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What is Software Quality ?

! External Quality

- Conformance to speciÞcation

   Does it do what it is supposed to do?

- Correctness & Stability

   Are there many bugs?

! Internal Quality

- Quality characteristics of the source code

    Is the software sustainable?

- Documentation

    Is the code adequately documented?
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Software Erosion

3

! Time pressure

! Changing requirements

! Poor documentation

! Personnel turn-over

! Poor design
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Cost of Software Maintenance

Proportion of software 
maintenance costs

Reference & Year

> 90% [Erlikh] (2000)

75% [Eastwood] (1993)

> 90% [Moad] (1990)

60-70% [Huff] (1990)

60-70% [Port] (1988)

65-75% [McKee] (1984)

> 50% [Lientz & Swanson] ((1981)

67% [Zelkowitz et al.] (1979)

The legacy crisis [Seacord et al.] (2003)

On average, an evolving 
s o f t w a r e p r o d u c t i s 
rewritten from scratch every 
6.8 years [Tamai et al.] (1992)
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Goal
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! Different properties of good software:

Modularity

Maintainability

Reusability

Clarity Complexity

Modifiability

Understandability

Documentation up to date

! Internal quality

ÒDoes my software obey the design? Does the design 
accommodate my changes?Ó

ÒIs it easy to understand the source code and change it?Ó

ÒIs there any documentation? Does the source code 
reßect that documentation?Ó
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Need for tools

6

! Manual effort

- Code reviews

- Find quality issues

- 2 seconds per line of code
250 KLOC * 2

500 000 seconds

140 hours

18 days

Need for tools that help in 
assessing quality attributes
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General purpose tools
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! Tools for Þnding defects

- Metrics

- Bugs

- Bad style

- Naming conventions

- ...

[Hovemeyer & Pugh] (2004)
http://checkstyle,sourceforge.net

http://artho.com/jlint/

http://pmd,sourceforge.net

http://checkstyle
http://checkstyle
http://artho.com/jlint/
http://artho.com/jlint/
http://checkstyle
http://checkstyle
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Tools for building custom tools
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Source-code 
querying

Software 
Visualizations

???

! SpeciÞc to MY software

- Design rules

- Conventions

- Properties of interest 

- ...



Maintaining source-code quality: Tools and Techniques 9

Case study
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Case study
! Academic-industrial collaboration

! Large system for Belgian bank

! COBOL

10

Modern design:

! Components

! Services
Old language

[Kellens et al.] (2010)
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Problem
! Large investment (25 million euro)

! Outsourcing

11

2005 2006 2007 2008 2009 202X...

Iteration 1

???
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Problem
! Large investment (25 million euro)

! Outsourcing

11

2005 2006 2007 2008 2009 202X...

Iteration 1

???

Iteration 2
Iteration 3

Iteration x

Production
??? ??? ??? ???

Prevent erosion 
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2005 2006 2007 2008 2009 202X...

Iteration 1

???

Long term

???

Iteration 2
Iteration 3

Iteration x

Production
??? ??? ??? ???
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Mapping OO concepts to COBOL

12

- Patterns

- Conventions

- Idioms

- Naming schemes

- Layering

! Programs

! Sections

! Paragraphs

! Statements

Implementation guidelines
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Technical documentation
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Sequence diagrams

SystemBorder EntryPoint
Program Program 1 Program 2

perform use case

invoke sub-operation 1

invoke sub-operation 2

invoke sub-operation 3 ???
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Source-code querying
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Source-code query languages

15

! Examples:

- SOUL

- SemmleCode

- SCL

- JQuery

[De Roover et al.] (2011)

[Hajiyev et al.] (2006)

[Hou&Hoover] (2006)

[Janzen&De Volder] (2003)
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SOUL - Smalltalk Open UniÞcation Language
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! Declarative programming language

! Program representation = AST

! Library of predicates

if 
   ?class  isClassWithName: ?name,
   ?method  isMethodInClass: ?class ,
   ?variable  isInstanceVariableInClass: ?class ,
   ?ast  isParseTreeOfMethod: ?method ,
   RBAssignmentNode(RBVariableNode( ?variable ), ?value ) isStChildOf: ?ast
   

