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ABSTRACT i

ABSTRACT

This dissertation addresses a number of important software maintenance

problems which fall within the framework of software management and

‘ software engineering, Compiling techniques were used to present in a
standard form the structure of the COBOL program PROCEDURE DIVISION;
as well as providing a framework for some complexity measures of a
given COBOL program, The latter can give some measure of the ease of

software modification during the software maintenance phase.

The purpose of the project of which this thesis is a part is to build
up a database which will completely specify a COBOL program and enable
it to be analysed in various ways related to maintenance, enhancement

and other tasks.

A COBOL program information system ( MICAS ) has been designed for wuse
by the applications programmer, to acquire the information about a
COBOL program ( e.g. complexity measures, control flow analysis ) by
analysing the structure of the COBOL program. Various software methods

such as structured programming, structured design, top-down design and

bottom-up program testing were used throughout the MICAS system

development process. The finite-state machine concept was used to
construct a COBOL. lexical scammer. The COBOL programming syntax was

parsed by the top-down recursive-descent method. The COBOL program was

reformatted according to a coding standard to show the structure of the

COBOL program.

Many complexity measures are mentioned in this thesis. A combination
complexity measure method and guidelines are suggested. A COBOL
program complexity factor 1s proposed. In general, the program

complexity measure could apply to other programming languages.
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CHAPTER 1 1

CHAPTER 1 IRTRODUCTIOH

The areas of Software Management and Software Engineering aim for an
understanding of how to achieve reliability in software
~ maintenance [BOE79] [FIS80]. There has been a worldwide software
maintenance problem revealed by the computing literature ( [WEX84] and
Chapter 3 of this thesis ). Too many production systems have been
developed which are very costly or impossible to
maintain [POD85] [MOR85]. Too often systems have become unmaintainable
making it necessary to write new systems and to start another systems

development cycle [GLA81].

For almost 30 years of computing histary, the hardware cost has
decreased greatly, whereas 1in recent years, the software cost has
increased steadily [BRO82] [FOX82]. At present the majority of the
software cost ( about 70% ) is due to maintenance [LEA83]. There is a
need for new software tools which will help to solve software
maintenance problems. The most significant problem of software
maintenance is verifying the correctness of software

modifications [BOY81]

(a) What techniques can be used to implement this ?
(b) Are these techniques feasible to apply ?

(¢) What are the implementation considerations ?

One attempt to solve these problems is the development of the ad hoc

retest technique which wuses graph theory [BEI78] and 0-1 integer

programming [FIS80], to examine per formance characteristics, and
practical implementation considerations. Although various methods have
been tried, no wuniversally acceptable approach for software
modification and software maintenance has been agreed upon, A COBOL
program information system MUCAS ( Massey University Cobol program
Bnalyser System ) has Dbeen designed for use by the applications

programmer, to acquire information about a COBOL program ( e.g., the
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complexity measure, control flow analysis ) by analysing and
reformatting the COBOL program. Developments of MUCAS will both
advance computer software theory and benefit the management of the
software maintenance process. The current computer complexity measure
method approach to computer program testing will be extended to
computer program maintenance. Practical benefits are anticipated to be
significant because now managers will have a tool to analyse COBOL
program. MUCAS will increase confidence that modifications to one
module of a COBOL program do not affect the proper execution of the

entire software system.

This dissertation addresses a number of important software maintenance

problems which fall within the framewark of software management and

software engineering. Compiling techniques are used to analyse the

COBOL program, from a view point of both reformatting the COBOL program
PROCEDURE DIVISION and deriving a complexity measure of a given COBOL
program, to assist in assessing the ease of software modification made

during the software maintenance phase.

The purpose of the project of which this thesis is a part of build up a
database which will completely specify a COBOL program and allow it to

be analysed in various ways related to maintenance, enhancement and

other tasks.

The used of MUCAS 1in a COBOL production project could also
significantly ease the COBOL software maintenance process, Figure 1.1
shows the position éf MUCAS in a modern COBOL production environment.
Upon receiving the system change specification ( come originally from
user ) from the project personnel ( may be manager, project leader or
systems analyst ), the systems analyst or programmer will analyse the
existing applications programs and design the program change
specification. MUCAS will be used to analyse the existing programs

which are to be modified in order to help determine both their existing
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structure ( and its quality ) and also the extent of the structural
changes necessary to implement the required modifications. This 1is
followed by the programmer code creation according to the program
change specification. While testing and verify output results using
the test data and 1live data, any error will be feedback to redesign,
" retest or re-confirm user request accordingly until the program changes
are correct and the modified program performs it specific task [BEI83].
At this stage, MUCAS will be used again to analyse 1it, generate the
program analysis report and store the program information in the
program database., If the program analysis report was satisfactory, the
program changes are considered as successfully done; otherwise, the

re~analysis of the existing program procedure will be repeated.

