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Chapter One

Introduction

The software development process is complex and diffi-
cult to understand. Many variables including the hardware
available, the language used, the type of problem to be
solved, the algorithm used in solving the problem, the
methodology used in developing the software, the programming
enviroment, and the programmer's ability affect the
sof twuare development process., While many of these Cfactors
can be easily controlled, the variablity of the human ele-
ment is inherent, Each programmer will approach the task of
software development in a different manner, and worse yet,
some programmers may unnecessarily increase the complexity

of the task at hand.

Software managers have recognized the need for objec-
tive methods for monitoring the progress of software
development and for anticipating problems in the development
process, Sof tware complexity measures/metrics are an
attempt to satisfy this need. The terms measures and
metries are used for the most part interchangeably in the
literature. The term measure will be used in this report,
A Software complexity measure, in this context, is a quan-
tification of the attributes of a program. This study quan-
tifies the attributes of modifications made to a program

during development, as such the measures described in this



report are software development measures.,

Several software complexity measures have been proposed
and explored., In general, these measures can be classified
as ore of the following: size measures, data structure
measures, logic structure measures, composite measures,
design measures, cost measures, or defect measures. All of
these measures are plagued with being enviromment dependent,
requiring re-calibration of parameters when transported from
one enviromment to another (ie, historical data). Since
measures are enviromment dependent, empirical studies and
experimentation are required to assess the effects of the

enviroment on a measure,

Even though empirical studies and experimentation are
essential for the development and assessment of a software
measure, the cost of the data gathering process often
prevents many studies and experiments from occurring. "Real
world" data is especially difficult to obtain as industry is
rarely willing to expend the time, effort, and dollars to
acquire the necessary data. Therefore, many studies are
conducted in a university enviromment under controlled
situations. While these studiez are certainly worthwhile
and commendable, "real world® data is an essential
ingredient in assessing measures which will be applied to

"real world" software development,

The study described in the following chapters is an

exploratory study of "real world" COBOL programs in the



development phase. This study generated voluminous amounts
of data in order to better understand what goes on in the
software development phase and also to gain some insight

into the software development process in general.

Chapter two describes the data analyzed in this study
as well as the measures applied to the data, the tools which
implemented these measures, and the methodology used in

analyzing the data.

Chapter three describes the results of this study.
This description is broken into five categories: measures
on all statements in the program collection, measures on the
added sections in the program collection, measures on the
added statements in the program collection, measures on the
changed s;tatauents in the program collection, and measures

on the deleted statements in the program collection.

Chapter four includes the conclusions of this work,

along with suggestions for future work.



Chapter Two

Analysis of the Data

2.1. The Data Collection

Thirty one COBOL programs in the development phase were
analyzed. These programs were obtained from a Kansas cor-
poration, and thus were written by "professional®™ program-
mers, The programs were relatively short (on average 1630
lines of code), and had varying numbers of vrevisions (See
Figure 1,) Hereafter, the term ;'evisi.on will be used to

refer to a particular revision of a program.

revisions number of programs

MNM<NTO0WnN EWnN =
- e W=l 3w

—

Figure 1. Number of Revisions for Programs

Since the data gathering process was not done in a con-

trolled enviromment, several difficulties arose in analyzing



the data.

1) Little was known about the steps in the software life

cycle preceding the coding phase,

2) Little was known about how revisions were gathered, and
furthermore there was no assurance that all revisions
labeled as revision 0 were actually the first attempt
at coding the program. (Investigations of the programs

provided evidence to the contrary,)

3) Program collections were incomplete, and few programs

with large numbers of revisions existed.

4) Structured coding techniques (including modularization)
were not utilized, and therefore module by module

analysis was not possible.

2.2. Measures Used to Analyze the Data Collection

Two sequential revisions of a program were analyzed
using the measures described below. The result of this
amalysis was the quantification of the modifications made to
the first revision which yielded the second revision. The
measures were computed using the Data Division statements
and the Procedure Division statements only. The Identifica-
tion Division and Enviromment Division stai-:.ementa were

excluded from this analysis due to their relative stability.



(The notation used below was devised by Dr. David A, Gustaf-
son and the participants of the Software Measures Seminar at

Kansas State University.)

TYPE: represents the type of statement being analyzed
where ALL represents the collection of all statement
types
Statement types were classified by their functions,
The classification used is described below. (Only
those statement types occurring in the data are

listed below.)

TYPE ::= ALL | comments | declarations |
assignments | conditionals | branches |
input/output | labels | other

comments ::= spacing purposes | textual

assignments ::= MOVE | ADD | SUBTRACT | COMPUTE

conditionals ::= IF | ELSE | ON | AT END

branches ::= CALL | PERFORM | GOTO | NEXT | EXIT

input/output ::= DELETE | DISPLAY | OPEN | READ |

REWRITE | WRITE
other ::= EXAMINE | INSPECT | SEARCH | SORT | SET |

EXEC CICS | GOBACK

Number[TYPE]: number of statements of specified TYPE in

the program.



Changes[TYPE]: number of statements of specified TYPE that

have been changed.

Deletes[TYPE]: number of statements of specified TYPE that

have been deleted.

Adds[TYPE]: number of statements of specified TYPE that

have been added.

Add_Sections[TYPE]: number of statements of specified TYPE
after which a section of code has been

added.

Modification: as a notational convenience, let
Modification ::= Changes | Deletes | Adds |
Add_Sections,
It is assumed that the values of Modifica-
tion and TYPE are constant for an equation;
for example, Modification§[TYPE] may never

be Changes[IF]/Adds[ELSE].

Modification§[TYPE]: Modification[TYPE]/Number[TYPE]

gModification[TYPE]: Modification[TYPE]/Modification[ALL]

SD_fModification[TYPE]: standard deviation of

gModification[TYPE]

ANL: average level of nesting for a program.

Let Ni be the number of statements at nesting level i

Then ANL =



(summation (i=0 to N) of i ® Ni)/Number[ALL]

ANL[TYPE]: average level of nesting of the statements of
TYPE in a program.
Let Ni be the number of statements of TYPE at
nesting level i
Then ANL[TYPE] =

(summation (i=0 to N) of i # Ni)/Number[TYPE]
ANL_Modification[TYPE]: ANL of Modification[TYPE]

SD_ANL_Modification[TYPE]: standard deviation of

ANL_Modification[TYPE]

Number[TYPE,LEVEL]: number of statements of TYPE that are

at LEVEL of nesting.

eha.ngas[TIPE,LEVE.]: number of changes of statements of

TYPE that are at LEVEL of nesting.

deletes[TYPE,LEVEL]: number of deletions of statements of

TYPE that are at LEVEL of nesting.

adds[TYPE,LEVEL]: number of additions of statements of

TYPE that are at LEVEL of nesting

add_sections[TYPE, LEVEL]: number of statements of TYPE
after which a section of code
has been added that are at LEVEL

of nesting.

CHANGES[TYPE1,TYPE2]: number of changed statements of



TYPE1 which changed to a statement

of TYPE2
CHANGES$[TYPE1,TYPE2]: CHANGES[TYPE1,TYPE2]/Changes[TYPE1]

In addition to the above measures, one additional
softwuare development characteristic was quantified. The
nesting enviroment of a changed or deleted IF/ELSE state-

ment was quantified,

2.3. Rational Behind Selected Measures

The measure Modificationsf[TYPE] is the percentage of
statements of a specified TYPE which are being modified
relative to the total number of statements of that TYPE in
the program. (Here Modifications ::= Deletes | Changes)
This measure indicates the relative stability of a particu-
.la.r statement type in a program. The program size heavily

influences this measure.

The measure $Modifications[TYPE] is independent of the
program size, In the case of Modification ::= Deletes |
Changes, this measure shows which statement types are being
modified most frequently relative to all modified state-
ments. In the case of Modification::= Adds, this measure
shows which statement types are being added most frequently.
In the case of Modification::= Add_Sections, this measure
depicts the most 1likely places for sections of code to be

added.



The measure SD_$Modification[TYPE] reflects the disper-
sion of values for $Modification[TYPE] from the mean, If
the dispersion is small and thus the numbers are grouped
closely together, the measure of §Modification[TYPE] is more
reliable and descriptive of the data, than if the spread is

greater,

The measure ANL[TYPE] depicts the average nesting level
of a statement type. This measure indicates where a partic-

ular statement type is most likely to be located.

The measure ANL_Modification[TYPE] depicts the average
nesting level of statement types which are modified. This
measure can indicate at which level modifications are most

likely to occur,

The measure SD_ANL_Modification[TYPE] reflects the

dispersion of values for ANL_Modification[TYPE].

The measures changes[TYPE,LEVEL], deletes[TYPE,LEVEL],
adds[TYPE, LEVEL], and add_sections[TYPE,LEVEL] show the
actual number of statements of a particular type which are
modified at each level. This measure gives a clearer pic=-
ture of where statements are being modified than the previ=-

ous measures.

The measures CHANGES[TYPE1,TYPEZ2] and
CHANGES$[TYPE1,TYPE2] depict the number of statements of
TYPE1 which are changed to a statement of TYPE2, and the

percentage of statements of TYPE1 whicanged to a

10



statement of TYPE2, respectively. It would appear that
statements would change to either a statement of the same
type or a statement of a similar type. These measures were
applied to the programs in order to determine if this were

the case.

The enviromment of a changed or dalet;,ed statement was
quantified to determine if the enviromment of a modified
statement influenced the amount of modifications occurring.
Highly nested code is generally believed to add to the com-
plexity of the source code. Intuitively, as the complexity
of the source code increases, so should the number of modif-
ications occurring. Thus, it would most likely be the case
that statements in the encompassing scope of a highly nested
statement will change quite frequently. To serve as a test
case, the IF and ELSE statements were considered in this
analysis. Even though only two statements were used in this
analysis, it should be the case that any statement in the
encompassing scope of a highly nested statement will change

quite fregquently.

2.4, Tools Developed for Analyzing the Data

A set of tools was developed to analyze the COBOL pro-
grams. This set includes preprocessing modules, a differ-
ence module, tabulation modules, and report producing
modules, Figure 2 gives a hierarchy diagram of the tool set

modul es.

1



| Preprocessing | | Difference | | Tabulation | | Report i
| Module | | Module | | Module | | Producing |
- | Module !

| Changes | | Enviroment |

| Module | | Module |

| Removal of | | Distinguishing | | Indentation |
| Superfluous | | of Statements | e —— e ———
| White Space | == -e

Figure 2. Hierachy Diagram of the Tool Set Modules

12



2.4.1. Preprocessing of Programs

Preprocessing of the programs was necessary to prepare
them for the difference module, The preprocessing modules
have three basic functions: 1) to remove all superfluous
"white space®™ in the programs, 2) to make distinctions
between similar statements in different Divisions of a COBOL

program, and 3) to ensure uniform indentation,

2.4.1.1. Removal of Superfluous "jhite Space”

All superfluous blanks, tabs, and newlines were removed
to ensure proper identification of a change. For example,
if the only change between Statement A in revision one and
revision two is the addition of a blank or a tab, Statement
A has not been significantly changed. Therefore, this type
of a change wWas ignored. Similarly, if a statement is
spread over two lines in revision one and occupies three
lines in revision two but otherwise is the same, no signifi-
cant change has occurred., This type of change was ignored

by ensuring that each statement occupies only one lins,

2.4,1,2. Distinguishing of Statements

Initially, each program was searched to verify the
existence of all four Divisions. (Identification Division,
Enviroment Division, Data Division, and Procedure Division)

Special flags were inserted into the programs where these

13



Divisions were missing, Using either the actual Divisions
or the special flags as reference points, statements belong-
ing to each of the divisions were prefixed by a unique char-
acter signifying which Division a particular statement
belonged to, The prefixing of statements by unique division
characters was done to ensure that each statement, when out
of its context, could be properly identified. For example,
if the statement "MOVE X TO Y." appeared in the Identifica=-
tion Division as a Remark, it should not be considered as a
MOVE statement but rather as a comment. However, had
preprocessing of this "MOVE" statement not occurred, later

modules would not be able to make this distinction.

2.4.1.3. Indentation of a Program

A standard indentation scheme was imposed upon the pro-
grams, The statements were indented one tab character per
each level with level 0, the outermost 1level, having no
indentation. Due to the unstructuredness of the COBOL pro-
grams, only IF statements were used to determine the nesting

level.

