SOFTWARE DEVELOPMENT:
A SURVEY OF CURRENT PRACTICES

by

LOYE E. HENRIKSON

B. Se. Ed., Central Missouri State University, 1974

A MASTER'S REPORT
submitted in partial fulfillment of the
requirements for the degree
MASTER OF SCIENCE
Department of Computer Science

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1982

Approved by:

Oealu ot

‘\da]o ofessor




SPEL
CoLL
LD
20t
R4
1982
H4G
1

EA].IEEID 188L21

Table of Contents
List of Tables
Acknowledgements

CHAPTER 1
1.0
1.1
L2
1.3
1.4
1.5
1.6
1.7

CHAPTER 2
CHAPTER 3
3.0
3.1
CHAPTER 4
4.0
4.1
4.2
CHAPTER 5
5.0
5.1
BIBLIOGRAPHY

APPENDIX A
APPENDIX B
APPENDIX C
APPENDIX D
APPENDIX E

APPENDIX F
APPENDMX G

TABLE OF CONTENTS

INTRODUCTION
Software Development Costs and Techniques
Software Engineering
System Requirements
Software Design Methodologies
Chief Programmer Teams
e Issues
Automated Software Testing and Evaluation
Application of New Techniques

QUESTIONS on the SURVEY

OVERALL SURVEY RESULTS
Response Profile
Preliminary Observations

ANALYSIS of DATA
Investigations for Relationships
Analysis Techniques

Analysis Results

CONCLUSIONS

Overall Results
Suggestions on Improving the Survey

Product-Moment Method of Computing
Coefficient of Correlation

Coefficient of Correlation between No. of
Problems and No. of Structured Techniques Used

Coefficient of Correlation between Problems
Ranking and Struetured Techniques Ranking

Coefficient of Correlation between Problems
Ranking and No. of Language Improvements Desired

Coefficient of Correlation between No. of Structured
amming Techniques Used and No. of Language

Improvements Desired

Other Coefficient of Correlation Calculations

Data From Survey Responses

43

46

47

48

49

51
54



TABLE
TABLE
TABLE
TABLE
TABLE
TABLE

TABLE

3.1-1
3.1-2
3.1-3
3.1-4
4.2-1

4.2-1a

4.2-2

LIST OF TABLES

Summary of Results

Language Improvements Desired

Use of Structured Techniques

Software Development Problems

Development Problems vs. Strucetured Techniques
Development Problems vs. Structured Techniques
(In percentages of those using (or not using)
structured techniques)

Development Problems vs. Language Improvements

26
27
28
29
35

35
36



ACKNOWLEDGEMENTS

The author wishes to express his gratitude to the many people who helped him with

this study.

His committee members, Dr. David Gustafson, Dr. William Hankley, and Dr. Myron
Calhoun deserve praise for their guidance. Dr. Gustafson merits special thanks for

his patience and understanding while serving as principal advisor.

Many thanks go to Larry Walker for shouldering much of the responsibility for the
evening degree program in Kansas City and for keeping the author's motivation alive

to complete the course work.

The respondents who took time to complete and return the survey deserve many

thanks.

Finally, special thanks goes to his wife, Kathy, for her support and understanding and

for her patienece in typing, retyping, and proof-reading the report.



CHAPTER 1 INTRODUCTION

1.0 Software Development Costs and Techniques

A great deal of attention is paid these days to software costs, and understandably so.
In 1976, overall software costs in the United States were estimated at more than $20
billion.* The continued decline in hardware costs and rise in software system costs
naturally resulted in software accounting for an ever greater percentage of total
system cost. This was seen as following the trend predicted by Boehm in 1'5!'?3,l and
would place software costs in 1976 at 80% of total. By 1985, if trends continue,
software will account for 90% of total system cost.!  This situation abounds with
irony. Not only is hardware much cheaper, but it is also much more reliable than in
past years, and the trend is toward still lower costs and even greater reliability in the
future. Software, with its mushrooming cost, generally cannot match hardware
reliability, and herein lies one of the ironies. Another is that, even as software
becomes more expensive, it is not even generally recognized as a discrete, patentable
entity. Anyone who has been involved in software development most likely thinks of
the program or programs being developed as being very real, as of course they are.
Anyone in management who has to budget software development costs has an equally

good grasp of reality.

