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ABSTRACT

This work is inspired by Belady and Lehman's Program Evolution
Dynamics concepts and attempts to expand them. After these
concepts have been reviewed and updated, two dissimilar
software systems, in terms of age, size, structure, etc., were
analysed by means of a method which attempted to blend the
hypothetico-deductive with the empirical-inductive, the
synthetic with Lhe analytic and the qualitative with the
quantitative,

By partitioning each system in various ways and by studying it
at several of its levels, diverse results were obtained; each
component type was distinguishable by some of its properties.
None of these evolves in a very predictable manner, the
evolution of each being not too similar to that of the other
and being somewhat dependent upon the observed component and
versions of the system. Adding these complex patterns with the
equally complicated influxes of new and outfluxes of some old
components led to a global behaviour devoid of distinctiveness.

The study of some activities representing the system's
interactions with 1its environment revealed intricate causal
patterns and inter-relationships whereby an action somewhere
may induce a prompt or delayed compensatory or sympathetic-
reaction elsewhere. Although the activities from a unit of the
environment or upon a component of the system could be
sufficiently explored for meaningful models, yet, when, for
each activity, all the units' contributions are added together,
depending upon whether they are synchronised or not, one
observes either global dynamics or invariance.

The results led to an abstract model which also attempts to
capture the existing Evolution Dynamics concepts as well as
several software engineering and systems ideas in terms of the
system, its environment and their interactions.



ACKNOWLEDGEMENTS

It is with great pleasure that we acknowledge the assistance of
the following people. )

First and foremost, my supervisor, Professor Meir M. Lehman,
has consistently shown acute interest and offered
encouragement, advice and constructive guidance. My special
thanks go to him and to Dr. G. Benyon-Tinker, Dr. P.G. Harrison
and Mr. J. Newland for their helpful comments on parts of this
thesis. :

I would also 1like to thank both Centrefile Limited and
International Computers Limited for making their data
accessible to me. The enthusiastic co-operation and assistance
given by Mr. D. Benest and his colleagues at Centrefile and
Mssrs. A.F. Hutchings, G.D. Pratten, R.A. Snowdon and their
colleagues at ICL are gratefully acknowledged.

I am particularly indebted to the management of Centrefile for
their generous financial support during my first year of
research and to that of ICL for theirs during these last two’
years.,

And I owe most to Andrea Chong for many patient hours of typing
and careful proof-reading and whose sacrifices, encouragement
and devotion were invaluable. And, 1last but not least, to
Nicholas Chong, born at about the same time as this project
started and whose needs were in constant conflict with those of
this research and in spite of/because of whom I simply plodded
on. This work is dedicated to them, my wife and child, who both
prevented and inspired this work and without whom it might have
been completed much sooner or never at all.



CONTENTS

lad)

REFACE

CHAPTER 1: COMPUTER SCIENCE, SOFTWARE ENGINEERING, LARGE

CONTENTS

SOFTWARE STUDIES AND EVOLUTION DYNAMICS

1.1 Introduction:

1.2 Review of Lehman's (and others') ED work

1.3 Retracing Lehman's footsteps

1.3.1 The plots

1.3.2 Method of analysis

1.3.3 The analysis proper

1.3.3.1
1.3.3.2
1.3.3.3
1.3.3.4
1.3.3.5
1.3.3.6
1.3.3.7

Cumulative modules handled
Handle rate

Fraction of modules handled
Size

Net growth

Release interval

Size against RSN

1.4 Summary of our results

CHAPTER 2: THE GENERAL APPROACH TO THE INVESTIGATION

2.1 Introduction

2.2 Objectives

2.3 The four aspects of the approach

2.4 Blending the empirical-inductive with the hypothetico- _

deductive approach

2.5 The need to emphasise the empirical method

2.6 The empirical method

the problems posed by large software systems
and their possible solutions through quantitative methods

10
12
12
12

16
16
17



CONTENTS

2.7 Deciding which variables to measure

2.8 The extent to which variables can be measured
2.9 Statistics gathering

2.10 The historical data base

2.11 The types of data available and the analyses envisaged
CHAPTER 3: ANALYSIS OF THE BD SYSTEM

3.1 Introduction to BD
3.1.1 The relative simplicity of the system
3.1.2 BD is a collection
3.1.3 Classifying the components of the system
3.1.4 BD is non-release based
3.1.5 The available data
3.2 Analysing the changes data
3.2.1 Looking for patterns in the series
3.2.2 Fitting the best polynomial to each series
3.2.3 Time series analysis
3.2.3.1 Analysis in the time domain
3.2.3.2 Analgsis in the frequency domain
3.2.4 Fitting the normal distribution to each variable
3.2.5 Looking at the CCSS data
3.2.6 Summary of the results
3.3 Analysis of the size measures
3.4 Micro analysis: distribution analysis

3.4.,1 The various sets! attribute distributions at the
same point in time

17
19
20

21

25

25
25
25
26
26
27
27
28
28
29
29

33
34
35
36
38

3%



CONTENTS

3.4.1.1 Comparing the properties of the (100) MFCM
and of the (331) UM with those of the population, P 39

3.4.1.2 Comparing the properties of different

subsets after partitioning 41
3.4.2 Distribution evolution 43
3.4.2.1 Some complexity measures, suggested and used

in previous work 4y
3.4.2.2 Using a new method to test for increasing
complexity 43
3.4.3 Correlation and multiple regression 50
3.4.3.1 Correlating the attributes 50
3.4.3.2 Linear regression models 51
3.4.3.3 Non-linear multiple regression models 52
Module analysis 53
3.5.1 Analysing the attributes distributions at the same
point in time 53
3.5.2 Analysing the modifications data with respect to
the modules 53
3.5.2.1 Analysis of all the changed modules and the
old modules 54
3.5.2.1.1 Analysis within each time period 55
3.5.2.1.2 Evolution of mf/f, f/m and Max, over
time 56
3.5.2.2 Analysis of the new modules 57

3.5.2.2.1 Repeat of the analysis of the
evolution of the global change parameters over
time 57

3.5.2.2.2 Exploring the best fits to the global
parameters 58

3.5.2.2.3 Deriving the exponential fit from
purely theoretical considerations 59

3.5.2.2.4 Convenience and uses of the
exponential fit 59



CONTENTS

3.5.2.3 Repeating the analysis for the typical new
module 61

3.5.2.3.1 Deriving the data for the typical
new module 61

3.5.2.3.2 Results and remarks from Figure 34 61

3.5.2.3.3 Using the typical module's results
to predict other modules' behaviour 62

3.5.2.4 Repeating the analysis for the typical nevw

micro 62
3.5.2.5 Comparing the 3 methods 63
3.5.2.6 The work of Shooman 63

3.5.2.7 Exploring the usefulness and adaptability of
the model 64

3.5.2.7.1 A more general model: providing for
the introduction of new errors 6u

3.5.2.7.2 Using the model to explain the old

modules' behaviour 66
3.5.2.7.3 Proposing a quality measure 67
3.5.2.7.4 Refinements - when the quality of the
module is a function of time 68
3.6 Summary of Chapter 3 69
CHAPTER 4: ANALYSIS OF THE B SYSTEM T2

4,1 Introducing the system, its history, environment and

sources of data T2
4,1.1 Introduction to B 72
4,1.2 The structure of B 72
4,1.3 The project log and the SDL descriptions as the
sources of structure data T4
4.1.4 Holon versions and phases T,

4.1.5 Other sources of data T4



CONTENTS

4.2 Analysis of the holon attributes 75

4.2.1 The releases, subsystems, holons and data we worked
on ' 75

4,2.2 Analysing the frequency distributions from one
release to the next ' 77

4,2.3 Analysing the holons classified by the types of
changes sustained 78

4.,2.3.1 The possible evolutionary patterns for the
changing holons 80

4.,2.3.1.1 A general and uniform shift of the
frequencies from left to right 80

4,2.3.1.2 A general but uneven shift of the
frequencies from left to right 81

4,2.4 The global behaviour as explained by the different
types of holons classified by changes category 82

4.2.4.1 Interpreting the distributions' complexities
in terms of the holons' complexities 83

4.,2.4,.2 Relating the complexities of the different

types of holons 8u
4,2.4.3 The ageing and rejuvenating processes 84
4.2.4.4 Applying the ideas of ageing and rejuvenation
to software 84
4,2.5 Correlation and multiple regression analysis 87
4,2.5.1 Correlation analysis - 87
4,2.5.2 Regression models for cumulative PATCHES and
DAF2 of K32 88
4,2.5.2.1 The linear models 88
4,2.5.2.2 The non-linear models 88
4,2.5.2.3 The incremental models 90

4,2.5.2.4 Applying a theory of stability
or instability to B 91

4,3 Analysis of daf2's 93



CONTENTS

4.4

u's

4.3.1 Randomness tests and polynomial fits 9y
4.3.2 Time series analysis 95
4.3.3 Investigation of the daf2's distribution 95
4,3.4 The typical holon's profile 96
Analysing the software notices 97
4.4.1 Purpose and contents of software notices 97
4.4.2 Time series analysis of the software notices 37
4.4.3 Analysis of each release's software notices 98

4.4.4 Models of release and system behaviour in terms of
number of software notices 99

4.4,5 The trends in the global time series and modelling

them 100
Bug report analysis 101
4.5.1 Introduction 101
4,5.2 Analysis of the distributions of 4 chosen months!
data 102
4.5.2.1 The different behaviours which the variables
exhibit over time 102
4.,5,2.2 Further analysis with the response time
variable 102
4,5,2.2.1 Comparing different periods' response
time distributions of each priority type 103
4.,5.2.2.2 Comparing different priorities!
response time distributions over the same
period 103
4,5.3 Correlating one variable with another 104
4.5.4 Analysis of the bug reports and the bug responses
time series and the outstanding queue 105
4.5.4.1 Analysing each series on its own 105-

4.,5.4.1.1 The time domain results 105



CONTENTS

4.5.4,1.2 The analysis of the outstanding bug
reports ) 104
4.,5.4.1.3 The typical week's REP and RES 107
4,5.4,2 Crosscorrelating the REP and RES series 108
4.,5.4.3 Analysing response time 109
4,6 Analysis of the daf6's data 110
4,6.1 Introduction 11
4.,6.2 The analyses we performed 112
4.,6.3 Choosing the groups, variables and time period to
use 113
4,6.4 Clustering the groups 114
4.6.5 The global dafé distribution over time 114
4.,6.6 Analysis in the time domain 115
4,6.6.1 Analysis of group 5 115
4.,6.6.1.1 Choosing a At 115

4,6.6.1.2 Choonsing the variables to explore 115

4.,6.6.1.3 Analysing the trend in each category
of daf6's , 115

4,6.6.1.4 Analysing the evolution of the daf6
distribution and of its diversity for each

variable i16

4,6.6.1.5 Analysis of the degree of
association between pairs of the variables 118
4,6.6.2 The in-depth analyses of G3 and G6 118
4,6.6.3 Comparing the results for the 3 groups 119
4,6,7 Analysis in the release domain ‘ 120

4,6.7.1 Analysis of the variables forsaken in the
time domain analysis, with the emphasis on ATTEMPTS 120

4.6.7.2 Analysis of the MTHS, UTIL, CAT and MODE
variables in the release domain 120




CONTENTS

4,6.7.2.1 Analysing the diversity of each
variable

4,6.7.2.2 Testing for pairwise correlation
among the diversities of the variables

4,6.7.2.3 For each group, the evolution of the
distribution by each variable from one release

to another

4,6.7.2.4 For each release, the group to group

comparisons of the distribufians by each
variable

4.6.8 Generalising the main results of the dafé6
analysis

4.6.8.1 The properties
4.,6.8.2 The parts
4.6.8.3 The releases

4.7 Summary of Chapter 4

CHAPTER 5: POOLING THE ANALYSES OF THE TWO SYSTEMS STUDIED

5.1 Introduction

5.2 The structural characteristics
5.2.1 The 20-80 law
5.2.2 The properties are not necessarily concordant
5.2.3 The properties of the partitions

5.3 The evolution of the structure characteristics over
time

5.4 The evolution of the activity characteristics
5.4.1 Each activity on its own
5.4.2 The interrelationships among the activities
5.5 The evolution of the output characteristics

5.5.1 Net growth characteristics

122

122

122

-
n
w

124
124
125

135
136
137
142
142
143



CONTENTS

5.5.2 The characteristics of modifications to the BD

code 144
5.5.3 Explaining why complexity for the BD system has
not increased _ 147
5.5.4 Characteristics of modifications to the B code 148
5.5.5 Complexity investigation for B 148
5.6 The characteristics of the system-environment
interactions 149
5.6.1 Relating the outputs with the inputs 149

5.6.2 Investigating how the different characteristics
of a variable change from part to part and from

release to release 151
5.7 Concluding remarks 153
CHAPTER 6: THE FLAWS IN THE DATA, TOOLS AND RESULTS 155 -
6.1 Introduction 155
6.1.1 The need to devise a methodology for analysing
the data 185
6.1.2 Working with distributions and the associated
advantages and problems 156
6.2 Static structure analysis 158
6.3 Evolution analysis 161
6.3.1 Structure evolution analysis 161
6.3.2 Activity dynamic analysis 161

6.3.2.1 Tests which are used on each individual
series 162

6.3.2.2 Testing for inter-relationships in the
series 164

6.3.3 Output dynamic analysis 164

6.4 The data- used to represent system and environment
interactions 167



6.5 Concluding remarks 167
6.5.1 Some points for Turther exploraticn 167
6.5.2 Some results which may be useful | 168

CHAPTER T7: THE WAY AHEAD 169

7.1 Introduction 169

T.2 Improvements concerning the existing data 169

T.3 Improvements concerning the existing analyses 170

7.4 Enlarging the analysis 171

T.5 Automate data collection and analysis 173

7.6 Where do we go from here? 174

CHAPTER 8: A THEORY OF PROGRAMMING SYSTEMS' STATIC AND

DYNAMIC BEHAVIOQURS 176
8.1 Building the theory from empirical results 176
3.2 A very general model 179
8.3 The state coordinates 181
8.3.1 The state coordinates refer to measurable
properties rather than traits of the system- 181
8.3.2 How the state coordinates contribute to the
system's static complexity 182
8.4 The environment 184
8.4.1 The reasons for including the environment in the
study 184
8.4,2 The system-environment boundary 185
8.4.3 Some interesting environmental properties 186
8.5 Interfaces with the environment 187

8.5.17T Not all environmental factors are inputs 188



CONTENTS

8.5.2 The nature of the interfaces 189
8.6 The dynamics of the exogenous factors 189
8.6.1 The need to model the environment 190
8.6.1.1 The multi-layers of the environment 190
8.6.1.2 Recursiveness is also applicable to the
system's multi levels 191
8.6.2 The effects of the environment's dynamics upon the
system® s complexity 191
8.7 The dynamics of the system's structure 192
8.7.1 Interdependencies among the structural properties
at any given time 192
8.7.2 Feedback effects 193
8.7.3 The smoothing of the individual effects at the
global level 193
8.7.4 Different models may be required for different
parts of the system 194
8.8 The effects of time 195
8.9 Other aspects of the model 196

8.9.1 The long term effect of the initial system state 197

8.9.2 Steady state 197
8.9.3 The effect of the system upon its environment 197
8.10 Conclusion 197
TABLES 200
FIGURES 228

REFERENCES- 289



PREFACE PAGE (iv}

PREFACE
Unde nermal circumstances, oneé would not have equired a
preface but we felt that there was a need to clarify at least 3
points Dbefore the reader can be allowed to peruse the text.
First of all, we need to explain why this thesis is so bulky.
Then, the justification for structuring it the way it has been
done needs be given, too. And, finally, it seems that we had to
give some idea of the types of contributions we have made. As
this could not be fitted within the main text, it is perhaps
appropriate to include it here as well,

This research was not intended to last more than 2 vears nor
the text of the thesis to exceed more than 80 pages. In fact,
we feared that it might not even reach that target... There was
a distinct possibility of not exceeding it had we taken a
purely hypothetico-deductive approach but how meaningful the
effort would have been is a matter of pure conjecture. Instead,
rightly or wrongly, we chose the empirical approach. But then,
we found that the deeper we dug, the more we discovered and had
to report, the more questions were prompted by our findings and
the less we found that we knew so that we had to dig deeper
once more until, Parkinson's law having been broken again and
again, we had to eventually call a halt.

During the writing-up, while initially drafting this thesis
from the hundreds of pages of results, [36-50] among others, we
found ourselves torn between two polarized methods in which to
present the account of our work. Like most statistical and most
of the software engineering publications with a statistical
flavour, our thesis could have put the emphasis on the results
while very conservatively evaluating and interpreting them. The
other approach is to do away completely with the results, thus
saving us a 1lot of work and reducing this thesis to perhaps
half of 1its actual size, in order to concentrate solely upon
their interpretations and deductions. After much thought, we
decided that neither was appropriate. The first method would
have been too sterile and not of sufficient relevance for a
Computing Science thesis while the second would much weaken our
arguments since there would have been no evidence to back them
up. We have, therefore, attempted to tread the middle ground
although, by decing so, we may have run foul of those who prefer
the first as well as those who prefer the second method. On the
one hand, we could be accused of not presenting enough factual
evidence and of going too far in our interpretations while, on
the other, we could be accused of providing too many results
and of not being adventurous enough in our deductions. Although
it is not easy to please everyone, we have tried our best and,
in consequence, the thesis has become bulkier than it would
have- been had either the first or the second method been
selected,
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The second point concerns the structuring of the thesis and, as
we shall see, the particular structure we have selected, has
probably lengthened the thesis, too. Roughly, we wanted ine
topics we treated to narrow down from the general to the
particular and to expand from the particular back to the
general. Chapters 1 and 2 were initially intended to be a
single chapter of a few pages where we would have briefly
situated our work within the narrowing confines of Computing
Science, Software Engineering, the study of large sooftware and
Evolution Dynamics, ED, and also give some ideas of ¢the
philosophical considerations behind our approach. However,
while attempting to summarise the -existing ED ideas and
findings, we found that the last attempt to pool them together
was made more than 3 years ago. As much has happened since
then, we had to repeat that work and discovered that, in doing
so, WwWe have already been able to contribute directly, in some
small amount, towards the advancement of ED. We also took the
opportunity to attempt to strengthen the already existing
methodology and results by introducing new tools for the
analysis. Thus, our introductory chapter, swollen beyond
expectations by these additions, had to be split into Chapter
1, dealing with what we have described above, and Chapter 2.

Chapter 2 attempts to justify the approach we took, why we
allied the hypothetical with the empirical, the analytic with
the synthetic, the quantitative with the qualitative and so on.
We also needed to discuss why we started from the available
data rather than to attempt to gather our own, what measures
were extracted from the data, how good they could be and what
sort of reliability and importance one could place upon them.
In Chapter 2, we may not have contributed any original idea but
we, at least, attempted to clearly and coherently describe
those intuitive principles which may have guided most
researchers.

Coming to our own work, we again found that there were two
distinct ways of presenting it. The first method would be to
list the work done and the results first. After that, we could
pass on to the interpretations and then to the generalisations
and theory building. Presumably, the first stage would produce-
tedious reading, specially for those not so interested in the
actual results and methods of arriving at them, while, for the
remainder, we would need frequent cross-references, again
adding tedium to the reading. The alternative is to present and
discuss the results, one at a time, each with its own
interpretations and generalisations. This could have been more
interesting for the reader excepf that, when we attempted it on
the first draft, we found that we had to repeat the same
arguments all over the place. The result was that the thesis
grew more and more repetitious.

Although repetitions could be minimised by reverting back to
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the first method, we preferred to compromise once more. A
three-tiered approach was finally decided wupon whereby we
steadily moved away from the particular to the general.
Chapters 3 and 4 constitute the first tier, Chapter 5 the
second and Chapter 8 the final one. ' -

In Chapter 3, we concentrated upon the analysis and results
from the data we had for the first of the 2 systems we had
studied, although, at the same time, we ¢tried to provide
adequate interpretations for all the results. However, whenever
interpretations were similar or could be exploited more fully
and more appropriately in Chapter 5, we did not attempt to
develop them more than strictly necessary. In return, results
which led to interpretations not corroborated anywhere else or
which could not be exploited in Chapter 5 were given the full
treatment. Thus, the reader should not be troubled more than
necessary by the wunevenness with which the results are
exploited in this chapter. Similar remarks apply to Chapter 4
which is for the second system we have studied.

The second tier of the approach allowed us to, at last, remove
ourselves from the actual data and results. By pooling and
integrating all the findings and conclusions in a single place,
their interpretations are all the more strengthened since not
only do they support each other but they can be viewed in much
better perspective. To relate these with the actual results in
Chapters 3 and 4, liberal use of cross-refernces had to be
made.,

The third and final tier of the approach was to remove
ourselves as far away from the data as possible and, starting
from the findings summarised in Chapter 5 as well as existing
results, ideas and concepts and some thoughts we have been
entertaining, to attempt to generalise them such that what we
have learnt can be converted into a theory of large systems
behaviour. This was what we attempted in Chapter 8.

However, theorising should be our last activity and Chapter 8
has more appropriately been situated as the very last chapter
of this thesis. Before generalisation can be appreciated, one
must situate its confext and know what are the limitations of
its foundations. Anyway, whatever we have been able to conclude
is conditioned by the approach, the data, the tools and the
results, Chapter 6 discusses whatever flaws we could perceive
in these while, in Chapter 7, we proceeded with the exploration
of possible ways of refining and extending our work.

As. to the contributions, the initial one 1is in Chapter 1. We
compiled an up-to-date account of all ED findings, tightened
them. up in certain cases and introduced some more tools for
analysing the data. Section 1.4 gives a brief summary of these.
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The second concerns our methodology. In Chapters 3 and 4, we
attempted to show how, following the philosophical
considerations of Chapter 2, one may systematically attempt to
exploit all facets of the data that are available, Our methods,
which are really of general applicability, could eventually
lead to a truly wuseful methodology which may become as
important as the results of this particular study. Section
2.11, among others, contains a short description of the 3
aspects of a system's study that we have concentrated upon.
And, in Section 6.1.1, we briefly pointed out a few strong
points which our methodology seems to possess.

There are probably very few works that resemble either Chapter
‘5 or Chapter 8, quite a lot of whose <contents could be novel
but, then, these are based upon the results of Chapters 3 and
4, As these are both summarised and extended in Chapters 5 and
8, we shall not proceed with the details although a few points
should be highlighted:-

1) Section 3.3's results which seem to have strengthened
previous ED size evolution concepts.

2) Section 3.4.2 which has improved the use of
modifications data for measuring increasing complexity,
specially by the introduction of Jonckheere's test.

3) Our exponentially decreasing modifications rate model,
Section 3.5.2.2., which <can Dbe useful in more ways than
one.

4) How the introduction of the ageing and the rejuvenation
concepts applied to the whole system can clarify how its
complexity is evolving, Section 4.2.4.

5) The introduction of Sutherland's ideas, Section
4.,2.5.2.4.

6) Our discovery that most measures at the global level
tend to behave as random variables, Sections 3.2, 4.3.1,
4.4,2 and 4.6.5, although they tend to be more
deterministic at the sub-levels, Sections 3.5.2.2, 4.3.4,
4.4,3 and 4.6.6.1.4, and the use of the latter to explain
the former, Section- 5.4.1. :

7) The relevance of sub-level analyses which not only help
to explain the behaviour at a more global level hut also
seem to establishr that the analysis. of a system-at any
level is worthy of study on its own, Sections 3.4.1,
3.5.2.1.1, 4.2.4, 4.3.4 and 4.4.5.

8) The "explanation" of increasing dynamics and invariance
of increasingly large systems 1in terms of the increasing
number of contributing sources, Sections 4.5.4.1.2 and
5.4.1. .
9) That both time and release-based concepts of evolution
are conducive to equally meaningful results, Section 4.6.7.
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CHAPTER 1

COMPUTER SCIENCE, SOFTWARE ENGINEERING,
LARGE SOFTWARE STUDIES AND EVOLUTION DYNAMICS

1.1 INTRODUCTION: THE PROBLEMS POSED BY LARGE SOFTWARE SYSTEMS
AND THEIR POSSIBLE SOLUTIONS THROUGH QUANTITATIVE METHODS

The computer age has been with us for about 30 years only yet
one cannot but marvel at the astonishing technical
accomplishments that have been achieved by hardware technology.
Sophistication of wusage has grown with a pace to match the
_ machines' increasing capabilitics. Unfortunately, the
cechinology of building laige software systems Lo haindle tue
growing capabilities and needs has not progressed as rapidly.

The US military were the first to develop very 1large software
systems but, since these were shrouded with secrecy, it was not
until the advent, in the 1late sixties, of 1large scale
manufacturer-supplied operating systems such as 0S/360 and of
specialised real-time systems such as airline reservation
systems that the problems, among others, of cost overruns,
schedule slippages and over-expectations became widely known.

Because more and more large systems were being developed,
mostly on an ad hoc basis and bhecause most ran into several, if
not all, of the problems associated with large software,
understanding the phenomenology of software development became
a high priority, sc much so that the Study Group on Computer
Science, set up in 1967 by the NATO Science Commiitee, decided
to provide a badly needed opportunity to discuss these
problems. This materialised as the Garmisch 1968 Software
Engineering Conference [132] which has since been viewed as a
turning point, an event which has had a2 significant and lasting
erfect on the subsequent work in the software field. It was
there that a "software crisis" was fully acknowledged and that
a radical new term, "Software Engineering", which emphasises
that software can and must be engineered, was coined. The band
wagon had been started and has been rolling ever since [149].

Following that conference, there was a flurry of activity in
Software Engineering [34] but little work was done concerning
its quantitative aspects, although it was realised that already
existing techniques similar to those of the craft of Computer
Performance Evaluation, which was developed to measure hardware
utilisation, as exemplified in Freiberger's book [63], could be
applied to measure the system behaviour itself.

It was not until 1973 that Boehm [26] gave fresh impetus to
guantitotive methods when he reported that the status of
software error analysis was virtually non-existent. Because of
the increasing economic impact of software errors, such a state
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of affairs could not continue to be tolerated for very long and
his urging generated a proliferation of studies, including such
topics as error analysis [1,7,22,27,59,64,70,71,114,115,122,126
,130,152,161,171,172,1731, costing [184], programmer
productivity [169,179], program quality [28,153] and software
complexity [68,120,125].

Endres [59], for instance, analysed error data in terms of
error occurrence rate and frequency of software modification
for several module distributions. Shooman and Bolsky [161]
classified their data by frequency of error occurrence rate for
each type of error and so on, Two important subdisciplines that
have emerged from these activities are scftware reolizbility
(31,57,78,116,119,121,122,126,129,155,156,160,171,173,175]1 and
the study of large software systems [6,8-10,13-20,93-110,134-~
135,145-148] although there is much overlap between the two
[121,122,126,160,1751.