Logic variables Keyword-style syntax

Implicit AST traversal
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SOUL tool support

17

Query

Matching entities
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Example-driven matching
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if 
   jtClassDeclaration( ?classDeclaration ) {
      class ?className  {
        private ?fieldDeclarationType ?fieldName ;
        ?modifierList ?returnType ?methodName ( ?parameterList ) {
           return ?fieldName ;
        }
       }
     }
        

! Minimal speciÞcation of query

! Advanced matching (static analyses)

! Source code with logic variables

[De Roover et al.] (2011)
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Software visualizations
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Software visualizations
! Visual representation of extracted data

! Human factor:

- Identify hot spots

- Good at Þnding patterns

- Abstraction of data

20

[Tufte] (1983)
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System complexity view
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[Lanza&Ducasse] (2003)
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What does it mean?

22

Number of attributes

Number 
of 

methods

Amount 
of 

code

Metrics in visualization
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What do we see?

23

Large hierarchy

Important class

Classes without 
behavior
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Mondrian language

24

Scriptable visualizations

[Meyer et al.] (2006)



Maintaining source-code quality: Tools and Techniques

CodeCity
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Sky scraper =

A lot of code

City Block = package

Structure of a system as a city

Parking lot =

data module

[Wettel et al.] (2011)
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Case study revisited
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Step 1. Obtaining a model of the code

! Island-based parsing

! Extract what you need; ignore the rest

IDENTIFICATION DIVISION .
2 PROGRAM-ID. TOOLS/LOGFILE.

ENVIRONMENT DIVISION.
4 INPUT-OUTPUT SECTION.

FILE-CONTROL.
6 SELECT LOGFILE ASSIGN TO "FILES/LOGFILE.TXT",

ORGANIZATION IS SEQUENTIAL.
8 DATA DIVISION .

FILE SECTION.
10 FD LOGFILE DATA RECORD ISLOGFILE-RECORD.

01 LOGFILE-RECORD PIC X(2048).
12 WORKING-STORAGE SECTION.

01 LOGFILE-STATUS PIC 9 VALUE ZERO.
14 88 LOGFILE-IS-OPEN VALUE 1.

LINKAGE SECTION.
16 01 LOGFILE-ENTRY.

05 LOGFILE-VERB PIC X(12).
18 05 LOGFILE-NAME PIC X(32).

05 LOGFILE-DATA PIC X(1024).
20 PROCEDURE DIVISION USINGLOGFILE-ENTRY.

IF NOT LOGFILE-IS-OPEN
22 OPEN EXTEND LOGFILE

SET LOGFILE-IS-OPEN TO TRUE.
24 MOVE LOGFILE-ENTRY TO LOGFILE-RECORD.

WRITE LOGFILE-RECORD.
26 GOBACK.

IDENTIFICATION DIVISION .
PROGRAM-ID. TOOLS/LOGFILE.

ENVIRONMENTDIVISION .
INPUT-OUTPUT SECTION.

FILE-CONTROL.
SELECT LOGFILE ASSIGN TO "FILES/LOGFILE.TXT",
ORGANIZATION IS SEQUENTIAL.

DATA DIVISION .
FILE SECTION.

FD LOGFILE DATA RECORD IS LOGFILE-RECORD.
01 LOGFILE-RECORD PIC X(2048) .

WORKING-STORAGE SECTION.
01 LOGFILE-STATUS PIC 9 VALUE ZERO.

88 LOGFILE-IS-OPEN VALUE 1 .
LINKAGE SECTION.

01 LOGFILE-ENTRY.
05 LOGFILE-VERB PIC X(12) .
05 LOGFILE-NAME PIC X(32) .
05 LOGFILE-DATA PIC X(1024) .

PROCEDUREDIVISION USING LOGFILE-ENTRY.
IF NOT LOGFILE-IS-OPEN

OPEN EXTEND LOGFILE
SET LOGFILE-IS-OPEN TO TRUE.

MOVE LOGFILE-ENTRY TO LOGFILE-RECORD.
WRITE LOGFILE-RECORD.
GOBACK.