So, where does this leave us? We have cheap, reliable hardware and expensive, often
unreliable software. Barry Boehm refers to builders of frequently unusable systems
as "computer basket weavers". He states, "A basket weaver has a very difficult job.

He must plan his basket very carefully and he puts a lot of loving care into it; he



builds it, studies it from various angles, discusses it with other basket weavers, and
then goes off to build another basket. Very rarely does he go out and sample users to
find out whether they are interested in baskets with handles or with several
compartments rather than one compartment, and the like. And, unless something
changes considerably in computing, it will remain a kind of computer basket

weaving." 2

In an effort to hold the line on costs and improve reliability (and productivity and
quality), a great many software development techniques have been developed and
used over the past few years for every phase of the software life ecyele. A
(nonexhaustive) list of recently developed software development techniques would
include: software engineering, development of system requirements, software design
methodologies, chief programmer teams, language preprocessors and macro gen-
erators, and automated software testing and evaluation systems. This report will

review recently developed techniques and investigate the extent of their usage.

1.1 Software Engineering.

Software Engineering, considered soberly, should rightly include the entire software
development process. Refining software development to an engineering discipline is
in fact the direction software developers should take over the next few years. The
present, unfortunate state is probably much closer to "basket weaving". Indeed, given
the present conditions, "software engineering" practically amounts to a contradiction

of terms. Hoare's brief, brilliant paper, "The Engineering of Software: A Startling



Contradiction"!! states elegantly how far removed software development realities
are from a literal application of software engineering. Witness: the engineer
understands the needs of his client; the programmer "wishes he'd make up his mind
what he wants". The engineer recommends from a range of known techniques those
which are best for his client to minimize cost while achieving the desired effect; the
programmer welcomes the most elaborate fancies of his "client" (user) as a challenge
to his programming ingenuity. Still worse, the programmer often prefers to ignore
known techniques used successfully by others, and embarks "on some spatchcocked
implementation of (his) own defective invention"}! How many of us have observed

exactly this? How many of us are ourselves guilty?

Software Engineering, as an engineering discipline, should seek to reduce costs and
improve reliability at every opportunity. Simplicity of every aspect from conceptual-
ization to implementation is the only way to achieve these objectives. In large
projects (100,000 source statements), design errors greatly outnumber coding errors
both in sheer numbers and in effort required to detect and correct them? One (as yet
unresolved) difference between engineers and programmers is a widely accepted
mathematical or theoretical foundation for programmers' work. The term fwidely
accepted" is key; a great many theoretical foundations for programming are

available, but most are ignored. This would doubtlessly change if programmers, like

engineers, were required to pass a licensing exam.



1.2 System Requirements.

Boehm estimates that 45-50% of software effort goes to the checkout and testing
phase, and 30-39% to analysis and design.’ Further, a generally undisciplined ap-
proach is usually taken in the analysis and design phase. One method of automated
development of system requirements is described by Bell, Bixler, and Dyer. Their
method is "Computer Aided Software Requirements Engineering", called SREM.> The
system they describe would be most applicable to very large systems, and includes
"techniques and procedures for requirements decomposition and for managing the
requirements development process." [t also includes a machine-processable language
for stating requirements, and an integrated set of tools to support the development of .
requirements. The system is intended to add a measure of computer-imposed
diseipline to the requirements phase, an element almost invariably lacking. Of
course, SREM is intended for use in designing truly large systems, such as the
Ballistic Missile Defense system, which eventually had 8248 requirement paragraphs

in a 2500-page specification. >

1.3 Software Design Methodologies.

Peters and Tripp have examined several software design methodologies, ineluding: (1)
Structured Design, (2) The Jackson Methodology, (3) Logical Construction of

