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Verifying the design of an outsourced COBOL system with IntensiVE

Context
‣ Academic-industrial collaboration

‣ Large system for Belgian bank

‣ Started development in 2005; currently in production

‣ COBOL

2

Modern design:

‣ Components

‣ Services

Old language
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Problem
‣ Large investment

‣ Outsourcing

3
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Mapping OO concepts to COBOL

4

- Patterns

- Conventions

- Idioms

- Naming schemes

- Layering

‣ Programs

‣ Sections

‣ Paragraphs

‣ Statements

Implementation guidelines 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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IntensiVE in a nutshell

5

Software Implementation
import java.io.*;
import java.util.zip.*;

/**
 * Command line program to copy a file to another directory.
 * @author Marco Schmidt
 */
public class CopyFile {
! // constant values for the override option
! public static final int OVERWRITE_ALWAYS = 1;
! public static final int OVERWRITE_NEVER = 2;
! public static final int OVERWRITE_ASK = 3;

! // program options initialized to default values
! private static int bufferSize = 4 * 1024;
! private static boolean clock = true;
! private static boolean copyOriginalTimestamp = true;
! private static boolean verify = true;
! private static int override = OVERWRITE_ASK;

! public static Long copyFile(File srcFile, File destFile)
! ! throws IOException {
! ! InputStream in = new 
FileInputStream(srcFile);
! ! OutputStream out = new 
FileOutputStream(destFile);
! ! long millis = 
System.currentTimeMillis();
! ! CRC32 checksum = null;
! ! if (verify) {
! ! ! checksum = 
new CRC32();
! !
! checksum.reset();
! ! }
! ! byte[] buffer = new byte
[bufferSize];
! ! int bytesRead;
! ! while ((bytesRead = in.read
(buffer)) >= 0) {
! ! ! if (verify) 
{
! ! ! !
checksum.update(buffer, 0, bytesRead);
! ! ! }
! ! ! out.write
(buffer, 0, bytesRead);
! ! }

 */
public class FileDownload {
 public static void download(String 
address, String localFileName) {
  OutputStream out = 
null;
  URLConnection conn = 
null;
  InputStream  in = null;
  try {
   URL url 

 */
public class HappyNewYear implements Runnable

{
 private static 
NumberFormat formatter = NumberFormat.getInstance
();
 private JFrame 
frame;
 private JLabel 
label;
 private long 
newYearMillis;
 private String 
message;

 public 
HappyNewYear(JFrame frame, JLabel label)
 {
  
// store argument GUI elements
  
this.frame = frame;
  
this.label = label;
  
// compute beginning of next year

 */
public class HappyNewYear implements Runnable

{
 private static NumberFormat 
formatter = NumberFormat.getInstance();
 private JFrame frame;
 private JLabel label;
 private long newYearMillis;
 private String message;

 public HappyNewYear(JFrame 
frame, JLabel label)
 {
  // store 
argument GUI elements
  this.frame = 
frame;
  this.label = 
label;
  // compute 
beginning of next year
  Calendar cal = 
new GregorianCalendar();
  int nextYear = 
cal.get(Calendar.YEAR) + 1;
  cal.set
(Calendar.YEAR, nextYear);
  cal.set
(Calendar.MONTH, Calendar.JANUARY);
  cal.set
(Calendar.DAY_OF_MONTH, 1);

 */
public class HappyNewYear implements Runnable

{
 private static NumberFormat 
formatter = NumberFormat.getInstance();
 private JFrame frame;
 private JLabel label;
 private long newYearMillis;
 private String message;

 public HappyNewYear(JFrame 
frame, JLabel label)
 {
  // store argument 
GUI elements
  this.frame = 
frame;
  this.label = 
label;
  // compute 
beginning of next year
  Calendar cal = new 
GregorianCalendar();
  int nextYear = 
cal.get(Calendar.YEAR) + 1;

Architectural Design Documents

The Intensional Views Environment

Specify

Verify

Friday 17 September 2010



Verifying the design of an outsourced COBOL system with IntensiVE

IntensiVE in a nutshell

5

Software Implementation
import java.io.*;
import java.util.zip.*;

/**
 * Command line program to copy a file to another directory.
 * @author Marco Schmidt
 */
public class CopyFile {
! // constant values for the override option
! public static final int OVERWRITE_ALWAYS = 1;
! public static final int OVERWRITE_NEVER = 2;
! public static final int OVERWRITE_ASK = 3;

! // program options initialized to default values
! private static int bufferSize = 4 * 1024;
! private static boolean clock = true;
! private static boolean copyOriginalTimestamp = true;
! private static boolean verify = true;
! private static int override = OVERWRITE_ASK;