Figure 1. (a) Cobol program (taken from [11]) on the left showing all keywords in bold. (b) Same
Cobol program on the right seen through the eyes of an island-based parser with a focus on control
ßow. Everything in grey gets ignored. The bold parts are used to reconstruct the control ßow.

(shown underlined) from which it can deduce the control
ßow (theislands).

The island-based parser forms the front part of the im-
porter for Cognac. It generates an abstract syntax tree, albeit
a partial one due to the setup of the parser. (This counts as
an additional advantage though, as we do not need to store
the entire parse tree of a Cobol program, but only the parts
that are of interest, thereby minimising the memory over-
head of Cognac.) This AST is Þnally transformed into the
Cognac structure which forms the basis for being queried.

3.2. Logic reiÞcation

After the Cobol source code has been loaded into
Cognac, a developer can start documenting design rules
by means of intensional views and constraints over these
views. In order to write down the intension of an intensional
view and the predicate of intensional relations, we have
extended the Soul logic query language with a library of
logic predicates that allow for reasoning over the imported
Cobol code. Table 1 shows an excerpt of the library that we
have provided for Cognac. Roughly, these predicates can
be divided into two groups: predicates that reason about
the structural reiÞcation of a Cobol program, and predicates
that express more semantic relationships between source-
code entities.

In the Þrst category, we Þnd predicates
such as ?program isProgramWithIdentifier: ?id ,
?section isSectionInProgram: ?program , and so on that
reify the various program entities in a Cobol program

and that allow for retrieving the general hierarchical
composition of these entities (e.g. all calls in a program,
all paragraphs in a section, . . . ). These predicates are
directly linked to the subset of the Cobol language that
was conÞgured to be parsed by the island-based parser.
In other words, for each Cobol entity that is retrieved by
the parser, we provide a corresponding set of predicates
that allow for querying that kind of Cobol entity and its
basic relationships. Note that, if in the conÞguration of the
parser particular entities are not parsed, the usage of the
corresponding predicates in logic conditions will result in
that the logic conditions fail.

The second category of predicates make it possible to
retrieve relationships between such source-code entities,
such as calling relationships between programs, the usage
of Þelds, embedded SQL statements, and so on. Some
of this information can be extracted directly by analysing
the parse tree of the Cobol program. For example, the
predicate?section sectionPerformsSection: ?callee binds
all sections that are called from within section?section to
the logic variable?callee by analysingPERFORMstatements.
While the callee of aPERFORMstatement is purely a string,
this predicate will traverse the parse tree in order to iden-
tify the actual section that is being called. Other predi-
cates (such as?exec execStatementUsesTable: ?table ) make
use of an external parser in order to extract the required
information from the SQL code. Finally, predicates such
as?field mayAliasWith: ?aliasField require a light-weight
static analysis of the program in order to obtain the neces-
sary information. In the next section we will take a more

4

[Kellens et al.] (2009)
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Step 2. Static analyses
! Simple analyses!

- CALL graph

- CALL resolution

- FIELD aliasing

28

‘PMKTR351’
‘QMMCL498’
‘PMMQ304’
...

CALL ‘ProgramX’ using PARAM

01 ROUTINE-NAMES.
   05 LOGGING PIC X(08) VALUE ‘ProgramX’

CALL LOGGING using PARAM

CALL ‘PROGRAM5’ using FIELD1.
MOVE FIELD1 to TEXT1.

fefewfewfewfew efewfewfewfewfew efewfewfewfewfew 
efewfewfewfewfew

efewfewfew efewfewfewfewfew efewfewfewfewfew 
efewfewfewfewfew fewfew

efewfewfew efewfewfewfewfew efewfewfewfewfew 
efewfewfewfewfew ewfew

fewfewfew efewfewfewfewfew fewfew
efwefewfe efewfewfewfewfew efewfewfewfewfew 

efewfewfewfewfew wfewfew
fefewfewfewfew efewfewfewfewfew efewfewfewfewfew 

efewfewfewfewfew
efewfewfew efewfewfewfewfew efewfewfewfewfew 

efewfewfewfewfew fewfew
efewfewfew efewfewfewfewfew efewfewfewfewfew 

efewfewfewfewfew ewfew
fewfewfew efewfewfewfewfew fewfew

efwefewfe efewfewfewfewfew efewfewfewfewfew 
efewfewfewfewfew wfewfew

fefewfewfewfew efewfewfewfewfew efewfewfewfewfew 
efewfewfewfewfew

PROGRAM5

[Kellens et al.] (2009)
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Step 3. Predicate library