B The au-

Programs, (4) META Stepwise Refinement, and (5) Higher Order Seftware.
thor of each of the above naturally has a different perspective of important design
issues. Thus, "Structured Design" is concerned with data flow and its transformations

from input to bDecoming output; the "Jackson Methodology" and the "Logical



Construction of Programs™ hold that the identification of the inherent data structure
is very important, and that the structure of the data (in and out) can be used to derive
the structure of the program. Those who use "META Stepwise Refinement" state that
- success is certain if the problem is solved several times, each time being more
detailed than before. "Higher Order Software" provides a set of axioms which must
be used for successful software design.

b It relies

Structured Design is based on concepts developed by Larry Constantine.?
primarily on following the flow of data through the system. Data transformations,
transforming processes, and the order of their occurrences are depicted with a special
notational scheme. The system specification is used to produce a data flow diagram,
the diagram to develop a structure chart, and the structure chart to develop data
structures. The use of structured design does seem to aid in rapid definition and
refinement of data flows, but consistent identification of data transformations is

sometimes difficult.!® Structured design should work fairly well in systems contain-

ing only transformations that change data characteristics inecrementally.

The Jackson Methodology sees data structure as the driving force of software
design.’?  Programs are viewed as the means of transforming input data into output
data. It is assumed that paralleling the structure of the input (data) and output
(reports) will ensure quality design. Some cautions are needed, however: resulting
data structures need to be compatible with rational program structure and only serial
files may be involved. Data structuring is dependent upon the data base management
system employed. Peters and Tripp object to the basic assumption of the Jackson
Methodology: there is no simple linkage between data structures and program
qua}.ity.16



Logical Construction of Programs (LCP) also assumes data structure as the key to
software design, but is more procedural than the Jackson Methodology.!® Originated
by Jean-Dominique Warnier in France, some of it's methods have recently come into
some use under the name of Warnier-Orr diagrams. The LCP method is:
1.  Organize input data hierarchically (files, records, items).
2.  Define the number of occurrences of each input element.
3. Do (1) and (2) for the output.
4. Obtain program details by identifying instruction types needed in a
specific order: reads, branches, calculations, outputs, and subroutines.
5. In flowchart-like fashion, write the logical instruction sequence.
Number the parts of the logical sequence and expand each by using the .
instructions in step 4.
Some objections are that this method imposes hierarchical data structures inappro-
priately; for those cases in which hierarchical structures are appropriate, a
pseudocode statement of a program is achieved rapidly, but may not be the program

method normally chosen.!®

META Stepwise Refinement'3 (MSR) involves beginning with a simple, general
solution and building increasing amounts of detail until the final, detailed solution is
reached. It requires a fixed problem definition, uses design levels, details are
postponed to lower levels, the design is successively refined, and correctness is
assumed at each level. MSR was designed by Henry Ledgard, and is a blend of Mill's
top-down ideas, Wirth's step-wise refinement, and Dijkstra's level structuring. MSR
attempts to separate functionally independent levels: higher levels being the general
problem statement and lower ones being more detailed. Modules at a certain level

may invoke only lower-level modules.

.



MSR's theory is good, but in reality, non-trivial problems undergo constant revision.
Since MSR's solutions at any given level are dependent upon prior levels, and any
change in the problem affeets prior levels, the ability to produce a solution at any
given level is lacking unless all levels are up to date.'®* MSR perhaps works best on a

small, well-defined problem requiring an elegant solution, such as an executive for an

operating system.

Higher Order Software (HOS) was developed by Hamilton and Zeldin while working on
NASA projects at MIT. It was intended to provide a formal means of defining
reliable, large-scale, multiprocessor s’.ysttems.lu The main parts of HOS are:

1. aset of formal laws,

2.  a specification language,

3. automated analysis of system interfaces,

4. system architecture layers from analyzer output, and

3. transparant hardware.
The design method is based upon axioms defining a hierarchy of software control,
with control being a formally specified effect of one software module upon another.
The axioms, which are very explicitly stated, define intermodular controls, access

rights to variables, and relationships between modular levels.