Large software systems have been studied by many authors from
various viewpoints [5,30,33,55,74,91,123,151,180] but the
(different) quantitative approaches of Putnam, Basili and
Lehman seem more promising in solving the problems outlined in
the opening paragraphs. These problems are still very real:
large software is still being built largely as before, the same
problems of building, using and maintaining these are being
_encountered (1761 and we still do not perform enough
quantitative research and know too little about large program
behaviour.

It, thus, seems that, despite the Garmisch conference, the
shock waves which Boehm sent through the software community and
the research that has been going on, the lessons of these last
twelve years have not yet been learnt. Realising that we need
to understand how a large program behaves before we can attempt
to. devise Dbetter ways of contructing, modifying and managing
it, Lehman, in particular, has concentrated his studies upon
the evolutionary behaviour of large Drograms during
maintenance. In recent years, his ideas have coalesced into a
theory, called "Evolution Dynamics", ED, which appears to have
great potential. It is in the context of attempting to enlarge
its basis that we have undertaken this research project.

The initial part of our work consisted of assimilating the
existing ED theory. To describe what we have learnt, we can
either attempt to summarise the contents of all the relevant ED
publications one at a2 time or, more appropriately, since a lot
of repetition will be avoided, by providing:-

1) A historical =survey of Lehman's (and others') ED work.
as in Section 1.2, .

2) A pooling and an up-to-date account of the various
findings, as in Section 1.3. In addition, we verified the
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results, where applicable, performed further tests on the
data and made a few comments, too.

1.2 REVIEW OF LEHMAN'S (AND OTHERS') ED WORK

To avoid repetitions, in making our brief historical survey of

all ED publications, we have kept the descriptions of each
paper's contents to a minimum. Instead, we have concentrated
upon the significant additions of each paper and upon the
development of the research, without giving too many details
about each feature. 1In consequence, the review may appear
mechanical but this was a necessary evil. Anyway, the essence
of the theory will Dbe extracted and examined in the next
section.

The origins of ED theory can be traced back to 1655 when Lenman
carried out a study of the programming process within a
particular environment (IBM's) and published the analysis of
some data on 0S/360 [93]. This led to a (static) macro-model,
the Yorktown model, of the growth of large programming system
projects. The model was reported in 1971 in [12]1 which in
addition, mentioned a micro-model and introduced the phrase
"Programming Systems Growth Dynamics" (later to be changed to
"Evolution Dynamics"). More extensive and some of the
definitive 0S/360 data and viots, upon which the principles and
laws of ED came to be based, were nublished ir early 1972 [14],
Observations such as the smoothness and linearity of some plots
(e.g., of size against release sequence number, RSN), the
exponential growth of ccmplexity and the ripples indicative of
a self stabilising feedback process, 211 tc be later integrateil
within the concepts of ED, were already made.

In [15], we have the first hint of the forthcoming 1laws
although none was, as yet, formuvlated and the modified ideas of
Baumol concerning unbalanced productivity growth [11], to be
more fully developed later, are briefly introduced. [94]
collates all previous work and ideas and sets the pattern for
the subsequent papers: there 1s a ncticeable snift from the
purely empirical investigation towards attempts to interpret
and understand the observations and to knit them into a
coherent theory. One novelty is the presentation of a dynamic
macro-model (the Berkeley model), built around the progressive
and anti-regressive activity ideas as adapted from Baumol. [1€]
is a revision of [94], mainly through the discard of some of
the early ideas and plots retained in [94].

[16] is 1itself overlapped by [95] which, besides, introduces
the new term "Evolution Dynamics" and enunciates, for the first
time, the first 3 of the 5 laws, Figure 1. Another
cecntribution of this paper 1s the description of yet another
model, the London model, but none of these first four models,
byproducts of the various phases in the development of the
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theory, are to be mentioned again. It was only at the start of
1975 that a second system, DOS, was studied from an ED point of
view ([1i3]. However, the analysis was rcotricted to some nlots
and some of their associated regression and/or exponent1a

fits. Discussions and interpretations were minimal.

In late 1975, a third system, Executive, was studied [73].
Although it was not formally compared with 0S/360 (or DOS), it
was obvious that, although the same terms (e.g., size, change)
did not measure exactly the same things for the two systems,
yet quite a few, though by no means all, of the plots and
observations were very similar,

T171 nreserts o f[ifth model, a fault-penetration model.
However, its more significant contributions to ED are 1) the
regression fits to net growth and fraction of modules handled
in terms of RSN and to nandlie rate and size in vermsd of dayco,
2) the introduction of new ideas such as the cyclicity of the
growth process and the observations on the associated critical
growth mass and invariance and 3) the inclusion of 3 Executive
nlots to confirm the 0S/360 results.

Based on the idea of progressive and anti-regressive activities
and that of increasing complexity, an early and perhaps
premature non-linear differential equation model of ED was
developed [150]. [181, which is really a reworking of [17], is
probably intended for a wider distribution, It is only in [i28]
and [109] that we see rather extensive comparisons, of some
systems' behaviours: 0S/360's, Executive's and Omega's. Most of
the themes 2xposed previously, but treated more tnzorcughly in
[18), are recapitulated with the main aim of demcnstrating the
generality of the observations although the authors noted
several unexplained anomalies. These two papers cover much the
same ground, although [108] attempts t» be more interpretative.

From then on, some momentum was gathered and 3 more systems
have been studied (each on its own), using similar techniques
and plots as used previously. BD has bcen looked at in [36].
CCSS in [110,72] and B in [51]. Further data for Executive have
been “ulysed in [36] and still newer data are available 1in
[23]. However, no study analogous to those in [108,109] has
been attempted, despite the elapse of 3 years and the
availability of more data on both further and already studied
systems. It is probably opportune to attempt tc fill this gap
speciallvy as previous results (and, hence, the theory itself)
may be considerably strengthened if the number of systems that
can be shown to behave similarly and as predicted by the theory
is doubled. The work in Section 1.3 1is an effort in that
direction,
]

S pa tly concerned with the introduction or the 4un and
t )

is
laws, the former being the generalisation of invariance and

ulr
jo oo ]



CHAPTER 1 PAGE 5

the latter ©being that of critical growth mass. CCSS's net
growth per relcase plot is used together with those of the 3
previous systems to illustrate the U4th law, but like [97-
107,119,201, [98] concentrates wupon building up from the basic
results, concerning itself with explanations, discussions and
interpretations of cyclicity, invariance and long range trends
and of the 1laws and what the consequence of violating the
latter would be. From then on, increasingly new ideas and views
are exposed, e.g., attempts at defining programming methodology
and software engineering and both static and dynamic views of
how an engineering discipline develops and evolves are in [99]
while in [107] radical new views of program types are
presented. Although interesting and probably revolutionary,
too, these views are not directly related to tnhe Dasic ED
theory. Consequently, we shall not dwell upon them. [186] is a
refinement of Riordon's model.

1.3 RETRACING LEHMAN'S FOOTSTEPS

The work in this section has, in fact, 2 purposes:-

1) To extend the work done in [108,109] to the most up-to-
date data for the systems already examined and for the
unexamined systems. .

2) To attempt to strengthen the results by applying further
tests to the data.

1.3.1 The plots

Most of the observations and interpretaticons which led to tne
development of the ED theory were based on 7 types of plots.
These and the latest versSions for the 6 systems (0S/360, Omega,
Executive, B, CCSS and DOS) we shall consider are as follows:-

1) Cumulative modules handled, CMH, against age, A,
Figure 2. )

2) Modules handled per day, or handle rate, HR, against
RSN, Figure 3.

3) Fraction of modules handled or simply fraction handled,
FH, against RSN, Figure 4.

4) Size, S, in modules against A, Figure 5.

5) Net growth per release, NG, in modules against RSN,
Figure 6.

6) Release interval, RI, against RSN, Figure 7.

7) S against RSN, Figure 8.

=
(o]
®
1]

1) For Executive, instead of modules handled, we had
changes and size was 1in lines of code.

2) The first four families are those examined at length in
(108,109].
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1.3.2 Method of analysis

It is probably a good thing to present the method we adopted.
Taking each family in turn, in the same order as in [109], we
shall:- ‘ '

1) Summarise the previous results and observations made.
This is why, to avoid repetitions, we have minimised in
Section 1.2 the discussion of the results themselves.,

2) Analyse the data (for all 6 systems, wherever possible)
according to the best tools in our arsenal.

3) Reacii our own conclusions.

4) Compare our conclusions with the existing ones.

5) Make such comments and/or proposals as appropriate.

Note As B has at most 6 points, it shall be omitted from any
analysis.

1.3.3 The analysis proper

1.3.3.1 Cumulative modules handled

At one point or another, the 0S/360 [97,98,108,109], Omega
(97,98,108,109], Executive [97,98,109]1, DOS [97]) and CCSS [38]
plots had been described as straight lines which were
interpreted as indicating "the invariance of global work rate”
[98] or taken as examples of "constant work rate" [102,108,109]
and led to the enunciation of the 4th law [98].

The tool we applied 1is that of successive polynomials. The
analysis of variance, F-test, is used to determine whether a
higher degree polynomial is a significantly better fit than the
next lower one, proceeding in a step-wise fasnion. We retzin =
polynomial only if its estimated regression coefficients are
significant by the t test.

The detailed results are in Table 1. The test was not performed

for Omega (no data). The fits, up to the cubic, for the other 4
show that:- :

1) In all cases, except Executive, the cubic is a better
fit than the quadratic which 1is better than the straight
line (for Executive, the cubic is better than the straight
line). Although the 1linear fit has an R upwards of 91%,
the fact remains that, statistically, either or both the
cubic and the quadratic fits are better,.

2) On the assumption that the quadratic is better, then for-
0S/360, CCSS and DOS, there is a maximum point somewhere in
the plot as the fit has the form

@ + B1A - B2 A%,
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Thus the original observation on 08/260 [18]1 which was
subsequently dropped in favour of linearity may be more
adequate: "The data at the extremes suggest that in the
early life of the system and in the most recent 2 releases,
the handle rate may have been a little lower... It appears
that even though the straight 1line fit is adopted as an

initial model, an S-curve provides a more faithful
representation over the 1life to date of the operating
system". )

But it seems as equally important to note that the technique of
cumulzting the data in the sequence that thev occurred is not
conducive to very meaningful results despite the very strong
reason (that of dealing with the release overlap problem) which
caused Lehman to resort to its use. This is because, f{oi auy
random variable, the cumulative plot will yield a straight line
and we believe that MH is indeed a random variable except at
the early and 1late stages of a system's life. Unfortunately,
there are too few data points for any protracted analysis here.
However, subsequent work on the two systems we shall describhe
in Chapters 3 and 4 gave ample support for this hypothesis.

Consider the random variable, y, which is normally distributed,
N(U9 02)9

then Y o i.e. the t-th value of y is given by

2\
V., =z U 4+ € where <.~ N(0O,s ) and
t t } § C L .
is usually known as white noicse,
t
LY., = .Z¥ €.
1.=1y1. 1=u+ 1)
i.e. cum y = ut + k where k=0 since E(c )=0 and
E(Ze, )=0.

Indeed, both the "statistically invariant" phrase wused in fthe
enunciation of the fourth law and the "constant werk rate"
which Lehman has found appear to imply that MH is a random
variable although this has not been stated explicitly. It then

seems that the 4th law could be more accurately recast, perhaps
as:-

The global activity rate over the major portion of the
maintenance phase of the life cycle of a large programming
project, by and large, shows no time dependent behaviour.

The "by and large" qualification 1is necessary to cover
exceptional circumstances such as the organisation's closedown
due to strikes; Christmas vacations and so on,

That work rate may behave like a random variable is probably
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contrary to most managements' expectations. This may not only
come Aas a surprise but as a big shock to them. Although, for
maximum impact, it seems appropriate to discuss at once the:
cause of this behaviour yet this is premature. This is a result
which will appear again and again so that we prefer to
accumulate all our evidence and, as stated in the Preface, we
shall reserve the interpretations of the common results in
Section 1.3 and Chapters 3 and 4 to Chapters 5 and 8, except
when only 1locally relevant. Besides, the purposes of this
section were clearly stated in its opening paragraph. The
impatient reader may, of course, jump immediately to Chapters 5
and 8 but we believe that nurturing him gently through all the
work we have done allows the results to b2 appreciated more
fully and the fruits which will be ultimacely gathered to be
more rewarding.

1.3.3.2 Handle rate

Lehman's observations on 0S/360 and Omega were about a "well
defined average" handle rate and a "cyclic variability" whose
descriptions range from a rather precise '"zig zag shape with
peaks being shortly followed by troughs" {108,103] to a vaguer
"ecyclic effects, not necessarily with a pure period” [104].

Rather than talk about well defined averages, it seems more
convenient to talk about stationarity [(29] in a random
variable. About the second observation, one may attempt serial
correlation as well as deviations from randomness significance
tests as different methods to directly or indirectly verify or
suppert it., Unfortunately, there are too few data points vo
perform autocorrelation [29] or spectrum analysis ([79] to
identify serial dependencies. It is therefore not possible to’
directly verify for the presence or absence of serial
correlations (This, as will be seen later, could, however, be
attempted on the longer series we had for the 2 systems that we
subsequently studied.): one can only test the null hypothesis
that the sequence in which the measures are taken is random.

No satisfactory significance test which can support the
cyclicity hypothesis seems to exist, specially as cyclicity
does not appear to have been too rigorously defined. At Dbest,
what can be achieved, unless one attempts to define the term
and to devise a test for it, is to interpret it literally (the
zig-zag effect). Then, some existing randomness tests whose
alternative hypotheses can be arranged to favour the cyclicity
idea can be employed. Even then, significance tests can never
establisnh the truth or otherwise of any hypothe51s. It was in
such a context that we had to proceead.

The Runs test [163] was a previously used randomness test which
was said to give significant results [i08] but we found that it
was wrongly applied in [108,73]. A hopefully correct use is now
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made of the test which we supported with two further tests, the
Turning Points and the Phase Length tests [88]. All three are
based on the order or sequence in which the observations are
obtained but each examines a certain property such as the
number of runs (or of turning pcints or of phases of different
lengths) in the data. That property would then indicate whether
the data is similar to that obtained from a random process or
otherwise. For example, too few runs would suggest either a
trend or some bunching due to lack of independence or both
while too many runs would indicate systematic short-period
cyclical fluctuations [163].

For eazh of these tests, the null hypothesis is that the
observations are in random order while tne alternative
hypothesis depends upon whether one selects a two-tailed test -
when one does not wish to predict the direction of the
deviation from randomness, i.e one is content that the data is
non-random - or a one-tailed test - when one wishes to test for
either too few or too many runs, for example,.

A conjunction of these three tests has been used because each
is better than the others under certain circumstances but not
under others. For example, the Turning Points test is a poor
test against trend but 1is better against cyclicity since
"turning"” is a local property and would not be much affected by
the whereabouts along a line of gentle trend (S8].

Not a single result was significant, Table 2. Statistically,
this means that there 1is no evidence against the hypothesis
that the data is random. The phrase "the data is consistent®
with" the null hypothesis is also often used. This, however,
does not really constitute evidence against cyclicity-
(interpreted in the strict sense), except, perhaps, in a
roundabout way. Further discussions about cyclicity are in
Section 1.3.3.5. Also, see more discussions about evidence for
or against a hypothesis in Section 5.4.1.

1.3.3.3 Fraction of modules handled

The 0S/360 plot was said to have "a clearly visible non-linear"
upward trend which suggested that the system was growing
rapidly in complexity [95] and to support the 2nd law [18]. The
Omcga plot had an upward trend [108], was another example of
increasing complexity and supported the 2nd law as well [98]
but it also exhibited a "ecyclic component™ [105]. The CCSS plot
also "varies cyclically" but only about a constant amount
[110]. That FH for CCSS did not exhibit the charczcteristic
uypward trend and was, therefore, an "inappropriate application
of the complexity measure" [98], was explaincd by the different
kind of architecture for CCSS [98]. In Section 8.3.2, we shall
take up that point again and discuss the effect of a system's
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architecture upon its complexity at greater lengths.

Unfortunately, it has not becn pcssible to verify that, except
for CCSS, the plot should show an increasing trend because the
B plot has too few points, Executive has no plot and DOS can
either be interpreted as being in 2 phases or as increasing.

We shall only apply the significance tests to the data and, as
there are obvious trends in 0S/360's and Omega's plots, the
Runs test 1is inapplicable to them. There 1is only one
significant result out of 10, Table 2, and this leads us once
more to suggest that there is little statistical support for
the cyclicity idea.

1.3.3.4 Size

The systems were said to exhibit persisient [18] but diminish-
ing growth [18,97]. The "limits to growth" [108] were inter-
preted as due to increasing difficulty/complexity [18,97,109].

Our results, Table 1, show that, for 0S/360, Executive, CCSS
and DOS, the quadratic is the best fit, Of these, 0S/360 and
DOS have a maximum, c¢f. the CMH results, while EXECUTIVE
(contrary to previously and this new result is also found in
[23]) and CCSS are exponential. Omega, from the shape of its
plot, behaves similarly. Thus, there is a nice division of 2
against 3! Could it be that only IBM products exhibit limits to
growth? Or perhaps the largest, assuming 0S/360 and DOS are the
largest, which do so?

1.3.3.5 Net growth

The 0S/360 plot was found to be cyclic with the net growth
points 1lying within a band bounded at about the 4C0-mocule
level, <called the critical growth mass, which had not changed
over time ([18]. Any 1increase above this led to a subsequent
decline suggesting that a system develops a resistance to
growth which increases rapidly (non-linearly) with the absolute
size of incremental growth {108]. In conjunction with the CCSS
plot, it was wused to illustrate the ideas of <cyclicity,
critical growth mass and invariance and forms the basis of the
5th law [981. '

Our results on both these plots and DOS's, too, show 1little
support for the cyclicity idea, Table 2.

Having looked at the two main variables, HR and NG, on which
the cyclicity idea is based, it becomes appropriate to present
some additional ideas which we happen to hold on the subject.
If we accept that cyclicity should not be taken as meaning a
sequence . of above~median values alternating with telcw-median
ones (or something.- to that effect) but rather that, while most
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values fluctuate about the mean, the 1larger a value is, the
greater is the probability of having a smaller value following.
it and that Lehman's laws should not be taken as having the
same. sort of accuracy as the laws of Physics or Chemistry but
should, instead, be viewed as having the same sort of
applicability as Social Science or Economics 1laws, then
Lehman's main conclusions would retain all their validity.

However, we believe that the cyclicity, critical growth mass
and invariance 1ideas as well as the 3rd, 4th and 5th laws,
probably much more commonly occurring phenomena than 1is
currently thought but not highlighted before the advent of ED,
can perhaps be more appropriately expressed and summarised in
terms of probability density functions.

Assume, for the present, that each of the above variables is
either normally or exponentially distributed, probably two of
the most frequently encountered distributions and, certainly,
the two that predominantly represent most software data, as we
shall see in Chapters 3 and 4. For the exponential distribu-
tion, suppose that the mean is 1/*. Then, for 2 given value x
of the random variable X, the probability of obtaining a value
greater than x, which we may_ﬁppropriately term the «critical
value, 1is given by P(X>x) = e "*, i.e. the larger the critical
value, the 1lesser is the probability of obtaining a value
larger than it, encapsulating the concepts of critical growth
mass and resistance to growth when X is net growth.

Fcr the normal distribution, as the value deviates further from
the mean, its frequency grows smaller. This implies that, iy
the individual values are randomised, picked and plotted
against the sequence in which they had been picked, then, not
only is there no trend, but there are/should be an equal number
of values above and below the mean, with very few values much
larger or much smaller than it and the majority of values being
close to it., Thus invariance is quite nicely explained in terms
of this distribution but why an effective statu quo should be
maintained despite all efforts to the contrary will, as pointed
out earlier in Section 1.3.3.1, only be treated in an
interpretative fashion in Chapters 5 and 8. The normal
distribution also explains the 1looser (and, probably, more
accurate) meaning of cyclicity [104], i.e. why a 1large value
tends to be followed by a smaller one and that of critical
growth mass, i.e. why, given a sufficiently large value x,
there are few values greater than it, Thus, suppose we are
dealing with the handle rate of CCSS (mean 7.07, standard
deviation 3.71) and we have observed a handle rate of 13.07,
then the probability of obtaining a higher value is only 5.3%.

P(X>»13.07) = 1 = F{(i3.07 - 7.07)/3.71) = .053

If the observed value is set higher, to 14.07, say, then the
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probability of obtaining a higher value is even smaller, 3%.
When one thinks ahout it, most phenomena, whether exponentially
or normally distributed, behave in similar fashions. If the
mean lightbulb life is 100 hours, then most probably one will
find that, if the last bulb which one has been using has lasted
200 hours, then the next one will probably last much less. If
the average height of grown-up males is 5 ft 8 ins, then most
male grown-ups one meets will not exceed 6 ft 3 ins, and so on.

As to the explanations and arguments, e.g., exceeding the
critical growth mass results in a bad product, penalties will
have to be paid in terms of a following clean-up release, etc.,
these are in line with the suggested distributions.

1.3.3.6 Release Interval

The release interval for 0S/360 was seen as increasing exponen-
tially [18] and, because of increasing complexity, other
systems were expected to behave 1likewise [109]. From the
obvious shapes in Figure 7, it was not necessary to trend test
the plots., It 1is fairly obvious that, for both IBM systems,
there 1is evidence towards exponential increase of the release
interval (cf. the behaviour of size) but Executive and CCSS do
not conform: they have peculiar shapes of their own.

1.3.3.7 Size against RSN

The 0S/360 plot suggested cyclic ripples which demonstrated
that whet was being observed was the cutput of a multi-loop
self-stabilising feedback system [i6,1097. It was later found
that the Executive plot also exhibited the "ripple effect™ [30]
and, therefore, lent support to the observation. However, it is
not easy to say whether the 5 additional points obtained from
[23] show additional ripples. The subsequent developments c¢f
the theory: growth rate and work pressure build up resulting in
reduction in quality of design, coding, testing, documentation,
etc., and in 1increasing complexity and finally leading to
clean-up and restructuring cf the system, are very appealing.
Yet one feels that, in addition to the presence of certain
ripples in some of these plots, some further evidence for the
multi-loop self-stabilising feedback process would be welcomed.

1.4 SUMMARY OF OUR RESULTS

1) Even if one has very strong reasons for doing so, the
cumulative plot, as a statistical technique, should only
be used with care since it is liable to be misleading.,

2) A few of the results would be in need of some
modification:-

a) We have found 1little evidence 1in favour of the
permeating cyclicity. In fact, all our results seem
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to point to the contrary.

b) Invariance seems to be too strong a term to
describe something which does not show any
determinism. Not only is the expected value important
but the range within which the value may fluctuate is
equally significant. For example, modules handled per
day which has a range of 0 to 27 for 0S/360 and one
of 2.5 to 17.5 for CCSS cannot quite be described as
constant or even as being "statistically invariant".
c) About the notion of limits to growth: the systems
are evenly distributed between those that show
increasing and those that show decreasing growth.

d) Release interval seems to0 increasé cxpcnentially
only for the two IBM systems.

3) Encapsulating the properties of each variable within
those of its probability density function seems to be more
appropriate and concise. Thus, invariance simply says that
most of the values are within a certain distance of the
mean, that distance being the "ecritical growth mass" in
the case of net growth. Cyclicity Jjust means that most
values fluctuate about the mean while those which deviate
far from it are few and far between. Another advantage is
that it can be viewed as a law about the 3rd(?), 4th and
5th. laws,; since it implicitly contains them. But should
one prefer to be more specific and wish to highlight
certain aspects of the system, e.g., work rate and release
content, then one may, by all means, still think in terms
of these laws. In that case, they may, pernaps, be
slightly modified to reflect the empirical evidence. In
Section 1.3.3.1, the U4th 1law was tentatively recast. In
the same vein, the phrase "is statistically invariant"
should once more be replaced by that of "shows no time
dependent behaviour™ in the enunciation of the 5th law.

Thus, although Lehman's observations are, in general,
representative of the majority of the systems studied yet some
of the analyses need to be tested with more accurate tools,
some of the results to be tightened up, some of the terms to be
more accurately described, if not fully defined, and the
exceptions to the common behaviour to be explained not as
exceptions but within the framework of a slightly enlarged
theory, if possible. But this is what Science is all about. Any
theory must eventually be submitted to empirical validation
and, since there can be no ultimate theory but only improved
theories, factual observations, when they do not quite coincide
with those predicted from the mcdel, can only serve to improve
it.
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CHAPTER 2
THE GENERAL APPROACH TO THE INVESTIGATION
2.1 INTRODUCTION.

This chapter is a prelude to the descriptions of our own work,
linking it with that outlined in Chapter 1. Its main purposes
are to explicitly enumerate the principles which have guided us
throughout this study and to provide a panoramic view of the
issues of concern. More specifically, we shall take a broad
look at the objectives of this study, the approach we adopted,
the proolem and subproblems invelved, the tactics employed to
solve the individual subproblems and the strategy used to crack
the problem.

It goes without saying that our approach draws much of its
inspirations from that of Lehman, although the writings of
Sutherland [170] and Weinberg [183], among others, have been
revelatory, too. We must also acknowledge that many of the
philosophical considerations to be mentioned below nave been
practiced by Lehman during these last ten years. Indeed, he has
been adopting the empirical and quantitative approaches well
before the publication of Boehm's provocative paper [26],
which, to most of the community, marks the start of the
quantitative era. However, we have attempted to improve the
method, to be more systematic, to apply more tools and so on,
mainly to achieve the objective of deriving a useful
methodology as mentioned as one c¢f our aims in tue neat
section.

2.2 Q0OBJECTIVES

The purpose of this study has not been to propose yet ancther
method to build up large software systems [76,131,136,137] but
rather to investigate the properties (still largely unknown,
despite the work of Lehman and others) of existing 1large
software systems, to understand these, their effect on
complexity and similar measures, how to control the latter, how
to make predictions, and so on. In short the main objective
remains still that of ED: to understand and further clarify the
programming and maintenance process of large software systems.

Another objective was tc attempt to settle =scme of the
outstanding issues we were concerned with in Chapter 1.
Clarifying, verifying and strengthening previous results could
only lezcd towards the enrichment of the theory of ED. A final
objective was to derive a methodology for the systematic study
of the evolution of Jlarge software systems, this being the
legacy of the analysis we have performed.

2.3 THE FOUR ASPECTS OF THE APPROACH
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The guiding principles of Lehman's studies has been {(hose of
the systems scientist [170]. Systems science, which is not much
older than ED, has attempted to be a science of sciences and
tried to integrate them. The system's approach has been to
avoid the polarisations which exist from one scientific disci-
pline to another or, even, within some particular branches of
the same discipline. Instead, it attempts to combine the best
in all the disciplines of science. We shall not be able to
discuss all the facets of systems science; we restrict our-
selves to a brief discussion of four of the main aspects of the
approacin which one may take to solve a complex problem:-

1. Congruence o h 1 wi the problem

As far as possible, we stuck to the fairly obvious
principle of allowing the properties of the problem at hand
to determine the analysis and the selection of instruments.
If not powerful enough, these lead to ineffectiveness while
too powerful tools would result in a waste of our resources
~ something we could ill-afford.