! public static Long copyFile(File srcFile, File destFile)
! ! throws IOException {
! ! InputStream in = new 
FileInputStream(srcFile);
! ! OutputStream out = new 
FileOutputStream(destFile);
! ! long millis = 
System.currentTimeMillis();
! ! CRC32 checksum = null;
! ! if (verify) {
! ! ! checksum = 
new CRC32();
! !
! checksum.reset();
! ! }
! ! byte[] buffer = new byte
[bufferSize];
! ! int bytesRead;
! ! while ((bytesRead = in.read
(buffer)) >= 0) {
! ! ! if (verify) 
{
! ! ! !
checksum.update(buffer, 0, bytesRead);
! ! ! }
! ! ! out.write
(buffer, 0, bytesRead);
! ! }

 */
public class FileDownload {
 public static void download(String 
address, String localFileName) {
  OutputStream out = 
null;
  URLConnection conn = 
null;
  InputStream  in = null;
  try {
   URL url 

 */
public class HappyNewYear implements Runnable

{
 private static 
NumberFormat formatter = NumberFormat.getInstance
();
 private JFrame 
frame;
 private JLabel 
label;
 private long 
newYearMillis;
 private String 
message;

 public 
HappyNewYear(JFrame frame, JLabel label)
 {
  
// store argument GUI elements
  
this.frame = frame;
  
this.label = label;
  
// compute beginning of next year

 */
public class HappyNewYear implements Runnable

{
 private static NumberFormat 
formatter = NumberFormat.getInstance();
 private JFrame frame;
 private JLabel label;
 private long newYearMillis;
 private String message;

 public HappyNewYear(JFrame 
frame, JLabel label)
 {
  // store 
argument GUI elements
  this.frame = 
frame;
  this.label = 
label;
  // compute 
beginning of next year
  Calendar cal = 
new GregorianCalendar();
  int nextYear = 
cal.get(Calendar.YEAR) + 1;
  cal.set
(Calendar.YEAR, nextYear);
  cal.set
(Calendar.MONTH, Calendar.JANUARY);
  cal.set
(Calendar.DAY_OF_MONTH, 1);

 */
public class HappyNewYear implements Runnable

{
 private static NumberFormat 
formatter = NumberFormat.getInstance();
 private JFrame frame;
 private JLabel label;
 private long newYearMillis;
 private String message;

 public HappyNewYear(JFrame 
frame, JLabel label)
 {
  // store argument 
GUI elements
  this.frame = 
frame;
  this.label = 
label;
  // compute 
beginning of next year
  Calendar cal = new 
GregorianCalendar();
  int nextYear = 
cal.get(Calendar.YEAR) + 1;

Architectural Design Documents
Specify

Verify

Tool suiteLMP Model

if ?caller sectionPerformsSection: ?callee
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IntensiVE for COBOL

6

Static analysesIsland-based parsing Predicate library
?program isProgramWithIdentifier: ?id
?program callsProgram: ?callee
?program writesToTable: ?table
?section sectionInProgram: ?program
?section sectionPerforms: ?section
?section sectionWithName: ?name
?program usesCopybook: ?copybook
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Example: layering naming convention

7

Cognac: a framework for documenting 
and verifying the design of Cobol 
systems (CSMR 2009)

“A section can only perform sections that have 
section name with the same or later beginning letter”

if ?caller sectionPerformsSection: ?callee

Sections with callees
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Example: layering naming convention

7

Cognac: a framework for documenting 
and verifying the design of Cobol 
systems (CSMR 2009)

“A section can only perform sections that have 
section name with the same or later beginning letter”

?invocation.caller isSectionWithName: ?callerName,
?invocation.callee isSectionWithName: ?calleeName,
[?callerName <= ?calleeName]

∀ ?invocation ∈ Sections with callees:

if ?caller sectionPerformsSection: ?callee

Sections with callees
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Example: layering naming convention

7

Cognac: a framework for documenting 
and verifying the design of Cobol 
systems (CSMR 2009)

“A section can only perform sections that have 
section name with the same or later beginning letter”

?invocation.caller isSectionWithName: ?callerName,
?invocation.callee isSectionWithName: ?calleeName,
[?callerName <= ?calleeName]

∀ ?invocation ∈ Sections with callees:

if ?caller sectionPerformsSection: ?callee

Sections with callees

Figure 2. Feedback provided by our tool suite

ease this correspondence, a copybook is used that contains
the data definition 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 named Called programs with 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 view Program with
copybook that groups all programs together with the copy-
book that defines their linkage section data definitions. The
intension for this view is:
?program programWithCopyStatement: ?copy,

2 ?copy copyStatementInLinkageSection,
?copy copyStatementIncludesCopybook: ?copybook

This intension consists of three parts. The first 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 verifies 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 definitions of all fields that
are used in the library. Rather than including the specific
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 component’s 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

Friday 17 September 2010



Verifying the design of an outsourced COBOL system with IntensiVE

Verifying sequence diagrams (1)

8

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

Verify mappable diagrams

Design COBOL

IntensiVE
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Verifying sequence diagrams (2)
SystemBorder EntryPoint