29

Structural reiÞcation Source code relationships
Programs Calling relationships
?program isProgram ?call callWithTarget: ?string

?program isProgramWithIdentifier: ?identifier ?call callsProgram: ?program

?program programIncludesCopybook: ?copybook ?call transitivelyCallsProgram: ?program

Sections ?call callUsingField: ?field

?section isSectionWithName: ?name ?program programUsingField: ?field

?section isSectionInProgram: ?program ?section sectionPerformsSection: ?callee

?section isSectionWithName: ?name inProgram: ?program ?section sectionPerformsParagraph: ?par

Paragraphs Embedded SQL
?paragraph isParagraph ?exec isExecStatementInProgram: ?program

?paragraph isParagraphInProgram: ?program ?exec execStatementUsesTable: ?table

?paragraph isParagraphInSection: ?section ?exec execStatementWritesToTable: ?table

Statements Move information
?move isMoveStatementInProgram: ?program ?field fieldIsSenderOfMove: ?move

?call isCallStatementInSection: ?section ?field fieldIsReceiverOfMove: ?move

?perform isPerformStatementInParagraph: ?par Field aliasing
Fields ?field mayAliasWith: ?aliasField

?field isFieldInProgram: ?program ?field mayTransitivelyAliasWith: ?aliasField

?field isFieldInLinkageSection: ?linkage

?linkage isLinkageSectionInProgram: ?program

Table 1. Excerpt of the library of predicates that is offered by Cognac.

in-depth look at these predicates.
Since we want to maximise the efÞciency of the li-

brary of predicates that we deÞned, our implementation
rigourously makes use of caching. For example, rather than
having to traverse the parse tree multiple times when re-
trieving the various kinds of statements in a Cobol entity,
this information is cached at different levels in the parse
tree. Similarly, relatively expensive computations, such as
Þnding the transitive call chain of a program, are also com-
puted only once and cached afterwards.

3.3. Extracting static information

Although a Cobol parse tree offers a wealth of informa-
tion, certain kinds of information are not directly accessible
from such parse trees. We implemented the following static
analyses in order to complement the information retrieved
from the parse tree:

Call resolution One interesting source of information in
Cobol programs are the various calling relations between
Cobol programs. In order to retrieve this information from
the source code, we need to analyse theCALL statements. For
example, the statementCALL ÕExampleÕ USING CALL-PARAMin-
dicates a call to the program namedExample using the
data ÞeldCALL-PARAMas an argument. While the Þrst
argument of theCALL in the simplest case is a string indicat-
ing the program name that gets called, it can also be a data

Þeld (e.g.CALL PROG-SUB USING CALL-PARAM). In this case, it
is not certain which program will get called, since the value
of PROG-SUBcan be altered at runtime. Cognac implements
a simple static analysis that, forCALL statements where the
callee is stored in a data Þeld, identiÞes possible programs
by looking at data Þeld initialisers (e.g. the ÞeldPROG-SUB

might be initialised to the valueÕExampleÕ) and the allo-
cation of string literals to Þelds.

Field aliasing While the call resolution we discussed
above allows us to give a coarse-grained approximation of
the control ßow in a Cobol system, Cognac also imple-
ments a Þeld aliasing algorithm that offers a light-weight
analysis of the data Þelds within the application. This anal-
ysis will collect for each data Þeld in the system a set of
other data Þelds which may possible alias with that partic-
ular Þeld. For example, the usage of aMOVE THIS TO THAT

statement, which moves the contents of one data Þeld (THIS)
to another data Þeld (THAT) introduces an alias between the
two involved Þelds. Similarly, the arguments of a call of a
program result in that two different data Þelds are possibly
pointing to the same piece of memory. Note that we take a
conservative approach to calculating the aliases of a partic-
ular Þeld: if a Þeld is in the alias set of another Þeld, this
does not necessarily mean that at runtime they will get used
for the same data.