2. Combining the analytic with the synthetic approach

Historically, scientific advancement has mostly becn
through partitioning real-world phenomena into smzcller and
smaller units which are then studied in fine details in the
belief that the analysis of individual parts 1is more
manageable than the synthesis of the whole and that the
global picture can eventually be built up from ¢thne
different analyses. Although this "Divide and Conquer"
approach undoubtedly works for simple systems, yet it 1is
woefully inadequate for systems with any degree of
complexity. Although necessary for elucidating and
unravelling the mechanics of the global behaviour, analysis
is certainly insufficient for large software
investigations. Jt nas thus been complemented with that
other aspect of the system's approach - that of taking a
global view.

3. Interdisciplinary

Recognising that systems problems rarely fall within the
neat but artificial demarcations ¢f academic disciplines, a
search for the best tools available from a wide spectrum of
disciplines was undertaken.

4, ncretic

As a rule, quantitative methods were preferred but when

quantification was not possible, we had no option but to
use qualitative constructs., Ideally, a good mix of both
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constructs would provide an adequate vehicle for
investigation and this is what we attempted to achieve.

2.4 BLENDING HE EMPIRICAL-INDUCTIVE WITH H HYPOTHETICO-
DEDUCTIVE APPROACH

On a broader dimension, we concur with Sutherland's [170]
strong recommendation that both of the two usually isolated
arenas of scientific enterprise should be used: the empirical-
inductive and the hypothetico-deductive methods.

The empirical-inductive method, which has moncpolised science
since Bacon®s ana Galileo's YAgc of Reacon", attempis tc elieif
theory from facts and facts from observations, such that the
dercgatery influences of prejudice, opinion or bias are
effectively minimised. Unfortunately, although facts are
verifiable, the empiricists are often at a 1loss to explain
their results: "This is demonstrably so but we cannot indicate
its significance", More importantly, the more complex
phenomena, by their sheer size and complexity and by that of
the work which their analyses would entail, are not proper
targets for the empirical-inductive method. Thus, if scientists
continue to bind themselves to this method they may never get
to grins with the most significant of the systems which plague
our age: the organic systems which include software svstems,
the objects of our special interests.

Therefore, to have any hope of solving large systems problems,
we are forced to consider the hypotheticu-deductive method
which 1is characterised by the generation of hypotheses through
the intellect: imagination, fabrication, intuition, speculation
and so on. These hypotheses sometimes border on the fantastic
and, even when severely restricted, may be either too difficult
to verify or simply unverifiable. But, provided that the
concepts arrived at by the philosophers of science are not
treated as dogma but as true hypotheses whose ultimate validity
will depend on the extent to which they will be subsequznily
empirically validated, this method has always been accepted as
being scientific.

Just as nothing is gained by restricting our competence to a
single discipline, to either quantitative or qualitative-
methods, to either analysis or synthesis, both modalities have
been considered. As they are complementary rather than
competitors, 1little can be achieved by wusing one to the
exclusion of the other.

2.5 THE NEED TO EMPHASISE THE EMPIRICAL METHOD

In spite of our expressed fntention to blend the empirical with
the deductive method yet we had to put the emphasis on the
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former mostly because of the counter-intuitive nature of
software and because of the relative abundance of (mostly
untested) ideas and paucity of empirical results in our branch
of science. Boehm [26] gave various examples of software's
counter-intuitiveness and expressed his surprise at the little
effort that had gone into collecting and analysing data. Five
years after Boehm, Belady [12] was still preaching that the
most important next step in software science was to gather and
analyse facts.

2.6 THE EMPIRICAL METHOD

Software engineering being still in its infanncy, we took the
view that the goal for any experimental work was primarily lu
gather system knowledge. This was the second reason which
caused us to rely more heavily upon the empirical metheod which
is more indicated, at 1least initially, for entering into
largely unexplored fields, despite the weaknesses outlined in
Section 2.4,

Tue empiirical mcthod 1is generally characterised by the
collection of data concerning the phenomena in the domain of
discourse without much idea of what to expect and before much
speculation as to their significance. From the analysis of the
obsarvations, similarities and differences that arise lead to a
classificaticn scheme, to the generatiocn of hypothesez and to
the development of models. These are said to be data driven
since they are in the spirit of curve fitting and it is only
through data that evidence can be built up for or against znv
thesis. However, although they rcpresent only empiricism, chese
models are the starting points which will aid understanding of
the phenomena and stimulate theoretical investigation.

According to this method, any hypcthesis one arrives at will
further be used to structure and discipline an experiment for
its empirical wvalidation. Unfortunately, really worthwhile
experimentations with software do not seem to be possible. They
require such a level of detail that few can a2fford it, tne
problem is extremely difficult to isolate and the extrapolation
from small to large projects is not meaningful [148].

2.7 DECIDING WHICH VARTABLES TO MEASURE

Let everything that can be objectively identified be called a
variable and 1let us assume for one instant that all variables
are measurable, then we are faced with the immediate problem of
what to measure. Choosing (by intuition?) an a priori set of
variables to measure seems unsatisfactory as:- ‘

"Experimental Computer Science is a young discipline.
There is little experience to draw upon when deciding what
attributes of a software system are important to measure
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with respect to maintenance performance" [61].
Weinberg [183] rightly points out that:-

"When you don't know much about a subject, you don't know
in advance what to measure. So your early experiments are
not what they might seem to be - they are not to measure
things but to determine what can be measured and what is
worth measuring”.

He may be indirectly preaching the measurement of everything
that can be perceived although he wasrns that "see it all" does
not mean "know it all" for knowing means to have the ahilitv to
extract the essentials from the unnecessary details. By
measuiring and examining everything the researcher may be sure
to see the fine details but his view may become cluttered and
he may easily get bogged down in irrelevant matters so that he
misses the significant features and hence the big picture.
Fortunately or unfortunately, because there 1is a limit to the
availabijlity of resources at one's disposal, cne may hardly
proceed to exhaustively examine each and every pousdibie
variable. One may, however, make a bold attempt at achieving
that unreachable goal provided that Weinberg's warning 1is
observed. Then, whenever some variable does not lead to any
conecrete result, this, in itself, is significant since we, at
least, know that the variable in question does not thiave any
importance and may be discarded from our model.

Therefore =z suitable compromise is required. ©Cn what besis,
then, do we choose the variables to analyse and those not to?
From the vast number of possible variables which may be
studied, the natural tendency is to reject those that appear to
be too insignificant or too small to be of any importance. But
importance 1is not necessarily associated with the conspicuous
or the large: the physiologist may not ignore the pineal gland
while studying the brain nor may the biologist ignore the DNA
from the study of the living cell.

One may start with a suitably chosen set of variables to
investigate a certain trait of the system. By a process of
successively increasing or decreasing the number of variables
in the set one may arrive at a set over which the trait has
remained fairly stable. This trick is extensively used in the
well-known method of stepwise regression model building.

Another well-known method in new fields of research to reduce
the number of variables to a manageable figure is to find the
zero-order correlation matrix of a large set of variables and
then to wuiscard thosc variables whiech have low correlations
with the variable of interest. Unfortunalely, as Kendall and
Stuart [87] have pointed out, this procedure may be seriously
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misleading. Whilst the whole set of zero-order correlations
completely determine the whole set of partial correlations, the
small zero-order correlations of the variable of interest with
the other variables. do not guarantee similar higher order
coefficients. We may thus be throwing away some very valuablé
information.

To complicate matters, because of the distinct possibility that
the set of significant variables may change from one instant to
another, there 1is the time factor to consider as well. This
implies that, even if the Principle of Parsimony is adhered to,
we are forced to consider many more variables than required for
a parsimonious model.

2.8 THE EXTENT TO WHICH VARIABLES CAN BE MEASURED

Let us now assume that unlimited resources are available for
measurement and analysis so that one may attempt to measure
everything. Then, one is justified in asking to what extent are
the phenomena visible in the first place and quantifiable in
the second.

In the physical sciences, everything 1is expressible 1in well
defined and precisely measurable units of size, time and mass.
Economics, Sociology and Computing are less well blessed: we
are forced to think in terms of wvalue, utility, quality,’
complexity and so on and have to recognise that even 1if these
concepts are quantifiable there 1is something essentially
subjective about them. Some, for example, manpower oy work are
measurable in principle yet, even when the primary uni*s, e.g..
human beings or changes are countable, some regard must be
given to quality if we are to be at all realistic. Others which
embody psychological values, e.g., complexity, are less capable
of measurement. Still others such as thosz embodying high
ethical principles are much less adaptable to measurement if at
all. Sorokin [167] not only states that sociocultural phenomena
are empirically transparent but asserts that they are generally
unamenable to treatment by quantification. He has therefore
cautioned against the importation of methodological principles
or analytical instruments from the hard to the soft sciences.

Thus, although we shall do our utmost to quantify as much as
possible, following the advice of Boehm [26] who quotes Lord
Kelvin's famous words:-

"When you can measure what you are speaking about, and
express it in numbers, you know something about it; but
when you cannot measure it, when you cannot express it in
numbers, your Kknowledge is of a meagre and unsatisfactory
kind: it may be the beginning of knuwledge, but you have
scarcely, in your thoughts, advanced to the stage of
science™, ‘
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and Gilb [65] who quotes:-

"The measure you give will be the measure you get, and
still more will be given to you™, (St Mark, 4:24),

yet, aware of the difficulties of measuring soft science
variables and ~of the limited applicability of quantitative
methods, we shall have to supplement the latter with
qualitative methods as declared -earlier in Section 2.3. In
this sense, we shall not only escape the narrow confines of the
physical sciences but shall at last make a stab at solving more
complex and worthwhile problems. Thus Platt [141] as quoted by
Weinberg (182] 1s probably right in saying: -

"Today we preach that science is not science unless it is
quantitative. We substitute correlation for causal studies
and physical equations for organic reasoning. Measurements
and equations are supposed to sharpen thinking, but ...
they more often tend to make the thinking non-causal and
fuzzy. They tend to Dbecome the object of scientific
manipulation instead of auxiliary tests oI cruciail
inferences.

Many - perhaps most -.of the great issues of science are
qualitative, not quantitative, even 1in physics and
chemistry. Equations and measurements are useful when and
only when they are related to proof; but proof or disproof
comes first and is in fact strongest when it is absolutely
convineing without any quantitative measurenment.

Or to say it another way, you can catch phenomena in a
logical box or in a mathematical box. The logical box is
coarse but strong. The mathematical box is a beautiful way
of wrapping up a problem, but it will not hold the
phenomena unless they have been caught in a logical box to
begin with."

Jevons [80], earlier than any of these, sums up the arguments
thus:-

"Every question of science is first a matter of fact only,
then a matter of quantity and by degrees becomes more and
more precisely quantitative.,"

As to the quantifiable variables, they are measurable on any of
four scales which, ranging from the strongest to the weakest
are the ratio, interval, ordinal and classificatory scales. It
is obvious that the stronger the measurement scale the more
powecrful will be the conclusions frem each analysis [163].

2.9 STATISTICS GATHERING
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Having shown a preference to start with the gathering of real
data, and fully aware of the problems of choosing which
variables to measure as well as the problems of measurement, we
then had to confront the problem of deciding whether to observe
real-world applications and gather data as we proceed with the
observation or to limit ourselves to digging up and analysing
what had already been recorded and is available,.

Apart from sharing the problems we have outlined in Sections
2.7 and 2.8 above, each method has its own disadvantages. About
the former, it is probably true to say that a complete and
intensive observation ¢of an actual system may require both a
long time and so many people that it would not be suitable 1ror
a PhD research program. Although, after living the system for
some time, one would stari to understand it and, thcrefore, e
confident enough to limit the observations to only those felt
to be significant, yet this would tacitly assume a swing
towards hypothetico-deductive methods. A final problem is that
of the interference on the process itself. This is known to
social scientists as the "Hawthorne Effect" and it occurs 1in
all sciences where human interactions are involved. However,
this factor has largely been neglected in our field, with the
possible exception of Weinberg [182] and Lehman [96] who goes
one step further. He has no doubt about the applicability ¢to
software systems of Heisenberg's "Principle of Uncertainty"
whereby: - '

"The mere act of observing leads tc a change in th= system
winicn, in the sense of exact scicence, results paradoxical-
ly in the invalidation of the earlier results and models".

About the latter method, we would have to resign ourselves to
the 1inevitability of forsaking scme much desired information
because that information was never considered to be of enough
importance to be recorded in the first place. About what are
available, c¢ne may find that they are scattered, inaccurate,
incomplete, not manipulable, not easily retrievable, may
require some transformation into a suitable form for analysis
and may be as costly to gather as in the former method: too
much data, too complicated to extract and so on. Despite these
difficulties, historical data have mostly been the type of data
available and, like previous researchers, these were what we
had and we had to put up with them.

2.10 THE HISTORICAL DATA BASE

We could neither extract all possible variables nor, more
ideally, the -exact set of significant variables from the
available historical data opase. Some variaoles were in L
wrong scales or were not the ones we would have preferred.
Worse: they ~could have formed an entirely wrong set of
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variables. Therefore, since the subsequent analyses and
conclusions are functions” of and 1limited by the quality,
richness and amenability, among octher things, of that data
base, we could not afford to lose further precious information.
In that spirit, we had to make the best wuse of what was
available and an effort was made to extract all that we could
and to measure all that was measurable from the data base, even
at the risk of having to deal with too many variables, many of
which may not have been relevant. But, since we are still
exploring the mostly unmapped, the non-relevance of these non-
relevant variables is, in itself, relevant!

We were able tc study two systems. For each, the data were in
fact held in more that one data base. These have been describ:ud
with sufficient thoroughness in several of our progress reports
[37,46,47,49,50] and briefly recapitulated in Chapters 3 and 4.
Here we only wish to emphasise two points.

The first concerns the frustrations, the loss of time and the
wasteful exertion of energy caused by the previously outlined
problems that are inherent to manually recorded data. In view
of tnese difficulties it is not surprising that similar large
scale data retrievals have rarely, if ever, been undertaken.
We, therefore, strongly recommend that future data be not only
more consistently and accurately recorded but be in a form that
can be easily, and perhaps automatically, retrieved. Otherwise,
we fail to see any progress being made; as even the wost
dedicated and persistent researcher will soon give up hope.

The second point is that all the data relate tc the maintenarnc:
phase of the software life cycle. Thus, perforce, cur work will
have to be restricted to that particular phase alone but this
does not need to worry us. Besides that maintenance is
precisely the subject of ED studies, there are several other
good reasons for studying it. The high cost of maintenance
quoted as U49% of all software effort by Leintz and Swanson
[111], as 60% by Wolverton [185], as more than 60% by Boehm
[26), as 75% by Staudhammer [168]1, as 2 to 4 times the cost
development by Wasserman [181] and as rising to about 80% of
total costs by 1985 by Morissey and Wu [127] shows that,
unquestionably, the most important factors in maintenance need
to be examined closely and that "it 1is necessary to work
towards prevention and reduction of costs associated with
system evolution"™ [181]. There is also more pctential payoff in
improving the efficiency of this phase than in any other [26].
Wolverton [185] went so far as to state that, although mainte-
nance 1is the most visible and costly phase, it is also the
least documented and understood. Therefore, our investigation
stands a fair chance of not only contributing to the enrichment
of the field of Software Engineering but also of belng of some
practical utility.
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"2.11 THE TYPES OF DATA AVAILABLE AND THE ANALYSES ENVISAGED

The type of maintenance data we have gathered can be divided
into two main categories. There are those that concern
structure: the components of the system can be counted, related
to each other or examined individually. Also available to a
certain extent are data concerning changes in structure such as
the 1increase or decrease in size of each component or of the
system itself from one point in time to another. The other
category mainly describes the types of activities that have
been going on. Quite a few of these concern changes such as the
fixing of bugs or local enhancements to the code but other
activities may not involve any modifications to the system 2%
all.

Although the time is not ripe to get involved with the details
of the analysis, it is however necessary to briefly outline the
aspects of the system that may be investigated from those data.

The structure data 1lead to the study of the structural
dimension of the system where the primary aim is to draw a map
showing which components comprise the system and the nature of
the prevailing relationships among them. However this only
provides a '"snapshot", i.e. a static picture of the system.
Having spoused the cause of ED, we are 1inevitably committed two
consider the dynamic aspects of the system as well although
this 1is bound to be a difficult assignment: no one besides
Lehman has concerned himself with a system's dynamics and time
based techniques are not only few but, wnen available, they
require some rather advanced statistical sophicticaticon from
the practitioner. Thus, on the structural front, dynamic
analysis would involve the articulation of transformation
functions that explain the way in which a given system state
translates into another system state over time.

On the activity front, we may aggregate each measure by an
appropriate time period to obftain a time series from whiech we
may attempt to detect any sort of observable or deterministic
behaviour such as a trend, cyclicity or seasonalities. We may
also be interested in any feedback process within each
activity, i.e. whether the intensity of the activity at any
time 1is influenced by any previous happenings. Then, we are
interested in the nature of the relationships among the
activities, pairwise or several together and in any changes in
the causal patterns or interractions prevalent among these.
Finally, one must attempt to see how the structure dynamics are
related with those of the activities. After all, the ultimate
aim is to obtain a model of the system behaviour in terms of
the activities which affect it.

It is premature to discuss hefe the theoretical aspects of the
analyses we performed nor is it appropriate to describe which
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tool was used to detect which feature of the data. We only wish
to state that, being more interested 1in gathering system
knowledge, we explored as many tools as we could and took a not
too dogmatic approach, on occasions permitting ourselves to be
less rigid than required for, say, formal statistical
inferences. Nevertheless, the methodology we applied in
arriving at the conclusions is perhaps as important as the
conclusions themselves.

We thus proceed forthwith to summarise the separate analyses we
performed on the two systems we have studied. Only after these
have been described, in Chapters 3 and 4, shall we attempt to
discuss, in Chapter 6, the data, tools and techniqu:: together
with their weaknesscs. COtherwise the reader m2y not know what
we are talking about. Since empirical results should not be
reported as isolated facts without any attempt at generalisa-
tion and integration, the results are pooled together and
interpreted as much as possible in Chapter 5. Unfortunately,
because only 2 systems with sometimes very different data were
investigated, the generality of the results 1is somewhat
restricted. But, combined with previous observations, these
allow us to attempt, in Chapter 8, a comprehensive theory of
large systems' dynamic behaviours, however, only after we have
explored some possible ways of persuing this work in Chapter 7.
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CHAPTER 3
ANALYSIS OF THE BD SYSTEM
3.1 INTRODUCTION TO BD

3.1.1 The relative simplicity of the system

The BD system was built, about ten years ago, by Centrefile
Limited, a subsidiary of the National Westminster Bank, with
the intention of automating the accounting aspects of the
borrowing and 1lending schemes of Building Societies and of
servicing the latter. Several of 1its features contribute
towards making this system reolotively morc stabie chan those
which have already been studied:-

1) The Building Societies' functions are laid down by law.
They also have their own association which may enforce
additional rules to ensure uniformity. It is therefore not
suprising to find that, in general, the Building Societies
malke bhasically similar demands upon the system.

2) Although, from time to time, changes do occur i
Building Societies' statutes and operations, these are
infrequent and do not lead to major upheavals.

3) Centrefile, the system implementer and owner, retains
control over the system and is really its sole user since
the Building Societies do not have hands-cn access to it.
They can more accurately be described as clients of
Centrefile since, for a fee, the latter arranges for their
inputs to be processed, their files to be kept and their
outputs to be produced on its own computer situaticd at its
own premises. ’

Thus, 1) indicates that, with the well defined missions and
operations of the system, implementing its computerised
version, BD, was not a major difficulty and that most of the
common defects due to the inaccurate modelling of the real
world <can be avoided while 2) and 3) ensure its relative
stability. In addition, compared with most of the systemc
studied within the ED context, BD is really quite a moderately-
sized system.

3.1.2 BD _is a collection

Another major aspect in which BD differs from other systems
(except CCSS) is that it 1is really a suite of programs which
are physically independent of each other but which are,
nevertheless, still linked, though very loosely, in the sense
that the output from one may become the input to another. This
tvpe of systewm is fairly common of commercial data processing
systems though not of scientific, real-time or operating
systems.. )
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We, therefore, have a collection of programs not all of which
may be used for any given run and whose scheduling will  be
determined by the needs at hand. In fact, each program's
functions and importance will determine its usage frequency:

some are essential and run at all times while others may be
optional and very infrequently run. For example, the real- tlme
"module", which is the centrepiece of the system and which
captures most of the input data, is run during all normal
office hours. Other essential programs are run nightly to
process the data captured by the real-time module and to do the
updating to the accounts, among other tasks. Further essential
programs will be run weekly, monthl» or half-yearly (e.g.,
czting of interasts *o each investor's acconut)., The optional
modules may include those which reorganise the files, the oac-
job ones and so on.

3.1.3 Classifying the components of the system

Thus, it is possible, as done by Centrefile, to artificially
divide the modules into physical subsystems by the criterion of
frequency of usage, but partitioning by some other means such
as by the programming language wused 1is also legitimate -
because of their independence property, some modules were
implemented in Cobol or PL/1 although most were in Assembler.

Each Assembler module is generated by a top-level "anicro", the
module generating micro, which calls other micros which call
other micros, etc. This technique allows each unit of code, the
micro, tc be the product of one assembly,

It is possible that a micro may represent a function common to
several modules. It will then be link-edited to all of them.
This commonality property mav provide one partitioning
criterion for the micros. The classification nrcperty which
Centrefile has used depends upon the micros' functions instead
and the following interesting classes, among others (see [37]
for more detuils) cite obtained:-

- Non-executable micros, e.g., tables.

- Bats, i.e. the IBM-provided real-time micros.

- Tugs, the Centrefile standard output routines.

- Macros.

- Dummies.

- Aliasing micros (same function but differently named
micros). :

H1l (which are the high level language modules).

- Withdrawn - no longer used micros.

Ordinary/core/normal micros.

3.1.4 BD is non-release based
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As should now be clear, there was no Jjustification for thne
release concept within the context of a system such as BD. Each
and every module was modified as and when required, albcit with
due regards to the possible effects of the modification wupon
the other modules which share the same data base and/or some
common micros.

Thus, any data which we collected could only be investigated on
an actual time basis, contrary to the release to release basis
which has been the domain in which all previous ED studies have
been carried out.

3.1.5 The available data

There exist 3 main sources of data, all of which were
adequately complete for a static study as at the time of the
survey but, for only one of them, were there sufficient
archival records to justify a dynamic analysis. This concerns
the amendments to existing micros or modifications records
which have been preserved since the beginning of 1973. Listed
on each record are the amendments made (there can be more than
one amendment per record), the micros amended by each
amendment, the types of amendments as well as the date.

Then there are data concerning the micros, see Section 3.4 for
a full 1list. Finally, we have data concerning the modules
themselves: the date each is implemented (and withdrawn), its
constituent micros and its size. For the latter two items, we
have a few lists which, combined with the information gleaned
from the other two sources, allow an approximate recreation of
each module's and the system's past sizes in micros, recoid
counts and bytes. The analysis of these reconstituted data 1is
in Section 3.3.

3.2 ANALYSING THE CHANGES DATA

From the amendment records, these monthly series were
extracted: the changes, enhancements, fixes, micros changed,
micros enhanced and micros fixed series (¢, e, f, mc, me and mt
respectively) and from them, 3 further ones mc/c, me/e and
mf/f (average micros changed per change and so on) were derived
in the obvious manner.

Note See [37] about 1) the reason why shorter pericds of
aggregation, e.g., 1 week, have not been investigated and 2)
the Centrefile change classification scheme.

Thé approach which will be commonly adopted for all time series
investigations will be:-

1) To look for patterns such as trends, seasonalities,
cyclicities and stochasticities in each series.
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2) To fit the family of peolvnomials to the actual series.
itself and to its corresponding cumulative series.

and, depenéing upon the success of the above:-

3) To attempt time series analysis, including the pairwise
crosscorrelation of the series, in both the time and the
frequency domains.

4) To fit typical distributions to the data.

3.2.1 Looking for patterns in the series

The first stage involved examining each scatter diagram bui
this did not suggest any observable pattern amidst the wild
fluctuations 1in the data (Figures 9 tc 12). We, therefore,
proceeded to the statistical testing of each of the series, as
in Section 1.3.3.2. Note that, although not formally included
here as randomness tests, the autocorrelation function, acf (or
correlogram), the periodogram [29] and the polynomial fits are
further techniques which we have used (see later).

Whether on a 6-monthly basis or on a monthly basis, we did not
obtain a single significant result, i.e. in each case, the data
are consistent with the randomness hypothesis. The relevant
statistics for mec, me, mf, ¢, e and f are in Tables 3 to 5.

3.2.2 Fitting the best polynomial to each series

In addition to the fits to the actual series, fthe best
polynomial fit to each of cmc, cme, cmf, cc, ce and cf (Figures
13 & 14), the cumulative series of mc, me, mf, ¢, e and f were
also found. All the results for the monthly series, 1including
two further series, the micros handling fractiocn, mhgf, and the
micros handled fraction, mhdf (see Section 3.4.2.1), are in
Table 6.

Although the number of changes per month shows no trend, that
of enhancements 1is increasing while that of fixes is
decreasing. The ratio of enhancements to fixes is therefore
increasing. There is a very slight decreasing trend in mf while
me and the overall mc show no trend. Thus, of the 11 actual
series, only mf, e and f exhibit trends and require quadratic
fits (which are the integrals of the straight line fits for the
actual series) for their cumulative series. Each of the others
was best fitted with its mean while its cumulative series was
invariably best fitted by a straight line with its slope equal
to the mean.

As the linear fits to mf, e and © gave iow R values (11.1,
22.3 and 14.2% respectively), other types of fits (polynomials
of higher degrees, exponential, logarithmic, etc.) were
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attempted but did not result in improved R® [381.

One can either assume or attempt to show that, for series like
e, the disturbances are normally distributed. The disturbances
can be represented by _the residuals from the best fit but,
because of the 1low R® values, it is futile to analyse the
residuals from our fits. (Differencing the ‘actual series is an
alternative method of removing the trend but see Section
3.2.3.1.)

Thus, the conclusion must be that, mostly, there are no trends
and that, although a trend may exist in some series, it is mild
and dominated by the marked random fluctuations imposed upon
it.

Although cur randomness tests do not suggest that the series
resemble anything else except random series yet the conclusion
cannot argue in this favour in any definite sense (see Section
5.4.1). Stronger evidence for or against cyclicity and seasona-
lities may be provided by the autocorrelation function. This,
however, is part and parcel of the time series analysis 1in the
time domain which is discussed next.