Receive Analyse
Change ] Existing | 4 Design  |——®f Create
Specification Program Changes Code

Design Errors :
4 Program Errors

User Output Errorfs
1 Request — User T v
Request Syntax
Errors Verify Error Free Program
Results Testing
Existing g?gg‘;;:ﬂ
Program - TN
"
Program Pro
. . gram
Analysis- l— Nvl
Report I Data
Base
S— "

Figure 1.1 The COBOL Program Processing Activities
In a MUCAS Aided Production Project.
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The writing of MUCAS mainly involved the computing techniques

compiler design techniques ( [WEIT73], [TRA63], [SEVT74], [PRIT1],
[MOR68], [LuMT11, L[GLA69], [SiM73a]}, ([coB68], [COB74], {coB81],
~ [cor81], [HOP69], [MCK74], [AHO77], [GRI71] and [GROT4] ), structured
programming ( [DAH72], [DOR72a], [DOR72b], ([BAK72], [MCC78], [BAKT7L],
[DIJT76], L[ELST6], [LINT9] and [TRIT79] ), structured design
techniques ( [STET4], [WIRT4], [RIC80], [0GD72], [NICT75], [MYE76] and
[MYE78] ), data base techniques ( [OLL78], [OK08], [CAR79a], [CHA77],
[DAT81], [FER83] and [VET81] ), software systems design ( [BRO82],
(AMS76], [ART84], [HALTT], [KER79], [KRU84], [LANT9], [LEA83], [MET81],
[CAR81], [MCGB0O], [BAB85] and [JACT0]1 ), program  computational
complexity ( [OTH81], [SCH81], ([wWo079], [ZOoL80], [MCC76al, [BAK80],
[CHAT9], [CHE7T8], [GONB4], [BAC5T] and [MCT80] ) and computer program
testing ( [BAS80], [BEI83], [BOY81], [GLA81], [GOU81] and [MUC81] ).

Development of Structured Programming ( SP ) has evolved in conjunction

with the top-down concept [MCC78]. MUCAS is designed to analyse the
composition of COBOL programs so that it can not only show the
structure of unstructured COBOL programs but can also test how good the
structure is. Testing of MUCAS is bottom-up while design 1is top-down
stepwise refinement [MCC78].

Each procedure was tested individually until it was error free and
performed the correct functions, then it was added to the MUCAS system.

Various software methods such as SP, structured design, top-down

stepwise refinement design [MCC78] and bottom=-up program testing were

used throughout the MUCAS system development process [BEL76] [BAST5].

The finite-state machine concept [AHO77] was used to construct a COBOL

lexical scanner. The COBOL programming syntax was parsed by the
top-down recursive-descent method ( [GRI71], [MCG80], [ MCKT7 4] and
[AHOT77] ). The COBOL program was reformatted according to a coding

standard to show the structure levels of the COBOL program.
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Generally, the purpose of the  MASSEY UNIVERSITY COBOL PROGRAM
ANALYSER SYSTEM ( MUCAS ) AND WORKBENCH PHASE I is

(i) To process the text of an existing COBOL program ( which has
previously been compiled and run, and therefore has no syntax
errors ) and identify all major structural components and

relationships.

(ii) To format the program in a standard manner { A coding standard

is suggested in this thesis ).

(iii) To output tables and files of structural information for
later use in the construction of the program specification

database.

Many complexity measure methods are mentioned in this thesis. A
combination complexity measure method and guidelines are suggested. A
COBOL programming syntax complexity factor is proposed. In general,
this type of program complexity measure could be applied to other

programming languages.

The design goals of the MUCAS were :

(1) Research
To investigate the extent to which structural information
relevant to the maintenance function can be derived
automatically from existing COBOL programs.

(2) Development
To enable application maintenance programmers to check program
logic and complexity of a given program.

(3) Economies

To reduce software maintenance effort and cost.
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This thesis consists of six chapters. The first chapter 1is the
introduction. Chapter 2 summarises the relevant concepts and methods,
Chapter 3 reviews the literature and describes some of the history and
current status of software trends in business data processing.
Chapter 4 deals with design rules and algorithms for reformatting
" COBOL's PROCEDURE DIVISION and covers the implementation of MUCAS.
Chapter 5 discusses future developments of MUCAS Phase I. Chapter 6 is

the discussion and conclusion.