5

[Kellens et al.] (2009)
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Example 1. Layering naming convention

30

SECTION 0_MAIN
OPCODE = 00 THEN PERFORM A_OPERATION1
OPCODE = 01 THEN PERFORM A_OPERATION2
OPCODE = 02 THEN PERFORM A_OPERATION3

SECTION A_OPERATION1
  PERFORM B_DOSOMETHING
  ...
SECTION A_OPERATION2
  PERFORM B_DOSOMETHING2
  ...

+Operation1
+Operation2
+Operation3
- doSomething
- doSomething2

Component

! No call to ÒhigherÓ sections

! Prevent mixing of use cases
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Layering naming convention

31

!  ?entity "  Sections with callees : 
   ?entity.section isSectionWithName: ?callerName, 
   ?entity.callee isSectionWithName: ?calleeName, 
   [(?callerName first) <= (?calleeName first)] 

?section isSectionInProgram: ?program,
?section sectionPerformsSection: ?callee 

Sections with callees
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Layering naming convention

31

!  ?entity "  Sections with callees : 
   ?entity.section isSectionWithName: ?callerName, 
   ?entity.callee isSectionWithName: ?calleeName, 
   [(?callerName first) <= (?calleeName first)] 

?section isSectionInProgram: ?program,
?section sectionPerformsSection: ?callee 

Sections with callees

Figure 2. Feedback provided by our tool suite

ease this correspondence, a copybook is used that contains
the data deÞnition and that should be included in the link-
age section of the called program as well as in the calling
program. We express the above design rule by means of a
binary intensional relation. First, we create an intensional
view namedCalled programswith as intension:
?program programCalls: ?call,

2 ?call callCallsProgram: ?calledProgram

The above query retrieves all pairs of?program and
?calledProgram between which there exists a possible call-
ing relationship?call . Note that the above predicates make
use of the call resolution analysis that was discussed in Sec-
tion 3.3.

Next, we create a second intensional viewProgram with
copybookthat groups all programs together with the copy-
book that deÞnes their linkage section data deÞnitions. The
intension for this view is:
?program programWithCopyStatement: ?copy,

2 ?copy copyStatementInLinkageSection,
?copy copyStatementIncludesCopybook: ?copybook

This intension consists of three parts. The Þrst condition
retrieves all the copy statements in Cobol programs (copy
statements are used to include a particular copybook). In
the second condition, this set of copy statements is limited
to those that are contained within the linkage section of the
program. Finally, the third condition binds the logic vari-
able?copybook to the actual copybook that was included in
the linkage section.

Using the above two intensional views, we can now
express the design rule as the following binary intensional
relation: ! ?caller " Called programs:

# ?corresponding " Program with copybook:

?caller.program equals:?corresponding.program ,

?caller.program programIncludesCopybook:?corresponding.copybook

The above relation veriÞes that for all called programs,

the corresponding copybook in the linkage section of the
callee is included by the caller. When verifying the above
intensional relation, our tool reported on 42 violations of
documented design rule. By manually inspecting each
of these violations, we saw that they resulted from the
usage of a utility library which the above design rule is
not applicable to. In this library, one big copybook is
used that includes the data deÞnitions of all Þelds that
are used in the library. Rather than including the speciÞc
corresponding copybook for a called program from the
library, all clients of the library included this big, more
general copybook. Since these invocations are exceptions
rather than violations, we documented them as such by
declaring them an exception to the intensional relation.

Database modularity The case study we investigated is
designed in a component-oriented fashion. In the system,
the various components consist of a top-level program that
serves as the componentÕs interface, along with a number of
programs to which this top-level program delegates partic-
ular requests. Also associated with each component is a set
of database tables that contain the persistent data which the
module is responsible for. In order not to break this mod-
ularity, only programs from within one particular module
are allowed writing access to the tables associated with that
module. All other programs need to retrieve and manipu-
late data via the interface program of that module. Prefer-
ably also, the number of programs within a module that are
allowed to write to the associated tables is limited.