2.4,2. Difference Module

A difference module, utilizing the "diff" utility, bad
been developed and used previously for analyzing changes to

maintenance programs written in C. This module, with minor

14



al terations, was used to analyze the COBOL programs,

This module compares two programs and notes changes,
deletions, and added sections by prefixing statements in the
first revision by special characters., This module can also
be used to obtain which statements were added to the first

revision by interchanging the inputs to the module,

2.4.,3. Tabulation

Using the results of the difference module, four addi-
tional files are created, One file consisting of all the
changed statements, one consisting of all deleted state-
ments, one consisting of all the added statements, and one
file consisting of all the statements after which a section
of code was added, Each of these four files along with the
entire program is used in sequence as input to the main

tabulation module,

The main tabulation module counts the mumber of each
type of statement and the number of each statement type at
each level of indentation. These counts are written to a

temporary file,

Upon completion of this module, five new files exist:
an overall counts file, a changed statement counts file, a
deleted statement counts file, an added statement counts

file, and an added section counts file,

15



2.4.4, Report Production

Several short C and Shell programs were written to pro-
duce several different reports from the temporary files
created by the tabulation module, One report was generated

for each of the measures described in Section 2.2.

2.4.5. Other Modules

Two additional tools were written which utilize the
output of the difference tool. One module utilizes the
ndiff" utility to analyze the types of statements which
changed statements were cj_hanged to (ie,, the resulting type
of changed statements). The other module utilizes the "awk"

utility to examine the enviromment of a changed statement.

2.5. Method of Analysis

The initial objective of this analysis was to be able
to discern distinet patterns from revision to revision in
program development, However, due to the problems discussed
in Section 2.1, this objective could not be fully realized.
Thus, the following approach in apalyzing the data was

adopted.

1) All programs were analyzed using the measures

described in Section 1.2.
2) Programs in early phases of development were

16



analyzed using the measures described in Section

1.2.

3) Programs in the later phases of development were
analyzed using the measures described in Section

1.2,

This approach allowed the characteristies of the entire
program collection, along with the characteristics of pro-
grams in the early phases and later phases of development to
be analyzed. The intent of this approach was to compare the
characteristics of programs in the early phases of develop~
ment with the characteristics of programs in the later
phases of development, thus allowing distinections to be made
between the characteristics of programs in the early phases

of revision and programs in the later phases of revision.

Programs in revisions 0 through 2 inclusive were
selected as programs in the early phases of development.
Programs having 6 or more revisions were selected as pro-
grams in the later phases of development., A wider variance
in revision numbers were included as programs in the later
phases of development to allow the collection to be more
representative of the entire program collection, Onf or=-
tunately, only one pI'OSI'"EII bad more than 7 revisions, while

4 programs had 6 or more revisions, (See Figure 1.)

Two sets of programs were excluded from this analysis,

One program set was excluded on the basis that it had no
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modifications through the entire development cycle, The
second program was excluded due to radical changes during
development, this program doubled or tripled in size with

each revision,
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Chapter 3

Results of Analysis

3.0, Introduction

The results from the analysis of the data collection

will be presented as follows:
1) characteristics of the programs,
2) characteristics of the added sections in programs,

3) characteristics of the added statements in pro-

grams,

h) characteristics of the deleted statements in pro-

grams,

5) characteristics of the changed statements in pro-

grams,

3.1. Program Characteristics

The program collection as a whole will be discussed in
this section. The characteristics of programs in the early
phases of development and later phases of development are
not presented in this section; however, the characteristics
may be observed in the Appendix in Figures 3-9. ‘The charac-
teristics of programs in the early phases of revisions and

programs in the later phases of revision are not presented
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as they are not necessarily indicative of any patterns of
development, but rather were used as a reference point for

other measurements which were applied to the data.

3.1.1. Number[TYPE] and Number[TYPE]/Number[ALL]

The entire program collection had a total of 157,575
statements in the Data Division and Procedure Division com-
bined. 33.64% of the statements were assignment statements;
23.,27% of the statements were declarations; 13.82% of the
statements were conditional statements; 11.77% of the state-
ments were comments; 10.93% of the statements were branching
statements; 3.85% of the statements were labels; 2.42% of
the statements were other statements; and 0.30% of the
statements were input/output statements, (See Appendix Fig-

ure 3.)

The relatively high percentage of comments is rather
misleading. 69.21% of the comments were used only for veri-
ical spacing of the code, 30.79% of the comments were "tex-
tual™ comments. These were comments containing some text.
Unfortunately with rare exceptions, these were statements

being commented out for debugging purposes,

In the category of branching statements, the unstruc-
turedness of the code is revealed in the relatively high
percentage of GOTO statements, 6.23% of all the statements
were GOTO statements (9813) and 3.22% of the statements were

PERFORM statements (5067). (See Appendix Figure 3.)
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3.1.2. Number[TYPE,LEVEL]

The level of nesting of statements ranged from level 0
to level 7. 50.12%8 of the statements were at level 0;
36.49% of the statements were at 1level 1; 10.92% of the
statements were at level 2; 1.63% of the statements were at
level 3; 0.44% of the statements were at level 4; 0.19% of
the statements were at level 5; 0,19% of the statements were

at level 6; and 0.07% of the statements were at level 7.

Levels 0 through 2 inclusive had a wide variety of
statement types. However, as the pesting level increased,
the variety of statements present decreased. At level 3,
eight different statement types were present, they were tex-
tual comments, MOVE statements, IF statements, ELSE state-
ments, PERFORM statements, GOTO statements, NEXT statements,
and OPEN statements. However, at level 7, only three dif-
ferent statement types were present: textual comments, MOVE
statements, and PERFORM statements, (See Appendix Figures

6a and 6b.)

3.1.3. ANL[TYPE]

The average nesting level of the entire program collec-
tion was 0.67. The statements which had the highest average
resting level were: the OPEN statement (2.18), the ELSE
statement (1.75), the PERFORM statement (1.08), textual com-
ments (1.07), and the GOTO statement (1.02). (See Appendix

Figure 9.)
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3.2, Added Sections Characteristics

The investigation of after which statement types sec-
tions of statements were added was done for the Procedure
Division only, as the statement types present in the Data
Division were severely limited, Sections of code were added
only to programs in revisions 0 through 6 inclusive, The
results of this investigation will be presented as follows:

1) add_sections[TYPE,LEVEL],

2) ANL_Add_Sections[TYPE], and

SD_ANL_Add_Sections[TYPE].

3.2.1. add_sections[TYPE,LEVEL]

3.2.1.1. Entire Program Collection

495 sections of statements were added in the Procedure
Divisions of programs in the development phase, The state-
ments after which sections of code were added had nesting
levels of 0 through 2 inclusive. 52.93% of the sections
were added at a nesting level of 0; 36.97% of the sections
iere added at a pesting level of 1; and 10.10% of the sec-
tions were added at a nesting level of 2, (See Appendix

Figure 10.)

At level 0, sections of code were added most frequently
after assignment statements and conditional statements.
Sections of code were added most frequently after assignment

statements at level 1., At level 2, sections of code were
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added most frequently after branching statements and assign-
ment statements. The places were sections of code were
added most often at level 0 were: after MOVE statements
(85), after IF statements (72), and after comments used for
spacing purposes (42). At level 1, sections of were added
only after MOVE statements (92), GOTO statements (41), ELSE
statements (30), PERFORM statements (13), and NEXT state-
ments (7). Sections of code were added only after ELSE
statements (24), NEXT statements (24), and GOTO statements

(2) at level 2, (See Appendix Figure 10.)

3.2.1.2. Programs in the Early Phases of Development

440 sections of statements were added in the Procedure
Divisions of programs 1in the later phases of development.
The statements after which sections of code were added had
nesting levels of 0 through 2 inclusive, 50.91% of the sec-
tions were added at a nesting level of 0; 38.18% of the sec-
tions were added at a nesting level of 1; and 10.91% of the
sections were added at a nesting level of 2. (See Appendix

Figure 11.)

At level 0, sections of code were added most frequently
after assignment statements and conditional statements,
Sections of code were added most frequently after assignment
statements at level 1. At level 2, sections of code were
added most frequently after branching statements and condi-

tional statements, The places where sections of code were

23



added most often at level 0 were: after MOVE statements
(7T4), after IF statements (72), and after comments used for
spacing purposes (27). At level 1, sections of were added
only after MOVE statements (89), GOTO statements (36), ELSE
statements (26), PERFORM statements (12), and NEXT state-
ments (5). Sections of code were added only after ELSE
statements (24), and NEXT statements (24) at level 2, (See

Appendix Figure 11.)

3.2.1.3. Programs in the Later Phases of Development

31 sections of statements were added in the Procedure
Divisions of programs in the early phases of development.
The statements after which sections of code were added had
nesting levels of 0 and 1 only. 83.87% of the sections were
added at a nesting level of 0; 16.13% of the sections were

added at a nesting level of 1. (See Appendix Figure 12.)

At level 0, sections of code were added most frequently
af ter assignment statements and commments., Sections of code
were only added after branching statements and conditional
statements at level 1. The places were sections of code
were added most often at level 0 were: after MOVE statements
(8) and after comments used for spacing purposes (8). At
level 1, sections of were added only after GOTO statements
(3), ELSE statements (1), and PERFORM statements (1). (See

Appendix Figure 12,)
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3.2.2. ANL_Add_Sections[TYPE] and SD_ANL_Add_Sections[TYPE]

3.2.2.1. Entire Program Collection

The average nesting level of a statement after which a
section of code was added was 0.57. The places of insertion
which had the highest average nesting level were: after a
NEXT statement (1.45), after an ELSE statement (1.434), after
a GOTO statement (0.88), after a PERFORM statement (0.81),
and after a MVE statement (0.52). All other places of
insertion had an average nesting level of 0, (See Appendix

Figure 13.)

3.2.2.2. Programs in the Early Phases of Development

The average nesting level of a statement after which a
a;ction of code was added was 0.60. The places of insertion
which had the highest average nesting level were: after a
ELSE statement (1.48), after a NEXT statement (1.47), after
a PERFORM statement (0.86), after a GOTO statement (0.84),
and after a MOVE statement (0.54). All other places of
insertion had an average nesting level of 0. (See Appendix

Figure 13.)

SD_ANL_Add_Sections[ALL] was 0.263. Except for the
EXEC CICS statement (0.377) and the MOVE statement (0,179)
the measure SD_ANL_Add_Sections[TYPE] was relatively low for

most places of insertion. (See Appendix Figure 14.)
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3.2.2.3. Programs in the Later Phases of Development

The average nesting level of a statement after which a
section of code was added was 0.16. The places of insertion
which had the highest average nesting level were: after a
GOTO statement (0.75), after a PERFORM statement (0.50), and
after a ELSE statement (0.50). All other places of inser-
tion had an average nesting level of 0., (See Appendix Fig-

ure 13.)

SD_ANL_Add_Sections[ALL] was 0.148. Except for the
ELSE statement (0.167) and the PERFORM statement (0.167) the
measure SD_ANL_Add_Sections[TYPE] was relatively low for

most places of insertion, (See Appendix Figure 14.)

3.3. Added Statements Characteristics

Statements were added only to programs in revisions 0
through 6 inclusive, The results of the investigation of
what types of statements were added to programs during
development will be presented as follows:

1) Adds[TYPE], %$Adds[TYPE], and SD_%Adds[TYPE],

2) adds[TYPE,LEVEL],

3) ANL_Adds[TYPE], and SD_ANL_Adds[TYPE].

3.3.1. Adds[TYPE], $Adds[TYPE], and SD_%Adds[TYPE]

3.3.1.1. Entire Program Collection
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A total of 4307 statements were added to the program
collection during the development phase, 27.76% of the added
statements were conditional statements; 27.62% of the added
statements were assignment statements; 27.06% of the added
statements were branching statements; 5.53% of the added
statements were other statements; 4.93% of the added state-
ments were declarations; 4.21% of the added statements were
comments; 2.72¢ of the added statements were labels; and
0.16% of the added statements were input/output statements,
The statement most often added to a program was the MOVE
statement (1182). The GOTO statement (647), IF statement
(622), and the ELSE statement (546) were also added fre-

quently. (See Appendix Figure 15,)

3.3.1.2. Programs in the Early Phases of Development

A total of 3571 statements were added to programs in
the early phases of development. 30,313 of the added state-
ments were conditiomal statements; 29.17% of the statements
were branching statements; 27.49% of the statements were
assignment statements; 5.23% of the added statements were
other statements; 3.49% of the added statements were
declarations; 2.24% of the added statements were labels;
2.03% of the added statements were comments; and 0.08% of
the added statements were input/output statements. The
statement most often added to a program in the early phases
of development was the MOVE statement (1031). The GOTO

statement (603), IF statement (578), and the ELSE statement
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(535) were also added frequently. (See Appendix Figure 16.)

The measure SD_$%Adds[TYPE] was relatively low for most
types of statements being added., The exceptions were: the
EXAMINE statement (35.60), the EXEC CICS statement (6.77),

and textual comments (3.78). (See Appendix Figure 18.)

3.3.1.3. Programs in the Later Phases of Development

A total of 260 statements were added to programs in the
later phases of development. 31.92% of the added statements
were assignment statements; 15.00% of the added statements
were declarations; 12.69% of the added statements were
branching statements; 10.77% of the added statements were
comments; 8.08% of the added statements were labels; 8.08%
of the added statements were other statements; and 1.93% of
the added statements were input/output statements, The
statement added most often to a program in the later phases
of development was the MOVE statement (81). Declaration
statements (29), IF statements (24), comments for spacing
purposes (23), and GOTO statements (20) were also added fre-

quently. (See Appendix Figure 17.)