3.2.3 Time series analysis

Both the time domain (29] and the frequency domain [25,79]
approaches have been adopted because, although complementary
and equivalent, they are capable of shedding 1lights on
different aspects of the data.

3.2.3.1 Analysis in the time domain

To apply time series analysis, the series should be what 1is
called stationary (roughly "no trend"). As observed in Sections
3.2.1 and 3.2.2, this condition 1is satisfied in all cases
except mf, e and f.

Differencing is a technique used by Box and Jernkins [29] t¢
remove any trend in a series and to bring about stationarity.
However, with each of mf, e and f, differencing increases the
standard error (see Table 7 for that of e*, the differenced
(d=1) series of e), indicating that white noise is being added
to the series. For each of these series, the trend, although.
significant, 1is, therefore, sufficiently small for it to be
considered stationary for time series analysis purpocses.
However, both the differenced (d=1) and actual series have been
analysed.

The autocorrelation results indicate that no acf value for any
variable is significant at the 5% level except for e at lags 1
to 7 (Table 7). These are due to the stronger trend in e and
implies that it should be differenced, despite the increasing
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standard error. The results for the other variables tend to
support the ~hypothesis that they are 1independent random
processes and, therefore, that vuiiding time Serieés models for
them will 1largely be futile, the essence of time series
analysis being that successive observations are dependent so
that future values may be predicted from past observations.
None of the acf and pacf (partial autocorrelation [29]) plots
would therefore resemble the characteristic plots which could
give a clue to the best model required and they did not.

Nonetheless, some effort, if only to demonstrate its futility,
was required to attempt to identify a good model. There was no
other means than ©“o build up several of the simpler models,
none more complex than AKIMA (2,1,2), the least parsimonionus we
could afford to experiment with, and choose the best on the
criteria described in [41]. Because of the time consuming
process, not all series could be modelled. The best modeis ror
those which were investigated are in Table 8.

We started with me and fitted 6 models, (1,0,0), (2,0,0),
(o,0,%), (0,0,2), (1,0,1) & (2,0,2), to the data. We found that
none was adequate. The barely passable ones are (1,0,0) and
(0,0,1) but, since their estimators are non-significant, they
reduce to

2y = 23.70 + a where a; "V N(O, %)

y,lending further support to the theory that the process is
simply white noise.

Similar results and arguments apply for c: for both (i1,0,0) &nd
(0,0,1), the estimators are both small and redundant while the
other models are gross overfits. The best model is therefore

z, = 13.32 + a, where a ~ N(0,0%).
Eleven models were fitted to e and e*, the best being

Zt = Zt-l - 0-7gat_l + at'
That it has no z,_, term but the two terms a  and a__,
indicates the ominance of stochasticity over au%oregressive
influence. It is shown Dbelow that, for series showing
stochastic trend (as opposed to deterministic trend), IMA of
order 1, (0,1,1), is theoretically the best model.

Of the 10 models fitted to f and f*, no good one was obtained
for the actual series while of the differenced models, (1,1,0),

(2,1,0) and (0,1,1) were adequate, the best being again
(0,1,1)

’

Z = Z

t
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.although the white noise model would have been just as good.

In conclusion, we deduce that, from the retained models,
stationary series like me and c¢ can be considered as white
noise, best described by fits of the type

VZ, = W o+ a, | a, N(0,s2 ).
This result is in accordance with those in Sections 3.2.1 and
3.2.2.

A significant estimator for the constant term, 8, in (0,1,1).
viz.

vz, = 0 + at - elat—l
,would indicate a deterministic linear trend in the presence of
non stationary noise [29]. That there is no such constant in
the model fitted to either e or f implies that, for each
series, the description of a stochastic trend, typified by
random changes in the level and siope, is better than that of 2
deterministic trend.

There 1is, a priori, no particular reason why a deterministic
component should be present, a stochastic trend being probably
more realistic as it does not require the series to follow the
pattern it has developed in the past.

The most common form of the (C,1,1) process, w¢=(1-%Bla. is
terms of previous 2z's and current and previous a‘'s Dby di
use of the difference equation. This is

Zp =%y ta o-06a

which we have Dbeen using. However, expressing z. in terms of
current and previous shocks a's allows some special aspects to
be appreciated.
1-8B = (1-08)B + (1-B) (1-6)B +V = AB +V
where »=1-96

N

(B +V)at

=> ¥ = A
vZ £ at_l

+ Va
t
On summation, this yields.

zt :J\Sat_l + at
8,at . where ¥, =1
J £ ¥5 =X for jy1

8

Il

VA =,
t5
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Since the process is nonstationary, it possesses no mean but
A3&, can be thought of as measuring the level of the process at
tim& k and as telling us what is known of the future value of
the process at time t based on knowledge of the past at time k.
At time k, our knowledge of the future behaviour of the process
&S that it will diverge from this level according to

\La. + whose expectation is 0 and whose Dbehaviour we cannot
Bredict.

Now, the two equations

z,.= %Sat_f- a,

and ASa_ = 1Sa

. oy * Aag

provide a useful way of thinking about the generation of the
process. The first shows how, with the "level" of the system at
>\Sat y @ shock a, is added at time t and produces the value
z, . ﬁ%wever, the second equation shows that only a proportion,
», of the shock is actually absorbed into the level and has a
lasting influence, the remaining proportion g (=i=\) of the
shock being dissipated.

By some elementary algebraic manipulation, it can be shown that

}\Satz Azt + (1=2) A Sat_l
yindicating that each new 1level is arrived at by interpolating
between the new observation arnd the previous level. If x is
equal to wunity, ASat =z ¢ which would 1ignore 4all evidence
concerning location coming from previous observations. If X is
close to 0,xSa; relies heavily on Xa..;, which would have a
weight (1-)x). Only the small weight A is given to the new
observation. From our results, iis small (.21 & .16
respectively).

3.2.3.2 Analysis in the frequcncy domain

The periodogram for each series shows no or extremely few
frequencies with great intensities. Table 9 summarises the
salient features of the periodograms by 1listing all the
significant periods, while giving, together with other
statisties, the percentage variation which each of these
explains,

Notes

1) The low percentage of variation explained by each or by
all of the significant periods in each of the series
indicate that quite a 1lot of the wvariation can be
accounted for by random noise.

2) The 1large amount of power concentrated at the
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fundamental frequency of the e =series can again be
explained by its trend. The f series behaves likewise but,
as its trend 1is 1less strong, so 1is the power at thé
fundamental frequency. :

The overall impression, which ties up with all our previous
results, is that most signals are weak and are rather uniformly
scattered over the wvarious frequencies. The cumulative
periodograms, Figure 15, illustrate this point strikingly: in
most cases, the dots hug the central diagonal, the plot
expected for a pure noise series, very closely. Only for e does
the actual cumulative periodogram cross the (10% confidence)
limit 1lines. Although f and mtf also show some deviation, they
do not cross these.

Crosscorrelating [29] the series by pairs provided mostly non-
significant results. At the 95% confidence limits, only values
outside the approximate range [-2/59,+2/59], i.e. [-.260,.260]
are significant while, at the 99% confidence limits, the non-
significant range becomes [-.335,.335]. The significant results
at a=.01 are in Table 10.

Of a total of 14 significant crosscorrelations involving the
different pairs of the 6 series, 9 are at lag 0, i.e. are the
ordinary simple Pearson's correlation while 3 of the remainiug
5 involve € , whose behaviour 1is largely influenced by the
smoothing method employed, e.g., see Godfrey [67]. 1In
conclusion, it seems that this work has shown that significant
cirosscorrelations are wunlikely and that, even if tnsy are
present, they can be expected to be weak.

Given the mostly non-significant Fourier frequencies and
crosscorrelations, there was no need to proceed to the more
complex spectrum or cross spectrum analysis [79].

Note Analyses for 5 further series: new "normal" modules, new
"normal"™ micros, new "all" modules, new "all" micros and aet
growth in bytes, were also carried out but the results, all
non-significant, are not included- here (see [U45] for the
detailed results).

Thus, while the work in the previous two sections suggested
that the patterns 1in most of the series were random, here we
seem not only to have found confirmation of these results but
also to have shown the absence of interdependencies among the
variables and dependencies of future on past values as well, It
then seems that the series we have examined can, for most
intent and purposes, be treated as random variables.

3.2.4 Fitting the normal distribution to each variable
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The next logical step 1is to attempt to fit a normal
daistrivbution to each series to secc whether the usual assumption
that the disturbance in any model is normally distributed is
plausible. Strictly speaking, the normal distribution is for
continuous random variables but it has often been fitted to
discrete random variables which are treated as if they are
continuous. Quite a few of our series are made up of discrete
values. Furthermore, the data must be truly random and
independent. Despite that these properties are violated to some
extent by mf, e and f yet the trend in each series 1is weak
enough for us to attempt the fit.

Except in the case of me, very gond fits are obtecirned for all 6
variables. In fact, the goodness of fit, 1in each case, was
comparable to that obtained for corresponding pseudo-randomly
generated data (see [42] for the details).

Why the normal distribution is not a good fit to me <can be
observed from its frequency distribution plot: months with
moderately large me's are fewer while those with small me's are
more frequent than expected. The mc/c distribution shows 2
similar behaviour although that of e 1is as expected. The
apparently anomalous behaviour of me (and me/e) is, at present,
unexplained but we shall see later, Section 3.4.2.2, that there
is a aefinite evolution towards smaller me (and me‘e) although
2 itself shows no trend.

3.2.5 Looking at the CCSS data

CCSS 1is the only previously analysed system for which
sufficient data exist for rigorous statistical tests. As
significant differences from or similarities with BD may be
very meaningful, the analyses described in Sections 3.2.1 to
3.2.4 were repeated for this system. However, twc problems
exist with its data. They do not form discrete time series and
there are missing values in some of these.

These 6 variables were investigated: release interval, modules
changed, fixes/day, fraction of modules handled/day, net
growth/day and handle rate (modules changed/day).

Release interval, whether the whole, the pre-release 27 or the
post-release 27 (release 27 1is when management decided to
lengthen the interval [72,110]) sample is taken as well as
fixes/day, net growth/day and handle rate gave "ideal" results:
no significant results from the randomness tests, no trend in
the series and a very good normal fit. Modules changed has a
good normal fit and shows no trend but appears to be cyclic
from the results of the Turning Points and Runs tests. For
fraction of modules handled/day there is a slight decreasing
trend. Note that a somewhat similar measure was used as an
approximate measure for complexity in the analysis of 0S/360



CHAPTER 3 PAGE 35

[18]. Clearly either this measure is inadequate for CCSS (see"
98] for the explanation in terms of system architecture) or
its complexity is decreasing over time.

The remainder of the analysis was only possible and carried out
on the three longest series: release interval, modules changed
and fixes/day. No significant autocorrelations were obtained
except with modules changed whose previously detected cyclicity
is reflected in significant negative autocorrelations at 1lags
1, 4, 6, and 9 (see [45] for the full results). At the 95%
confidence 1limits there was a total of only 4 significant but
very weak crosscorrelations (Table 11). At the 99% confidence
limits, none was significant. Fourier analysis shows that the
percentage of variation explained by each of the significant
frequencies in the CCSS series (Table 12) are, in general,
higher than those obtained for the BD series. This could very
well be taken as indication of a fundamental difference between
the two series. The following interpretation is tempting: BD,
being "simpler" 1in most of its aspects, smaller system size,
smaller size of maintenance team, smaller number of users and
simpler external environment., among ofthers. than CCSS. reacts
much more readily to random influences while CCSS, a much
"larger™ system, has a moment of inertia and a dynamic
behaviour which are less easily disturbed so that its behaviour
on the whole is more regular than that of BD.

3.2.6 Summary of the results

0Of the 12 series (6 BD and 6 CCSS) ccinsidered, there 1is a
suggestion:-

1) Of a mild trend in mf, e, f, and fraction of modules
handled/day.

2) Of cyclicity in modules changed.

3) That the normal distribution is a good fit to all except
me.

4) That, despite the behaviour of some of the series in one
way or another, the most striking feature which we have
observed is the apparent strong stochastic element in each-
of the series. As. pointed out. in Section 1.3.3.1 where we
first exposed the idea of stochasticity, the cause of this
behaviour, probably surprising to most, and certainly to
those engaged in work whose purpose is to ensure that this
should not be so, will only be tackled in later chapters.

The questions which still need be answered are:-

1) Do the similarities between BD and CCSS extend to all



CHAPTER 3 PAGE 36

other pregramming systems?

2) Are the differences significant? If so, what are the
factors which cause these? Do, as suspected, the sizes of
the system and of its environment play significant parts in-
affecting the system's behaviour?

It was mainly as an attempt to'provide some answers to these
questions that we wundertook the analysis of B (see the next
chapter), a large system for which an adequate amount of data
exists.

3.3 ANALYSIS OF THE SIZE MEASURES.

Eight alternative measures were used for size and plotted as
functions of time. The first three are:-

LimmsMods, i.e. the sum of all the modules, each module
counting as 1, Figure 16,

Limodsmics, i.e. the sum of all the module sizes in micros, each
module size being measured by the number of micros it
contains, Figure 17,

LZumots Dytes, i.e. the sum of all the module sizes in bytes,
Figure 18,

Since the system comprises certain non-typical micros (e.g.,
tugs and hll, Section 3.1.3), these three measures are repeated
by excluding the unusual micros to find out what is tine erfect
on the system of these. The terms "core" modules and "core"
micros have been used to describe modules and micros which are
not atypical while "all" modules and micros will include all
types. We then have these 3 new size measures aammfds, Ewpmgnics,
I, .Dbytes, Figures 19-21. °

The last two measures are:-

jﬁﬁq,miés, i.e. the sum of all the micros where each distinct
micro is counted only once, Figure 22, and

Zumis DYtes, i.e. the sum of all the micro sizes in bytes,
Figure 23.

The similar shapes of the plots seem to indicate that the size
measure which one selects is immaterial as long as it reflects
the gross pattern of growth for it is the latter which matters,
not the measure used. Other features were observed, too:-

1) The increasing upwairds trend, denoting continuous
growth, whichever way we choose to measure it.
2) In each plot, 3 ripples or cycles (not to be confused
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with the "cyclicity" or oscillatory, an altogether better
Lerm, effect) can be observed mere or less clearly. They
do not appear to occur over equal time periods, although
the first cycle started before 7301 while the latest one
did not seem to have ended. For each cycle, the rate of
growth, fast at first, decreases with time until it is
nearing zero at the end.

3) Each cycle's concavity is in the opposite direction to
0S/360's [18] and Executive's [36], indicating that if
the behavidour 1is to be explained in terms of cyclically
self-regulating feed-back loops, then it is negative, not
nositive, feedback which is the major contributor to this
system's behaviour. It is possible to relate eachi cvele to
a distinct redevelopment phase to boost the capabilities
of the system, each phase being characterised by a build-
up to a peak foilowed by a decline which may ovcerlap the
next phase's build-up. Indeed, therein lies the
explanation of the observed ripples.

4) The plots of‘&gpics and-é‘b tes were different to the
others' in one respect: it is possible to observe, at the
end of each <c¢ycle, a trough which is due to the decrease
in the number of micros and hence of bytes. This behaviour
is very reminiscent of the tidying-up process during the
dying stages of each cycle observed in 0S/360 [18].

5) Figure 24 shows that the module's average size in
micros or bytes has been decreasing steadily mainly due tc
the smallness of the newer modules but the average byte
size of the modules in terms of the core micros has been
slightly increasing, despite a decrease in its average
core micro size. Tne 1latter increac is due to two
factors:-

a) The newer (and smaller) modules, consisting mainly
if not solely of noncore micros, are aot considered
for this part of the analysis.

b) Most modifications to a micro usually result in an
increase in- its byte size.

6) That new modules and new micros account for much more
of the total growth than the increasing sizes of the
changing micros.

7) The "shareability" of the micros is increasing, Figure
25. The system is tending to evolve thrcugh replication of
already existing micros.

In this section, we have made several observations similar to
those of Lehman, the most striking of which are the ripples and
the tidying-up process. Thus, quite a few of his ideas seem
vindicated. As predicted by the theory, BD shows continuous-
growth. This, however, given the nature of tne system anhda mosc
of the growth, which is through the addition of new modules,
does not necessarily imply increasing complexity of any

37
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consequence. Perhaps a greater cause for concern 1is the
increasing size of the core micres. If we assume that they get
increasingly unstructured after amendment, and, as stated in
the second law, that their complexity is increasing, too, then
the situation may be worsening although, for such a small
system, it may take quite a long time to get out of hand. But,
in parallel with the tendency towards increasing complexity,
there appear to be compensatory activities which tend to annul
it out. These are what Lehman has called anti-regressive
activities. Thus, the tendency to write smaller-sized modules,
to use high level languages and so on can be regarded as on-
going activities to combat increasing complexity or as the net
results of or the reactions to such an increase. They may also
be interpreted as indicative of a decreasing need to modifly the
system. We shall again refer to the different ways in which one
may interpret most of our results, time and time again. For the
present, we shall only state that it is probably too early to
decide which of the two interpretations reflects reality more
closely. Howeyver, it seems without doubt that, even if the
previously described activities cannot be taken as examples of
on-going anti-regressive work, the end-of-cycle tidying-up
process is a good one of periodic anti-regressive activity.

3.4 MICRO ANALYSTIS: DISTRIBUTION ANALYSIS

Having 1locked at the activities data in the rprevious three
sections, we now concentrate wupon the data which concern
structure. For each micro,we have the following:-

- Micro number,

- Date implemented.

- Number of modules that use the micro.

- Hierarchical 1level in which the micro is found in its
calling module.

- Number of <calling micros, i.e. the no. of micros which
call that micro.

- Number of called micros.

- Size in terms of record count (i.e. the number of cards,
including comment cards).

- Size in terms of bytes.

Two most interesting questions are:-

1) How do the properties of the micros evolve over time?
(The dynamics of the structure characteristics.)

2) Do different subsets of these have properties which are
dissimilar at any point in time? (The static structure
properties.)

A third one will be a combination of the avove two, i.c. how do
the properties of the different subsets evolve? Do they get
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increasingly different from one another, tend to resemble one
another or do they remain the same?

Figure 26 shows that the general 20-80% (or 80-20%) law applies
to this system in the same way as it does to other systems
(software or otherwise) in the sense that a minority of the
micros account for a majority of the modifications (and that a
majority of the micros account for a minority of the
modifications): 36.5% of the micros have never been modified
(according to records available as at 7301) while 20% of them
account for 67% of all the changes. This led us to ask whether
the micros form a continuum or whether they may be sufficiently
differentiated for wus to identify subclasses in the popula-
tion. These may be so different as to require segarate investi-
gations. An important first step towards the characterisation
of the amendment frequency of a micro by its structure prover-
ties 1is to isolate the micro types by amendment frequency
before examining the common features of each group. But it is
not easy to obtain well-defined micro clusters. In fact, the
number of subsets to explore 1is virtually infinite and,
although it is very tempting to look at several, because cf our
limited resources, we restricted ourselves to only 2 arpbitrary
choices:-

1) The most frequently changed micros, MFCM, and the
unchanged micros, UM.

2) The mutually exclusive subsets of withdrawny
"aliasing", "hll" and "normal" micros.

3.4.,1 The various sets' attribute distributions at ¢he same
point in time

3.4.1.1 Comparing th ro ti h 0 MFCM an
(321) UM, with those of the population,P

From their relative frequencies by each of their six
attributes, Figure 27, we observe the predominant negative
cxponential shape which seems to denote great simplicity in the
data. For example, most micros, whether MFCM or UM, are called
by 1 or 2 modules only and by no or 1 (or sometimes 2) other
micros.

Attempts at distribution fitting (exponential, normal and so
on) were not quite successful [44], probably because of the
great degree of randomness which causes the irregularity in the
distributional shapes but we note that the UM distributions are
more regular than those of MFCM, more specially for called
micros, byte size and record count and that, as expected, for
each variable, the distribution of P is intermediate between
those of the others, For the hierarchical level attribute, the
shapes reflect the natural method by which nesting in
programming 1S achieved: there 1is an increasing number of
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micros from the first to some lower level, here the third.
Afterwards, it is dowphill all the way.

MFCM have these characteristics: they are wused at only one
location in the system, are large, are at the highest
hierarchical 1levels and call many other micros. These are
confirmed by correlation analysis, see [38]. The analysis also
shows that the most frequently wused micros are the least
frequently changed. That they are frequently used but not
change often could be because they are simple, bugfree, well
defined and deterministic while the most frequently changed
micros, being at a higher hierarchical level, do not have such
clear cut and simple properties and are usually unique. Or the
reason may simply be that one 1is afraid to tamper wiun
frequently used components. From what follows in the next
paragraph, one prefers the former deducticii.

In the theory of hierarchical systems, the higher 1level
components are said to dominate the lower level ones [170];
their variables influence those of the lower ones but these do
not influence thcse of the higher ones. The variables in the
lower levels are then the "causes" of those in the higher
levels. Then, as each level influences and imposes constraints
on the structure and behaviour of that immediately below it,
the deeper-nested 1levels become more and more deterministic.
Levels are thus connected by a unilateral chain of
communication, each successively 1lower level becoming the
"slave" of the higher one. The innermost level is that whose
behaviour 1is the most regulated our deterministic while that
situated at the top is the one which has the most extensive
repertoire and which 1is the least deterministic. That the
higher 1level components' environments are more open alsa
implies that they are more susceptible to modifications, as
verified by our results.

This is exactly how, as most programmers know, the majority of
programs are structured: the main body of the program and those
routines which it directly wuses are the principal means by
which the gross functions of most applications are implemented
while the more deeply-nested routines deal with the finer and
more specialised aspects of the- functions. In that respect, the
latter routines tend to be smaller in size.and not to call
other routines. Thus, whenever the program needs to be enhanced
to refect modifications required in the application, it 1is
usually the highex 1level companents which are affected. The
deeply-nested ones, unless they are faulty, tend to be modified-
only very occasionally and can be considered to be more or less
stable., Since, for systems whereby the application is
implemented not as a single whole but as a collection of
smaller entities, there 1is Dbound to be certain overlaps in
function and similarities among these entities, then there is a
tendency to share some of the more specialised functions, e.g.,
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the bats and tug micros.

The Kolmogorov-Smirnov 2-sample test [162] was used as a formal
procedure to confirm the preceeding observations. The results
show that the UM values for called micros, byte size and record
count are stochastically less than those of MFCM. = For
hierarchical 1level, as justified in the preceeding paragraphs,
it is opposite while there is no difference in the patterns in
which the 2 sets are called by modules or by other micros. We,
therefore, conclude that, for a given attribute, different
subsets of the population wunder study may have some similar
properties but some different properties, too.

3.4.1.2 Comparing the properti dif ubset after
partitioning

The purpose of this section is to attempt to shew whether any
differences exist in the properties of the partitioned sets of
micros, according to the types defined in [37] (see also
Section 3.1.3). Of these sets, only 3 were 1large enough for
detailed analysis: normal, withdrawn and aliasing, Figure 28.

Somewhat successful exponential fits were obtained for each
distribution (see (44]1), except for byte size and for
hierarchical 1level. We note that calling modules, calling
micros and number of changes represent very simple situations,
specially for the withdrawn miecros, which, in addition, avpear
to be generally simpler than the other two types by all of the
attributes. For each set of micros, the other attributes have
less simple distributions although record count, called micros
and changes still manage to look exponentizl, However, byte
size and hierarchical level can better be described as skewed
normal. The 1latter's skewedness provides a very interesting
insight: while that for the normal micros is very slightly to
the right, that of the withdrawn micros 1is more pronounced
(indicating that they tend to be found in even higher levels)
and that for the aliasing 1is to the left, indicating that
duplicated micros tend to be found in the lowest hierarchical
levels instead.

The casting off process is really related to the risk which one
takes while removing redundant code. It is probably not worth,
for a few economies, the risk of disrupting the system and
tampering with code whose interactions are 1ill-understood.
However, well-understood redundant code can quite easily be
chucked off (together with any ancillaries). Inevitably,
deeply-nested code is treated with care and probably retained,
even if redundant, since one is 1less certain of one's
understanding of their interactions and dependencies with the
rest of the code. Redundant code situated at the highest
hierarchical levels are easier to wunderstand; onec icg,
therefore, more confident that no problems will be caused upon
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removal and readier to take the risk. For analogous reasons
and, also, becausc thZ probtability of them being required
elsewhere is small, redundant micros tend to be those which are

called by only a few modules or a few other micros. ;

Diagram 1 summarises the above thus:-

Diagram 1

Y

For similar reasons, instead of "sharing" a deeply-nested micro
between several modules, one may prefer to duplicate it. The
resulting copies may then be given different names and,
existing as separate entities, may be modified, independently
of one another, without any incompatibility problems 2a2rising
among the sharing modules.

redundant branches which can
be safely cast off

4 __redungdant buf not cast off

Because of its greater efficiency, the Kruskal-Wallis one-way
analysis of variance test [163] was chosen to test whether the
3 subsets Dbelong to the same population. Non-significant
results were obtained for called micros, byte size and record
count [44]., Pairwise testing (Kolmogorov-Smirnov test) of the
samples confirmed the differences we noted while discussing the
plots and fits: that the withdrawn micros have sinmpler
distributions by calling modules, calling micros, hierarchical
level and number of changes than the other two subsets.

The test also indicated that aliasing micros, apart from their
tendency to appear in the lowest hierarchical levels, behave no
differently from the normal micros [44]., This may be because
duplication 1is mostly the taking of a single copy of the
original (90.0% had only one duplicate each) and most of it
(89.5%) occurred right at the start of the system's life. For
most intent and purposes, these micros could be, and were, as
shown by our analysis, treated as ordinary ones. The rarity of
duplication during the rest of the system's § years of
operational 1life 1is indirectly reassuring since it may
otherwise be 1interpreted as an indicator of increasing
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complexity. The increasing shareability results in Section 3.3
reinforces the view that the contingency measure of dupldicagtion
which was initially provided for to combat anticipate
compatibility problems was unnecessary. Within the same
context, 1increasing shareability should be interpreted 2%
indicative of increasing confidence by the maintenance team. in
its own understanding of the system's functions.