In order to verify this design rule, we opted to use a more
pragmatic approach in which we use a visualisation as a
means to provide the original designers of the system with
feedback concerning the use of database tables in the cur-
rent implementation. First, we created an intensional view

7
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Example 2. Correct database access

32

! Separate database layer

! Separate programs (components) for DB manipulation

! Restrict to each service

SERVICE

 
Component 1

 
Component 2

Table 1

Table 2

 
Component 3
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Correct Database Access visualization 
! Expert interpretation needed

! Query + visualization

33
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Code for visualization

34

?statement isExecStatementInProgram: ?program,
?statement isExecSQLStatement,
?statement execSQLStatementWritesToTable: ?table
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Evolution of the system

35

! ... luckily due to an extensive DB migration script
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Example 3. Use-case documentation

36

Scripting

Call graph

SystemBorder EntryPoint
Program Program 1 Program 2

perform use case

invoke sub-operation 1

invoke sub-operation 2

invoke sub-operation 3

Rational Rose

Custom extension

Map to code

Validate mappable diagrams

Design COBOL

SOUL

[Kellens et al.] (2010)
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Validating the use cases

37
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SystemBorder EntryPoint
Program Program 1 Program 2

perform use case

invoke sub-operation 1

invoke sub-operation 2

invoke sub-operation 3

Separate tool

Tool identifies best match
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Some numbers

38

Version KLOC #diagrams parsing (sec) analysis (sec) veriÞcation (sec) total (sec)

Version 1 (dev.) 548 895 105 150 192 447
Version 2 (dev.) 665 917 134 228 204 566
Version 3 (dev.) 1 053 1366 413 479 288 1180
Version 4 (prod.) 1 386 1366 537 1700 320 2557
Version 5 (prod.) 1 449 1366 552 1802 332 2686

Tabel 3: Metrieken van 5 geanalyseerde versies.

Version diagrams mappable % mappable consist. inconsist. %

Version 1 (dev.) 895 408 45.59% 326 82 20%
Version 2 (dev.) 917 476 51.90% 386 90 18,9%
Version 3 (dev.) 1366 763 55.85% 564 199 26%

Version 4 + 5 (prod.) 1366 763 55.85% 567 196 25,6%

Tabel 4: Overzicht van de evolutie van de veriÞcatie van de sequentiediagrammen van het systeem.

Zoals reeds in eerdere verslagen beschreven werd, werden onze technologie en IntensiVE tool
suite aangepast om COBOL te ondersteunen, zodat volgende soorten ontwerpregulariteiten geveriÞ-
eerd kunnen worden:

¥ De conventies en patronen die gebruikt worden om objectgerichte concepten door te vertalen
naar COBOL werden gedocumenteerd en afgedwongen in de broncode;

¥ De hoeveelheid detail beschikbaar in de ontwerpdocumenten maakt het mogelijk om af te toet-
sen of dit ontwerp effectief gevolgd werd in de implementatie. Onze tool suite werd dan ook
uitgebreid met een module die toelaat de sequentiediagrammen die deuse casesvan het sys-
teem beschrijven te importeren, deze diagrammen aan de hand van eencall graph analyse te
mappen op de broncode, en te veriÞ¬eren in welke mate ontwerp en code overeenkomen.

Voor een beschrijving van hoe beide types van regulariteiten precies gedocumenteerd werden
verwijzen we naar onze vorige verslagen, alsook onze publicaties [KDD+ 09, KND+ 10] omtrent dit
onderwerp.

2.1.2 Verbetering van de analyse

In eerste instantie werd onze bestaande technologie om over COBOL-code te kunnen redeneren verder
ontwikkeld om zo een preciezere analyse te kunnen aanbieden. De aangebrachte verbeteringen zijn
tweeledig:

¥ Call graph: Gezien«e«en van de doelstellingen van deze casus bestond uit het aftoetsen van de
sequentiediagrammen die de use cases van het systeem beschrijven, werd er aandacht besteed
aan het verder verÞjnen van onzecall graph analyse. Deze analyse is immers noodzakelijk
om het gedrag van het systeem statisch te benaderen. Onze statische analyse werd uitgebreid
om meer taalconstructies van COBOL te analyseren om zo een hogere precisie kunnen aan te
bieden;