The measure SD _$Adds[TYPE] was relatively low for most
types of statements being added. The exceptions were: the
MOVE statement (12.97), the IF statement (6.93), the EXEC
CICS statement (5.02), and the NEXT statement (1.33). (See

Appendix Figure 18.)
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3.3.2. adds[TYPE,LEVEL]

3.3.2.1. Entire Program Collection

4022 statements were added in the Procedure Division of
programs in the development phase. The statements added had
nesting levels of 0 through 2 inclusive., 32.99% of the
added statements had a nesting level of 0; 38.34 % of the
added statements had a nesting level of 1; and 28.6T% of the

added statements had a nesting level of 2.

At level 0, assignment statements and branching state-
ments were added most frequently, however, a wide variety of
statements were added at level 0. MOVE statements (432), IF
statements (399), and GOTO statements (71) were the most
frequently added statements at level 0. At level 1, assign-
ment statements were the most frequently added statements,
11 different statement types were added at level 1, with
MOVE statements (708), IF statements (223), PERFORM state-
ments (175) and GOTO statements (131) being the most fre-
quently added statements. At level 2, only 4 different
statement types were added: GOTO statements (445), ELSE
statements (444), NEXT statements (222), and MOVE statements
(42). Branching statements were the most frequently added

statement type at level 2. (See Appendix Figure 19.)

3.3.2.2. Programs in the Early Phases of Development

3574 statements were added in the Procedure Divisions
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of programs in the early phases of development, The state-
ments added had nesting levels of 0 through 2 inclusive,
29.02¢% of the added statements had a nesting level of 0;
38.75% of the added statements had a nesting level of 1; and

32.23% of the added statements had a nesting level of 2.

At level 0, conditional statements and assignment
statements were added most frequently. At level 1, assign-
ment statements were added most frequently, while at level
2, branching statements were added most frequently. At
level 0, 15 different types of statements were added with
the most frequently added statements being the IF statement
(356) and the MOVE statement (338). At level 1, 8 different
types of statements were added, with the most frequently
added statements being the MOVE statement (651) and the IF
statement (222). At level 2, only 4 different types of
statements were added. These statements were the ELSE
statement (444), the GOTO statement (444), the NEXT state-
ment (222), and the MOVE statement (42). (See Appendix Fig-

ure 20.)

3.3.2.3. Programs in the Later Phases of Development

221 statements were added in the Procedure Divisions of
programs in the later phases of development. The statements
added had nesting levels of 0 through 2 inclusive, T4.66%
of the added statements had a nesting level of 0; 24.89% of

the added statements had a nesting level of 1; and 0.45% of
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the added statements had a nesting level of 2.

At level 0, assignment statements were added most fre-
quently. At level 1, branching statements and assignment
statements were added most fregquently, while at level 2,
only branching statements were added. At level 0, 13 dif=-
ferent types of statements were added with the most fre-
quently added statements being the MOVE statement (61), IF
statement (23) and labels (21). At 1level 1, 8 different
types of statements were added with the most frequently
added statements being the MOVE statement (20) and the GOTO
statement (17). At level 2, only one PERFORM statement was

added, (See Appendix Figure 21.)

3.3.3. ANL_Adds[TYPE] and SD_ANL_Adds[TYPE]

3.3.3.1. Entire Program Collection

The average nesting level of an added statement was
0.96. The added statements which had the highest average
nesting level were the ELSE statement (1.81), the NEXT
statement (1.63), the GOTO statement (1.58), the PERFORM
statement (0.88), the MOVE statement (0.67), the ON state-
ment (0.50), the IF statement (0.36), and the ADD statement
(0.33). All other statements had an average nesting level

of 0. (See Appendix Figure 22.)

3.3.3.2. Programs in the Early Phases of Development
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The average nesting level of an added statement was
1.03. The added statements which had the highest average
nesting level were the ELSE statement (1.83), the NEXT
statement (1.65), the GOTO statement (1.63), the PERFORM
statement (0.92), the MOVE statement (0.71), and the IF
statement (0.38). All other statements had an average nest-

ing level of 0. (See Appendix Figure 22.)

SD_ANL_Adds[ALL] was 0.512. The measure
SD_ANL_Adds[TYPE] was relatively low for most types of
statements being added. The exceptions were: the MOVE
statement (0.630), the NEXT statement (0.350), the PERFORM
statement (0.346), and the ELSE statement (0.337). (See

Appendix Figure 23.)

3.3.3.3. Programs in the Later Phases of Development

The average nesting level of an added statement was
0.51. The added statements which had the highest average
nesting level were the ELSE statement (1.00), the GOTO
statement (0.95), the PERFORM statement (0.43), the MOVE
statement (0.25), textual comments (0.20), and the IF state-
ment (0.04). All other statements had an average nesting

level of 0., (See Appendix Figure 22.)

SD_ANL_Adds[ALL] was 0.000. Except for the MOVE state-
ment (0.230) and the SET statement (0.167) the measure
SD_ANL_Adds(TYPE] was relatively low for most types of

statements being added. (See Appendix Figure 23.)
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3.4, Changed Statements

Statements were changed in programs of all revisions,
The results of the investigation of what types of statements
were changed in programs during development  will be
presented as follows:

1) Changes[TYPE], Changesj[TYPE], #Changes[TYPE], and

SD_%Changes[TYPE],

2) changes[TYPE,LEVEL],

3) ANL_Changes[TYPE] and SD_ANL_Changes[TYPE],

4) CHANGES[TYPE1,TYPE2] and CHANGES%[TYPE1,TYPE2],

5) The nesting enviroment of changed IF/ELSE

statements.

3.4.1. Changes[TYPE], Changes%[TYPE], $Changes[TYPE], and

SD_%Changes[TYPE]

3.4.1.1. Entire Program Collection

A total of 3497 statements were changed in the program
collection during the development phase. 63.45% of the
changed statements were assignment statements; 12.50% of the
changed statements were conditional statements; 10.75% of
the changed statements were branching statements; 6.68% of
the changed statements were other statements; 4.06% of the
changed statements were declarations; 2.,09% of the changed

statements were comments; 0.46% of the changed statements
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were labels; and 0.11% of the changed statements were
input/output statements. The statement changed most often
in a program was the MOVE statement (2209). IF statements
(266), PERFORM statements (180), ELSE statements (167), and
the GOTO statements (146) were also changed frequently.

(See Appendix Figure 24.)

2.22% of all statements were changed. The statement
which was most likely to be changed was the REWRITE state-
ment. 33.33% of all REWRITE statements were changed. EXAM-
INE statements (22.88%), OPEN statements (5.88%), and ON
statements (5.13%) were also changed frequently. (See

Appendix Figure 24.)

3.4.1.2. Programs in the Early Phases of Development

A total of 2465 statements were changed in programs in
the early phases of development, 66.33% of the changed
statements were assignment statements; 10.63% of the changed
statements were branching statements; 10.47% of the changed
statements were conditiomal statements; 7.91% of the changed
statements were other statements; 3.65% of the changed
statements were declarations; 0.85% of the changed state-
ments were comments; 0.08% of the changed statements were
labels; and 0.08% of the changed statements were
input/output statements. The statements most of ten changed
in a program were: MOVE statements (1633), PERFORM state-

ments (144), IF statements (138), EXAMINE statements (134),
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and ELSE statements (118). (See Appendix Figure 25.)

2.45% of all statements in early revision programs were
changed. The statement which is most likely to be changed
is the REWRITE statement. 33.33% of all REWRITE statements
were changed. EXAMINE statements (23.34%) and DISPLAY
statements (10.00%) were also changed frequently., (See

Appendix Figure 25.)

The measure SD_%Changes[TYPE] was relatively low for
most statement types. The exceptions were: the EXAMINE
statement (35.60), the ELSE statement (15.40), the CALL
statement (9.93), the NEXT statement (7.95), the IF state-
ment (7.25), the EXEC CICS statement (6.77), and comments

for spacing purposes (4,53). (See Appendix Figure 27.)

3.4.1.3. Programs in the Later Phases of Development

A total of 288 statements were changed in programs in
the later phases of development, 69.10% of the changed
statements were assignment statements; 11.11% of the changed
statements were branching statements; 10,07% of the changed
statements were conditiomal statements; 3.82% of the changed
statements were declarations; 3.47% of the changed state-
ments were other statements; 1.04% of the changed statements
were labels; 0.69% of the changed statements were comments;
and 0.59% of the changed statements were input/output state-
ments. The MOVE statement (198), the IF statement (19), and

the GOTO statement (16) were changed most frequently. (See
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Appendix Figure 26.)

0.83% of all statements in programs in the later phases
of development were changed, The statement which was most
likely to changed was the REWRITE statement, 100.00% of the
REWRITE statements were changed. DELETE statements
(25.00%), SET statements (20.00%), and NEXT statements
(11.11%) were also changed frequently. (See Appendix Figure
26.)

The measure SD_%Changes[TYPE] was relatively low for
most statement types, The exceptions were: the PERFORM
statement (5.20), the GOTO statement (5.10), the EXEC CICS
statement (5.02), and labels (1.20). (See Appendix Figure

27.)
3.4.2. changes[TYPE,LEVEL]

3.4.2.1. Entire Program Collection

3344 statements were changed in the Procedure Divisions
of programs 1in the development phase, The statements
changed had nesting levels of 0 through 5 inclusive. 21.38%
of the changed statements were at level 0; 63.61% of the
changed statements were at level 1; 12.92% of the changed
statements were at level 2; 1.56% of the changed statements
were at level 3; 0.09% of the changed statements were at
level U4; and 0.45% of the changed statements were at level

5. (See Appendix Figures 28a and 28b.)
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Assignment statements were most frequently changed at
levels 0,1, and 3. At level 2, assignment statements, con-
ditional statements, and branching statements were changed
most frequently. At level U4, conditional statements and
branching statements were the only statements changed. At
level 5, only branching statements, conditional statements,
and assignment statements were changed., The statements most
often changed at level O were: MOVE statements (377), and
IF statements (144)., At level 1, the statements changed
most often were: MOVE statements (1585), PERFORM statements
(146), and EXAMINE statements (128). The statements most
often changed at level 2 were: MOVE statements (197) and IF
statements (125). At level 3, the statement changed most
frequently was the MOVE statement (48). The only statements
which changed at level 4 were: an IF statement (1), a PER-
FORM statement (1), and a GOTO statement (1). At level 5,
the only statements which were changed were: the ELSE
statement (5), the GOTO statement (3), the NEXT statement
(3), the MOVE statement (2), and the PERFORM statement (2).

(See Appendix Figures 28a and 28b.)

3.4,2.2. Programs in the Early Phases of Development

2368 statements were changed in the Procedure Divisions
of programs in the early phases of development., Only state-
ments at levels 0 through 3 inclusive were changed. 16 .93%
of the changed statements were at level 0; 69.05% of the

changed statements were at level 1; 12.63% of the changed
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statements were at level 2; while 1.39% of the changed

statements were at level 3., (See Appendix Figure 29.)

Assignment statements were most frequently changed at
all 1levels. At level 0, the most frequently changed state-
ments were: MOVE statements (239), IF statements (47), EXEC
CICS statements (43), and GOTO statements (29). The most
frequently changed statements at level 1 were: MOVE state-
ments (1232), EXAMINE statements (128), and PERFORM state-
ments (126). At level 2, the most frequently changed state-
ments were: MOVE statements (131) and ELSE statements (92).
Only MOVE statements (32) and PERFORM statements (1) were

changed at level 3. (See Appendix Figure 29.)

3.4.2.3. Programs in the Later Phases of Development

275 statements were changed in the Procedure Divisions
of programs in the later phases of development, Statements
were changed at levels 0 through 5 inclusive., 28.00% of the
changed statements were at level 0, 59.64% of the changed
statements were at level 1; 4.73% of the changed statements
were at level 2; 1.09% of the changed statements were at
level 3; 1.09% of the changed statements were at level 4;
and 5.45% of the statements were at level 5. (See Appendix

Figures 30a and 30b.)

Assignment statements and conditional statements were
most frequently changed at levels 0 and 1. At levels 2 and

5, only assignment statements, conditional statements, and
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branching statements were changed., At levels 3 and 4, only
conditional statements and branching statements were
changed. The most frequently changed statements at level 0
were: MOVE statements (41) and IF statements (14). The
MOVE statement (149) was the most frequently changed state-
ment at level 1. At level 2, the only statements which
changed were: the MOVE statement (6), the GOTO statement
(4), the ELSE statement (2), and the IF statement (1). The
only statements which were changed at levels 3 and 4 were:
an IF statement (1), a PERFORM statement (1), and a GOTO
statement (1). At 1level 5, the only statements which
changed were: the ELSE statement (5), the GOTO statement
(3), the NEXT statement (3), the MOVE statement (2), and the

PERFORM statement (3). (See Appendix Figures 30a and 30b.)