HOS is most useful in applications wherein the' acecuracy and sauditability of the
algorithm are the primary conecerns, such as in seientific problems. Peters and Tripp
objeet to HOS' lack of explicit data base design concepts. Their experience with

large systems is that design of code and data base must be synchronous.'®



In comparing these five methodologies, Peters and Tripp conelude that no single
method applies to every situation, that designers produce designs, methods do not,
and finally, that designing is problem solving, a personal issue. Methods are most
sucecessfully applied in supportive management environments which include planning,
scheduling, and control. Merging methods and environments would perhaps be the

next step.'®

Of the five methodologies above, Structured Design is perhaps the most used, or at
least most often mentioned. Quite possibly references to "structured design" are not
to the developments of Constantine?? but instead to general techniques. Indeed,
structured design has become something of a generic term, admittedly preferable tb ,
"basket weaving". In spite of their limitations, the five methodologies represent
important steps in organizing the design phase of the software life cycle. It would be
interesting to investigate the extent of usage of these methodologies, perhaps by
making reference not to particular methods by name but by less specific generic
references. This would allow respondents to answer questions concerning usage of

struetured techniques without requiring familiarity with specific literature.
1.4 Chief Programmer Teams.

Many production projects are staffed by relatively junior programmers. The low
average level of education and experience usually results in less-than-optimum
efficiency in program design, coding, and testing. More experienced programmers,
who probably have the needed insight and knowledge necessary to improve this

situation, are usually in low-level management positions where they ecannot



accomplish the detailed programming work.® In this typical project structure, each
programmer normally has complete responsibility for all aspeets of one or a few
modules. This entails not only programming, but also maintaining listings, setting up
runs, and writing reports concerning all aspects of his portion of the system. Few
guidelines (or standards) for any of the associated tasks are ever provided, so the
results are very individualized. This often further complicates the process of system

integration, documentation, and leads to a lack of development effectiveness.

One approach to attacking the problems of poor software quality and low programmer
productivity is the chief programmer team. If, indeed, programming is the most

complex mental activity ever undertaken by mankind,7 then such an .approach should

be elementally appealing.

Baker ® describes a chief programmer team management concept for production
programming. He describes a chief programmer as a senior-level programmer who is
given overall responsibility for development of a production system. The chief
programmer produces the nuecleus of the system being developed, and specifies and
integrates other programming aectivity for the -system. Other permanent team
members are his backup programmer (also senior level) and a programming librarian.
The team is described as analogous to a surgical team, with the chief programmer
being compared to the chief surgeon, and being supported by a team of specialists
who assist the chief. Functional details of the system may be provided by other
programmers and then integrated into the system by the chief programmer. This
approach directly attacks many of the problems of the more traditional approach,

particularly coordination of development.



1.5 Language Issues.

Programming languages are perhaps often overlooked as potential tools for improving
program reliability. Program reliability may be considered in two aspects: (1)
Number of errors which crop up after system release, and (2) correct, predictable
performance of intended function. The second is the more important of the two,
although both are important. Reliability features should include robustness (the
ability of a system to handle unexpected data values gracefully), and a high degree of

system availability (infrequent crashes).

Language features important for reliability are:
Simplicity - Language must be small enough for programmers to master.
Consistency - Language should form coherent whole -~ regular semantics,
uniform syntax.
Modularity - Language must support the division of a problem into smaller
problems.

Redundancy and error checking - with good diagnostics.

It seems fairly obvious that programs with & high probability of being correct are
more reliable. Two methods of increasing this probability are: reducing the
probability of programming errors and increasing the probability of detecting

® Good language design can contribute to both goals. A programming

errors.
language should lend confidence to the programmer in the correctness of programs.

Violations of programmer intentions should be detectable as errors, ideally at compile

- 10 -



time. Redundant expression of intention through type checking, declarative
redundancy, and assertions should lead to better error detection® Other common
sense issues are really language independent. Eliminating "magic numbers" outside of
named constants and using readable formatting of program text on the page are two
_activities which may be accomplished with a little programmer effort in almost any
language. A nicer approach would be the automation of these in the design of a

language.

Language improvements need not be limited to cosmetic improvements, of course.
Gannon and Horning mention statistically significant results demonstrating that
subjects using a nestable conditional construct made fewer semantic errors and
arrived at problem solutions more quickly than did subjects using a branch-to-label
construct.®  This may be a matter of programmer training and technique, but it also
could be a built-in language construct (or omission of one in the case of branch-to-
label). Potentially, programming languages could aceomplish much in improving
program quality and reliability.