¥ Bibliotheek van logische predicaten:Onze bibliotheek van predicaten werd herzien zodat de
te documenteren regulariteiten eenvoudiger uitgedrukt kunnen worden.
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Version KLOC #diagrams parsing (sec) analysis (sec) veriÞcation (sec) total (sec)

Version 1 (dev.) 548 895 105 150 192 447
Version 2 (dev.) 665 917 134 228 204 566
Version 3 (dev.) 1 053 1366 413 479 288 1180
Version 4 (prod.) 1 386 1366 537 1700 320 2557
Version 5 (prod.) 1 449 1366 552 1802 332 2686

Tabel 3: Metrieken van 5 geanalyseerde versies.

Version diagrams mappable % mappable consist. inconsist. %

Version 1 (dev.) 895 408 45.59% 326 82 20%
Version 2 (dev.) 917 476 51.90% 386 90 18,9%
Version 3 (dev.) 1366 763 55.85% 564 199 26%

Version 4 + 5 (prod.) 1366 763 55.85% 567 196 25,6%

Tabel 4: Overzicht van de evolutie van de veriÞcatie van de sequentiediagrammen van het systeem.

Zoals reeds in eerdere verslagen beschreven werd, werden onze technologie en IntensiVE tool
suite aangepast om COBOL te ondersteunen, zodat volgende soorten ontwerpregulariteiten geveriÞ-
eerd kunnen worden:

¥ De conventies en patronen die gebruikt worden om objectgerichte concepten door te vertalen
naar COBOL werden gedocumenteerd en afgedwongen in de broncode;

¥ De hoeveelheid detail beschikbaar in de ontwerpdocumenten maakt het mogelijk om af te toet-
sen of dit ontwerp effectief gevolgd werd in de implementatie. Onze tool suite werd dan ook
uitgebreid met een module die toelaat de sequentiediagrammen die deuse casesvan het sys-
teem beschrijven te importeren, deze diagrammen aan de hand van eencall graph analyse te
mappen op de broncode, en te veriÞ¬eren in welke mate ontwerp en code overeenkomen.

Voor een beschrijving van hoe beide types van regulariteiten precies gedocumenteerd werden
verwijzen we naar onze vorige verslagen, alsook onze publicaties [KDD+ 09, KND+ 10] omtrent dit
onderwerp.

2.1.2 Verbetering van de analyse

In eerste instantie werd onze bestaande technologie om over COBOL-code te kunnen redeneren verder
ontwikkeld om zo een preciezere analyse te kunnen aanbieden. De aangebrachte verbeteringen zijn
tweeledig:

¥ Call graph: Gezien«e«en van de doelstellingen van deze casus bestond uit het aftoetsen van de
sequentiediagrammen die de use cases van het systeem beschrijven, werd er aandacht besteed
aan het verder verÞjnen van onzecall graph analyse. Deze analyse is immers noodzakelijk
om het gedrag van het systeem statisch te benaderen. Onze statische analyse werd uitgebreid
om meer taalconstructies van COBOL te analyseren om zo een hogere precisie kunnen aan te
bieden;

¥ Bibliotheek van logische predicaten:Onze bibliotheek van predicaten werd herzien zodat de
te documenteren regulariteiten eenvoudiger uitgedrukt kunnen worden.
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! Map half of diagrams

! Over time more inconsistencies
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Version Layering mechanism Correct use of copybook Dead code

Version 1 (dev.) 252/23031 (1,09%) 44/1105 (3,98%) 235/9628 (2,44%)
Version 2 (dev.) 287/28766 (0,99%) 85/1383 (6,14%) 342/11776 (2,90%)
Version 3 (dev.) 385/48399 (0,79%) 183/2166 (8,44%) 765/18538 (4,12%)
Version 4 (prod.) 639/54229 (1,17%) 83/2413 (3,43%) 995/20845 (4,77%)
Version 5 (prod.) 1607/62506 (2,25%) 122/2581 (4,72%) 1340/25498 (5,25%)

Tabel 5: Overzicht van de evolutie van de veriÞcatie van codeerconventies.