3.4.3. ANL_Changes[TYPE] and SD_ANL_Changes[TYPE]

3.4.3.1. Entire Program Collection

The average nesting level of a changed statement was
0.97. The changed statements which had the highest average
resting level were the ELSE statement (1.86), the NEXT
statement (1.68), the GOTO statement (1.22), the PERFORM
statement (1.11), the ON statement (1.00), the OPEN state-
ment (1.00), the MOVE statement (0.97), the EXAMINE state-
ment (0.95), the ADD statement (0.90), textual comments
(0.75), the IF statement (0.57), and the EXEC CICS statement

(0.13). All other statements had an average nesting level
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of 0. (See Appendix Figure 31.)

3.4.3.2. Programs in the Early Phases of Development

The average nesting level of a changed statement was
0.98. The changed statements which had the highest average
nesting level were the ELSE statement (1.77), the ADD state-
ment (1.50), the NEXT statement (1.37), the GOTO statement
(1.12), the PERFORM statement (1.05), the OPEN statement
(1,00), the EXAMINE statement (0.96), the MOVE statement
(0.95), the IF statement (0.78), and the EXEC CICS statement
(0.19). All other statements had an average nesting level

of 0. (See Appendix Figure 31.)

SD_ANL_Changes[ALL] wWas 0.000. The measure
SD_ANL_Changes[TYPE] was relatively low for most statement
types. The exceptions were: the MOVE statement (0.468),
the IF statement (0.468), and the OPEN statement (0.232).

(See Appendix Figure 32.)

3.4.3.3. Programs in the Later Phases of Development

The average nesting level of an changed statement was
1.04., The changed statements which had the highest average
rnesting level were the REXT statement (4.00), the ELSE
statement (3.20), the GOTO statement (2.19), the MOVE state-
ment (0.86), the IF statement (0.58), and the EXEC CICS
statement (0.11). All other statements had an average nest-

ing level of 0., (See Appendix Figure 31.)
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SD_ANL_Changes[ALL] was 0.000. The measure
SD_ANL_Changes[TYPE] was relatively low for most statement
types. The exceptions were: the PERFORM statement (0.425),
the MOVE statement (0.338), the IF statement (0.134). (See

Appendix Figure 32.)

3.4.4. CHANGES[TYPE1,TYPE2] and CHANGESY[TYPE1,TYPE2]

The measures CHANGES[TYPE1,TYPE2] and
CHANGES$[TYPE1,TYPE2] were considered only for the program
collection as a whole, In gemeral, the changes occurring

can be classified into the following categories:

1) changes in which TYPE1 and TYPE2 were the same,

2) changes where the resulting type, TYPE2, was a comment,

3) changes which resulted in a higher level of nesting

than the original statement, and

4) changes in which TYPE1 and TYPE2 statements perform

simil ar functions.

DELETE statements, OPEN statements, and REWRITE state-
ments had category one changes only., Declarations, VALUE
clauses, ADD statements, ELSE statements, CALL statements,
labels, and SET statements had both category one changes and
category two changes., MOVE statements and EXEC CICS state-
ments had categories 1, 2, and 3 changes, GOTO statements,

PERFORM statements, and EXAMINE statements had categories 1,
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2, 3, and 4 changes, NEXT statements had categories 1, 2,
and 4 changes. IF statements had categories 1 and 2
changes, as well as having 3 IF statements change to a MOVE
statement. Comments had category 1 changes, as well as hav-
ing 48 comments change to a Procedure Division statement.

(See Appendix Figure 33.)

3.4.5. The Nesting Enviroment of Changed IF/ELSE

Statements

The nesting enviromment of changed IF statements and
ELSE statements was considered only for the program collec-

tion as a whole.

The deepest level of nesting of IF statements was level
7. IF statements which were nested internally to a depth of
level 6 or 7 had no changes in their encompassing scope. A
total of 27 IF statements were nested to a depth of level 5.
In the encompassing scope of these statements six IF state-
ments (22.22%) were changed at level O0; 1 IF statement
(3.70%) was changed at levels 1, 2, 3, and 4; one ELSE
statement (5.26%) was changed at level 1; 15 ELSE statements
(7.89%) were changed at level 2; and 5 ELSE statements
(26.32%) were changed at level 5. 102 IF statements were
nested to a depth of level 4, In the encompassing scope of
these statements, 6 IF statements (5.88%) were changed at
level 0; 1 IF statement (0.98%) was changed at level 2; and

37 ELSE statements (66.07%) were changed at level 2. A
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total of 393 IF statements were nested to a depth of level
3. In the encompassing scope of these statements, 13 IF
statements (3.31%) were changed at level 0; 39 IF statements
(9.92%) were changed at level 1; 23 IF statements (5.85%)
were changed at level 2; and 59 ELSE statements (26.82%)
were changed at level 2, 2412 IF statements were nested to
a depth of level 2. In the encompassing scope of these
statements, 17 IF statements (0.70%) were changed at level
0; 55 IF statements (2.28%) were changed at level 1; 3 ELSE
statements (0.108) were changed at level 1; and 14 ELSE
statements (0.46%) were changed at level 2, A total of 8764
IF statements were nested to a depth of level 1. In the
encompassing scope of these statements, 102 IF statements
(1.163) were changed at level O0; and 32 ELSE statements
(1.82%) were changed at level 1. Due to a syntax error 1in
one of the COBOL programs, one deleted ELSE statement was
classified as being at level 0. (See Appendix Figures 43~

45, 48=49.)

3.5. Deleted Statements Characteristics

Statements were deleted only from programs in revisions
0 through 6 inclusive. The results of the investigation of
what types of statements were deleted from programs during
development will be presented as follows:
1) Deletes[TYPE], Deletes$[TYPE], $Deletes[TYPE], and
SD_%Deletes[TYPE],

2) deletes[TYPE,LEVEL],
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3) ANL_Deletes[TYPE] and SD_ANL_Deletes[TYPE],
4) The nesting enviromment of deleted IF/ELSE

statements,

3.5.1. Deletes[TYPE], Deletes$[TYPE], ¥Deletes[TYPE], and

SD %Deletes[TYPE]

3.5.1.1. Entire Program Collection

A total of 2022 statements were deleted from the pro-
gram collection during the development phase., 32.69% of the
deleted statements were declarations; 27.94% of the deleted
statements were assignment statements; 16.32% of the deleted
statements were comments; 12.96% of the deleted statements
were conditional statements; 7.373% of the deleted statements
were branching statements; 1.68% of the deleted statements
were labels; 0.94% of the deleted statements were other
statements; and 0.108 of the deleted statements were
input/output statements, The statement most often deleted
from a program was the MOVE statement (565). Declaration
statements (545), textual comments (227), IF statements
(210), and the spacing comments (103) were also frequently

deleted, (See Appendix Figure 34.)

1.28% of all statements were deleted, The statement
which was most likely to be deleted was the DISPLAY state-
ment. 14.29% of all DISPLAY statements were deleted. OPEN

statements (5.88%), textual comments (3.97%), and REDEFINES
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statements (3.81) were also deleted frequently. (See Appen-

dix Figure 34.)
3.5.1.2., Programs in the Early Phases of Development

A total of 1047 statements were deleted from programs
in the early phases of development., 28.46% of the -delet.ed
statements were declaration statements; 28.18% of the
deleted statements were comments; 25.50% of the deleted
statements were assignment statements; 11.27% of the deleted
statements were conditional statements; 4.20% of the deleted
statements were branching statements; 1.15% of the deleted
statements were labels; 1.15% of the deleted statements were
other statements; and 0.10% of the deleted statements were
input/output statements. The statements deleted most of ten
were: MOVE statements (267), declaration statements (235),
textual comments (208), IF statements (95), and comments for

spacing purposes (87). (See Appendix Figure 35.)

1.04% of all statements in early revision programs were
del eted, The statement which was most likely to be deleted
was the DISPLAY statement, 20.00% of all DISFLAY statements
were deleted, Useful comments (6.97%) were also deleted

frequently. (See Appendix Figure 35.)

The measure SD_%Deletes[TYPE] was relatively 1low for
most statement types., The exceptions were: the REDEFINES

statement (11.71), the MOVE statement (8.69), the EXEC CICS
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statement (6.99), and the GOTO statement (1.32). ( See

Appendix Figure 37.)

3.5.1.3. Programs in the Later Phases of Development

A total of 170 statements were deleted from programs in
the later phases of development., 67.75% of the deleted
statements were assignment statements; 12.94% of the deleted
statements were conditional statements; 9.41% of the deleted
statements were declarations; 4.71% of the deleted state-
ments were comments; 2.35% of the deleted statements were
branching statements; 1.76% of the deleted statements were
other statements; 0.59% of the deleted statements were
input/output statements; and 0.59% of the deleted statements
were labels, The MOVE statement (115) and the IF statement

(21) were deleted most frequently., (See Appendix Figure

36.)

0.49% of all statements in programs in the later phases
of development were deleted. The statement which was most
likely to be deleted was the OPEN statement. 100.00% of all
OPEN statements were deleted. Declaration Sections (45.45%)

were also deleted frequently. (See Appendix Figure 36.)

The measure SD $Deletes[TYPE] was relatively low for
most statement types. The exceptions were: the EXEC CICS
statement (3.06), comments used for spacing purposes (1.42),

and VALUE clauses (1.30). (See Appendix Figure 37.)
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3.,5.2. deletes[TYPE,LEVEL]

3.5.2.1. Entire Program Collection

1034 statements were deleted from the Procedure Divi-
sions of programs in the development phase., The statements
deleted had nesting levels of 0 through 5 inclusive., 46.78%
of the deleted statements were from level 0; 44.40% of the
deleted statements were from level 1; T.44% of the deleted
statements were from level 2; 0.23% of the deleted state-
ments were from level 3; 0.23% of the deleted statements
were from level 4; and 0.92% of the deleted statements were

from level 5. (See Appendix Figures 38a and 38b.)

Comments and conditional statements were most fre-
quently deleted at level 0. Assignment statements were most
frequently deleted at level 1. At level 2, branching state-
ments, conditional statements, and assignment statements
were deleted most frequently. At levels 3, 4, and 5, only
branching statements and conditional statements were
deleted. The statements most often deleted at level 0 were:
textual comments (207), IF statements (190), and MOVE state-
ments (80). At level 1, the most often deleted statements
were: MOVE statements (U464), and GOTO statements (47). The
statements most often deleted at level 2 were: ELSE state-
ments (32), MOVE statements (21), GOTO statements (18), and
NEXT statements (16). At levels 3 and 4, the only state-

ments deleted were: an IF statement (1), a PERFORM statement
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(1), and a GOTO statement (1). At level 5, the only state-
ments which were deleted were: the ELSE statement (5), the
GOTO statement (3), the NEXT statement (3), and the PERFORM

statement (1). (See Appendix Figures 38a and 38b.)

3.5.2.2. Programs in the Early Phases of Development

715 statements were deleted from the Procedure Divi-
sions of programs in the early phases of development., Only
statements at levels 0 through 2 1inclusive were deleted.
59,306 of the deleted statements were from level 0; 34.83%
of the deleted statements were from level 1; and 5.87% of
the deleted statements were from level 2. (See Appendix

Figure 39.)

Comments were the most freguently deleted statement
type at level 0, Assignment statements were most frequently
deleted at levels 1 and 2. At level 0, the most frequently
deleted statements were: textual comments (205), IF state-
ments (88), comments for spacing purposes (56), and MOVE
statements (48). The most frequently deleted statements at
level 1 were: MOVE statements (198) and GOTO statements
(23). At level 2, the only statements deleted were: the
MOVE statement (21), the IF statement (14), and the NEXT

statement (7). (See Appendix Figure 39.)

3.5.2.3. Programs in the Later Phases of Development

154 statements were deleted from the Procedure
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Divisions of programs in the later phases of development.
Only level 0 and level 1 statements were deleted. 28.57% of
the deleted statements were from level 0, and 71.43% of the
deleted statements were from level 1. (See Appendix Figure

’IO.)

Conditional statements and assignment statements were
most frequently deleted from level 0, while assignment
statements were most frequently deleted from level 1. Seven
different statement types were deleted from level 0 with the
IF statement (21), the MOVE statement (12), and comments for
spacing purposes (8) being the most frequently deleted,
Filve different statement types were deleted from level 1,
with the MOVE statement (104) being the most frequently

deleted. (See Appendix Figure 40.)

3.5.3. ANL_Deletes[TYPE] and SD_ANL_Deletes[TYPE]

3.5.3.1. Entire Program Collection

The average nesting level of a deleted statement was
0.65. The deleted statements which had the highest average
nesting level were the ELSE statement (2.04), the NEXT
statement (1.90), the PERFORM statement (1.44), the GOTO
statement (1.31), the DISPLAY statement (1.00), the OPEN
statement (1.00), the MOVE statement (0.90), the EXEC CICS
statement (0.13), and the IF statement (0.12). All other

statements had an average nesting level of 0. (See Appendix
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Figure 41.)