The language used by more soffware developers than any other is COBOL. Philippakis
surveyed 164 computer installations and found that 86% used it, and that 70% of
coding was done in COBOL.!” Unfortunately, COBOL is frequently attacked from

many standpoints, ineluding intrinsic design and error-proneness.

= I =



To consider an example of intrinsic COBOL design limitations, observe some code
which might be generated by a programmer attempting to use structured program-
ming techniques:
READ-AND-PROCESS-DATA.
READ DATA-FILE
AT END MOVE 1 TO END-OF-FILE-FLAG.
PERFORM PROCESS-DATA UNTIL END-OF-FILE.

PROCESS-DATA.
Process data record
WRITE DATA-RECORD.
READ DATA-FILE
AT END MOVE 1 TO END-OF-FILE-FLAG.
PROCESS-DATA-EXIT.

Small wonder that many programmers find structured programming awkward. Some
rather convoluted logic is involved in coding a "pre-read" before entering the loop
which really does the major portion of the work, the PROCESS-DATA paragraph.
Further, PROCESS-DATA is itself of an awkward structure. At first glance, the logic
seems all wrong: you should read first, then process and write data. If PROCESS-
DATA were physically far removed from it's calling sentence (as it often would be),
the observer would usually want to look at the calling sentence to assure that the

logic in fact is correct.

-12 -



Now, consider an imaginary extended COBOL version:
LOOP.
READ DATA-FILE
AT END EXIT LOOP.
Process data
WRITE DATA-RECORD.
ENDLOOP.

This example allows utilization of the read-write sequence, which seems more natural
than write-and-read (with a pre-read first). The problem is that standard COBOL has
no in-line-loop eapability, nor a general EXIT-IF structure. A language preprocessor
would, of course, allow just this sort of strueture, and many such preprocessors are
available today, MetaCOBOL being one example.21 Another approach would be the
use of a maero facility. The macros themselves would be written in COBOL and
configured with the COBOL compiler. The macros would be converted to standard
COBOL statements at compile time. Perhaps some future ANSI version of COROL

will inelude in-line looping, exit~if, and other such construets.

Error-proneness is another COBOL vuinerability. Research conducted by Liteeky and
Davis indicated that 20% of error types account for 80% of the total error frequency
in COBOL programming.'* Somewhat surprisingly, the more persistent errors were
clerical mistakes: adding a period after 'FD file-name', the use of commas as word
delimiters, etec. These errors do not involve crueial elements of the basie structure of
COBOL, which strongly suggests that such elements should be changed. Another
finding of their research was that 80% of error diagnostics were inaccurate, a
problem which should also be improvable, particularly if emphasis were placed on

better diagnosis of common errors.
w LG



1.6 Automated Software Testing and Evaluation.

Upon completion of eoding, testing and debugging begins. This can be the most tiring,
expensive, and unpredictable phase of software development, and often represents 40-
50% of the total effort.’ Large systems may consist of many components with
complex interactions, probably developed by a large number of programmers. For
these reasons, operational software is often not error-free in spite of large testing

efforts.

Formally proving the correctness of large, complex systems is not currently feasible,
although proofs of non-trivial programs are possible,? Ramamoorthy and Ho de-
seribe automated tools for all phases of software development.lg Automated tools
are programs to check such things as program syntax, control structures, module
interface, and testing completeness. These tools may be used to allow programmers
to concentrate on advance system checkout by removing simple coding errors.
Among those for the testing phase are tools for monitoring program run-time
behavior and automated test case generation. Monitoring run-time behavior might
include bounds cheecking, recording frequency of traversal in particular sections of
code, and excution path tracing, which would record paths taken by test cases. Test
cases may be generated to exercise all possible program branches, sometimes
considered "complete" testing, Exhaustive testing is usually impossible, so "com-
plete" testing is defined in a more relaxed manner. It is possible to find a minimum
set of test cases to accomplish this, and Ramamoorthy and Ho desecribe an algorithm
to detect branches not tested and indicate conditions necessary to traverse those

paths 19

-14 -



Problems encountered in developing software systems are usually tackled in an ad hoe

3 most software evalua-

manner. Although most software errors are design errors,
tion systems attempt to solve problems at the code level, which is well after design is
complete. This condition could be corrected by designing an automated evaluation
system in conjunction with the development methodology. Systems should be

designed with the goal of validation in mind.!?