The work in these two subsections has clearly demonstrated the
usefulness of studying individual subsets of the component
population although it also gives an idea of the tremendous
amount of work which would be involved if more than a few
subsets were examined. At the same time, it is also obvious
that taking a global view is an approach which is conducive to
equally meaningful results. The general implication is that
there are two ways of studying the properties of a populaticn
of software components. The first is to concentrate upon the
behaviour of each of the mutually exclusive subsets of
components. The number of possible subsets and the degree to
which they resemble one another will play a large part upon
determining the amount of effort required for this approach.
This might require so much work that it would have to be
curtailed. It may even be preferable to adopt the other
approach, that of considering all the population together (or a
sample of it). In this case, each identifiable subset's
properties 1is virtually ignored and smoothed out of the study
through the global view. Uncluttered by details, the analysis
will be much easier but how applicable the results will be will
depend wupon the homogeneity of the population. Tf one is
interested in the fine details of the system or in oniy
particular parts of it and/or if the subsets do really show
significant differences from one another, then the former
approach is indicated. If one wants only a global view and’/or
if the components resemble each other anyway, then the 1latcter
is to be preferred. Since both approaches lead to significant
findings, it really depends upon whether one wants to (and can
afford to) look at the trees themselves or only at the forest.
Althougn the latter approach is the one which has been favoured
in ED studies, the former should not be excluded since it <can
do much to explain why the forest should be as it is observed.
Thus, there is a case to look at both the forest" and different
varieties of trees.

3.4,2 Distributi utio

The only variables amenable to this sort of analysis are the
modifications (mc, me, mf, c, e and f), since past records for
the others are virtually non existent. The aim here 1is to
detect any observable trend towards more complex distributions,
although such trends may not necessarily imply an increasingly
complex system.



CHAPTER 3 PAGE 414

3.4.2.1 Some complexity measures, suggested and used in
previous work :

The purpose of this section 1is to attempt to discuss the
relative merits and weaknesses of the measures which have been
extracted from the modifications data and used to explore
complexity evolution. Following the discussions, possible
improvements are proposed but, however far we may go, it must
be remembered that the information provided by the
modifications data only reflects one aspect of complexity.
Thus, even 1if a comprehensive metric is derivable from this
part of our work, it may, at best, be considered only as a
partial contribution to the search for an all-encomp2ssing
complexity metric, if this can ever be achieved.

Heretofore, Lehman [18] has been using modules handled fraction
as a crude measure for complexity, although it is pointed out
that modules handling fraction would be a better measure. (The
difference is that a module accounts for only 1 possible handle
but several handlings.) Similar measures applied to BD showed
no trends, Table 6. Several reasons suggcest themsclves for thics
sort of behaviour:-

- BD is similarly structured as CCSS and, hence, behaves
likewise.

- BD is very much smaller in all of its aspects than the
other systems and, hence, may not qualify for the "large
program" term and may not exhibit their characteristic
syndromes., -

- BD, contrary to the other systems, is not release based
and, consequently, falls outside a theory of evolution
developed largely around the release to release behaviour.

Probably, there 1is a measure of ¢truth in all of these
statements, although which is the more significant can perhaps
only be determined through a careful design of experiments.

Other measures which we used to attempt to detect 1increasing
complexity were mc/c, me/e and mf/f, measured in handling terms
[43]. Their usage was justified by the belief that, as a systemr
ages, its structure deteriorates with the consequence that any
new change will not only require increasing effort but will
also affect more and more micros, "the propagation effect".
Such a state of affairs was presumed to be reflected by
increasing trends in those 3 measures. As shown below, this is.
not quite true but, as quick and rough measures, they seem
adequate. No trends were detected in them, Table 6.

Example 1

Consider the changes situation depicted in Diagram 2.
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Diagram 2

where C

{c;,¢0,...,cg} is the set of all changes

and M={m ,mp, ,...,mgy} is that of all micros affected
by C .

while P

[pijIBi,j such that c; affects m,}

,€.8., ¢; is a change which affects the 3 micros m
and m, while c, affects m, and m 4 while ¢, affects
mg, etc.

m
’
cnl%

Now, in terms of handlings, me/c is 2.25 while 1in terms of
handles it is 1.25. Although these are different, it woulgd
matter 1little if there exists a well defined relationship
between handlings and handles. This is what we set out to
explore next. Of the several examples given in [44], only two
are reproduced to demonstrate that the measures become more
inadequate as we depart further away from a one to one mappings.

Example 2 - The most complex cases -~ when each micro is
.affected by all the changes.

Consider only the cases of 1 to 3 changes and 1 to 3 micros,
thus:-
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Diagram 3
changes\micros 1 2 3

Handlings Handles
c m me mec/c mc me/c
1 1 1 1 1 1
2 2 2 2 2
3 3 3 3 3
2 1 2 1 1 .5
2 4 2 2 1
3 6 3 3 1.5
3 1 3 1 1 .33
2 6 2 2 67
9 3 3 1

It is clear that (1,1) is the simplest and (3,3) the most
complex of the 9 cases shown in Diagram 3, yet handles give
mc/c=1 for both, Diagram 4. It is also clear that, on moving
downwards along any cclumn in Diagram 2, increasingly complev
situations are encountered, yet handlings give constant mc/c
while handles give decreasing values, Diagram 4!
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Tne delects scem to bc that each measure only uses. 2 of the 3
elements involved: the number of changes, the number of micros
affected and the mappings from the former to the latter. Requi-

red 1is some
capable of

measure which uses 2ll 2 elements and which is

unequivocally ordering - the situations which may

arise. Example 3 shows that both measures cannot do this.

Example 3

~~
—
~

Diagram 5

(2) (

A

AN
A AN

3) (4)
; ;

Handlings me/c  8/3 8/3 8/3 8/3

Handles mc/c

Clearly, tne

8/3 7/3 6/3 5/3

constant handlings complexity measure (and - worse

- the decreasing handles measure) conflicts with “he

intuitively

clear increasing complexity from (1) to (4).

However consider

(5)

which gives a handlings of 8/3 but a handles of 5/3. How is it

possible to
nct? It thus
the mappings
A better way

say whether (5) can be equally ranked with (4) or
seems that a tourth elemeni, ihat vl the nacurc of
themselves, must also be taken into consideration.
of conveying the information represented by the
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diagrams is to employ two complementary frequency tables, e.g.,
all 4 -elements concerning (3), (4) and (5) can be summarised
thus:- - ’

Diagram 6
micros affected\changes (3) (4) (5)
1 0 0 0
2 1 1 2
3 2 2 0
y 0 0 1
Total changes 3 3 3
Diagram 7
changes\micros (3) W) (5)
1 4 2 3
2 2 3 1
3 0 0 1-
Total micros changed 6 5 5

Diagram 6 shows that in (5), 2 changes affect 2 micros each and
one. change aifects 4 micros. The number of maprings., 8, is
obtained from the sum of the products 2X2 and 4Xi. Diagram 7,
the inverse of Diagram 6, shows that in (5), 3 micros were
changed only once, one was changed twice and another thrice.
ggain, the sum of the product (1X3 + 2X1 + 3X1) gives the value

We have not been able to extract a totally satisfying metric
from these tables. This seems a hard problem and nicely
illustrates the problems which one may encounter, even 1n
limited situations, while ¢trying to discover an all-
encompassing complexity metric. Despite the interesting nature
of the problem, this was not the object of our research and,
having to move on, we did not persue this part of the
Tinvestigation any further.

3.4,2.2 Using a new method £to test for increasing complexity

Instead of attempting to derive a single metric to represent
complexity evolution, we preferred to deal with the frequency
distributions themselves. By 1) constructing frequency tables
similar to Diagrams 6 and 7 at regular time intervals and 2)
testing for a shift over time towards increasing fj 's for large
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X; 's in both cases we can test for and claim that the trend
ldads tcwards. increasing complexity, if there 1is other
supportive evidence. ’

However, any pregress along this line of investigation . was
dependent upon the existence of a significance test which,
while rejecting the null hypothesis that the samples are all
drawn from the same population, at the same time lends support
to the specified alternative that the situation is getting more
complex. The customary parametric one-way analysis of variance
test as well as all the non-parametric tests discussed by
Siegel [163] fail to satisfy this demand. Fortunately, we were
able to discover a relatively unknown test, Jonckheere's test
[82], which seems to satisfy our purposes. Inscvead of s3imply
rejecting the null hypothesis that the samples belong to the
same popuiation, it 1is a test against ordered alternatives,
i.e. it is specifically designed to test that the samples occur
in a specific order.

It was, therefore, possible to proceed further and the
necessary tables were constructed for ¢, e and f separatcly,
using a cumulation period of 6 months. The choice of this
rather 1large period is Jjustified by the resulting 10
distributions for each variable, a more than adequate figure
for blanket distributional tests.

There was only one significant result [44]: that there is a
trend towards enhancements involving fewer micros. (This then
explains why me did not have a good normal fit, Section 3.2.4.)
In each of the five cther cases, it seems 1likeiy that <the
samples have come from the same population. That Jonckheere's
test 1indicates no increasing complexity confirms the results
from previous work and shows that mec/c, etec., although not too
appropriate, nevertheless still provide meaningful results,
proba?ly because most of the mappings are 1 to 1 (see note 1)
below).

Further examination of the tables [44] 1led to other noteworthy
points:-

1) More than 80% of the errors can be corrected by
handling only one micro per error; 95 to 100% of them-
reguire at most 2 micros to be fixed while in no case were
more than 3 micros handled. These low values confirm the
results which. Endres [59] obtained with DOS/VS data.
However, an enhancement may involve up to 27 micros.

2) Depending wupon the period considered, 71 to 91% of all
the micros were fixed only once each, there being only 1
micro which was ever fixed 4 times in any 6 month period-
From (7 to 100% of all the miciros cnhanced needed at most
2 enhancements. Apart from the first period, which was
somewhat exceptional, no micro was ever enhanced more than
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6 times during any gpericod.

3) There is evidence of a trend, among the more complex
enhancements, towards attempts to involve an increasing
number of micros. However, this does not mean that, as a
whole, the enhancements are getting more complex. The.
frequency distribution and Jonckheere's test have already
revealed another trend: the number of enhancements that
involve a few (1 or 2, say) micros is increasing. Then,
while more and more complex enhancements are being
attempted, the proportion of simpler enhancements is
increasing, too, giving an overall me/e ratio which is
unchanging. '

It thus seems that, as the system ages, despite an overall
impression of simplicity, the enhancements become increasingly
divided into 2 different classes. There are those which involve
fewer and fewer micros and those which involve more and more of
them. The former, of the tinkering type, indicates that the
final retouches to remove the actual defects in the system are
getting simpler and simpler. This could be interpreted as
showing that the '"perfect" state 1is being reached, or more
precisely, since there may be no perfect state, that the final
adjustments are increasingly- of the minor type. The other class
of enhancements seems to indicate that the maintenance team 1is
gaining in experience and confidence, encugh to attempt bolder
and bolder enhancements which involve the handling of
increasing amounts of code. The opposing interpretation 1is
that, because of increasing communication among thie compcnents,
system unstructuredness and complexity, tinkering, unless
involving very simple tasks, tends to be increasingly avoided
while the enhancements increasingly tend to involve more of the
components,

3.4.3 Correlation and multiple regression

The remaining work concerning the attributes treats all the
micros for all the periods together. One reason i1s that the
modifications are too few for the different subsets to be
explored individually. Others, such as the expomnential
explosion in the analysis effort and so on, are discussed in
Chapter 7.

3.4.3.1 Correlating the attributes

An attempt to correlate the average changes/month for each
micro with the variables - calling modules, hierarchical level,
calling micros, called micros, record count and byte size -
gave very low coefficients which were nevertheless significant
[38]. It seems that more changes are made to a iiicro if it ic
called by fewer modules and micros, if it calls more micros
and/or if it has a larger size (record count or byte), but, of
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course, these properties, as shown in Table 13, are not ail
interdependent. The most significant correlations, in order of
magnitude, are between the following pairs:-

1) Number of calling modules and number of calling micros.
2) Record count and byte size.

3) Number of called micros and byte size.

4) Number of <calling modules and number of called micros,
(negative correlation).

5) Number of <calling micros and number of called micros,
(negative correlation).

6) Hierarchical level and number of called micros.

1) and 2) are obvicusly explained, 3) 1indicates that larger
micros tend to call other micros more often, 4) and 5) show
that the simplest micros (i.e. those that called none) tend to
be wused more often in other micros and modules, see also
Section 3.4.1.1, while 6) is as expected.

3.4.3.2 Linear regression models

We needed only to construct models for changes/month since e is
highly correlated with ¢ while f is too small. There being too
much data for the whole population of 883 micros to be
considered, we had to take a sample whose maximum size for
computer memory manipulation (64K) was shown, by a simple
calculation, to be about 112 micros. Such 2 large sample can
safely be assumed to be fairly representative of the
population. However, another sample (of 100) was used as a
check.

With the sample of 112, non significant F and t values are
obtained when all the variables are considered. The very small
R2 of 7.6% indicated a very unsatisfactory model. The best
stepwise model [56] has an R2 of 5.7% and is as follows:-

changes/month=41.26 + 0.059 record count - 3.99 calling modules

s.e 0.030 2.63

t 2.01 -1.52
significant at 4% 12%

R2 5.7%

F 3.32

Analogous results were obtained with the smaller sample, whose
test stepwise model is

changes/month=44,08 + 0,054 record count - 3.91 calling modules

s.e 0.031 2.75
t 1.72 -1.42

significant at 7% 15%
R? 5.1%

F - 2.62 : : -
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3.4.3.3 Nén-linear multiple regression models

Because no new independent variables were available for further
exploration, the only way to attempt to improve the models is
to transform the data. From the plots of the dependent variable
against each of the independent ones, it was quite evident that
not much can be made of them and no idea of the required
transformation could be gained. We, therefore, proceeded by
attempting several of the more usual transformations before
recreating the models. [40] gave the details of the
transformations and the results obtained; none were very good,
the log-log model heing, by far, the best:-

log(changes/mth)==12.85+4.85 log(record count)-2.79 log(calling

modules)
se 1.1 1.88
t 4,36 -1.48
significant at 0.1% 15%
R® 17.29%
F 11.39

,1.e.
changes/month=1.42X10"13 (record count)‘*oa.5 (calling modules)2,7¢

which implies that the contribution of each independent
variable in explaining the behaviour of the dependent one and
its effect upon the latter is, after being raised to a certain
power, multiplicative rather than additive. The other sampie
gave the very similar model:-

changes/month=3.83X10"!3 (record count).67 (calling modules)3,u0
,R? being 17.86%.

Note that the independent variables in the parsimonious model
in this section are not only the same as those in Section
3.4.3.2 but also comform to the correlation results, Section
3.‘4.3.10

The model <can be interpreted thus: all things being equal,
doubling the micro's size causes its frequency of changes to
increase by 26 while doubling the number of modules calling it
decreases its number of changes by 8.6. It is, therefore,
advisabIe to keep the size of the micros small but whether it
is the large number of modules calling a micro which causes it
to be changed infrequently (because of the difficulities
involved in keeping the changed micro compatible with each of
its calling modules) or whelher il i3 that simple, well-defined
and, hence infrequently, changed micros which tend to be used
over and over again in several modules is not known.
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Note, however, that ours are cnly empirical models; which,
arbitrarily created, should make no strong claim £o explain why
changes/month responds to wvariations in the independent
variables. That_ even the best model is still grossly inadequate
indicates that other factors have much more influence wupon the
independent variable. This 1leads wus to the belief that,
although the frequency of changes to a micro is certainly
influenced by 1its structural properties, there are other,
external, undiscerned and not easily measurable factors which
may be the main causes of the changes made to a micro. Until
they are prcperly identified and modelled, there 1is no
alternative but to describe the micro changes process as being
stochastic. (The recurrent theme of randomness and its
explanation as well as the contributions of structural and
external intluences 1in governing the behaviour of the csystem
will be amply discussed in Chapters 5 and 8.)

3.5 MODULE ANALYSIS

ibutions at the same point

in _time

Work similar to that described in Section 3.4.1 for the micros
was carried out for the modules, too, but the only directly
available variables for these relate to their size - 1in micros
or in bytes. We have used all the modules, AM, because there
are only 131 of them. The two other subsets which were also
analysed are the 60 modules which have been amended, C, and *he
71 which have not, U, in order to find out whether %hey differ
significantly by size. U includes such freaks as the tugs,
utility and hll modules [37] (see also Section 3.1.3).

The analysis shows that the sizes, in both bytes and micros, of
the U modules are very significantly smaller than those of the
C ones, [44]. It could be that the 1latter were initially small
but that, through modifications, they have increased
significantly in size or that 1larger modules have greater
probabilities of being changed. The truth probably lies
somewhere in between but, through lack of data, it has not been
possible to find evidence to support either hypothesis.

3.5.2 Analysing the modifications data ith respect to the
modules

(A much mdre detailed account of the workfin this section cam
be found in [43].)

The purpose of this section is similar to that of Section 3.2
where the series related to the global activiities on the
system., Here, however, we wish to explore the behaviour of- the
modules. The attributes selected for analysis are 1)-20) below
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but the initial problem was to find an appropriate aggregation
period. One month 1s probably teco fine: 59 meonthfy periods
being excessive for the analysis which we propose to carry out.
Choosing 1-yearly periods will provide us with a measly 5
points which are too few for meaningful statistical inferences.
A suitable compromise seems to be the 6-monthly periody
henceforth simply referred to as the period or At.

3.5.2.1 Analysi 1 h change dul an e "old"
modules - )

From the raw data, we then compiled, for each module, its
number of micros and its modifications data per each time
period. From these, we extracted 20 parameters to summarise the
behaviour of the (modified part of the) system:-

1) Number of micros, m.

2) Number of micros changed, mc.
3) Number of micros enhanced, me.
4) Number of micros fixed, mf.
5) Number of changes, o.

6) Number of enhancements, e.

7) Number of fixes, f.

8) Number of micros changed per change, mc/c.
9) Number of micros enhanced per enhancement, me/e .
1C) Number of micros fixed per fix, mf/f.
11) Number of modules which have been changed, M.
12) Number of changes per module, c/M.
13) Number of enhancements per module, s /M.
14) Number of fixes per module, £f/M.
15) Number of modules changed, Mc.
16) Number of modules enhanced, Me.
17) Number of modules fixed, Mf.
13) Number of changes per module changed, c/Mc.
19) Number of enhancements per module enhanced, e/Me,
20) Number of fixes per module fixed, f/Mf.

Ncte 15) # 18) + 17) but 15) = 16) v 17).

Correlation provided no surprising results while polynomial
fitting gave the mean as the best fit in each case except for
mf, £, f/M and f/Mf - all involving fixes - whose best fits are
straight 1lines with negative slopes. The R? values for the
latter, as always, are rather low, indicating the presence of
marked noise. Figure 29 exhibits the time plots whose
variations, on the whole, seem unlikely to be systematic.

Because new modules seem to be amended more frequently,
specially early in their existence, than existing ones, those
newer modules whose date of birth could be retraceu were weeded
out and the analysis repeated. This was 1in an attempt to
determine to what extent the injection of new modules
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influences the whole system's behavioural patterns: very
little, since almost similar results were obtained, Figure 3C.
The analysis concerning the new modules themselves shdll ndt be
referred to until Section 3.5.2.2.

3.5.2.1.1 Analysis within each tim

The emphasis, here, is not on the evolutionary behaviour of the
variables but rather on whether there exist any instantaneous
relationships among them and on how these are affected by
factors like module size. It may be, for example, that although
¢ and mc may both be stochastic time series yet, at any point
in time, one is strongly related to the other, whatever module
is being changed.

The analysis is performed on 3 sets of modules: all of them,
AM, only the "old" ones, OM (those predating 7301) and only the
"new" ones, NM (those postdating 7301), because we wished to
compare the behaviour of NM with that of OM and to observe how
much the addition of NM disturbs the settled pattern of
behaviour, if any, of AM.

For the subsequent analysis, the only wuseful variables are mc,
me, mf, ¢, e, f and m; mc/c, me/e and mf/f shall be derived
from the results.

Correlation shows that, whether we are dealing with AM or CM,
for each time period, mc or me or mf 1is most strongly
correlated with ¢ or e or f first and then secondly with m.
This most convenient result is as expected and allows wus Lo
proceed to the next step of the analysis, which is performed
for each of the 10 periods for both AM and OM. As the method is
the same for all of them, it needs be described for only one
time period.

Using ¢, e and f in turn as the independent variable, their
best regression models are found. They are invariably of the
following nice forms:-

C=z a+ Bmc + Ym
e= a+ gmMe + Ym
f=za+ Bmf + vym

and gave R? values upwards of 96%. Such high values imply that
no transformation of the data is required.

In addition, the following linear regression fits were also
found: - '

a +8m
a + B mc
a + /M

00
o n
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a4+ g me
a4+ B m
a+ B mi.

L By W]
"n uwn

The results show that, in general, AM gives slightly worse fits
than OM (whose R are, in general, better by about 2%J. This is
interpreted as showing that NM does indeed disturb the settled
pattern of AM, although minimally. Linked with the time based
results where the R? have much lower values, one concludes
that, although the variables may all appear to vary
stochastically over time, yet their relationships are strong
and preserved from one period of time to the next.

-

retation of fza+ Em +ym

As ¢, e and f can all be interpreted similarly, the discussions
will be confined ¢to fits for f only. We first noted that cne
coefficients of both mf and m were positive, indicating that as
either mf or m increases or both, so does f.

Interpretation of f=ao + 8 mf

The value of B gives the average f/mf for the modules
considered over the given period. Hence 1/ gives the more
meaningful mf/f (which compares well with the mf/f's obtained
by other means).

Interpretation f=a + m

The average f/m is given by B8 bubt the expression alsec gives
the size of the smallest module which contains errors thus:-

£20
if o + Bm0
i.eo if m} -G/B .

In other words, the maximum size of the error free module,
henceforth denoted by Maxf, is given by -a/g.

3.5.2.1.2 Evolution of mf m_and Max
From the various fits, 10 possible values (one per period) are
obtainable for each of wf/f, f/m and Max;, whose behaviour

over time may then be investigated. The same applies to the ¢
and e variables, too.

Table 14 and Figure 31 show that AM and OM behave very
similarly and that:- -

1) me/c, me/e and mf/f, as usual, appear to be stochastic
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scrics. : _
2) f/m is decreasing over time while ¢/m and e/m remain
constant. This could indicate that errors are being
gradually smoked out of the system while the average
number of enhancements per micro has not really changed
over time, and could be one of the first non-dually
interpretable results which could tip the main conclusion
in favour of decreasing, instead of increasing, difficulty
and complexity.

3) Smaller and smaller modules are being enhanced and
changed while the size of error free modules has remained
constant. The 1latter finding is indirectly reassuring as
enhancing smaller and smaller modules has act implicd that
these are tending to get more frequently fixed as well.
Again, there 1is cause to favour the increasing simplicity
argument.

As the modules seem to tend to become fix free and, probably,
bug free over time, although this may not be necessarily so,
one may ccnclude that the system is getting better and better,
It is not known (and not possible to find out from our data)
what factors are at work. These could be, among other things,
that the system is small, that it is stable, that its environ-
ment is well defined and understood, that the maintenance team
is small and experienced, that the personnel turiicver is low or
maybe that the architectural characteristics of a collection,
BD being one rather than a system, is the overriding factor.

3.5.2.2 Analysis of the new modules

There were 14 NM, half of them having been in existence over 6
(6-monthly) periods, 4 over 5 periods, 2 over 3 and 1 over 8.
Since their introductions had been staggered in time, they have
been brought to the same birth date and "normalised" to the
same lifetime, too. The normal 1life has been taken as 6
periods, the period spanned by the majority of NM. While
scaling, the total number of mc, me, mf, ¢, ¢ and f foir each
module is maintained and the relationships between each
period's elements are retained. Some controversy was caused by
our methods and by the choice of 6 months as the period, too,
but these seem to matter little, as repeating our work with
simpler methods, e.g., as used in Section 4.3.4, than
normalising and shorter periods led to substantially the same
results [159].

3.5.2.2.1 Repeat of the analysis of the evolution of the global
change parameters over time

The work described under Section 3.5.2.1 has =2lso been carried
out for NM. From the plots in Figure 32, one cannot fail to
notice the exponentially decreasing shape of the curves. This
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is to be .contrasted with the plots in Figures 29 and 30. The
parameters extracted, as 1in Section 3.5.2.1.2, from the-
regression fits to each of the 6 timé periods are plotted in
Figure 33. While it is difficult to interpret the other plots
yet mc/c, me/e and mf/f, once again, show unmistakable
exponential decrease over time.

3.5.2.2.2 Exploring the best fits to the global parameters

The general shape exhibited by the 9 sets of data, mc, me, mf,
c, e, f, me/c, me/e and mf/f, obtained under Section 3.5.2.2.1
could be besthfitted, among others, by these: y=H , y=za+bt,
yt=c and y=ke . By comparing the fits, it was obvious that,
for the first six variables, the exponential fit was the best
while the conceptually more satisfying hyperbolic fit with
asymptote y=a, a0, was slightly better than the exponential
fit for mc/c,me/e and mf/f, Table 15.

Some noteworthy points are:-

1) The exponential fit for e is the worst, indicating that
it is the variable which 1is most strongly influenced by
external and stochastic factors.

2) e is the least rapidly decreasing series, 1indicating
that, although the fix rate may quite soon Dbecome
vanishingly small, that of making enhancements, although
decreasing, would remain substantial.

3) That me/e is decreasing as well indicates that initially
the enhancements to the new modules could be somewhat more
difficult (each 1involving several micros), but that, as
time goes by, either the enhancements are getting simpler
or major enhancements tend to be avoided because of
increasing complexity. In the context of all our results,
notably here and in Section 3.5.2.1.2, one prefears the
former explanation.

That the enhancements seem to be getting simpler and that the
number of fixes is decreasing rapidly indicate that, ccntrary
to what may be feared, few, if any, new errors are being added
to each module. This also indicates that the number of residual
errors 1is decreasing and that the system is probably getting
bug free. The alternative view that errors are still being
intreduced but are not being discovered or fixed seems
implausible.

The system, then, seems to be getting better and better: there
are fewer and fewer fixes and, while the number of enhancements
is not decreasing at such a fast rate, the enhancements are,
nevertheless, getting simpler and simpler. Since it looks as if
tnat of increasing simplicity is the more probable of the two
ways of interpreting some of our results, it may be a good idea
to attempt to bring together all the previous simplicity
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conclusions.

As the system is being perfected, the newer modules which are
being written tend to be small and of the "bells and whistles"
type. They also tend to replicate already existing functions,
to be variations on the same theme and to be easier to write
since- they tend to incorporate already existing micros as ‘'“off
the shelf" components, Section 3.3. Their enhancements tend to
become simpler while those to existing modules tend to involve
a larger number of the smaller ones, too, Section 3.5.2.1.2.

Tinkering with already existing code for minor improvements
tends to Dbecome scarce wnile the increasingly experienced
maiontinadre team atlempls volder and boldei enhancements of Lhe
large scale type, Section 3.4.2.2. There is also a decreasing
need to fix a micro, Section 3.5.2.1.2, or a module; these are
probably becoming error free.