3.5.3.2. Programs in the Early Phases of Development

The average nesting level of a deleted statement was
0.4T. The deleted statements which had the highest average
nesting level were the ELSE statement (1.61), the NEXT
statement (1.44), the DISPLAY statement (1.00), the GOTO
statement (0.96), the MOVE statement (0.90), the PERFORM
statement (0.66), and the IF statement (0.07). All other
statements had an average nesting level of 0. (See Appendix

Figure 41.)

SD_ANL_Deletes[ALL] was 0.305. The measure
SD_ANL_Deletes[TYPE] was relatively low for most statement
types. The exceptions were: the NEXT statement (0.648),
the ELSE statement (0.648), the MOVE statement (0.543), the
GOTO statement (0.416), the EXEC CICS statement (0.377), and

the DISPLAY statement (0.167). (See Appendix Figure 42.)

3.5.3.3. Programs in the Later Phases of Development

The average nesting level of a deleted statement was
0.71. The deleted statements which had the highest average
nesting level were the ELSE statement (1.00), the OFEN
statement (1.00), the MOVE statement (0.90), the GOTO state-
ment (0.66), and the EXEC CICS statement (0.66). All other
statements had an average nesting level of 0. The excep~

tions were: the MOVE statement (0.290), the GOTO statement
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(0.232), the ELSE statement (0.167), and the OPEN statement

(0.167). (See Appendix Figure 41.)

SD_ANL_Deletes[ALL] was 0.000. The measure
SD_MNL_Deletes[TYPE] was relatively low for most statement
types. The exceptions were: the MOVE statement (0.290),
the GOTO statement (0.232), the ELSE statement (0.167), and

the OPEN statement (0.167). (See Appendix Figure 42.)

3.5.4. The nesting enviromment of deleted IF/ELSE

Statements

The nesting enviromment of deleted IF statements and
ELSE statments was considered only for the program collec=-

tion as a whole,

The deepest level of nesting of IF statements was level
7. 1IF statements which were nested internally to a depth of
level 6 or T had no deletions in their encompassing scope.
A total of 27 IF statements were nested to a depth of level
5. In the encompassing scope of these statements ten IF
statements (37.03%) were deleted at level 0; 1 IF statement
(3.70%) was deleted at levels 1, 2, 3, and 4; two ELSE
statements (10.53%) were deleted at 1level 2; and 5 ELSE
statements (26.32%) were deleted at level 5. 102 IF state-
ments were nested to a depth of level 4, In the encompass-
ing scope of these statements, 16 IF statements (15.69%)
were deleted at level 0. A total of 393 IF statements were

nested to a depth of level 3. In the encompassing scope of
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these statements, 17 IF statements (4.33%) were deleted at
level 0; 3 IF statements (0,76%) were deleted at level 1;
and 13 ELSE statements (59.09%) were deleted at level 2.
2412 IF statements were nested to a depth of level 2. 1In
the encompassing scope of these statements, 19 IF statements
(0.79%) were deleted at level 0; 13 IF statements (0.54%)
'uere deleted at level 1; 13 ELSE statements (0.43%) were
deleted at level 1; and 17 ELSE statements (0.56%) were
deleted at level 2. A total of 8764 IF statements were
nestea to a depth of level 1. In the encompassing scope of
these statements, 128 IF statements (1.46%) were deleted at

level 0, (See Appendix Figures 43,46,47,50,51.)
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Chapter 4

Conclusions and Suggestions for Future Work

Chapter three presented the results of this study in an
objective manner. The code was shown to be unstructured as
well as poorly documented. The corporation from which the
programs used for this analysis were obtained does not
require that code be commented, thus explaining the lack of
documentation. Bowever, the corporation does encourage the
use of structured programming, yet programmers are resisting

the management's directive to produce structured code,

The COBOL programs analyzed were shown to have a rela-
tively low average nesting level (0.67). Statements which
were nested internally to a depth of levels 6 or 7 did not
exhibit any modifications, and furthermore, IF and ELSE
statements in the encompassing scope of the nested IF state-
ments were not modified. This suggests that the logic of
these deeply nested statements was initially well defined,
However, it was shown for all other depths of nesting that
modifications do occur quite frequently within the encom=-
passing scope of the nested IF statement. As shown in Fig-
ures 48-52, the actual percentage of IF/ELSE statements
which were modified decreased significantly as the internal
nesting level of the encompassing IF statement decreased.
Considering that many other statements were changed/deleted

at each level and that further analysis would most 1likely
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show that statement types other than the IF and ELSE state-
ments were also being modified within the encompassing scope
of nestea IF statements, the intuitive belief that highly
nested code will result in additional complexity as well as
modifications to the program was shown to have some founda-

tion.

The resulting types of statements which changed were
not all that surprising. The majority of the statements
being changed were changed to a statement of the same type
as the original statement or were commented out for debug-
ging purposes., In addition, many statements were simply
changed by adding a level of nesting to the original state-
ment (ie, The statement MOVE X TO Y. changing to IF X = 2
MOVE X TO Y.). Disappointingly, 10.56% of the changed PER-
FORM statements were changed to GOTO statements, while only
2.06% of the changed GOTO statements changed to PERFORM
statements. This again reflects the reluctance of the pro-

grammers to produce structured code.

As expected, programs in the early phases of revision
were modified much more frequently than programs in the
later phases of revision. Additions and deletions occurred
only in revisions 0 through 6 of the programs. However,
changes occurred in all revisions. In}revia:l.ons T through
12 inclusive, the only modifications which were occurring
were the changing of existing statements. The types of

modifications which occurred throughout the development pro-
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cess, suggest that the activity which occurred in the later
phases of program development was restricted to fine tuning

of the code (ie., altering existing statements).

The number of added sections and the nesting level of
the place of insertion of code both decreased as the number
of revisions of the code increased. The average nesting
level of an added section in the early phases of development
was 0,60 while the average nesting level of an added section
in the later phase of development was 0,16. This could
indicate that the general structure of sections of highly
nested code were being fairly well defined initially as no
major changes to the structure of nested statements at the

deeper levels were occurring,

The mumber and nesting level of added statements also
decreased as the code progressed from revision to revision.
The average nesting level for statements added to programs
in the early phases of revision was 1.03 while the average
nesting level of statements added in later phases of revi-
sion was 0.,51. In addition, a much larger percentage of
branching and conditional statements were being added in
programs in the earlier phases of development than in pro-
grams in the later phases of development. 30.31% of the
added statements in the early phases of revision were condi-
tional statements while 11.54% of the added statements in
the later phases of revision were conditional statements,

29.17% of the added statements in the early phases of revi-
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sion were branching statements while 12.69% of the added
statements in the later phases of revision were branching
statements., The lower percentage of conditional and branch-
ing statements being added at later phases of development
indicates that additions to the conditional and branching

logic decrease as the program development progresses.

It should also be noted that a rather large amount of
declarations were added to some revision 6 programs., Previ-
ous research [LANC86] showed that many declaration modifica=-
tions are indicative of design deficiencies., The programs
which exhibited large amounts of declarative additions were
found to havé had hazy specifications and target users who
were indecisive about their needs, Therefore, it was neces-
sary to modify the data structure late in the development

process,

The average nesting level of changed statements in pro-
grams in the later phases of development was actually
slightly higher than the average nesting level of changed
statements in the earlier phases of development (1.04 and
0.98). The standard deviation for the average nesting level
of a changed statement in the later revision programs
(0.424) and for the earlier phases (0.000) enforce the accu-
racy of the first measure. Further investigation showed
that the average nesting level of a changed branching state-
ment and conditional statement actually increased with revi-

sion number while the average nesting level of all other
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change statement types decreased with revision number. This
indicates that fine tuning of the more deeply nested condi=-
tional and branching statements was occurring in the later

phases of the development process.

The average nesting level of statements deleted from
programs in the later phases of development (0.71) was
slightly higher than the average nesting level of statements
deletea from programs in the earlier phases of development
(0.47)., The standard deviation for the average nesting
level of a deleted statement in the later phased of develop-
ment was (0.00), while the standard deviation for the aver=-
age mesting level of a deleted statement in the early phases
of development was (0.305). The relatively high value for
the standard deviation for the average nesting level of a
deleted statement in the later revision programs (0.305)
discounts the measure. Further investigation showed that
the average nesting level of most deleted statements types
in programs in the later phases of development was
equivalent or slightly less than for the programs in the
earlier phases of development, The exception being the EXEC

CICS statement.

The largest percentage of statements being deleted dur-
ing the 1later phases of development were assignment state-
ments. However, during the early phases of development a
large percentage of declarations, coments (mainly state=

ments which have been commented out), and assignment state-
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ments were deleted,

The general characteristics of a program in the early

phases of development were:

1)

2)

3}

y)

5)

6)

a large number and a wide variety of statements

being added, changed, and deleted,

the average nesting level of the place of inser-
tion of a section of code being 0.60 (standard

deviation of 0.263),

the average nesting level of an added statement

being 1.03 (standard deviation of 0.512),

all changes occurring at levels 0 through 2

inclusive,

the average nesting level of a change being 0.98

(standard deviation of 0.000),

the average nesting level of a deletion being 0.47

(standard deviation of 0.47).

The general characteristics of a program in the later

phases of development were:

1)

2)

3)

few additions and deletions of statements (no

additions or deletions occurring past revision 6),

few changed statements,

the average nesting level of the place of
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)

5)

6)

(P

8)

9)

insertion of a section of code being 0.16 (stan-

dard deviation of 0.148),

the average nesting level of an added statement

being 0.51 (standard deviation of 0.000),

smaller percentages of conditional and branching

statements being added,

the average nesting level of a change being 1.04

(standard deviation of 0.424),

changed branching and conditional statements being
at deeper levels of nesting than with the earlier

phases of revision,

the average nesting level of a deletion being 0.71

(standard deviation of 0.000),

the majority of deleted statements being assign=-

ment statements.,

The general characteristics di scussed above suggest

that the method used for program development was a quasi top

down methodology having the following steps:

1)

2)

attempt to encode the entire program as a whole,

begin debugging the simplest cases first, making
all necessary additions, deletions, and changes to

remedy all errors encountered,
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3) progress to debugging the more difficult cases

(more deeply nested statements).

The data used in this research was not gathered in an
orderly fashion, and thus the amount of useful conclusions
which could be drawn from the data collection was severely
limited. Future work in the area of investigating software
development should emphasize the controlled collection of
"real world" data to allow detailed investigation of the
progresaion of the software development in an orderly
fashion. QGiven a complete program collection and an indepth
knowledge of the program development enviromment, interest-
ing correlations between the types of code transformations
occurring and the revision number of the code should be pos-
sible and should also lead to definitive patterns in the

code development process.

In addition, emphasis should be placed upon analyzing
the enviromment of a modified statement. Even though this
work looked only at the enviromment of modified IF state-
ments and ELSE statements, it has shown that consideration
of the enviromment of a modified statement 1s definitely

needed in any software measure,

Lastly, a larger collection of programs of this nature

should be analyzed to verify and extend this work.
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Appendix



TYPE Number[TYPE] Number[TYPE ]

/ Number[ALL]
ALL 157575
comment s 18551 11.77
spacing purposes 12839 8.15
textual 5712 3.62
declarations 36660 23.27
sections 113 0.07
declaration 30223 19.18
VALUE clauses 5721 3.63
redefines 603 0.38
assignments 53010 33.64
MOVE 51530 32.70
ADD 1404 0.89
SUBTRACT 54 0.03
COMPUTE 22 0.01
conditionals 21774 13.82
IF 15545 9.87
ELSE 5984 3.80
ON 78 0.05
AT END 167 0.11
branches 17223 10.93
CALL 428 0.27
PERFORM 5067 3.22
GOTO 9813 6.23
NEXT 2403 1.52
EXIT T 0.00
input/output 474 0.30
DELETE 87 0.06
DISPLAY 7 0.00
OPEN 17 0.01
READ 66 0.04
REWRITE 6 0.00
WRITE 291 0.18
labels 6064 3.85
other statements 3819 2.42
EXAMINE 590 0.37
INSPECT 198 0.13
SEARCH 227 0.14
SET 240 0.15
EXEC CICS 2467 1.56
GOBACK 97 0.06