1.7 Application of New Techniques.

As may be surmised from the preceeding sections, many software development
techniques have been developed over the past years. Most are designed as tools for
use in very large projects such as missle systems, space programs, or perhaps
compiler development. Their use should enhance management control over
development cost. This goal is imperative, given the well-established upward trend of

software development cost.

These newly developed design techniques should be equally applicable to smaller
projects. Few businesses undertake projects of the same scale as a missle system, but
are nontheless interested in controlling costs. The use of a programming language is
elemental in any software development project. It is thus an interesting area of focus

in an assessment of usage of new design techniques.

In an effort to do this, a questionnaire was sent to 58 data processing shops.

Emphasis was placed on questions concerning programming languages. The

-15 -



geographical area covered was limited to the Kansas City area in the interest of
easier communication with respondents and in time constraints. It is acknowledged

that Kansas City may not be representative of general data processing practices, but

hopefully the survey results may serve as a basis for further investigation.

-16 =



CHAPTER 2 QUESTIONS ON THE SURVEY

Ideally, a survey should be constructed to achieve a good responsé rate but also
provide an adequate volume of usable data. The greatest difficulty in writing a
survey lies in satisfying these two conflicting goals. The rate of response should be
enhanced by writing a limited number of easily answered questions using generally
understood terminology. This is no small task, particularly if information is desired
concerning recently developed techniques. Usable responses are those which are
readily quantifiable and yet reflect reality at the respondent's shop. Anticipating
common responses and including these as choices in multiple-choice questions is one

step that may be used in gathering standard data.

These factors were considered in writing the survey of software development
practices. Top priority was given to achieving a good response rate. To limit the
number of questions, emphasis was placed on language usage; a total of five language-
oriented questions were included. Only one question was asked coneerning the extent
of usage of new design methodologies. One question was also asked about software
development problems. Guaging language usage and satisfaction in applications

development thus became the main thrust of the survey.
The questions and some comments follow.
1.  Title of person responding

- was requested to determine if responses would differ between management

and staff personnel.

17 =



2.

3.

5.

6.

7.

Primary programming language used in shop.

Are most applications business or numerically oriented?
- was asked to see if software development practices would differ between

business and scientific or engineering shops.

Are you happy with the language?

- It was anticipated that a certain amount of dissatisfaction would be expressed,

particularly in shops experiencing problems.

Are most applications programmers happy with the language?
- It was expected that even greater dissatisfaction would be expressed than

from management.

Have you considered converting old applications or writing new ones with a
different language?

- This was asked to lend further qualification to the responses from questions (4)
and (5). It was thought also that trends toward usage of new languages could be

spotted.

Would you like to see improvements in your language? Examples:
a. CASE statement

b. 'DO...UNTIL or WHILE cond. DO...

e.  Cross reference of called procedures

d. Local data in procedures

-18 -



7.

8.

(eont'd)
e. More accurate error diagnostics

f. QOther

As in question (6), it was thought that responses to this question might help
clarify the question of language satisfaction, although indicating a desire for

improvements would not necessarily imply dissatisfaction.

Examples (a), (b), and (d) are not available in more commonly used languages
(COBOL and FORTRAN), although these three may be simulated by the use of
preprocessors. They were chosen as examples because of their importance in
structured programming and because of their high frequency of simulation by '
using existing language constructs. The other two, (¢) and (e), are frequently

mentioned as desirable complier enhancements.

Does your shop utilize structured techniques? Examples:
a. Top-down design

b.  Step-wise refinement

c.  Hierarchic control structures (perform, gosub, ete.)
d.  Modular programs/segments

e. Extensive use of comments

f. Other

Both design and programming techniques were included in the chosen examples;
these probably should have been separated into separate questions. Top-down

design is a commonly mentioned structured design technique; step-wise
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