3.5.2.2.3 Deriving the exponential fit from purely theoretical
considerations

The exponential fit, which we have best fitted empirically from
the data, 1is well known and can be obtained by starting with
purely theoretical considerations. Let y represent any of our 6
variables. Then, assuming that *the rate of change of vy is
proportional to y, we have -

dY/dt - -}‘y
=;'y = ke ‘)'t.
When t = 0, y = k.
While k 1is the initial y value, A can be interpreted as a
constant of proportionality which reflects certain structural
aspects of the system. The importance of A is more fully

discussed in Section 3.5.2.7.3.

3.5.2.2.4 Convenience and uses of the exponential fit

otal a ime t _and a infini

The sum of y at any time t or during any interval ¢t; to t, can
be found directly from the formula. There are 2 methods: that
of treating the y's as discrete time values or that of treating
them continuously.

Discrete treatmsat

t _ =A -A
fm vy =§ y =X ke-Xt, k(1-e t)/(1_e )
Y =0 t=0

Let T be the total number of y when t= ®*. Then it is given by
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k/(1-e_x) and therefore has a finite value.

Continuous treatment

Cum y =/f ke = ((ke®)/-2) 4 c

When ¢t = 0, cumy = O
0

-k/A» + ¢

c k/ A

cum y = (=k/A)e T 4 k/A

~-A
cum y = k(1 - e t)/A
and T = k/,
sin he Binomial di ibuti astin

The expression for cum y can be interpreted thus: the total
number of fixes, say, until t is the product of all possible
fixes and the (increasing) probability of a fix being made by
that time. Then the probability of a fix being made until t,
p(t) = (1-e-At) and that of a fix not being made by that time
is q(t) = 1-p(t) = e-At, Both p(t) and q(t) are exponentially
distributed with p(0) = 0, p(=®) = 1, q(0) = 1 and q(=) = O.

We <¢an now use the Binomial distribution to make forecasts.
Thus, the formula .

P(x) = Tc p(t) q(t)™™
gives us the probability of making x fixes until time t.

Note All that we need to know are the estimates for k and X as
each of the above is expressible in terms of these two only.

The exponential fit may also be used to estimate the time to
make a total of x fixes and that for the fix rate to reach the
value r. These are given by (log,(T/(T-x)))/A and (log k/r)/A.
Although expressions for cum y are also derivable from all the
other fits, they are not as useful as the exponential. Table 16
compares the predicted cum values with the real ones at t=6.

The predicted T values

The various T values obtained from both the discrete and
continuous treatments are in Table 17. These show that although
the modules arcec settling down, 3 vears after their introduc-
tion, yet only about 75% of all the modifications to be
affected to them have already been made, the remainder being
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likely to stretch over a long period of years, as indicated by
the distribution. That f and mf have the highest percentage of
"work completed while e has the 1lowest indicates that, whilc
errors tend to be repaired early, the process. of making
enhancements is a more drawn out affair. Thus, the code becomes
fix free before it can be enhancement free. Also, it implies
that the rate of introducing errors 1is 1lower than that of
removing them.

3.5.2.3 Repeating ;ng analysis for the typical new module

The analysis so far described in Section 3.5.2.2 has proceeded
at the system level. One may now ask how well the exponential
fit is able to explain each mcdule's or each micro's hehaviorr.
Finding the answer to this question is our next task. As it is
both impractical to repeat the analysis for each module and
necessary to smooth out the fluctuations 1n each module’s
behaviour, it was best to proceed by devising a typical module
to represent the whole set. Then, only its analysis would be
necessary.

3.5-2-3v1 D

The typical module's data are derived by first weighting each
module's data by its size and then by adding them. This sum is
finally divided by the total size of the modules. The method,
of course, assumes that the number of changes tc a module 1is,
more than anything else, related to 1its size. From the
regression models 1in Section 3.4.3, there 1is sufficient
evidence to believe that this may be the case. Anyway, Size w=35
the only available module attribute, Section 3.5.1.

Let iy represent mé, me, mf, ¢, e or f for module i, i=1 to 14
in period j, j=1 to 6, and let w;5 be the size of module i in
period j. Then the weighted value X9 for the period j is given
by

14

14
X, = L z ).
Xy = (el 4g¥sy 2/ GEW G5

The x's will then be typical of a module of size
6 14 4
T
(E, Gy 22/ GEw )76
,averaged over the 6 periods. This is found to be 20.4 micros.

3.5.2.3.2 Results and remarks from Figure 34

1) The results, in every single case, confirm those of the
whole system.

2) There is one interesting feature in the curves which has
not been previously noticed.. This is that, for the second
period only, the mf, f and mf/f values are above expecta-
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tions while those of the other variables are below. The
interpretation is as .follows. It is well known that, on
field release, all the flaws, which the system implementors
and internal testers may not have noticed, are suddenly
exposed. These, after taking some time to filter through
from the users, will cause somewhat more fixes than should
have been usual. To cope with that increase, probably
other, lower priority work, will have to be left aside for
the moment, as, for example, indicated by the lower than
expected e value for the same period.

3.5.2.3.3 Using the typical module's results to predict other
moduies' behaviour

The best fit to the typical new module may be used to predict
the behaviour of any module, provided that one can assume that
all the modules behave similarly and that their different
modifications valqs& are mostly dependent wupon size. Then,
adjusting y = ke t for the typical module, we have
y = (mke ™t )/20.4 for the module of size m. This, of course,
is simplistic. Probably, the methods of both creating an ideal
module and of parametrising the model of its behaviour so that
the latter can be adapted to represent several types of modules
can be considerably honed. However, we had our own quest so
that although, en passant, several interesting topics and
problems such as this (see also Section 3.4.2) were
encountered, yet it had not been possible to spend sufficient
time on them for comrplete solutions; they were either
circumvented or solved only in a very broad sense.

3.5.2.4 Repeating the analysis for the typical new micro
The method adopted to derive the typical new micro's data is:-

1) To obtain, for each module i, the average
modification/micro in each period j, thus .

In other words, each item of a module's data is divided by
the module's size,
2) Then, to smooth out the fluctuations in each x,,, each
period's results are averaged, i.e. +J
n

xs = (Lx..)/n where n = 14 for

] i=171] J=1,2,4.4,6
is found.

The results car then be assumed to be typical of a micro
representing all the micros in the 14 modules, giving them
equal weighting, irrespective of the module's size.



CHAPTER 3 . PAGE 63

Evactly the same results and remarks as for the typical module
apply, Figure 35. ' '

3.5.2.5 Comparing the 3 methods

As the data were differently treated 1in each of the 3 methods,
the numerical results, as expected, did not turn out to be
quite the same. The important thing is that each method brought
out the fundamental fact that modifications to the system
sustain an exponential fall over time. All 3 methods have their
merits and particular circumstances will determine which one to
choose. However, the following remarks seem pertinent:

1) The system

Although the most straightforward method, it may be tne
least useful since the results do not seem to be generali-
sable to other systems which may be of different size,
architecture, environment and so on. But, if one needs not
forecast the future behaviour of any system other than that
being studied, then this method seems best.

2) The module and the micro

These are more generalisable since the context of each
module/micro is more similar to that of another
module/micro than that of a system to that of another.

2.5.2.6 The work of Shooman

In [43], we briefly discussed several works which, in some
sense or the other, treated the same general subject of
modelling the number of modifications as time functions,
whether empirically or theoretically. As an example of the
latter, we may take Shooman's construction of a simple residual
error model on the way to build up a complex reliability model
[162]. It was derived thus:=-

Let p(t) be the error detection rate at timez=t , p( 1) Dbeing
measured in errors/instruction/month

ec{t) the cumulative error function

Eq the total errors in the system
and Iq the total number of instructions.
Then () = [p( )t meeecee- 1)
o(t) = delc)/dt meemmeeee- (2)
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and the residual errors/instruction, eg(T ) at t=t 1is then
given Dy

total errors/instruction - corrected errors/instruction at t=r+
yi.e. EZR(T) = (ET/IT) - ec(-:) ________ (3)

Shooman, for simplicity, assumed that the error rate is
constant over time. In a subsequent paper [160], he says that:-

"Obviously, examination of the figures show a generally
decreasing trend in error rate against debug rate...In
addition, it seems reasonable to postulate that the number
of errors debugged per month should decrease as the number
of errors present decreases. If we assume that the number
of errors detected per month is proportional to the number
present, we obtain an exponential error detection rate."

yi.e. p (1) = klsR (1) where kj is the constant of
proportionality

yi.e. p (1) = kl(ET/IT - EC(T)) from (3)

rieoe. deg (T)/dt = K (E /I, - e(1)) from (2)

yi.e. de ()/dt + k ¢ (1) = kK E /I
c 1 c_kT 17T T
c T °T
Now, when 1= 0, ¢ (0) = O

A =--E’I/IT
-k, T
then EC(T) (1-e71 )ET/IT

which is analogous to cum y = T(1-e " %)

The simplifying assumptions:-

1) All errors in the system are detectable.
2) The total number of instructions is fixed and finite.
3) The functional corrections do not introduce new errors.

which Shooman makes, of course, do not quite hold. But this is
not the place to discuss reliability theory. The point which we
really want to make is that, for simple and gross models, the
empirical approach is likely to yield models similar to those
obtained from purely theoretical considerations.

3.5.2.7 Exploring the usefulness and adaptability of the moael

3.5.2.7.1 A more general model: providing for the introduction
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of new errors

‘"That the assumptions cannot hold is amply demonstrated by tihe
deviations from the ideal which the empirical data exhibited.
We shall now give one example to demonstrate how the
applicability of the model can be extended. This concerns,
contrary to Shooman's third assumption, allowing for the
introduction of new errors.

Let us represent the rate of error introduction by the general
function, f(t).

Then dy/dt

f(t) - Ay(t)

y = e L (e)e tdt + k)
If f(t) = t, then y = e "%( [te’®dt + k)

i.e. y = t/X = 1/X2 + ke "t

and cum y £t/ 2)- 1)/% + k(1 - e “ )/

The shape of y is as shown in Diagram 8 below.

A1/ + ke M

t/n - 1/8
ke —).1'

Thus, until}‘t0 = 1/» , there are less y's than in the case of
the y = ke "t "model but afterwards not only are there more y's
than in the simple case but as from the point of inflection, it
is monotonically increasing. It is then not true to say that
the situation is improved until t;.

If f(£) = ¢

Then y = e ~AE( fce'x%t + k), i.e. vy = e/ + ke *t whose shape
is:=-
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\ Diagram 9 |

A+ ke=M
ke-At

c/A

~——
t

Then, when t--> =« y--> c¢/x .

As the curves for NM show no upward trends <{as yet), onc may
assume that the <contribution of f(t) is as yet (and maybe
forever) quite negligible for them.

3.5.2.7.2 Using the model to explain the o0ld modules' belaviogur

It is, by now, quite natural to believe that OM also behaves
according to our models. Although it was not possible to devise
a typical old module to prove it, yet, assuming that the OM do-
behave similarly as the NM, then the decreasing trend in the
global number of fixes to OM, Sectiovn 2.5.2.1, or in that to’
the whole system, Section 3.2.2, can quite easily be explained.
As the o0ld modules were mostly at 1least 4 years old when the
modifications data were collected, it is almost certair that
they had already settled down. (NM takes about 2 years to do
this.) If we assume a similar behaviour as NM, we, ‘then,
through 1lack of data, have missed the initially spectacular
steep decrease in their curves and are left with only the tail
part where the fix rate has slowed down consicderably. This 1is
shown diagrammatically below.

y \ Diagram 10

RN tail forwhichdata

.. \@ble

}
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Then, when all such decreasing tails of the OM are added
together, the net effect is likely to be a decreasing trend,
specially- as quite a few of the OM were implemented
simultaneously, either right. at the start or at other times.
Although the older components are settling down and need hardly
to be fixed, that the number of fixes to the whole system has
not become vanishingly small but is only decreasing is due to
the continuous addition of new components into the system.

The global number of enhancements to the system is, however,
increasing, Section 3.2.2, despite the fact that each new
component's enhancements per unit time decreases in the same
fashion as the number of fixes. This is due to a conjunction of
factors:-

1) The rate of decrease in the number of enhancements for
each micro is much less than that of fixes.

2) There is a tendency for reassessing and rehauling the
already settled modules. Increasingly smaller modules are
being selected for enhancements and more and more ambitious
enhancements are being performed. too. It is then possible
that, for the enhancement model, we shall have to provide
for a reverse from a decreasing to an increasing trend
somewhere in the tail.

3) The continuous addition of new modules.

3.5.2.7.3 Proposing a quality measure

The constant, A, is a factor whose magnitude can be interpreted
as representing the quality of the program. For ine model, y =
ke~-At, for constant k, the larger » is made, the smaller will
be the area under the curve. Also, the time ., to reach any
given value, v (e.g., the maximum user tolerdnce error rate) is
attained faster by the larger .. Thus a large X could
represent a high quality module while a small Xwould represent
a poor quality one. Note that T also decreases as X increases.

Diagram 11
k e—(\ ;f
kg~haf
At

//ké_
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Given k and v,
Al > Ay A3 =>t,<t, <t:3 => Tl <T2<T3

For the extended models, the contribdtion of errors introduced
through repairs also depends upon A, e.g., in ~

y = t/A = 1/22 4+ ke 't
,the term (t/A - 1/12) has a smaller slope, and hence
contributes less to y, with larger X. At the same time, t _, the
time when (t - 1/A)/ X crosses the t-axis becomes smaller, so

that postponing the y's until later is minimised. Although T
remains infinite, cuim y is also reduced by increased 1.

-\t .
Iny = ¢/A+ ke , when X increases, not only does the area

under ke At decreases but c/A decreases as well. The ultimate
value of y, given by ¢/ A, is also reduced by increasing a.

3.5.2.7.4 Refinements - when the quality of the module is a

funetion of time

One can now suppose that the quality, A, of the module is not
fixed over time, and can explore various time functions for it.
We would then enter the realm of differential equation.

To try and explain the fluctuations, instead of assuming thea
to be noise, one may let

»(t) = A + Bsinwt
, then, when f(t) = 0

dy/dt = -(A + Bsinwt)y
v - ke -At-2Bsin® (wt/2) /w

behaving as shown in Diagram 12.

Diagram 12

W et
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-At
where ke is an upper bound and the factor

ey .2
-ZBsin” (wi/2) /w

oscillates between e"BM)  and 1.

There are many other possible refinements, but as these are not
along the mainstream of our present work, they are 1left for
another time when they may be explored at greater leisure.

3.6 SUMMARY OF CHAPTER 3

We round off this chapter with a summary of the results and
interpretations. This has not been an easy task. First, =z
summary of a summary (since this is what it is, this chapter
being itself a summarised account of the work contained in 9
previous reports [37-45]) proved a thankless task. Then we had
to avoid tackling what were intended for Chapters 5 and 8.

The activity measures of the BD system do not seem to show any
f.ime dependent behaviour of any consequence; they exhibit no cr
very weak trends, appear little affected or unaffected by one
another and by their own past behaviour. Indeed, there is cause
to believe that, should there be any influence wupon such
activities, the major portion of it gets dissipated rather than
absorbed. Systematic signals at given frequencies which could
allow the activity series to .be termed cyclic (in the
sinusoidal sense) or oscillatory were mostly undetectable. It,
thus, seems that the best descripticn for these activities is
statistical invariance, or, more precisely, random behaviour.
In addition, they appear to be normally distributed.

The comparison of the behaviours of these activity series with
those of others from CCSS led to evidence which suggest that
"larger" systems, such as CCSS, could exhibit more dynamics and
inertia at the global level than "smaller" ones such as BD.
However, the behaviour of smaller systems still do tend to
resemble that of the larger ones; BD is continuously modified,
the ripples in the growth pattern as well as the tidying-up
process are common to it, too. The analysis of BD's growth also
shows that since the different size measures employed show
similar evolutions, the measures must all be strongly related
and more or less equivalent to one another. This 1leads us to
the conclusion that, for most studies, concentrating the
analysis wupon one (any one) of the obvious candidates for
measuring size would probably_provide most of the information
that could be extracted. A final result concerning growth is
that the larger share of it is through the addition of new
components, the contribution of the increasing size (through
modirications) of the existing ccmpenents being quite modest in
comparison.
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The components population can be characterised in several ways.
One finds that frequently changed components tend to be large,
multifunctioned and situated at the nigliest hierarchiczgl levels
while the wunchanged ones are small, highly specialised,
unifunctioned and deeply-nested. One also finds that withdrawn
components tend to have smaller attribute values than those
still in use, probably because the 1latter continue to be
changed and exhibit growing structure properties. This was also
the case with the hierarchical level property; deeply-nested
functions, however well understood 1in themselves, when
redundant, tend not to be removed because their relationships
with the other components may not be well understood and it may
be preferable to avoid the risk of disrupting the functioning
of the rest of the code.

Although various component subsets may exhibit certain distinct
differences in their properties, yet they all appear (o obey
the 20-80% law. Indeed, the exponential distribution is roughly
approximated by most. Furthermore, because of their potential
usefulness in explaining the global behaviour, there is a case
for carrying out the study of each of them (or, at least, the
more important ones) in parallel with that of the whole
population. Whether one 1looks at different subsets, at the
whole population of the components or at both will largely be
governed by the resources available, the number of subsets of
possible 1interest, the homogeneity of the population and by
whether one is more interested 1in studying the trees or the
forest. Probably, a suitable compromise will have to be found.

By proposing the use of Jonckheere's test, we seem- to have
found a better way of exploiting the information concerning thc
modifications to the code to study the evolutionary behaviour
of the complexity trait. This, as well as the other previously
used tests, provided no evidence in favour of the hypothesis
that modifications tend to involve an increasing number of
components. On the contrary, there is reason to believe that,
as the system ages, the tendency of most of the enhancements is
to be of the tinkering type, 1involving fewer and fewer
components although the number of those that involve more and
more components tend to increase, too. There are then two types
of improvements to the code: that of polishing it up (which is
decreasing) and that of extending its capabilities (which is
increasing). We also found that fixing existing code tends to
disappear over time. The behaviour seems to agree more with the
concept of a decreasing need to improve (in the polishing
sense) and repair the system and with that of growing .
experience and understandability rather than with that of an.
increasing difficulty to modify it. There were further evidence
which suggested that some sort of ideal state may be reached:-
the newer modules increasingly tend to be small, of the "bells
and whistles" type and to replicate already existing functions.
Their fix and enhancement rates as well as those of the newer
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micros were found to decrease as exponential time functions
although the decrezse in the fermer is bofth more rapid and less
influenced by external factors. The types of enhancements to
the new modules also tend to become simpler but a trend,
similar to that exhibited by the ancient modules, towards
increasingly ambitious enhancements, although not ruled out,
has not yet been discerned:

The exponential decrease model to the modifications behaviour
of the newer components lent itself to predicting the time to
attain a certain rate or for a given modifications total and to
giving the probability of making a certain number of
modifications by a certain time as well as providing a qualiity
measure with which to compare the components. Also, it allows
itself to be extended in several directions: to explain the
behaviour of the already-settled cempenents, to more
realistically account for observations which cause the data to
deviate from the idealised situation, e.g., when errors can be
introduced through the modifications.

Finally, the individual component's exponential decrease model
is compatible with the observed decreasing trend in the total
number of fixes for the system and with that of increasing
trend in the total number of enhancements. Because of the
continuous addition of new components, the total number of
fixes never quite vanishes. That of enhancements is increasing
because, in addition to the enhancements to the newer
components, the enhancements to the older ones remain
appreciaoble, etc.
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CHAPTER 4
ANALYSIS OF THE B SYSTEM

4.1 INTRODUCING THE SYSTEM, ITS HISTORY, ENVIRONMENT AND
SOURCES OF DATA

4,1.1 Introduction to B

VME/B or, simply B, is a large operating system which drives
the most powerful of ICL's new 2900 series computers. 1In
several of its aspects, it approaches 0S/360's gigantism: it
consicts of the order of 4 to 5 thousand components. of 2 tn 3
million lines of code, services scores of users and keeps busy
a staff of more than 200 which is organised with at 1least 3
levels of management and which was, at one time, spread over 2
or 4 locations. But there are significant differences, too: the
designers of this system have attempted to draw from the
experience of older systems and to avoid their pitfalls. A
disciplined design technology called "structural modelling"
{75,140,142-144,165], developed in-house by JCL., has been used
to take the design from the initial specifications through each
refinement step to the actual implementation itself, which has
been written in S3, a high level language very similar to Algol
68, Furthermore, the design had been supported by the facili-
ties provided through an automated vehicle. This has Deen
continuously improved not only to provide better assistance for
the development of new software but is being currently used to
assist the enhancement and maintenance processes pertaining to
B.

Compared with the other systems, B is relatively young. Only 3
years separate the first user release date (beginning of 1976)
from the time we completed the gathering of the data (begirning
of 1979) and there had been only 4 user releases. That there
has been such a small number of releases and that very few
release-based data are available anyway, Section 4.2.1, show
that there 1is not really much point in attempting a release-~
based analysis. Besides, this has already been the subject of a
previous work [51]. Therefore, we have more or less been forced
to adopt once more a- time-based approach for the main part of
our work concerning this system. Although we have attempted,
whenever possible, to adopt the releasc-based approach, too,
yet our emphasis on evolutionary behaviour will have to be that
through time instead of that from one release to the next. What
difference this fundamental departure from previous investi-
gations makes can only be appreciated once the study has Dbeen
completed.

4.1.2 The structure of B

The structure of B 1is arrived at via the already mentioned
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design process called structural modelling which, starting from
the 1initial data specifications, proceeds to expand thése and
then the corresponding functional specirfications firom ona lcvel
to the next, until the lowest level, where the data items are
sufficiently small to be implemented, is reached. Then, each
level 1is, 1in itself, a complete and seif-standing represen-
tation of the design. Thus, only one level, the lowest, will
appear finally as code and, although the approach and
decompositon principle are similar, the end-product 1is totally
different from that of structured programming.

The structural modelling approach led to a hierarchy of B
"holens" basically illustrated thus:-

iagram 12
LEVEL T
1 Resource Job Kernel Jlb Director
Control- Execution Scheduler Job
ler . Manager
-..-T—_--_—--:—T —————————— L - - —_-----T-i ------- L
2 Process Virtual Process Segment Diréctor
Manager Store Interrupt Allocator Event
Manager Manager Manager
3 Aboge IL Above IL Above IL
Holon Holon Holon

IL holon IL hglon

At level 1 are groups which break up, at 1level 2, into major
functional holons <called subsystems. The subsystems then
differentiate through several levels (of "above implementation
level" holons) before reaching the "implementation level", 1IL.
Because IL holons are the entities with which the staff work
[143] (in preference to modules although strictly speaking
there should have been a 1 to 1 correspondence. see [143] for a
discussion of the anomaly) and because their structural

characteristics, Section 4.2.1, are more easily measured, they
are the basic units we chose to work with.
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4.1.3 The project log and the SDL descriptions as the sources-
of structure Qa;g - - ‘

- To describe the holon-holon or holon-data relationships, a
formal notation, SDL (System Descriptive Language), was
developed. For the IL holons, that description merges into the-
implementation programming language, S3.

The project log is a manual file which was meant to be the
prime source of information concerning B. It contains
information about almost anything concerned with the system:
its design, construction, testing and so on, complemented by
SPL listings for all the holons, quite often several per holon,
chronologically filed according to the changes thney lave
suffered. For each holon, there are supposed to be as many SDL
descriptions as there are versions of the holon {see Section
4.,1.4 below).

Since hy definition, above-IL holons are not actual part of the
code (they only reduce ultimately to IL holons), their updating
nas not been enforced whenever changes are made to the system.
For this reason, they have been ignored from our study. We, as
mentioned earlier, concentrated upon the IL holons, henceforth
simply referred to as holons..

4.1.4 Holcen versicons and phases

To identify each IL holon, there is not only a wunique index
number but also a phase number and a version number. The
necessity for these is obvious from what follows. As B
developed, it became necessary to support several instances
(slight variants to suit the needs of special installations,
the standard version 1in current use, the version under
development, the test bed versions, etec.) of the procduct
simultaneously. A new phase number is assigned to each
redevelopment (major enhancement) of a subsystem to identify it
from previous ones. A similar number is assigned to 1its holons
but these are also given an initial version number of 0 ftc
start with. Each individual holon's version number will then be
incremented by 1 whenever it is modified. From the available
SDL's in the project 1log, we could then extract all the
relevant data for each holon for each of 1its phases and
versions,

4.1.5 Other sources of data

Before describing the holons data analysis in detail, let us
first introduce the other sources of data which were available.
These relate mostly to activities that have been going on.
Thus, dafs (Design Amendment Forms) fora part of the mechanism
which allows the supervision and control of updates to the
software., Of prime interest to us are daf2's which formalise
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the. introduction of new SDL's 1into the data base used to
construct the system and daf6's which are mostly used to
indicate actual coding changes due to fixes, enhancements,
hardware errors and so on to the individual modules. There,
however, exist some daf6's which merely record change
proposals. On the other hand, software notices are mostly used
to advertise to the users some problems which have been found
too complex to resolve (at least in the -existing system
releases). The deficiency 1is documented, restrictions of use
are imposed and circumventions of the problem are usually
suggested. However, there exist a few software notices which
incorporate changes to the system! We also examined the bug
reports from the (internal) users and bug responses to them.
These last two types of documents aire self ¢xplanatory.

More detailed descriptions of the software notices, the bug
reports (and responses) and the dat6's are in [#47], [49] and
[50] respectively. Daf2's are examined in Section 4.3, software
notices in Section 4.4, bug reports (and responses) in Section
4.5 and daf6's in Section 4.6.

Note Bug reports usually lead to dafé's {cr software notices)
which map on to daf2's but, as is obvious, there is no simple
one to one relationship: several or none of each type may map
to several or none of the other.

4.2 ANALYSIS OF THE HOLON ATTRIBUTES

4,2.1 The releases, subsystems, holons and data we worked on

Since it was impossible to tell from the project 1iog which
holons and holon versions belong to each release, we had to get
hold of this information by some other means. This could be
obtained from certain listings but only the complete lists of
releases 5X27 and 5X32 Kernel holons, (K27 and K32}, releases
5X23, 5X27 and 5X32 non-Kernel holons, (D23, D27 and D32) were
available. (The non-Kernel list is known as the Director 1list
although it comprises all the remaining groups in the system.)

We first compared the lists against each other to discover the
new and withdrawn holons during each release. From the sums of
new, withdrawn and all holons for the 3 releases, it was
impossible to detect any trend although, if the pre-5X23
versions are considered, one sees that there is a definite
increase in the total number of holons. More conspicuous from
the lists is the observation that both the removals of the old
holons and the additions of the new ones appear to be im bulk
rather than on an individual basis, i.e. subsystems rather than
holons tend to be the wunits in which facilities are either
removed from or incorpecrated into a succeeding version,

But these lists were mainly intended as some sort of index to
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allow the identification of the relevant SDL's in- the project
log. Tt would, then, be a simple, though lengthy, matter to
extract each holon's new attribute values from these belore
passing on to the study of their evolution over the releases.
From the voluminous lists and project 1log, it was clear that
only a sample of the 5,000 or so holons (each with about 5
SDL's although only a maximum of 3 would have been examined
here) could be analysed. We would have preferred random
sampling and, at the 95% confidence interval, a sample size of
about 1,000 would be required. This is not unmanageable, yet
the data will be too thinly spread for us to persue the
analysis at the group (20 groups) and the subsystem (80
subsystems) levels. We, thus, opted for cluster sampling, the
next best method. Wnile choosing the cilucters, we attempted ¢to
encompass all aspects of the system by:-

1) Including Kernel and Director holons 1in, as much as
possible, the same proportion as they appear in the
population.