Figure 3. Number[TYPE] and Number[TYPE]/Number[ALL]
for all programs
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TYPE Number[TYPE] Number[TYPE]
/ Number[ALL]
ALL 100469
comment s 8685 8.64
spacing purposes 5701 5.67
textual 2984 2.97
decl arations 20568 20.47
sections 79 0.08
declaration 16460 16.38
VALUE clauses 3703 3.69
redefines 326 0.32
assigmments 36602 36.43
MOVE 35500 35.33
ADD 1047 1.04
SUBTRACT u6 0.05
COMPUTE 9 0.01
conditionals 15165 15.09
IF 10520 10.47
ELSE Jy50 §.43
42 0.04
AT END 153 0.02
branches 12314 12.26
CALL 188 0.19
PERFORM 3101 3.09
GOTO 6836 6.80
NEXT 2186 2.18
EXIT 3 0.00
input /output 370 0.37
DELETE T2 0.07
DISPLAY 5 0.00
OPEN 10 0.01
READ 52 0.05
REWRITE 3 0.00
WRITE 228 0.23
labels 3988 3.97
other statements 3051 3.02
EXAMINE 574 5.71
INSPECT 198 0.20
SEARCH 200 0.20
SET 206 0.21
EXEC CICS 1806 1.80
GOBACK 67 0.07

Figure 4. Number[TYPE] and Number [TYPE ]/Number[ALL]
for revision 0=2 programs
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TYPE Number[TYPE ] Number[TYPE]
/ Number[ALL]
ALL 34814
comments 6118 17.57
spacing purposes 4492 12.90
textual 1626 4.67
declarations 8728 25.07
sections 1 0.03
declaration 7615 21.87
VALUE clauses 960 2.76
redefines 142 0.41
assignments 10548 30.30
MOVE 10358 39.75
ADD 176 0.51
SUBTRACT 2 0.01
COMPUTE 12 0.03
conditionals §T21 13.56
IF 3554 10.21
ELSE 1141 3.28
oN 18 0.05
AT END 8 0.02
branches 3101 8.91
CALL 187 0.54
PERFORM 1378 3.96
GOTO 1498 4,30
NEXT 36 0.10
EXIT 2 0.01
input/output 36 0.10
DELETE y 0.01
DISPLAY 0 0.00
OPEN 1 0.00
READ y 0.01
REW RITE 1 0.00
WRITE 26 0.07
labels 1270 3.65
other statements 292 0.84
EXAMINE 3 0.01
INSPECT 0 0.00
SEARCH 11 0.03
SET 11 0.03
EXEC CICS 252 0.72
GOBACK 15 0.04

Figure 5. Number[TYPE] and Number[TYPE]/Number[ALL]
for revision 6-11 programs
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Figure 6a. Number[TYPE,LEVEL] for all programs
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Figure 6b, Number[TYPE,LEVEL] for all programs
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TYPE Level 3 Level 4§ Level 5 Level 6 Level T

ALL 970 21 88 60 30
comments 48 3 3 3 9
spacing purposes 0 0 0 0 0
textual 48 3 3 3 9
assignments 569 113 18 26 12
MOVE 569 113 18 26 12
ADD 0 0 0 0 0
SUBTRACT 0 0 0 0 0
COMPUTE 0 0 0 0 0
conditionals 203 56 32 28 0
IF 69 23 13 9 0
ELSE 134 33 19 19 0
ON 0 0 0 0 0
AT END 4] 0 0 0 0
br anches 144 39 35 3 9
CALL 0 0 0 0 0
PERFORM 82 25 15 3 9
GOTO 52 14 8 0 0
NEXT 10 0 12 0 0
EXIT 0 0 0 0 0
input /output 6 0 0 0 0
DELETE 0 0 0 0 0
DISFLAY 0 0 0 0 0
OPEN 6 0 0 0 0
READ 0 0 0 0 0
REWRITE 0 0 0 0 0
WRITE 0 0 0 0 0
labels 0 0 0 0 0
other statements 0 0 0 0 0
EXAMINE 0 0 0 0 0
INSPECT 0 0 0 0 0
SEARCH 0 0 0 0 0
SET 0 0 0 0 0
EXEC CICS 0 0 0 0 0
GOBACK 0 0 0 0 0

Figure Tb, Number[TYPE,LEVEL] for revision 0-2 programs
(Levels 3-T)
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Figure 9. ANL[TYPE]
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TYPE Total Level 0 Level 1

ALL 31 26 5
comments 8 8 0
spacing purposes 8 8 0
textual 0 0 0
assignments 9 9 0
MOVE 8 8 0
ADD 1 1 0
SUBTRACT 0 0 0
COMPUTE 0 0 0
conditionals 2 1 1
IF 0 0 0
ELSE 2 1 1
oN 0 0 0
AT END 0 0 0
branches T 3 y
CALL 1 1 0
PERFORM 2 1 1
GOTO ] 1 3
NEXT 0 0 0
EXIT 0 0 0
input /output 0 0 0
DELETE 0 0 0
DISPLAY 0 0 0
OPEN 0 0 0
READ 0 0 0
REW RITE 0 0 0
WRITE 0 0 0
labels y 4 0
other statements 2 2 0
EXAMINE 0 0 0
INSPECT 0 0 0
SEARCH 1 1 0
SET 0 0 0
EXEC CICS 1 1 0
GOBACK 0 0 0

Figure 12. add_sections[TYPE,LEVEL] for revision 6-11 programs
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Figure 13. ANL_Add_Sections[TYPE]
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TYPE revisions 0-2 revisions 6-=11

ALL 0.263 0.148
comment s

spacing purposes 0.000 0.000
textual 0.000 0.000
assignments

MOVE 0.179 0.000
ADD 0.000 0.000
SUBTRACT 0.000 0.000
COMPUTE 0.000 0.000
conditionals

IF 0.000 0.000
ELSE 0.000 0.167
ON 0.000 0.000
AT END 0.000 0.000
branches

CALL 0.000 0.000
PERFORM 0.000 0.167
GOTO 0.000 0.000
NEXT 0.000 0.000
EXIT 0.000 0.000
input/output

DELETE 0.000 0.000
DISPLAY 0.000 0.000
OPEN 0.000 0.000
READ 0.000 0.000
REWRITE 0.000 0.000
WRITE 0.000 0.000
labels 0.000 0.000
other statements

EXAMINE 0.000 0.000
INSPECT 0.000 0.000
SEARCH 0.000 0.000
SET 0.000 0.000
EXEC CICS 0.377 0.000
GOBACK 0.000 0.000

Figure 14, SD_ANL_Add_Sections[TYPE]
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Figure 16. Adds[TYPE] and %Adds[TYPE]
for revision 0-2 programs
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Figure 17. Adds[TYPE] and $Adds[TYPE]
for revision 6-11 programs
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Figure 19. adds[TYPE,LEVEL] for all programs
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Figure 20. adds[TYPE,LEVEL] for revision 0-2 programs
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TYPE all programs
ALL 0.96
comments 0.26
spacing purposes 0.00
textual 0.61
assignments 0.67
MOVE 0.67
ADD 0.33
SUBTRACT 0.00
COMPUTE 0.00
conditionals 1.02
IF 0.36
ELSE 1.81
o 0.50
AT END 0.00
branches 1.47
PERFORM 0.88
GOTO 1.58
NEXT 1.63
EXIT 0.00
input /output 0.00
DELETE 0.00
DISPLAY 0.00
OPEN 0.00
READ 0.00
REW RITE 0.00
WRITE 0.00
labels 0.00
other statements 0.00
EXAMINE 0.00
INSPECT 0.00
SEARCH 0.00
SET 0.00
EXEC CICGS 0.00
GOBACE 0.00

Figure 22, ANL_Adds[TYPE]

revisions 0=2
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TYPE revisions 0-2 revisions 6-11

ALL 0.512 0.000
comments

spacing purposes 0.000 0.000
textual 0.000 0.000
assigmments

MOVE 0.630 0.230
ADD 0.000 0.000
SUBTRACT 0.000 0.000
COMPUTE 0.000 0.000
conditicnals

IF 0.000 0.089
ELSE 0.337 0.000
ON 0.000 0.084
AT END 0.000 0.000
branches

CALL 0.000 0.000
PERFORM 0.346 0.000
GOTO 0.000 0.000
NEXT 0.350 0.000
EXIT 0.000 0.000
input /output

DELETE 0.000 0.000
DISPLAY 0.000 0.000
OPEN 0.000 0.000
READ 0.000 0.000
REWRITE 0.000 0.000
WRITE 0.000 0.000
labels 0.000 0.000
other statements

EXAMINE 0.000 0.000
INSPECT 0.000 0.000
SEARCH 0.000 0.000
SET 0.000 0.167
EXEC CICS 0.000 0.000
GOBACK 0.000 0.000

Figure 23. SD_ANL_Adds[TYPE]



TYPE Changes[TYPE] fChanges[TYPE] Changes%[TYPE]

ALL 3497 2.22
comment s 73 2.09 0.39
spacing purposes 20 0.57 0.16
textual 53 1.52 0.93
declarations 142 4.06 0.39
sections 0 0.00 0.00
declaration 116 3.32 0.38
VALUE clauses 26 0.74 0.45
redefines 0 0.00 0.00
assignments 2219 63.45 4,19
MOVE 2209 63.17 4.29
ADD 10 0.29 0.71
SUBTRACT 0 0.00 0,00
COMPOTE 0 0.00 0.00
conditionals 437 12.50 2.01
IF 266 T.61 1.T1
ELSE 167 4,78 2.79
ON y 0.11 5.13
AT END 0 0.00 0.00
branches 376 10.75 2.18
CALL 9 0.26 2.10
PERFORM 180 5.15 3.55
GOTO 146 4.18 1.49
NEXT 41 1.17 1.71
EXIT 0 0.00 0.00
input/output 4 0.1 0.84
DELETE 1 0.03 1.15
DISPFLAY 0 0.00 0.00
OPEN 1 0.03 5.88
READ 0 0.00 0.00
REW RITE 2 0.06 33.33
WRITE 0 0.00 0.00
labels ' 16 0.46 0.26
other statements 230 6.58 6.02
EXAMINE 135 3.86 22.88
INSPECT 0 0.00 0.00
SEARCH 1 0.03 0.44
SET 11 0.31 4,58
EXEC CICS 83 2.37 3.36
GOBACK 0 0.00 0.00

Figure 24. Changes[TYPE], $Changes[TYPE], and Changes§[TYPE]
for all programs
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TYPE Changes[TYPE]

ALL 2465
comments 21
spacing purposes 11
textual 10
declarations 90
sections 0
declaration T
VALOUE clauses 13
redefines 0
assignments 1635
MOVE 1633
ADD 2
SUBTRACT 0
COMPUTE 0
conditionals 258
IF 138
ELSE 118
N 2
AT END 0
branches 262
CALL 5
PERFORM 144
GOTO 86
NEXT 27
EXIT 0
input/output 2
DELETE 0
DISPLAY 0
OPEN 1
READ 0
REWRITE 1
WRITE 0
labels 2
other statements 195
EXAMINE 134
INSPECT 0
SEARCH 0
SET 8
EXEC CICS 53
GOBACK 0

#Changes[TYPE] Changes%[TYPE]

0.85
0.45
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3.65
0.00
3.12
0.53
0.00

66.33
66 '25
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4.79
0.08
0.00

10.63
0.20
5 .84
3.49
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0.00

0.08
0.00
0.00
0.04
0.00
0.04
0.00

0.08
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2.42
0.19
0.34

0.44
0.00
0.47
0.35
0.00

4.47
4,60
0.19
0.00
0.00

1.70
1-31
2.65
11.76
0.00

2.13
2.66
4,64
1.26
1.24
0.00

0.54
0.00
0.00
10.00
0.00
33.33
0.00

0.05

6.39
23.34
0.00
0.00
3.88
2.93
0.00

Figure 25. Changes[TYPE], ¥Changes[TYPE], and Changes§[TYPE]
for revisions 0=-2 programs
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TYPE Changes[TYPE]  %Changes[TYPE] Changes3[TYPE]

ALL 288 0.83
comments 2 0.69 0.03
spacing purposes 2 0.69 0.04
textual 0 0.00 0.00
declarations 11 3.82 0.13
sections 0 0.00 0.00
declaration 10 3.47 0.13
VALUE clauses 2 0.69 0.21
redefines 0 0.00 0.00
assignments 199 69.10 1.89
MOVE 198 68.75 1.91
ADD 1 0.35 0.57
SUBTRACT 0 0.00 0.00
COMPUTE 0 0.00 0.00
conditionals 29 10.07 0.61
IF 19 6.60 0.53
ELSE 10 3.47 0.88
ON 0] 0.00 0.00
AT END 0 0.00 0.00
branches 32 11.11 1.03
CALL 2 0.69 1.07
PERFORM 10 347 0.73
GOTO 16 5.56 1.07
NEXT y 1.39 11.11
EXIT 0 0.00 0.00
input /output 2 0.69 5.56
DELETE 1 0.35 25.00
DISPFLAY 0 0.00 0.00
OPEN 0 0.00 0.00
READ 0 0.00 0.00
REW RITE 1 0.35 100.00
WRITE 0 0.00 0.00
labels 3 1.04 0.24
other statements 10 34T 3.42
EXAMINE 0 0.00 0.00
INSPECT 0 0.00 0.00
SEARCH 0 0.00 0.00
SET 1 0.35 20.00
EXEC CICS 9 3.13 6.87
GOBACK 0 0.00 0.00