2.1.3 Analyse van de evolutie van het systeem

In deze sectie geven we een kort overzicht van onze bevindingen omtrent de evolutie van de regulari-
teiten in onze hoofdcasus. Hiervoor bespreken we de veriÞcatie van deze regulariteiten in vijf versies
van het systeem. Een overzicht van deze versies kan teruggevonden worden in Tabel 3.

De eerste drie versies van het systeem vertegenwoordigen drie belangrijke mijlpalen tijdens het
ontwikkelen van het systeem. Tijdens deze fase groeide de broncode van ongeveer een half miljoen
lijnen code tot iets meer dan«e«en miljoen; het aantal sequentiediagrammen die de verschillendeuse
casesvan het systeem beschrijven groeide van iets minder dan 900 tot iets minder dan 1400. De laat-
ste twee versies die we hier beschouwen werden gekozen nadat het systeem in productie is gegaan.
We zien dat deze versies signiÞcant groter werden (tot 1.4 miljoen lijnen code), ondanks dat er geen
nieuwe functionaliteit werd toegevoegd aan het systeem. Dit is vooral te wijten aan het feit dat, naast
een aantal onderhoudsaanpassingen, het gros van de nieuwe code voorziet in migratiescenarioÕs van
de databank. Het is dan ook logisch dat er voor deze versies van het systeem geen nieuwe sequentiedi-
agrammen werden gedeÞnieerd. Tabel 3 biedt ook een overzicht van de hoeveelheid tijd die IntensiVE
nodig heeft om elke versie van het systeem in te lezen, te analyseren en om inbreuken op de gedocu-
menteerde regulariteiten te identiÞceren. Alhoewel deze hoeveelheid tijd sterk is toegenomen tussen
de verschillende versies, blijft deze voldoende klein om frequente veriÞcatie van de regulariteiten toe
te laten.

Tabel 4 geeft een overzicht van de veriÞcatie van de sequentiediagrammen over verloop van tijd.
Zoals in eerdere verslagen beschreven maakt onze techniek het mogelijk om deze diagrammen, die
de use cases van het systeem beschrijven, automatisch te mappen op feitelijk broncode-entiteiten, en
te veriÞ¬eren ten opzichte van de broncode. Onze techniek is in staat om grosso modo de helft van
de diagrammen automatisch te mappen. We zien dat gedurende het ontwikkelingsproces het aantal
diagrammen dat overeenkomstig de documentatie wordt ge¬õmplementeerd tussen de 75 en 80% ligt.
Merk hierbij op dat afwijkingen niet noodzakelijk als fouten moeten beschouwd worden: een analyse
van deze afwijkingen wijst uit dat het merendeel van deze afwijkingen wordt veroorzaakt door een
lichtjes anderecontrol ßowdan dat er in de sequentiediagrammen wordt gespeciÞceerd, zonder dat dit
een impact heeft op het correcte gedrag van het systeem. Een meer uitgebreidere beschrijving van deze
analyse, en van de aanpassingen aan onze aanpak kan teruggevonden worden in het artikel [KND+ 10]
dat gepubliceerd werd op deInternational Conference on Software Maintenance 2010.

Tabel 5 biedt een overzicht van de veriÞcatie van drie gedocumenteerde codeerconventies in de
verscheidene versies van het systeem. Zonder in detail te treden over deze regulariteiten, kunnen we
zien dat de naamconventie in hetlayering mechanismeover verloop van tijd relatief stabiel blijft.
Idem voor het aantal afwijkingen waar copybooks niet correct gebruikt worden (dit aantal daalt zelfs
substantieel tussen de ontwikkelingsversies en de productieversies). De hoeveelheid dode code neemt
over verloop van tijd toe; dit is echter niet verwonderlijk gezien een deel van de code die instaat voor
databankmigraties niet vanuit het systeem zelf wordt opgeroepen en dus door onze tool als dode code
wordt aangegeven.
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! There are violations

! But they can be tracked/kept under control
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Conclusion
! Source code quality is important

! Tool support:

- General-purpose tools

- Tools for building custom tools

! Custom tools:

- Pragmatism

- Simple tools can go a long way

- Build the right tool for the job
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Questions?
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akellens@vub.ac.be
http://soft.vub.ac.be/~akellens
http://soft.vub.ac.be/SOUL
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