2) Including groups at different protection, ACR, levels,
3) Including groups with 1, a few or several subsystems.

4) Taking only 1, a few or all the subsystems in a group.

Hopefully, a heterogeneous population, giving wus the maximum
chance of detecting dissimilar behaviour in the various
subsystems under study, is obtained.

The set of the selected subsystems is {G1SSB, G138SC, G1SSD,
G5881, G5SS2, G5SS3, G5SS7, G9SS8, G13SS1} where GxSSy denotes
subsystem y of group x. The group 1 subsystems would in some
way represent the Kernel, K, while the rest the Director, D.
However, to more adequately represent K, D or B, a truly random
sample would be more appropriate. B

After selecting the subsystems, we then went back to the
project 1log to look up the relevant SDL's (i.e. those versions
of the holons in the selected subsystems from 5X23 to 5X32).
Unfortunately, to prevent the project log from fatterning beyond
bounds, it has been the policy not to retain many more SDL's
per holon than strictly necessary; usually keeping only one for
every phase was found to be adequate. This may be sound
management since, in most cases, the change from one version to
the next 1is only very slight: a line, a word or even only a
character may be changed. But it did not quite suit our
purposes. As there was_ no change of phase from 5X23 to 5X27
(for any of the subsystems we selected) and, although the
version number of a holon may have been incremented several
times, more often than not, it had only one SDL filed for both
releases. There was, therefore, no option but to take the same
SDL for both releaccs.

From the SDL of each relevant IL holon version, these
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quantifiable attributes have been extracted:-

1) EXTS - the number of holons interacting, from tne- same
subsystem, with this holon. - -

2) EXTO - the number of holons interacting, from other
subsystems, with this holon."

3) IOE - the number of data items made available to this
holon by other holons,

4) IOG - the number of data items made available to other
holons by this holon.

5) IOP - the number of parameters of this holon.

6) CALLS - the number of calls made by this holon to other
holons. -

7) PATCHES - the number of tempoirary patches to-date to
this holon (PATCHES are dafbé's which actually 1led to
changes in the holon).

8) SIZE - the size of this holon in number of lines of
coded instructions.

9) DAF2 - the number of daf2's to-date to this holon.

10) AUTHOR - the implementer of this holon.

11) DATE - the date of implementation.

12) EXT - which is the sum of EXTS and EXTO.

13) I0 - which is the sum of IOE, IOG and IOP.

Diagram 13 represents the breakdown of the T49 holons we have
examined.

4,2.2 Analysing the frequenc istributions from one release to
the next )

There are thus 3 releases, 9 subsystems and 13 variables ¢to
explore. Examining the histograms for D23, D27, D32, K27 and
K32 (see Figures 36 tc 38 for 3 samples) indicates:-

1) That most distributions take a shape that ranges from
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the expcnentizl te the skewed normal.

2) That there is not much difference either among the 3 D
distributions, for each variable, or Dbetween its 2 K
distributions. - :

3) That, for each variable, the D and K distributions
appear to be different.

Jonckheere's test, when used to test whether +the D distribu-
tions are M"increasing" from 5X27 to 5X32, provided no
significant results (see [46] for the details). Three main
factors may have contributed simultaneously ¢to the non-
significant results:- .

1) The high proportion of holons which were unchanged over
the 3 releases.

2) The effect of wusing the same data for many of the
changed holons over 5X23 and 5X27, through 1lack of
appropriate records,Section 4.2.1.

3) The general smallness of the changes.

On proceeding to pairwise tests, the D23 sample was dropped.
The Kolmogorov-Smirnov 2-sample test, when wused as a 2-tailed
test, 1indicated that only CALLS and DAF2 differ from D27 to -
D32. A one-tailed test confirmed that the distributions for
these 2 variables are larger for D32. This is what we expect
for DAF2 while the CALLS result might be the first indication
we have for an ever increasing number of calls made by each
holon from release to release. This cannot remain unchecked if
we wish to take note of the often repeated warning in the
literature that doing sOo results in establishing a
combinatorially increasing number of communication 1links, the
direct cause, it is said, of increasing complexity in software
systems.

When the K distributions were tested, no significant results
were obtained.

It, therefore, seems that as a whole the structural
characteristics that we have been able to identify, quantify,
measure, analyse and infer from, have remained fairly static
from 5X27 to 5X32 (and possibly as far back as from 5X23).

4.,2.3 Analysin n lassifi hange
sustained

By classifving the holons according to the activities they have
sustained from one release to another, we arrive at these {4
groups: -

1) The unchanged holons.
2) The changed holons,
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with 3 subgroups:-

a) Those that have exhibited growth in the attribute
concerned. This is what is expected in most cases.

‘b) Those that have not. _

c) Those that have undergone a reduction in the size
of the attribute concerned. This may happen either
consciously or unconsciously. Conscious attempts
would fall in the category of '"anti-regressive
activity" [95], although one must not rule out an
unlikely but possible increase in complexity despite
a reduction in the values of all perceived
attributes.

3) The removed holons, i.e. those that have been dropped
from the previous release.

4) The new holons, i.e. those that were not in the previous
release(s). If the system 1is getting less manageable and
more difficult to add on to, then it is realistic to hold
the view that the new helons will take on increasingly
large attribute values, exhibit more "complex" distribution
shapes from release to release and that, for any release,
they may even appear as, if not more, complex than the-
existing holons.

These have been realised as follows for D:=-

- UCD32, i.e. the group of Director holons which were
unchanged from 5X27 to 5X32.

- CCD27, i.e. the 5X27 (Director) holons which were
changed in 5X32. "
- CCD32, i.e. the changed holons which are the new versions
of those in CCD27.

- DD27, i.e. the 5X27 holons which had been deleted from
5X32.

- ND32, 1i.e. the 5X32 new holons.

- D27, i.e. the set of UCD32, CCD27 and DD27.

- D32, i.e. the set of UCD32, CCD32 and ND32.

Similar groups, UCK32, CCK32, etc., were found for the Kernel
holons.

Note The changed holons have not been subclassified.

By choosing and comparing some pertinent pairs of
distributions, (new, unchanged), (unchanged, (before) change),
(before change, after change), using the Kolmogorov-Smirnov
test, we have Dbeen able to show, from 5X27 to 5X32 at least,
that:- ‘

1) There seemed to be no difference between the new and
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unchanged holons (whether K or D). If this result is
representative, then very much the same sort of holons are
being produced as at the start.

2) That, generally speaking, the attributes for either the
unchanged or the new holons have smaller values when
compared with the (before) changed holons, although a few
of the results were not statistically significant.

3) That the changed holons have "simpler" distributions
before than after change but the differences were slight,
except in the case of PATCHES and DAF2 for D.

and that th= following relationships generally hold
new = unchanged < before < after.

The next question concerns whether these relationships hold at
all times instead of from 5X27 to 5X32 only. This will require
many more analyses along the same vein as in this section with
quite a few future releases before it can be finally resolved.
However, the impressions which we ‘have gained from the project
log while 1looking at different SDL listings for the previous
versions of each holon are that it 1is very 1likely that, at
least, the "before" and "after" relationship holds and that the
unchanged holons have, in the large, very rarely or never been
modified at all.

4,2.3.1 The possible evolutionary patterns for the changing
holons

Assuming that a holon which is changed usually assumes a larger
structure attribute value, then a consideration of:-

1) The negative exponential shapes we have obtained for all
distributions.

2) The variations in these shapes (sometimes approaching
skewed or regular normal distributions) over several
attributes and several groups of hclons.

3) The way in which the exponential shape can evolve.

leads us to believe that the distribution evolution of the.
changing holons by each structure attribute is a mixture of the
following:-

4,2.3.1.1 A general and uniform shift of the frequencies from
left to right

This is summarised by Diagram 14.
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Diagram 14
—_— —_—
4,2.3.1.2 A general but un n hi equencies from

left to right

This may occur in several fashions depending upon the
unevenness and the irregularity of the shifts over all the
frequencies. Two contrasting examples are:-

Diagram 15

N
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Diagram 16

. Y~ . /

/ 7

Note No statement is made about the rate at which Lhe
distributions evolve from the simplest to the most complex
shape.

4.2.! The gioba L_gg_gy ur_as xglalngg by the different fypes
h 1 ns _classifie chan ca

daving loocked at the Dbehaviour of the different types of
components 1in the population as in Section 4.2.3 and found a
general relationship among them concerning the relative values
of each of their attributes, it is now convenient to
investigate the effect of adding them together. Using the (D27,
D32) and (K27,K32) pairs, we found that, although most 5X27
distributions seem "simpler"™ than the 5X32 ones, yet quite a
few behave otherwise. Thus we may conclude that there 1is by no
means an inexorable rightwards shift in the overall holon
distribution: the shift is not only checked but reversed in
some cases by the combined effects of the new, unchanged and
other types of holons.

Clearly, the more holons there are 1in each category, the
greater will be the 1latter's effect upon the global
distribution. The unchanged and the "changed but ne growth"
holon sets each has a frequency distribution whose effect will
be to dilute any shift in the overall distribution.

The effect of the "changed but reduced" hclons will be to
"simplify", i.e. cause a left shift, the next release's overalil
distribution, That of the new or removed holons will depend
upon how each of their distributions compares with the overall
one. Should the new holons be simpler (they probably are,
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according to our results) or the removed ones be more complex,
then each will simplify the overall distribution. Should it be
the reverse, then the new overall distribution will become more
complex.

The dilution/simplification effect of the new and unchanged
holons is indeed important since 107/204 and 41/81 of the
resulting (or 107/177 and 41/74 of the previous) D and K holons
were unchanged. Similarly, 31/204 and 13/81 of the D and K
holons 1in 5X32 were new and made significant contributions to
the overall distribution. There are unfortunately too few
deleted holons to allow us to see how deletion affects the
overall distribution.

4,2.4,1 Interpretin
of the holon's complexities

Now if we assume, as is likely, that the distribution of the
holons which have changed from one release to the next is
indeed getting more "complex" or even if that of the overall
population is Dbehaving likewise, there is still a bridge to
cross before we can assert that the complexity of the changing
holons themselves (to be contrasted to that of their distribu-
tion) or that of the whole system itself is increasing. This is
because a more complex distribution does not necessarily imply
a more complex situation. First of all, a holon which has
larger attribute values than another needs not be more complex
than the latter. Then, a distribution analysis does not provide
any information about the actual population involved. We may
find a definite trend towards larger and larger structure
values by the examination of the distributions yet counting the
population may show that there <could have been an actual
decreasing trend in the number of components per release. The
latter, frcm what we have seen, Section 4.2.1, is unlikely and,
even 1if it could be realised, would probably not be on a
sufficiently large scale to mess up the conclusions.

Then, even if an increasing trend in the attribute values has
been found, one still needs to establish its links with
increasing complexity before the latter can be claimed. Since
increasing attribute values and unstructuredness are both
consequences of changes to the code, one seems justified in
using general increasing attribute values as a rough indicator
for increasing complexity. Indeed, we needed this note of
caution because too many researchers had been too ready to
assume an increase in a trait whenever an increasing trend is
found in a metric which could, at best, only be taken as a
possible indicator of the increasing trait. Although the
association between metric and trait may appear obvious, yet
one- is not the other and, unless there are absclutely
unquestionable reasons for doing so, the behaviour of the
former may not be taken to always reflect the behaviour of the
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latter.

4.2.4.24Re1a§ing the complexities of the different types of
holons

Bearing the above in mind; one may then attempt to interpret
how the complexities of those holons which are no longer wanted
and dropped from one release to another, of the remaining ones
which get changed and of the new ones which are added relate to
each other. For each release, the new ones have been of a
complexity which is comparable to that of the unchanging ones.
Thus, if one could assume that increcasing system complexity
would imply increasing difficulty in constructing new compo-
nents and the increasing complexity of the latter themselves,
then, until now, the overall complexity of the system has
probably not changed significantly. The changing holons,
however, do get more complex after being changed and, as they
were already more complex than the unchanging ones (whose
complexities have been unchanging, too), it seems 1likely that
the changes do not impact the holons uniformly but are, in the
large majority, restricted to a minority of the hclons cnly.
(This has much in common with the 80-20 law found applicable to
the BD micros, Section 3.4.)

4,2.4.3 The ageing and rejuvenating processes

With collections of machines, living things and so on, if there
is no change in the constitution of the population, then,
through wear and tear, the individual components wiil get less
and less efficient and more and more unmanageable and creaky,
all symptoms of ageing, wuntil there comes a time when it
becomes more profitable to replace the population by a new one
(if non-living) or when it dies of old age (if living). But all
the components need not be replaced (die) simultaneously and
there 1is also the possibility of adding new ones (giving birth
to them) to the population at any time. Then, whether the
population is deteriorating (or ageing) as a whole cr improving
(or being rejuvenated), instead, will be determined, to a large
extent, by the replacement rate when compared to the ageing
process., Should the older (let wus call them "older"™ since,
assuming that they are wutilised at the same rate, 1longer
existing components will be more worn out than shorter existing
ones) components be replaced by newer components at a rate
which exceeds the ageing rate, then the whole population will
be rejuvenated and may last forever., Otherwise, the time for
replacing it will creep a little bit nearer.

4.,2.4.4 Applyin he jidea agein an i nation
software

The analogy which one may draw between the behaviour of such
systems and 1large software 1is attractive but perhaps not as
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obvious as it may seem at first sight. Ageing, as applied to
software, should imply more than a mere passage of time: if a
software system is only repeatedly used over time but is not
being modified at all, then it will not have "aged" in any
sense since software has the property of not deteriorating
through repeated usage. However, software does get changed and,
in the process, does show increasing attribute values, Section
4,2,3. If, in consequence (see our note of caution, Section
4.,2.4.1, again), it gets more unstructured, complex, creaky and
unmanageable, then ageing for software would appear to be
similar to ageing for all types of systems.

Should it be allowed to age unchecked, then there will soon be
a case for killing the system off, Lehman's first law, and for
creating a new, simpler system to replace it. But one may, more
judiciously, adopt a policy of replacing the oldest components
(the suitable cases for extermination) by new and less complex
ones at a sufficient rate to keep the system in a reasonably
spritely state. Thus, 1in parallel with the ageing process,
rejuvenation 1is constantly required. Should ¢the former be
allowed to dominate at all times, then the march is
relentlessly towards senescence and death. The s3ftatu guo mayv be
maintained by balancing the two processes while, if the
rejuvenation process 1is allowed to dominate, then, the system
would become decreasingly complex. How the two processes relate
may be indicated by how the inclusion of the new components
with the changing ones affects the overall distribution. If the
rightwards shift in the evolution of the latter is
irremediable, then it will be ageing which has been the
dominant factor throughout, if the distribution dces not seem
to be changing over time, then the statu gquo has been
maintained, otherwise the rejuvenation process would dominate.
For B, heretofore, it seems that statu gquo has been the more
likely outcome.

The above concepts of ageing and rejuvenation are very close to
Lehman's progressive and anti-regressive activities [95].
Progressive work is that which changes the system to improve
its immediate capabilities, e.8., functional power,
productivity and so on. Anti-regressive work, on the other
hand, does not necessarily provide instant or visible returns
but, instead, is a 1long-term investment to prevent future
unmaintainability and decay. Lehman has asserted that
progressive work must be complemented by anti-regressive
activities, otherwise there shall be "unbalanced productivity
growth", the consequences of which can be dire. This is exactly
what our analysis suggests.

That B, as yet, has shown no propensity towards 1larger or
smaller average attribute values and, hence, seems to be in the
statu quo state concerning its overall complexity may be due to
a combination of several factors:-
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1) The system may be too young to start
symptoms of increasing complexity ac deta
(187. ' .

2) Increasing complexity is already prevalent but, as it is
in no way related to the values of the attributes, it does
not cause them to show a shift in their distributions to
more complex shapes. However, it seems contrary to common
sense to categorically deny that 1increasing attribute
values may be related to increasing complexity.

3) We have too few releases to work upon to arrive at firm
results in one sense or the other.

exhibiting the
led by Lehman

There is probably a degree of truth in all of the above
statements.

Before proceeding to the next section, 1let wus conclude Dby
sounding a few notes of warning:-

1) We have not concerned ourselves with the actual ageing
rate. Whether it is fast or slow has little effect upon the
discussions - it may take an eternity for the system to
decay for all that we may care. From the analysis of B
which shows that a majority of the holons are unchanged
from one release to the next and that the attribute values
of the changing holons increase only very slightly, it
seems that the changing rate is indeed slow. It is tempting
to infer that the ageing or complexity increase rate is
likewise slow but, again, one must be cautious: slowly
increasing attribute values do not necessarily imply @
slowly increasing complexity, too.

2) New components may be added not to replace old ones but
to implement new functions and facilities. Even if each of
them is as simple as can be, they will cause the overall
complexity of the system to increase. Unfortunately, the
overall distribution will be simplified. Indeed, this
highlights one of the difficulties in attempting an
analysis based upon the study of distributions only.

3) There are many other shortcomings concerning the use of
distributions. For example, the actual size of the
population is completely ignored so that, if, say, a system
has reduced its number of components to one tenth of the
original number, then, if the attribute values of those
which are retained have sensibly increased, examination of
the distributions only would perhaps wrongly imply that the
complexity of the system has increased, too, while it may
well have been otherwise (see also Section 6.2).

4) The components may not be of equal "importance" (the 20-
80 law). Then the ageing and rejuvenation of the system
will depend more upon the behaviour of the more important
components than upon that of the -others.

5) The actual attribute values themselves may not be too
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meaningful., For the same attribute values, one can imagine
all sorts of components or systems with varying degrees of
complexity. Fortunately, in real life, most things conform
to the norm. ] '

6) One must not assume that we have shown that substituting
a new component for an ancient one will decrease the
overall complexity. Such an action may well decrease the
complexity of the component in question but, if, e.g., it
establishes many more new links with other components, then
the overall complexity could increase. But, of course,
methods of detecting this are provided for in 2 ways: we
re-examine the whole new population and we study several
attributes simultaneously, one of wuich is the number of
links which a component establishes.

4,2.5 Correlation and multiple regression analysis

4,2.5.1 Correlation analysis

Further to the arguments in Section 4.2.4, one may add that the
extent to which a system decays is not necessarily proportional
to the quantity of properties which change but is, instead, a
function of the changes to those, and only those, critical
properties which govern structural degradation. Thus, although
one may have observed and analysed thousands of changing
properties, if the pertinent ones are not among them, then,
whatever conclusions may. have been reached, these would be
mostly irrelevant as far as degradaticn or increasing
complexity is concerned (see our remarks in Section 2.7, tooj.

Our next task was to attempt to sort out the pertinent from the
other attributes. The chosen method was to try to identify a
convenient degradation or, alternatively, quality measure first
and then to relate the others to it. Given the objective of
this research and realising what a tough task finding an all-
satisfying metric would entail, we did not persue the search
beyond fthat of choosing the most 1likely from the already
available variables. PATCHES seems to be our best bet, the next
choice being DAF2. The obvious way to relate PATCHES with the
other wvariables. is to wuse the <correlation analysis tool,
despite its obvious weaknesses, Section 2.7. We also took the
analysis one step further by trying to model PATCHES in terms
of the other variables through regression analysis, mainly as
an attempt to discover how appropriate such a model may serve
as a forecasting tool. DAF2 was analysed similarly, but, it
seems that, should we require one measure to represent quality
and another for work, then DAF2 can be put to better wuse as s
stand-in for the number of changes, an unavailable measure,
and, therefore, as an approximate measuire for work.

The correlation matrix in Table 18 is self-explicit. Because of
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the high positive correlations which PATCHES exhibits with most
of the other attributes,. our decision to include all the
attributes in the analyses 1in Sections 4.2.3 and 4.2.4 1is
justified. Furthermore, the feeling that increasing complexity
may cause a general increase in a component's attribute values
is strengthened, too. “

4,2.5.2 R ion e cumulati PATCH nd DAF2
K32

4.2.5.2.1 The linear models

Because previous analyses have shown that the attributes of the
nolons have changed little from 5X23 to 5X32, Section 4.2.2.
and because creating regression models is not much fun and
rather lengthy, we concentrated for this, the first of 3 stages
on regression analysis, with the examined K holons of 5X32
only, the 1latest version and, therefore, the most useful for
predictive purposes for the as-yet-to-be-released (at the time
of the study) 5X36.

The Dbest PATCHES model, excluding DAF2 as an 1independent
variable, is

PATCHES = -3.295 + 0.602CALLS + 0.410I0E + 1.352EXTO
sS.e 0.072 0.113 0.469
t 8.36 3.64 2.88

The total R2 of 77.92% is quite reasonable compared with those
obtained with BD and with what other workers have btecn
obtaining. In [178], Waldbaum only managed values of about 70%,
even after extensive transformations. We note from the model:-

1) The absence of AGE and SIZE from the explanatory
variables and the preponderance of the structural links of
the holon: the number of calls which it makes and that of
external data elements which it uses.

2) The coefficients on the right hand side are positive
indicating that, as the value of each variable increases,
so does that of PATCHES.

The best DAF2 model is
DAF2 = 0.220 + 0.332PATCHES + 0.073AGE + 0.236EXTS
s.e 0.051 0.021 0.112
t 6-“7 3.“2 2.11

giving an R® of 70.04%. EXTS is still another communication

attribute despite the inclusion of other communication
attributes in the model for PATCHES.

4.2.5.2.2 The non-linear models
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whilc the linear models are acceptable, further functional
forms for the regression equation were eXxpiorcd in a2 bid tro
obtain even better fits.

Plotting, as before, Section 3.4.3.3, was not very useful and,
therefore, the same transformations as for BD were used. In all
cases, WwWe came up with worse models, xcept when all the
variables are squared beforehand. The total R? for the PATCHES
model is now 86.56%, an improvement of about 9%, although we
have 1 fewer explanator. Both remaining variables are concerned
with the communication links of the modelled holon: its number
of calls to other holons and the number of external data
elements which it uses.

(PATCHESY = -52.881 + 0.675(CALLS)? + 0.928(IOE)
s.e 0.038 0.109
t 17 .56 8.49

The new DAF2 model, R? = 72.32%, is also an improvement.

(DAF2)2= 30.946 + 0.201(PATCHE3)2 + C.163(IQE)>
s.e 0.021 0.053
t 9.61 3.07

Implications

ICL may think that to improve the quality of future holons, it
is only neressary, from the previous results, to reduce CALLS
and, say, IODZ. However, tuese models should not be wused for
what they were never intended for. That the various variables
are mostly highly correlated among themselves, Table 18, would
imply complex relationships among them so that tampering with
any one of them may result in compensatory or sympathetic
action elsewhere. There is, then, quite a distinet possibility
that any problem solving strategy may prove dysfunctional after
all. For example, reducing CALLS may very well result in some
other variable, say SiZE, to become the dominant factor 1in the
next release (and model) and cause problems of its own,

Finally, that R2 is not 100% leads us to make these 3 important
and not mutually exclusive conclusions:=-

1) There may be other structural characteristics which may
also have an influence upon the quality of the holon and
the amount of work done to it.

2) There may be exogenous forces or external determinants,
e.g., market pressures, management plans, that impinge upon
the system. These, of course, are much more difficult to
measure or may cven be too far removed both spatially and
temporally to be empirically observaple.

3) It may Dbe inherently complex to characterise 1in
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numerical terms the different factors that influence a
programming system. An exact count may not be the corrcct
answer. To illustrate, take DAF2 as our first example (see
also Section 2.8). As another example, compare a holon
which calls 3 others which themselves do not call any with
another holon which <calls only 2 but these in turn call
many others.

4,2.5.2.3 The incremental models

We have, so far, used the "as at" values for each attribute
(the cumulative approach) but one may also work with the
changes from one release to the nex - the incremzintal
approach. We need not concern ourselves with the pros and cons
of each approach here (see [48] instead). The data we shall use
to create the models will be the following ¢two sets: the
differences between CCD32 and CCD27 and those between CCK32 and
CCK27. One fundamental difference with the cumulative models is
that, for the new PATCHES models, we shall no longer force DAF2
out of the list of possible explanatory variables. Since these
2 variables are usually highly correlated, whenever one tceomes
the dependent variable, the other can be expected to be among
the explanatory ones. In whatever way the data 1is treated,
there will have to be 4 models: D and K will each have one DAF2
and one PATCHES model.

The first models

We started by modelling ADAF2 and APATCHES from SX2T ¢c 5X32 in
terms of both the increases in the other variables and the
actual variables themselves, on the grounds that the latter's
magnitudes may also have some influence on the independent
variable.

Additional models were created by including the rates of change
as independent variables.

The absolute models

Next, the models were repeated with the absolute values of all.
the differenced data. The advantage of using absolute values
becomes clear when one considers that large ADAF2 values will
be negatively correlated with big reductions 1in size but
positively correlated with big size increases while they are
positively correlated with IASIZEI. '

The results and the conclusions

i6 models were therefore created, Table 19. They gave the
overall impression of great variety in the relaticnships wnich
they exhibit, e.g., the independent variables include all
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types, the delta, the rates and the actual attributes
themselves in various combinaticns. It 2ls¢c seems that the
models are improved whenever the rates are included as
independent variables and whenever the changes are in absolute
terms.

Generally, the best models are those in terms of the absolute
changes and absolute rates of change attributes. However, the
independent variables obtained for each model are not quite
consistent with those obtained for their corresponding models.
Although, for interpretative purposes, this is a disappointing
iresult, as interpretations become inconsistent, yet it was
e2ntirely expected. The variables are so highly intercorrelated
that only a slight manipulation of the data shifts the emphasis
and is sufficient to cause one variable to replace another in
the model.

he lessons learn

The main one is that multiple regression models may not be very
useful for interpretative purpcses, most specially when the
independent variables are highly intercorrelated. It is thus
safest to stick with their use as empirical formulae to derive
the value of the dependent variable, given those of the
explanatory ones.

4.,2.5.2.4 Applying a theory of stability or instability to B
Sutherland's different classes of systems

According to Sutherland [170], any phenomenon 1is amenable to
modelling on any of 4 levels of analysis:-

1) The state variable 1level where the determinants of the
system are identified.

2) The parametric level which involves assigning numbers to
the state variables for specific points in time or space.
3) The relational level where the nature of the
relationships among the state variables is established.