Figure 26. Changes[TYPE], %Changes[TYPE], and Changes%[TYPE]
for revision 6=11 programs
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TYPE

comments
spacing purposes
textual

declarations
sections
declaration
VALUE clauses
redefines

assignments
MOVE

ADD
SUBTRACT
COMPUTE

conditionals
IF

ELSE

oN

AT END

branches
CALL
PERFORM
GOTO
NEXT
EXIT

input /output
DELETE
DISFLAY

OPEN

READ

REM RITE
WRITE

labels

other statements
EXAMINE

INSPECT

SEARCH

SET

EXEC CICS

GOBACK

revisions 0=2

T7.25
15.40
0.00
0.00

35.60
0.00
0.00
0.00
6.77
0.00

Figure 27. SD_%Changes[TYPE]
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TYPE

ALL

comments

spacing purposes
textual

assignments
Mov

ADD
SUBTRACT
COMPUTE

conditionals
IF

ELSE

OoN

AT END

branches
CALL
PERFORM
GOTO
NEXT
EXIT

input /output
DELETE
DISPFLAY

OPEN

READ

REWRITE
WRITE

labels

other statements
EXAMINE

INSPECT

SEARCH

SET

EXEC CICS

GOBACK

Total
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Figure 28a., changes[TYPE,LEVEL] for all programs (Levels 0=2)
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TYPE

ALL

comment s

spacing purposes
textual

assigmments
MOVE

ADD
SUBTRACT
COMPUTE

conditionmals
IF

ELSE

oN

AT END

br anches
CALL
PERFORM
GOTO
NEXT
EXIT

input/output
DELETE
DISPLAY

OPEN

READ

REWRITE
WRITE

labels

other statements
EXAMINE

INSPECT

SEARCH

SET

EXEC CICS

GOBACK

Figure 28b, changes[TYPE,LEVEL] for all programs
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TYPE Total
ALL 2368
comment s 14
spacing purposes 5
textual 9
assignments 1635
MOVE 1633
ADD 2
SUBTRACT 0
COMPUTE 0
conditionals 258
IF 138
ELSE 118
ON 2
AT END 0
br anches 262
CALL 5
PERFORM 144
GOTO 86
NEXT 27
EXIT 0
input /output 2
DELETE 0
DISFLAY 0
OPEN 1
READ 0
REW RITE 1
WRITE 0
labels 2
other statements 195
EXAMINE 134
INSPECT 0
SEARCH 0
SET 8
EXEC CICS 53
GOBACK 0

Level 0

401
14

239

OO0 -0

4o

n O 0000 — (=N o) o

owomooon

Level 1
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Figure 29. changes[TYPE,LEVEL] for revision 0-2 programs
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TYPE Total Level 0 Level 1 Level 2

ALL 275 77 164 13
comment s 0 0 0 0
spacing purposes 0 0 0 0
textual 0 0 0 0
assignments 199 §2 149 6
MOVE 198 41 149 6
ADD 1 1 0 0
SUBTRACT 0 0 0 0
COMPUTE 0 0 0 0
conditionals 29 14 5 3
IF 19 14 2 1
ELSE 10 0 3 2
ON 0 0 0 0
AT END 0 0 0 0
br anches 32 T 9 y
CALL 2 2 0 0
PERFORM 10 3 3 0
GOTO 16 2 5 i
NEXT y 0 1 0
EXIT 0 0 0 0
input /out put 2 2 0 0
DELETE 1 1 0 0
DISPLAY 0 0 0 0
OPEN 0 0 0 0
READ 0 0 0 0
REWRITE 1 1 0 0
WRITE 0 0 0 0
labels 3 3 0 0
other statements 10 9 1 0
EXAMINE 0 0 0 0
INSPECT 0 0 0 0
SEARCH 0 0 0 0
SET 1 1 0 0
EXEC CICS 9 8 1 0
GOBACK 0 0 0 0

Figure 30a. changes[TYPE,LEVEL] for revision 6-11 programs (Levels 0=2)
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TYPE Level 3 Level | Level 5

ALL 3 3 15
comments 0 0 0
spacing purposes 0 0 0
textual 0 0 0
assignments 0 0 2
MOVE 0 0 2
ADD 0 0 0
SUBTRACT 0 0 0
COMPUTE 0 0 0
conditionals 1 1 5
IF 1 1 0
ELSE 0 0 5
o 0 0 0
AT END 0 0 0
branches 2 2 8
CALL 0 0 0
PERFORM 1 1 2
GOTO 1 1 3
NEXT 0 0 3
EXIT 0 0 0
input/outpuc 0 0 0
DELETE 0 0 0
DISFLAY 0 0 0
OPEN 0 0 0
READ 0 0 0
REW RITE 0 0 0
WRITE 0 0 0
labels 0 0 0
other statements 0 0 0
EXAMINE 0 0 0
INSPECT 0 0 0
SEARCH 0 0 0
SET 0 0 0
EXEC CICS 0 0 0
GOBACK 0 0 0

Figure 30b, changes[TYPE,LEVEL] for revision 6-11 programs (Levels 3=5)
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TYPE all programs
ALL 0.97
comments 0.61
spacing purposes 0.00
textual 0.75
assignments 0.97
MOVE 0.97
ADD 0.90
SUBTRACT 0,00
COMPUTE 0.00
conditionals 1.07
IF 0.57
ELSE 1.86
ON 1.00
AT END 0.00
branches 1.19
PERFORM 1.11
GOTO 1.22
NEXT 1.68
EXIT 0.00
input/output 0.25
DELETE 0.00
DISPLAY 0.00
OPEN 1.00
READ 0.00
REWRITE 0.00
WRITE 0.00
labels 0.00
other statements 0.60
EXAMINE 0.95
INSPECT 0.00
SEARCH 0.00
SET 0.00
EXEC CICS 0.13
GOBACK 0.00

Figure 31. ANL_Changes[TYPE]

revisions 0=2
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TYPE revisions 0=-2 revisions 6-11

ALL 0.000 0.424
comment s

spacing purposes 0.000 0.000
textual i 0.000 0.000
assignments

MOV 0.468 0.338
ADD 0.000 0.000
SUBTRACT 0.000 0.000
COMPUTE 0.000 0.000
conditionals

IF 0.468 0.134
ELSE 0.000 0.000
v ] 0.000 0.000
AT END 0,000 0.000
branches

CALL 0.000 0.000
PERFORM 0.000 0.425%
GOTO 0.000 0.000
NEXT 0.000 0.000
EXIT 0.000 0.000
input/output

DELETE 0.000 0.000
DISPLAY 0.000 0.000
OPEN 0.232 0.000
READ 0.000 0.000
REWRITE 0.000 0.000
WRITE 0.000 0.000
labels 0.000 0.000
other statements

EXAMINE 0.000 0.000
INSPECT 0.000 0.000
SEARCH 0.000 0.000
SET 0.000 0.000
EXEC CICS 0.000 0.000
GOBACK 0.000 0.000

Figure 32. SD_ANL_Changes{TYPE] for all programs
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TYPE1

Comment

Declaration

VALUE Clause

MOVE

ELSE

oN

CALL

PERFORM

GO TO

NEXT

DELETE

OPEN

TYPE2 CHANGES[TYPE1,TYPE2]

Comment

Procedure Division

Statement

Declaration
Comment

VALUE Clause
Comment

MOVE

IF MOVE ELSE MOVE

IF MOVE
ELSE MDVE
Comment

ADD
Comment

IF
MOVE
Comment

ELSE
Comment

Comment

CALL
Comment

PERFORM

IF PERFORM
GO TO
Comment

GO TO

IFGO T0
PERFORM
Comment

NEXT
PERFORM
GO TO
Comment
DELETE

OPEN

98

25
48

98
18

23
3

1519
232
36
20
4o2

185
78

86
81

CHANGES%[TYPE1,TYPE2]

34.25
65.75

84.98
15.52

88.46
11.54

68.76
10.50
1.63
0.91
18.20

20.00
80.00

69.55
1.13
29.32

51.50
48.50

100.00

33.33
66 .66

48.33

3.33
10.56
37.78

58.22

5,79
2.06

34.93
17.07
12.20
41,46
29.27
100,00

100.00



REWRITE REWRITE 2 100.00

LABEL LABEL 5 31.25
Comment 1 68.75
EXAMINE EXAMINE 39 28.89
IF EXAMINE 6 4 .45
MOVE 5 3.70
Comment 85 62.96
SEARCH Comment 1 100.00
SET SET 2 18.18
Comment 9 81.82
EXEC CICS EXEC CICS 59 71.08
IF EXEC CICS 3 3.62
Comment 21 25.30

Figure 33, CHANGES[TYPE1,TYPE2] and CHANGES$[TYPE1,TIPE2] for all programs
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TYPE Deletes[TYPE]
ALL 2022
comments 330
spacing purposes 103
textual 227
decl arations 661
sections 0
declaration 545
VALUE clauses 93
redefines 23
assignments 565
MOVE 565
ADD 0
SUBTRACT 0
COMPUTE 0
conditionals 262
IF 210
" ELSE 50
oN 0
AT END 2
branches 149
CALL 2
PERFORM 36
GOTO 80
NEXT 31
EXIT 0
input/output 2
DELETE 0
DISPLAY 1
OPEN 1
READ 0
REWRITE 0
WRITE 0
labels 34
other statements 19
EXAMINE 0
INSPECT 0
SEARCH 2
SET 2
EXEC CICS 15
GOBACK 0

9Deletes[TYPE]

16.32
5.09
11.23

32.69
0.00
26 -95
4.60
1.14

27.94
27 .94
0.00
0.00
0.00

12.96
10.39
2.47
0.00
0.10

T.37
0.10
1-78
3.96
1.53
0.00

0.10
0.00
0.05
0.05
0.00
0.00
0.00

1.68

0.94
0.00
0.00
0.10
0.10
0.74
0.00

Deletes%[TYPE]

1'28

1.78
0.80
3.97

1.80
0.00
1.80
1.63
3.81

1.07
1.10
0.00
0.00
0.00

1.20
1.35
0.84
0.00
1.20

0.87
0.47
0.71
0.82
1.29
0.00

0.42
0.00
14,29
5.88
0.00
0.00
0.00

0.56

0.50
0.00
0.00
0.88
0.83
0.61
0.00

Figure 34. Deletes[TYPE], $Deletes[TYPE], and Deletesf[TYPE]

for all programs
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TYPE Deletes[TYPE] g¢Deletes[TYPE] Deletesi[TYPE]

ALL 1047 1,04
comment s 295 28.18 3.04
spacing purposes 87 8.31 1.53
textual 208 : 19.87 6.97
declarations 298 28.46 1.45
sections 0 0.00 0.00
declaration 235 22.45 1.43
VALUE clauses 60 5.73 1.62
redefines 3 0.29 0.92
assignments 267 25.50 0.73
MOVE 267 25.50 0.75
ADD 0 0.00 0.00
SUBTRACT 0 0.00 0.00
COMPUTE 0 0.00 0.00
conditionals 118 11.27 0.78
IF 95 9.07 0.90
ELSE 23 2.20 0.52
ON 0 0.00 0.00
AT END 0 0.00 0.00
branches 4y 4.20 0.36
CALL 1 0.10 0.53
PERFORM 3 0.29 0.10
GOTO 24 2.29 0.35
NEXT 16 1.53 0.73
EXIT 0 0.00 0.00
input/output 1 0,10 0.27
DELETE 0 0.00 0.00
DISPLAY 1 0.10 20.00
OPEN 0 0.00 0.00
READ 0 0.00 0.00
REWRITE 0 0.00 0.00
WRITE 0 0.00 0.00
labels 12 1.15 0.30
other statements 12 1.15 0.39
EXAMINE 0 0.00 0.00
INSPECT 0 0.00 0.00
SEARCH 0 0.00 0.00
SET 0 0.00 0.00
EXEC CICS 12 1.15 0.66
GOBACK 0 0.00 0.00

Figure 35, Deletes[TYPE], %Deletes[TYPE], and Deletesi[TYPE]
for revision 0-2 programs
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TYPE Deletes[TYPE] gDeletes[TYPE] Deletesf[TYPE]

ALL 170 0.49
comment s 8 4.71 0.13
spacing purposes 8 4.71 0.18
textual 0 0.00 0.00
declarations 16 g.41 0.18
sections 5 2.94 45.45
declaration T 4,12 0.09
VALUE clauses y 2.35 0.42
redefines 0 0.00 0.00
assignments 115 67.65 1.07
MOVE 115 67.65 1.09
ADD (4] 0.00 0.00
SOBTRACT 0 0.00 0.00
COMPUTE 0 0.00 0.00
conditionals 22 12.94 0.46
IF 21 12.35 0.59
ELSE 1 0.59 0.09
ON 0 0.00 0.00
AT END 0 0.00 0.00
branches I 2.35 0.13
CALL 0 0.00 0.00
PERFORM 1 0.59 0.70
GOTO 3 1.76 0.T4
NEXT 0 0.00 0.00
EXIT 0 0.00 0.00
input /output 1 0.59 2.78
DELETE 0 0.00 0.00
DISPLAY 0 0.00 0.00
OPEN 1 0.59 100.00
READ 0 0.00 0.00
REWRITE 0 0.00 0.00
WRITE 0 0.00 0.00
labels 1- 0.59 0.08
other statements 3 1.7T6 “1.76
EXAMINE 0 0.00 0.00
INSPECT 0 0.00 0.00
SEARCH 0 0.00 0.00
SET 0 0.00 0.00
EXEC CICS 3 1.T6 1.76
GOBACK 0 0.00 0.00

