgram
calledProgram
calledProgram
calledProgram
callegProgram
calledProgram
calledProgram
CalledProgram
calledProgram
calledgProgram
calledProgram

> Program PMAZRO19
~> Program PMITR400
~> Program PMFMROO1
> Program PMFPROLE
-> Program PMAMR2 30
-> Program PMRBRO10
-» Program PMAMROO4
> Program PMKXBR704
> Program PMMLRO37
-> Program PMYPLAT70
> Program PMFFRI1L]
> Program PMAMROS2
> Program PMPYRDO1
> Program PMHARDD1
-> Program PMIFR130
~> Program PMYPLAT0

program -> Program PMKXTRE89

program
program
program
program
program
program
program
program
program
program
program
program
program
program
program
program

> Program PMXTC334, copybook
~> Program PMXTC391, copybook
~» Program PMXTL319, copybook
> Program PMKXTC323, copybook

~> Program PMXTL369, copybook -
-> RMKTI389
-» RMKTY329

> Program PMXTC389, copybook
-» Program PMXTLI29, copybook
> Program PMXTC321, copybook
> Program PMXTC330, copybook

=> Program PMKXTLI4AS, copybook -
> Program PMKXTL3IO08, copybook -

> Program PMKXTL337, copybook

> Program PMXTC311, copybook ~> RMKTD311

> Program PMXTC345, copybook

-> RMKTI334
-> RMKTI391
->» RMKTY319

> RMKTI1323
> RNKTY 369

> RMKTI1321
> RMKTI330
> RMNKTY 348
> RMKTY308
> AMKTY33?

> RMKTI345

~> Program PMXTC336, copybook -> RMKTIZ36
~» Program PMXTLI3S, copybook -» RMKTY33S

|5
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Rational Rose doc.

: SystenBordar : PMKTLE02_CO - PMKTLAOT_RO : PMKTLA00_RS - PAMKTLAZI_AM : PMKTL412_CO

L
'

ﬁ.,.‘ - _FMKTL407 RQ L PMKTL00 RS _PMKTLZ33 AM _PMKTL41Z CO

>

2 09 _gelFeatyey)

ﬂ_\- ;hll
Sequence Diagram: FCOS Implementation /L
getFeatures [1ead.onlyt

1
1 05_KT_BRF_0277_CaleulateRetundCompensationBase Amouny )

IF RepaymeniScheme NOT Paszed in Inpubthen

R T T T T T T T T T TN TTTTTETET

3. 14_gelRepaymentSchems!

ccscdebboeceaTeiaas

é
?

R L L R R L T T T T L L L L R T e L L L L L T T

astBepaymeniScheme {reac-onlyl

END-IF

At Typa calculation k52 or 4

- A 2 04_KT_BRF_0200_RefundOompersationRegime() ;
<0 OVankat Mod 070520077 | :. ' ' .
Sequence Diagram: CO02 Implementstion / L '
End-IF T _BRF 0206 RetundC ompan:monRamma—I ! .
a5 01_c:al-:ula|-:'R-;-1ur-dComp-:-n:salionaaseﬁm-:-un( ) ~
Sequence Diagram: 02 CO ComtSegquence f .
calculateRetundCompeansationBasesamount
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Verifying the doc.

O O O Sequence Diagrams of Computational Components ' +

4|» S A ] A 1P 4+ < file///Users/akellens/Documents /VUB/images/Cobol /Reebock2 OHTMLX20Report /Reeboc 7. html ¢ | (Qr Google :

(28] Seaside Cartoonsv Newsv Softwarev VUBv Researchv Funv Gmail Fortisbanking ING  Exploration
Sequence Diagrams of Computational Components

Verification of the Rational Rose sequence diagrams in the Computational Components

Number of inconsistent instances:7
Total number of instances:11

Regularities instances

Regularity instance with parameter SequenceDiagramsOfComputationalComponents(Program PMKTRS03,CADocuments and Settings\Administrator\Desktop\Reeboc Delivery 1.00Technical_Design.mdI>Logical
View>Technical Design>02_Business_Services (= Functional
Components)>01_Computational_Components>CCO1_CalculationMgr>CCO1_Implementations>CCO1_Implementation>01_RS_RepaymentSchemeCalculationSequence>KT_BRF_0037_GetFirstDueDate #(Program
PMKTR703))

Intensional relation Sequence diagram verification

All calls in the sequence diagram should be found in the code in the correct order.
Elements from source intensional view SequenceDiagramViewGenerator not in relation: 1/1

Inconsistent entitics
diagram->C:\Documents and Settings\Administrator\Desktop\Reeboc Delivery 1.0\Technical_Design.mdb>Logical View>Technical Design>02_Business_Services (= Functional
Components 01 _Computational_Components>CCO01_CalculationMgr>CCO01_Implementations>CCO1_Implementation>01_RS_RepaymentSchemeCalculationSequence>KT_BRF_0037_GetFirstDueDate

program->Program PMKTRS03
sequence->#(Program PMKTR703)

Regularity instance with parameter SequenceDiagramsOfComputationalComponents(Program PMKTRS03 C\Documents and Settings\Administrator\Desktop\Reeboc Delivery 1 .0\Technical_Design.mdi>Logical
View>Technical Design>02_Business_Services (= Functional
Components)>01_Computational_Components>CCO1_CalculationMgr>CCO1_Implementations>CCO1_Implementation>03_CO_CostSequence>calculaeR efundCompensationBase Amount #(Program PMKTR433
Program PMKTRS13))

Intensional relation Sequence diagram verification

All calls in the sequence diagram should be found in the code in the correct order.
Elements from source intensional view SequenceDiagramViewGenerator not in relation: 1/1

Inconsistent entitics -

diagram->C:\Documents and Settings\Administratof\Desktop\Reeboc Delivery 1.0\Technical_Design.mdi>Logical View>Technical Design>02_Business_Services (= Functional
é‘nmmnmnbm Comnutational Comnonents>CO01_CalenlationMer>C OO Imnlementations>CCO1_Imnlementation>03_CO_CostSeanencescalenlateR efundComnensation Base A monnt .
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