Program Program 1 Program 2

perform use case

invoke sub-operation 1

invoke sub-operation 2

invoke sub-operation 3

Dedicated tool

Tool identifies best match
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Experimental setup

‣ 3 versions

‣ Increase in size

‣ Scalable tool

10

Version LOC #diagrams parsing (sec) analysis (sec) verification (sec) total (sec)

Version 1 548 560 895 105 150 192 447
Version 2 665 220 917 134 228 204 566
Version 3 1 053 381 1366 413 479 288 1180

TABLE I
OVERVIEW OF THE THREE VERSIONS USED TO EVALUATE OUR APPROACH

Version #diagrams mappable unmappable % mappable consistent inconsistent % inconsistencies

Version 1 895 408 487 45.59% 326 82 25.15%
Version 2 917 476 441 51.90% 386 90 23.33%
Version 3 1366 763 603 55.85% 637 126 19.78%

TABLE II
RESULTS OF THE VERIFICATION ON THE THREE VERSIONS

as is the case in figure 2) with all expected — but missing —
calls indicated by a red, dashed line. In our example, we see
that our tool reports that section RETR-DATA-FEED is the
best match for the sequence diagram, but that in this diagram
four different calls to two distinct programs were missing or
were not called in the correct order. In case multiple sections
match the sequence diagram equally well, our feedback tool
will generate a sequence diagram for each of these matching
sections.

V. EXPERIMENT

As a validation of our approach, we have applied it a
posteriori to three different versions of the industrial COBOL
system. These three versions align with three major iterations
of the system in which novel behaviour was added. Next to
receiving the source code of these three versions, we also
received the Rational Rose documentation that was present
at the time that the version was delivered.

A. Results of the experiment
Table I provides more information regarding the size of

the system. The first to versions of the system consisted of
approximately half a million lines of COBOL code. In the
last version of the system, this amount of couple was almost
doubled to over one million lines. As for the number of
documented sequence diagrams, these vary from around 900
in the first two versions to almost 1400 in the last version.

Within the Table, we can also find the amount of time3

that was needed to parse the COBOL code using our island-
based parser, perform the static analyses (call-graph and data-
flow), and verify the sequence diagrams with respect to the
source code. As the table indicates, our customized support
for reasoning over COBOL is quite fast: the entire process
took from around 10 minutes for versions 1 and 2 up to 19
minutes for the last version. This seems to indicate that our
approach scales well with respect to the verification of a real-
life system.

The results of the verification can be found in Table II. First,
we see that over the three versions, about half of the delivered

3Measured on an Apple MacBook Pro 2.8Ghz Core Duo 2, with 4GB of
RAM.

sequence diagrams could be automatically mapped onto actual
source-code entities in the implementation. Surprisingly, as
the system grew larger (both in terms of lines of code as in
the number of sequence diagrams), the number of sequence
diagrams that could be automatically mapped increased with
ten percent (from 45% to 55%). As for the sequence diagrams
that could be mapped onto the source code, the vast majority
(75%) was found by our tool to be correctly implemented.
Similar to the evolution of the number of mappable diagrams,
the amount of inconsistencies dropped over time from 25% to
20%.

B. Analysis

1) Mapping the diagrams onto the source code: Despite
the fact that our approach takes variations into account when
mapping sequence diagrams onto concrete COBOL programs,
and that this set of variations was obtained by studying the
available sequence diagrams, our approach is only able to
map about half of the sequence diagrams in the system.
Analysis of the unmappable diagrams resulted in the following
observations:

1) In a small number of cases, the sequence diagrams
did not refer to concrete source-code entities (names
of COBOL programs), but referred to the names of
the components that were invoked (e.g. referring to a
component named “CostManager” instead of the name
of the program that implements the cost manager).
These cases represent an opportunity to further refine
the technical design by including the concrete program
names instead of the names of the components;

2) A number of use cases could not be mapped since
their corresponding implementation did not exist in the
version of the software that we analyzed. The design
documentation was not intended to be kept strictly
synchronized with the implementation, resulting in that
use cases were present which did not belong to the
behavior that was supposed to be implemented in that
particular version of the system. As development of the
system progressed, the amount of implemented use cases
should also increase, something which is supported by
our findings: in version 3 we were able to map 55%
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Results

‣ Half mappable:

- Mismatch documentation/implementation

- Informal parts of documentation

‣ Over time, less inconsistencies

‣ Inconsistencies:

- Diagrams without implementation

- Order of calls

- Calls missing

11
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Lessons learned

‣ Required pragmatic solutions:

- Island-based parsing

- Customized tool

- Reporting vs. integrated tool

‣ Quality control when outsourcing development

- Early-on detection of conformance problems

- Outsourcing firms: demonstrate quality guarantees

12

Academic

Industrial
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Conclusions

‣ Outsourced COBOL system

‣ Using IntensiVE tool

- dedicated support for COBOL

‣ Verify mapping of design onto COBOL code

‣ Verify high-level design documentation

13
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