Figure 36. Deletes[TYPE], %Deletes[TYPE], and Deletesf[TYPE]
for revision 6-11 programs
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branches
CALL
PERFORM
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NEXT
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WRITE
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revisions 0=-2

0.00
0.00
0.00
11.7T1

0.00
0.00
1.32
0.00
0.00

Figure 37. SD_%Deletes[TYPE]
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TYPE Total
ALL 1304
comments 273
spacing purposes 66
textual 207
assignments 565
MOVE 565
ADD 0
SUBTRACT 0
COMFUTE 0
conditionals 262
IF 210
ELSE 50
oN 0
AT END 2
branches 149
CALL 2
PERFORM 36
GoTo 80
NEXT 31
EXIT 0
input /output 2
DELETE 0
DISPLAY 1
OPEN 1
READ 0
REW RITE 0
WRITE 0
labels 34
other statements 19
EXAMINE 0
INSPECT 0
SEARCH 2
SET 2
EXEC CICS 15
GOBACK 0

Level 0

610

273
66
207

ot
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Figure 38a, deletes[TYPE,LEVEL] for all programs (Levels 0-2)
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TYPE Level 3 Level U Level 5§

ALL 3 3 12
comments 0 0 0
spacing purposes o] 0 0
textual 4] 0 0
assignments 0 0 0
MOVE 0 0 Q
ADD 0 0 0
SUBTRACT 0 0 0
COMPUTE 0 0 0
conditionals 1 1 5
IF 1 1 0
ELSE 0 0 5
o 0 0 0
AT ERD 0 0 0
branches 2 2 T
CALL 0 0 0
PERFORM 1 1 1
GOTO 1 1 3
NEXT 0 0 3
EXIT 0 0 0
input /output 0 0 o]
DELETE 0 0 0
DISHLAY Q 1] ]
OPEN 0 0 0
READ 0 0 0
REWRITE 0 0 0
WRITE 0 0 0
labels 0 0 0
other statements 0 0 0
EXAMINE 0 0 0
INSPECT 0 Q 0
SEARCH 0 0 0
SET 0 0 0
EXEC CICS 0 0 0
GOBACK 0 0 0

Figure 38b. deletes[TYPE,LEVEL] for all programs (Levels 3 - 5)
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TYPE

ALL

comments
spacing purposes
textual

assignments
MOVE

ADD
SUBTRACT
COMPUTE

conditionals
IF

ELSE

oN

AT END

branches
CALL
PERFORM
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NEXT
EXIT

input/output
DELETE
DISFLAY

OPEN
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labels
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Figure 39. deletes[TYPE,LEVEL] for revision 0~-2 programs
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TYPE Total Level 0 Level 1

ALL 154 Ly 110
comments 8 8 0
spacing purposes 8 8 0
textual 0 0 0
assignments 115 11 104
MOVE 115 11 104
ADD 0 0 ]
SUBTRACT 0 1] 0
COMPUTE 0 0 0
conditionals 22 21 1
IF 21 21 0
ELSE 1 0 1
N 0 0 0
AT END 0 0 0
branches y . 2
CALL 0 0 0
PERFORM 1 1 0
GOTO 3 1 2
NEXT 0 0 0
EXIT 0 0 0
input/output 1 0 1
DELETE 0 0 0
DISPLAY 0 0 0
OPEN 1 0 1
READ 0 0 0
REW RITE 0 0 0
WRITE 0 0 0
labels 1 1 0
other statements 3 1 2
EXAMINE 0 0 0
INSPECT 0 0 0
SEARCH 0 0 0
SET 0 0 0
EXEC CICS 3 1 2
GOBACK 0 0 0

Figure 40, deletes[TYPE,LEVEL] for revision 6-11 programs
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TYPE all programs

ALL 0.65
comment s 0.00
spacing purposes 0.00
textual 0.00
assignments 0.90
MOVE 0.90
ADD 0.00
SUBTRACT 0.00
COMPUTE 0.00
conditionals 0.49
IF 0.12
ELSE 2.04
o . 0.00
AT END 0.00
branches 1.45
PERFORM .04
GOTO 1.31
NEXT 1.90
EXIT 0.00
input/output 1.00
DELETE 0.00
DISFLAY 1.00
OPEN 1,00
READ 0.00
REW RITE 0.00
WRITE 0.00
labels 0.00
other statements 0.11
EXAMINE 0.00
INSPECT 0.00
SEARCH 0.00
SET 0.00
EXEC CICS 0.13
GOBACK 0.00

Figure 41. ANL_Deletes[TYPE]
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TYPE revisions 0-2 revisions 6-11

ALL 0.305 0.000
comment s

spacing purposes 0.000 0.000
textual 0.000 0.000
assignments

MOVE 0.543 0.290
ADD 0.000 0.000
SUBTRACT 0.000 0.000
COMPUTE 0.000 0.000
conditionals

IF 0.000 0.000
ELSE 0.648 - 0.167
ON 0.000 0.000
AT END 0.000 0.000
branches

CALL 0.000 0.000
PERFORM 0.000 0.000
GOTO 0.416 0.232
NEXT 0.648 0.000
EXIT 0.000 0.000
input /output

DELETE 0.000 0.000
DISFLAY 0.167 0.000
OPEN 0.000 0.167
READ 0.000 0.000
REWRITE 0.000 0.000
WRITE 0.000 0.000
labels 0.000 0.000
other statements

EXAMINE 0.000 0.000
INSPECT 0.000 0.000
SEARCH 0.000 0.000
SET 0.000 0.000
EXEC CICS 0.377 0.000
GOBACK 0.000 0.000

Figure 42. SD_ANL_Deletes[TYPE]
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Number of IF statements nested to a depth of Level

Figure 43.

Level
Level
Level
Level
Level
Level

Depth of nesting of IF statements

110

IOV WM -

8764
2412

393
102

10
25



CHANGES to IF statements

!
7 1 0 0 0 0 0 0 0 0
H
6 | 0 0 0 0 0 0 0 -
]
]
I 6 1 1 1 1 0 - -
1
1
Deepest y | 6 0 1 0 0 - - =
level of |
changed 3 | 13 39 23 0 - - - -
IF statement )
2 I 17 55 0 - - - = -
!
1 | 102 0 - - - - - -
1
]
0 ; 0 - - - - - - -
]
1

0 1 2 3 b 5 6 7

Nesting level of changed IF statement

Figure 44, Enviromment of changed IF statements

CHANGES to ELSE statements

|
|
|
|
'
5 | o0 1 15 0 0 5 - -
|
Deepest y | 0 0 37 0 0 - - -
level of |
changed 3 | 0 0 59 0 - - - -
ELSE statement |
2! 0 3 1 - - = = =
]
i
1 1 0 32 - - - - - -
]
1
c | 1 - - - - - - -
i

0 1 2 3 4 5 6 7

Nesting level of changed ELSE statement

Figure 45. Enviromment of changed ELSE statements
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DELETIONS of IF statements

|
T | 0 0 0 0 0 0 0 0
]
]
6 | 0 0 0 0 0 0 0 -
1
1
| 10 1 1 1 1 0 - -
1
]
Deepest | 16 0 0 0 0 - - -
level of |
deleted 3 | 17 3 0 0 - - - -
IF statement |
2 | 19 13 0 - - - - -
|
!
o | 0 - - - - - - -
|

o 1 2 3 4 5 6 T

Nesting level of deleted IF statement

Figure 46. Enviromment of deleted IF statements

DELETIONS of ELSE statements

|
7 | 0 0 0 0 0 0 0 0
|
6 | 0 0 0 0 0 0 0 -
]
]
5 | 0 0 2 0 0 5 - -
|
Deepest y | o 0 0 0 0 - - -
level of |
deleted 3 | 0 0 13 0 - - - -
ELSE statement |
2 1 o 13 17 - - - - -
|
11 0 0 = = = .= = =
|
ol O - - - - - - -
'

0 1 2 3 4 5 6 T

Nesting level of deleted ELSE statement

Figure 47. Enviroment of deleted ELSE statements
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Percent of CHANGES to IF statements

1
1
7 | 0.00 0.00 0.00 0.00 0.00 0.00
1
1
6 | 0.00 0.00 0.00 0.00 0.00 0.00
|
5 : 22.22 3.70 3.70 3.70 3.70 0.00
level of |
changed 3 1 3.31 9.92 5.85 0.00 - -
IF statement !
2 ! 0.70 2.28 0-00 - - -
]
1 I 1-16 0-00 - - - -
]
1
|
0 1 2 3 4 5

Nesting level of changed IF statement

Figure 48. Enviroment of changed IF statements (percentages)

Percent of CHANGES to ELSE statements

|
T | 0.00 0.00 0.00 0.00 0.00 0.00
|
6 | 0.00 0.00 0.00 0.00 0.00 0.00
]
I
5 | 0.00 5.26 7.89 0.00 0.00 26.32
|
level of |
changed 3 | 0.00 0.00 26.82 0.00 - -
ELSE statement |
2 I 0100 0]10 0-“6 - - -
|
]
1 I 0.00 1‘82 - - - L]
1
1
o | 33.33 = - - = =
I
0 1 2 3 b 5

Nesting level of changed ELSE statement

Figure 49. Enviroment of changed ELSE statements (percentages)
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Percent of DELETIONS of IF statements

|
7 : 0.00 0.00 0.00 0.00 0.00 0.00
6 ! 0.00 0.00 0.00 0.00 0.00 0.00
]
5 : 37.03 3.70 3.70 3.70 3.70 0.00
Deepest 4 | 15.69 0.00 0.00 0.00 0.00 -
level of |
IF statement |
2 ' 0.79 0.5" 0.00 - - -
i
1 1.46 0.00 - - - -
]
]
o | 0.00 - - - - -
|
0 1 2 3 y 5

Nesting level of deleted IF statement

Figure 50. Enviroment of deleted IF statements (percentages)

Percent of DELETIONS of ELSE statements

!
7 | 0.00 0.00 0.00 0.00 0.00 0.00
|
6 | 0.00 0,00 0.00 0.00 0.00 0.00
|
5 | 0.00 0.00 10.53 0.00 0.00 26 .32
'
Deepest y | 0.00 0.00 0.00 0.00 0.00 -
level of |
deleted 3 | 0.00 0.00 59.09 0.00 - -
ELSE statement !
2 I 0-00 0!“3 0!56 - - -
]
]
1 | 0.00 0.00 - - - -
]
]
0 ! 0'00 - - - - -
H
0 1 2 3 4 5

Nesting level of deleted ELSE statement

Figure 51. Enviroment of deleted ELSE statements (percentages)
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Percent of CHANGED/DELETED IF/ELSE statements

L]
1
7 | 0.00 0.00 0.00 0.00 0.00 0.00
]
]
6 | 0.00 0.00 0.00 0.00 0.00 0.00
|
5 | 34,78 6.52 39.13 4,35 4.35 21.74
]
]
Deepest 4y | 13.92 0.00 24,05 0.00 0.00 -
level of |
modified 3 | 4.89 6.85 15.50 0.00 - -
statement |
2 | 0.66 1.54 0.57 - - -
]
]
1 | 2.19 0.30 - - - -
1
1
o | - - - - - -
|
0 1 2 3 y 5

Nesting level of modified statement

Figure 52. Enviroment of changed/deleted IF/ELSE statements
(percentages)
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Abstract

Software managers have recognized the need for under-
standing as well as monitoring the software development pro-
cess, This process is both complex and difficult to under-
stand, as numerous factor affect the development process.
The software development process can be better understood by
objectively quantifying attributes of the sof tware
throughout the software development cycle. A measure of
progress can then be obtained by applying these quantifica=-

tions to a model,

This report presents the results of an exploratory
study of modifications occurring to "real world"™ COBOL pro-
grams during the development phase, Through quantifying the
types of modifications which occur throughout the sof tware
development process and the locations of these modifica=-
tions, valuable insights into the software development pro-

cess were obtained,

The initial objective of this analysis was to be able
to discern distipnet patterns from revision to revision in
sof tware development. However, due to inconsistencies in
the data, this objective could not be fully realized.
Rather a subset of the initial objective was accomplished.
Distinctions were made between the characteristies of pro-
grams in the early phases of development and programs in the

later phaszes of development.