4) The coefficient level where specific numerical or
magnitudinal values are assigned to the interfaces among:
the state variables.

For example, in the model

y = (0.5w + vx)/62z
,the state variables are v, w, x and 2z, the relational
components are +, X and /, the coefficients are 0.5, 1 and 6

while, at the parameter level, we have to0o assign a specifiic
value to each variable.
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For deterministic systems, the simplest class identified by
Sutherland, all but the parametric level are fized. The
moderately stochastic systems, the next more complex class, are
those where the coefficients and the parameters may change but
where the state variables and the relationships remain
constant. The severely stochastic systems, even more complex,
allow the relationships to change as well while the worst, the
indeterminate systems, allow the state variables themselves to
be inconsistent so that the basic nature of the system may
change through time. Such systems are the most difficult to
deal with.

The practical problems in adopting Sutherland's ideas

Unfortunately, the tools for building the models where any
functional relationship 1is allowed are, to our knowledge,
unavailable. At this state of the art, we shall have to settle
for multiple regression models. Some sort of sophistication
could be achieved by transforming the data but, even then,
there would be no real mix of different types of relationships.

Although we shall bear in mind the 4 provisos outlined below
(and already dealt with elsewhere), Sutherland's ideas are
attractive and one has to see how they may be usefully applied
in the context of ED studies.

The provisos are:-

1) Whether the state variables are adequately represented
by the variables which we have.

2) Linear models provide only for the addition and
subtraction relationships.

3) The weaknesses of regression models: no causal
relationship, the strong intercorrelations making it =asy
to replace one explanator 1in the model by another without
much affecting RZ2.

B) Only 2 releases, instead of the necessary several, are
available for comparison.

One further complication is that any comparison of the models
will have to be based on 3 considerations. In addition to the
variables and their coefficients, we also have to consider the
R? of each model. This task would be simple if each factor can
be considered singly while the other two are fixed but,
unfortunately, this is impossible.

Deductions from the incremental models

To find whether the same determinants are at work wupon both D
and K, we compared each Director incremental model against the
corresponding Kernel one, Table 19. For each pair, there is
usually only 1 common independent variable, (either A DAFS
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or AEXTS). Could this be taken to indicafe that, apart from the
great influence of DAF2 upon PATCHES, (and vice versa), the
other influences upon either of the two attributes differ from
D to K? ' “ )

Deductions from new cumulative models

The next (and 1last) step was an attempt to compare the
influences at work over different classes of the system. Due to
lack of data, only cumulative models could be built and used
for that purpose. Table 20 exhibits the best linear models
fitted to the sets listed under Section 4.2.3. Of these, CCD27
and CCD32 (and CCK27 and CCK32) have an additional feature:
that of providing the only opportunity to compare the same
things from one release to the next.

When the models in each of the 4 pairs for the changing holons
are compared, it is found that, at most (and sometimes never)
only one explanatory variable is substituted by another (from a
total of vwp to 4) and that the directions of the relationships
are unaltered although the coefficients are never the same.
However, 4 explanatory variables are rather too many. If we
reduce these ¢to 3, then, a straight interpretation of
Sutherland's ideas would suggest something between a moderately
and a severely stochastic system. Before we conclude that there
is no hope of predicting the system's behaviour with much
certainty, we must remember that there is still much to be done
in attemgting to apply Sutherland's ideas. The main pitf21i, at
present, is, we believe, due to the unsuitability of regression
models when the variables are highly intercorrelated. But are
there better tools?

From the above models, it looks as if the subsystems within
each release may not be very similar to one another. This 1is
confirmed by the widely different histogram shapes (an example
is Figure 39) we obtained for each subsystem for anv variable.
Althougn the results are as expected and persuing the analysis
at the sub-global level has previously led to very meaningful
results, Sections 3.4.,1, 3.5.2.2 and 4.2.3, we have not felt it
necessary to repeat all our analyses at the subsystem level
here. That would have taken too much of our time and creating a
regression model for each subsystem would probably add little
to this research although it may be of some wusefulness for
management purposes. However, this simple but laborious task is
left to whoever may be interested in performing it.

4,3 ANALYSIS OF DAF2'S

(The detailed results of the analysis in this section can be
found in (461].)
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This section is analogous_to that in Section 3.2. In addition,
we shall be invéstigating, from the moment of its introduction
into the system, the changes pattern over the life history of a
"typical"™ holon as depicted by its number of daf2's per month,
cf. the investigations concerning the typical new BD module and
micro, Sections 3.5.2.3 and 3.5.2.4.

Before proceeding further, let us remark that any result which
may be obtained cannot be strictly interpreted as showing the
work input pattern into each subsystem. Not only is there no 1
to 1 mapping of a change on to a daf2 but a count of daf2's (or
of changes) does not reflect the fact that changes can have
various magnitudes and varying degreces of difficulty, Section
2.8. There is no consequence upon the interpretation of the
results if, as regards to the magnitudes and difficulties of
the changes, true stochasticity exists. If, however, one
expects that, due to increasing complexity, it is getting more
and more difficult to make a change, then a diminishing number
of daf2's <cannot be expected to indicate that the amount of
work 1is decreasing. On the other hand, one cannot say that a
diminishing number of daf2's 1is indicative of increasing
complexity, if there is no proof that the actual amount of work
is not decreasing. Thus, before being able to assert that our
deductions concern the amount of work put into the system, we
must determine first how the amount of work put in a daf2 1is
evolving over time. This is not an easy task and, as before,
Section 4.,2.4.1, the problems of how to unequivocally relate
the behaviour of a certain measure with that of an unmeasured
(and, perhaps, unmeasurable) trait of the system, of whieh it
is a possible indicator, and perhaps convert it into an alil-
satisfying metric for the latter, like so many problems raised,
Sections 3.4.2, 3.5.2.3 and 4.2.4.4 among others, are not part
of our quest and could not persued thoroughly.

First, it was necessary to express the daf2's data in terms of
time series appropriate for analysis. A weekly grouping of the
daf2's was too fine since there were too numerous 0 or near
zero values. Since the subsystems are only about 5 years old,
the rather large 6-monthly or even 3-monthly period appeared
not. only in danger of smoothing out some possibly interesting
features but there would not have been sufficient data points
to work with. Therefore, the monthly period had been chosen.

4.3.1 Randomness _tests and polynomial fits

The randomness tests, Section 1.3.3.2, showed that, at the 99%
confidence 1limits, all the results were non-significant. We
next fitted polynomials, Section 1.3.3.1, to each of the 9
series (one per subsystem) and to its cumulative sum. In each
case, we obtained the mean and its linear integral as best fits
to each series and its cumulative series.
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These results then concord, in every manner, with those
obtained in Chapters 1 and 3 (Sections 3.2.1 to 3.2.2) and
vindicate our previous conclusions. -

4,3.2 Time series analysis

The only significant acf's are in Table 21. Of the 9 series, 4
showed no significant autocorrelations from 1 up to 20 lags, 3
showed only 1 significant result while of the remaining 2
series, one showed 2 and the other 3 significant results.

The few significant autocorrelation values which were obtained
wei'e nct only very small but may have been spurious results (1
spurious result is expected out of 20 results at o= .05).
Thus, the general impression is that, for any subsystem, the
number of daf2's in any month neither has any special effect
upon that of any subsequent month nor has been affected by that
of any preceeding month. This non-dependency upon past or
future behaviour result also implies that the fluctuations in
the number of daf2's per month for each subsystem is probably
not of a systematically cyclic or osciliatory nature. Instead,
as implied by the previous section's results, it seems to
fluctuate unpredictably within a certain range. This being so,
there was no point in attempting to persue this 1line of
investigation to its end by building the elaborate Box-Jenkins
model.

The analysis in the frequency domain resulted 1in periodograms
which, for each subsystems' series, show very few frequencies
with significant intensities, all such intensities being low.
The conclusions which we reached from the correlograms are
therefore confirmed.

§,3.3 Investigation of the daf2's distributions

That any time-based signals, if they exist at all, have been
found to be so weak as to be considered insignificant implies
that, for practical purposes, the time factor, as for the BD
modification series, Section 3.2.4, can be ignored so that the
sequence in which the observations are made becomes immaterial.
We are then in a position to investigate the distribution of
the daf2's. From the histograms in Figure 40, it appears that,
for any subsystem, the daf2's are approximately exponentially
distributed. In terms of probability, this means that, for each
subsystem, few daf2's per month are more likely than large
numbers of them. Furthermore, it 1is again clear that each
subsystem's distribution is different from that of the others,
cf. the results in Section 4.2.5.2.4., Various tests confirmed
the observation. T

That the distribution for each subsystem appears to be
exponential rather than normal should not be worrying: we have .
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been carrying out our investigations at a sub-sublevel. The.
gicbal distribution, indeed, looks normal and, in that sense,
concords with previous results obtained with global measures.
Th explanation is, of ~course, found in the Central Limit
Theorem.

4.3.4 The typical holon's profile

This part of the investigation is to determine how the number
of daf2's per month varies over the 1life time of each
subsystem's representative holon. This is done by ignoring the
calendar dates, shifting all the holons to the same origin,
finding the average of the number of daf2's for these holons
from month to month and finally plotting these average va2lues
against time. (One technique among several others that may be
used, cf. the work done in Sections 3.5.2.3.1 and 3.5.2.4.)

Again, common exponential shapes, but differently parametrised
for each subsystem, are obtained, despite the simpler method
adopted for this system's anaysis. These shapes are more or
less regular for the first 5 to 7 months after "birth", after
which they tend to become random. By breaking up each typical
life history into its corresponding phases or redevelopments,
Section 4.1.4, not only is an exponential plot obtained for
each phase but the plots become smoother, Figure 41, Finally,
smoothing the data results in even smoother shapes, Figure 42.

1) That, if there are no new phases, then the number of
daf2's peters out over time.

2) That new redevelopments of existing code do indced
occur.

3) That there is a sudden increase in the number of changes
after each such new phase.

4) That the decline is subsequently resumed.

,together imply that the tendency to make small changes and
enhancements to existing code is to fade out and that this 1is
probably not due to an increasing resistance to change and
increasing complexity. Otherwise, how can we account for the
new phases? As more substantial work which include new
subsystems and rehauls to existing ones are always followed Dby
a large number of modifications to the new code and. by an
increase in that to the remaining code, then, if the number of
daf2's was increasing for the whole system, it would not be due
to an increasing need to perform more and more work on older
and older subsystems but rather to work on new subsystems or on
new phases of existing ones.

Note The analysis in Section 4.3 was also performed with
various sums of the subsystems tc represent K, D and B (see
Section 4.2.1 about the suitability of the sums and [46] for
the details) but the results have not been of sufficient
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importance to be inéluded in this report.
ANALYSING THE SOFTWA

(A more detailed account of the ﬁdrk described this sectibn can
be found in [471].)

4.4,1 Purpose and contents of software notices

When, for a current version of B, a problem which 1is too
complex to be resolved until a subsequent release is
encountered, thcn a software notice documenting the deficiency,
the restrietions of use to avoid the problem, circumventions ol
the error, among other things, is issued to all irelevant users.,

From the contents of the software notices, the only information
which 1is potentially of interest and which is quantifiable
consists of:-

- Reference number.
- felease version(s) of the product to which the error
relates., It can be:-

- All to date.

- <release>.

- <release> and vefore.

- <release> onwards.

- <releasel> to <release2>.

- Date raised. Should the notice be updated and reaissued,
this date remains unchanged.

Although classifiable by the components affected, by whether
they were reissued, not issued or withdrawn and so on, the
notices were overwhelmingly of the ordinary kind: issued only
once, never withdrawn except when the release version becomes
obsclete and so on. As, besides, there were not enough of them,
categorisation and the analysis of each category were not
justified and were not carried out.

4,4,2 Time series analysis of the software notices

Choosing the calendar week as the aggregation period gave us
168 discrete data points, sequenced from 7601 to 7903 - quite a
respectable figure. Visual inspection of the plot of the number
of software notices per week as a time function indicates
reasonable stationarity, 1i.e. no obvious seasonality or
cyclicity was noticed, although further analysis revealed a
mild decreasing trend.



CHAPTER 4 PAGE 98

- The acf and pacf plots of the actual series, Figure 43, show
that the mosi appropriate mcdel wculd be AR(3), (3,0,0). As
this might be an overfit, (2,0,0) and (1,0,0) were also
explored for adequacy. To provide for the possibility that the
acf and pacf plots of the differenced and actual series may
convey other information, we also investigated the (1,0,1) and
the (0,1,1) models. Table 22 exhibits all five of them: AR(3)
is indeed the best. -

Notes

1) The (1,0,1) model, the next best, provides very similar
forecasts to the chosen AR(3) one. -

2) Models (1,0,0) and (2,0,0), particularly the former, are
obviously underfits, although not as bad as (0,1,1).

The Fourier frequency results, as usual, did not provide much
additional insight as most of the signals were either weak or
insignificant.

4.4,3 Anal

Some of the release version entries in the header are
ambiguous, notably the "onwards" one. When this is coupled with
the fact that there is no precise date over which each release
is 1introduced, each release's time series becomes rather
imprecise. This 1is why their time series analysis was not
envisaged. Instead, we concentrated upon qualitative
observations from the releases' time plots to get some ideas ofl
the intra-release behaviour of the software notices.

We first noted the absence of seasonality and cyclicity. There
were, however, interesting observations to be made on three
patterns which were superimposed one upon the other:-

1) The data exhibit wild and irregular fluctuations.

2) Also obvious are the changes in 1levels at which the
rluctuations occur. These levels may indicate periods when
the rate at which software notices are being issued are
high and others when it is low.

3) For versions predating 7601, i.e. 4X25, 4X30 and 5X10,
there is an apparent decreasing trend. For 5X32, a recent-
release, there appears to be an increasing trend while for
2 of the 3 others, ©5X23 and 5X27, whose whole 1life
histories are covered during the period investigated, the
plot is bell-shaped. 5X18, short lived, restricted to few
users and so on [51], is anomalous and may be discounted.

By wusing moving average techniques (see [35,86,88] for a
thorough discussion of filters), the local fluctuatiocns were
smoothed out and, further to confirming, very strikingly, the
preceeding paragraph's second and third remarks, the new plots,
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L e
Figure 44, also contributed considerably to explain the various
peaks in the plot of the global serles, Flgure 45,

4.4.4 Mocdels of release and system behaylouc in LQC ms of number
of software notices

Following the remarks in the preceeding section and collating
the behaviours of all the existing releases' software notices
time series, we arrive at the individual release's model which
can be neatly summarised by Diagram 17.

number cof Diagram 17
software notices

X
fo 4 b

It is weasy to interpret the diagram. It takes some time
(shipment to customers, their getting used to the new version,
the elapsed times 1in feed-backs from finding errors to
signalling them to identifying +them to preparation of the
notices and to distributing these and so on) for the rate of
issuing software notices to build up to an eventual peak which
should be the outcome of maximum usage experience, fault
discovery and fault reporting. There, however, inevitably comes
a time when the most visible faults would have been detected so
that the fault reporting rate and, hence, the issue of software
notices rate, decline. Of course, there are ups and downs 1in
the process and the random element is strong, too, although,
for clarity, we have not 1included the latter in the above
diagram.

As should be obvious:=-

1) The figure is not symmetrical about x.

2) The "run-in" time, (t -t;), i.e. the time to the maximum
notices issue , is not necessarily equal to the "run-out"
time, (t,-t,).

3) The number and amplitudes of the waves to the left of x
are not necessarily equal to those on the right.

Parametrising the model seems virtually impossible so that none
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of run-in time, run-out time, x, area under the curve between

and t. Aand so on can be predicted.  The usefulness of the modeT
is, Eherefore, mainly to explain and to qualitatively monitor
some particular aspects of system behaviour. Monitoring may be
in terms of a comparison of succeeding releases' run-in times,
run-out times, peaks and so on. '

4.4.5 The trends in the global time series and modelling them

Having obtained some general ideas about the software notices’
intra-release behaviour, it may be helpful to perform some
inter-release comparisons, 1i.e. to observe how the software
notices intra-release behaviours differ from onc release to the
next.

The similarities in the shapes of 4X25's, 4X30's and ©5X10's
plots, and the reflection of the latter's in 5X18's imply that
problems tend to be common. They are, perhaps, omissions or
global or conceptual problems reflecting defects in the initial
design itself. There are indications that, with the passage of
time these defects are being ironed out:-

1) The peaks, the means and, quite interestingly, the
standard deviations, from 5X10 to 5X32 are regularly
decreasing in magnitudes, Table 23.

2) In the global series, there exists a decreasing trend
which is reflected 1in the Fourier analysis carried out and
confirmed by regression analysis.

Thus, so far for B, there seems to te a general improvement.
This could imply decreasing complexity but would net
necessarily contradict Lehman's postulates [18]. This may be
because the system 1is too young to start exhibiting the
symptoms of increasing complexity. After all, it seems that
most software notices have, so far, been issued to deal with
mistakes or defects which have been handed down from the
initial design and version and which are only being uncovered
through increasing usage and experience.

Whether the decreasing trend in total number of software
notices per period will continue or will be reversed remains to
be seen. The effect of this upon the model for the system's
behaviour which automatically follows from that of tie
individual release is obvious. Below are two idealised examples
of the system's profile: when the trend is downwards and when
it is upwards.
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Diagram 18

4.5 BUG REPORT ANALYSIS

(A more detailed account of the work in this section can be
found in [491].)

4.5.1 Introduction

Bug reports are forms which are filled in to signal possible
erroirs and, therefore, problems in the use of the system. Each
one results in a bug response. For this research, only internal
bug reports (i.e. those emanating from within ICL) could be
analysed so that no claim can be made about the applicability
of the conclusions to external bug reports (i.e. those coming
from ICL's customers).

The available data, covering the period 7708 to 7902, were so
vast that, to keep this study within manageable bounds, we had
to severely restrict both the analysis and the samples to be
investigated. On the one hand, subcategories (and combinations
of these) of the bug reports were not analysed while, on the.
octher, only U different months' (7708's, 7803's, 7809's and
7902's) data spanning the full periocd and as distantly apart as
possible were looked at in Sections 4.5.2 and 4.5.3.
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The analysis 1is on 7 variables extractable from each bug
report-bug response pair, each dealing with a ditferent aspect
of the data. There are 6 variables of classificatory nature:
the priority <class and the originator of the report, thé
release(s) and component affected, the machine on which the
supposed bug was found and the type of the bug discovered, if
any. A seventh variable, the response time, is of the interval
scale.

4.5.2 Analysis of the distributions of the 4 chosen months'
data

4,5,2.1 The different behaviours which the variables exhibit
over time

The relative frequency plots in Figure 46 show great
diversities, confirmed by the X? test [163], among the four
periods' distributions by any variable.

Breaking the distribution frequencies into the different
classes of each variable shows that the variables are probably
of 3 broad types:~

1) Those where each <class within the variable shows no
trend but is, nevertheless, fluctuating violently, e.g.,
priority and type of errors.

2) Those where each category shows some increasing trend
which is then followed by some decreasing ¢trend, e.g.,
release, originator and component. This behaviour seems
easy to understand. In a development environment, elfort is
mainly concentrated upon the release being developed.
Hence, in 7708, most work and bug reports were on 5X23, in
7809, they were mainly on 5X32 while 5X23 was already past
history, and, in 7902, 5X27 had joined 5X23 as past systems
while 5X36 was the new system given greater emphasis. The
similar fluxes of the reports over the components can be
explained thus: at different points in time, new components
are introduced or/and old ones are modified, both resulting
in more problems (reflected by the percentage of bug
reports referring to these) relating to these components
rather than to others. (This is very similar to the results
we obtained in Sections 3.5.2.2.1 and 4.3.4.) As their
problems get ironed out and as new components which, in
turn, will require attention are introduced, there is a
gradual shiftf. of bug reports from the more ancient to the
newer components.

3) Those whose behaviour mirrors the history of the system,
e.g., machine wusage directly reflects the distinct periods
over which different machines were used for development or
for testing.

4,5,2.2 Further analysis with the response time variable
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The X2 test may also be used to investigate any differences in
the response time distributions of bug reports of different
priority types, Figure 47. There are 2 guestionc that one may
ask:-

1) Whether, for each priority category, the respconse time
has stayed the same over time. This provides for an
analysis similar to that applied to the variable response
time but at the 1level of each priority instead of at the
global level.

2) Whether, for any month, hence, at any instant in time,
the response time is a function of the priority category.

4,5.2.2.1 Comparing differeni periods' response time

istributi ach i i

Only priorities B and C bug reports were numerous enough for
analysis according to 1). The evidence, on the basis of the
X2 test, was in favour of the hypothesis that both the priority
B and the priority C distributions, 1like that of the global
data, have not remained the same over time. Since these
constitute the majority of the bug reports, these resuvlts are
as expected.

4y,5.2.2.2 Comparing different priorities' response time
distributions over the same period

For the orthogonal analysis, apart from comparing the
distribution of the B priority bug reports with that of the C
priority ones for each of the 4 months considered, the onlv
workable alternative is to compare that of the A and B pricrity
bug reports taken together with that of the combined C, D and E
priority ones. We have chosen to work with the 1latter
alternative since it is less likely to favour the hypothesis
that there is no difference between the 2 distribtutions.

Ambivalent results were obtained. Only 2 periods provided
significant results. This was probably because for all
priorities, except A, the mean response times were comparable,
whatever the period. Actually, except for D and E, the targets
are nowhere met, the discrepancy being greatest for B (target
of 1 day), the most common priority, despite the fact that we
have ignored response times -exceeding 30 days from our
computations. Although ICL's objectives are to meet the targets
in 90% of all the cases, yet the discrepancies still remain,
Table 24, Either other factors- such as the administrative
procedures to be followed and the inelastic time required to
sift through all the diagnostic evidence take so much time that
the targets become wunrealistic or priority, except A, means
i1ittle to the responders. Could priority be a placebo whose
sole purpose is to give a sense of reassurance to the users?
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4,5.3 Correlating one variable with another

For each period, the contingency coefficient [163] between each
pair of attributes 1is determined. Although the 4 contingency
coefficients (one per period) between any pair did not show any
apparent trend yet they were useful in confirming each other.
Of the 21 possible correlations, only 7 were found to be non-
significant, 6 of them involving response time.

Some of these correlations did not make much sense in
themselves and could be wrongly interpreted but not 1if one
remembers that they may be correlated only through their
associations with another common variable. Thus, the (machine,
type of error) correlation is meaningful by virtue of the fact
that, due to the type of task each originator is undertaking,
he has to use an assigned machine and that he brings along his
skills and working habits with him.

The results seem all explainable by these 3 postulates:-

1) Originators (single individuals or groups of persons)
have different working habits, they assign priorities
differently, are worse at making some categories of error
than others and so on. This, with the originator as the
cause, explains the (priority, originator) and (originator,
type of error) correlations.

2) At any moment in time, each originator is assigned a
specific task: development or testing, among other things,
of specific component(s) within specific release(s).

3) Specific machines are allocated for specific tasks. Some
are for development and others for testing, etc.

Such correlation work may be wuseful in identifying to
management the particular entities or aspects of the system
that could be most usefully monitored. From the significant
results, one can easily identify the originators who were most
active (such an originator would have more than the expected
number of bug reports to his name during most periods) or, at
any given time, the component or release which was undergoing
the most development, the machine on which development was
carried out and so. on.

The previous findings that priority A and B bug reports tend to
have quick response times (up to 1 day) were confirmed but,
thereafter, there were no distinctions among the various
priorities. As appropriate; there was no correlation either
between priority and type of error (priority being assigned by
the reporter while categorisation of error is performed by the
responder) or between originator and response time (nobody had
preterential treatment). The absence c¢f correlation between
release and response time may be taken as meaning that the time
taken to repair bugs has so far been independent of the release
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sequence., There has thus been no increase 1in complexity
(confirming previous results) so far as the response time
measure shows. :

4.5.4 Analysis gﬁ the bug reports and the Q g responses time

ies and he andin
4,5.4,1 Analysing each series on its own
4.,5.4.1.1 The time domain results

As no categorisation of the data 1is required for the work
described in this section, it was possible to work with the
whole sample. The weekly and monthly REP (bug report) and RES
(bug responses) series, Figure 48, indicate no systematic
patterns, were best fitted with their means and their
cumulative plots were straight lines, all being results similar
to those we have come to expect. (The daily series, too
numerous to be plotted, gave similar results.)

The shape of the correlogram for daily REP, Figure 49(a), is
typical of series which exhibit short term correlations. These
are characterised by a fairly large value of n followed by 3
or 4 more coefficients which, while significantly greater than
0, tend to get successively smaller., AR models are appropriate
for series of this type. One other feature of great interest is
the value of rg , which is conspicucusly 1larger than its
neighbours.

These 2 aspects of the behaviour of the daily REP serieé can be
translated thus:-

1) Observations above the mean tend to be followed by some -
further observations above it and vice yersa for
observations below it.

2) There is some weekly pattern in the sense that, for
certain days of the (5 day) week, any observation tends to
be followed by another of similar magnitude one week later.
A glance at the data shows that, for Mondays, on the same
day of the following week, in particular, this effect is
real enough though by no means is it regular or acute.

The daily RES series! correlogram, Figure 49(b), is different
from the daily REP's in 1) that there is no weekly effect and
2) that, although its pattern 1is similar to that of daily REP,
the significant correlations start only as from r, .
The weekly series! correlograms show that 1longer term
dependencies were non-existent, r, being the only significant
result, Figure 50.

The possible time series models which were suggested by the acf
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" and paof plots of the daily and weekly series were explored.
The models, Table 25, confirm that:-

1) (2,0,0) is an underfit (the acf of the residuals at lag
5 is still significant) while (5,0,0) 1is an overfit (see
the non-significance of the third and fourth autoregressive
terms).

2) The first autoregressive term of (3,0,0) 1is non
significant.

3) (1,0,1) for both the weekly series are overfits. In each
case, the correlation between the z¢ and the a terms
is more than .9. The t statistic in out of cases
indicates the non-significance of the term.

Since, for each weekly series, the (1,0,0) model 1is to be
preferred, the interpretation should, therefore, be that each
week's number of bug reports (or responses) is unaffected by
that of any previous week, except the most recent's. Weekly REP
and RES are then Markov processes. Finally, before passing on
to the next section, 1let wus remark that although the
dependencies which we have uncovered may be real enough, vyet
their effects are so short-termed that it seems doubtful
whether they may be successfully exploited for effective
planning purposes.

(Apart from confirming that the random element tends to
dominate, the frequency domain results did not provide any
further information.)-

4,5.4,1.2 The analysis of the outstanding bug reperts

The outstanding bug reports values at the end of each week,
Figure 51, show that, after an initial and steady rise during
the first 3 weeks, they remained fairly stationary, or maybe
slightly increasing, for about 26 weeks until a sudden rise for
about 4 weeks and, thenceforth, a steady decline. The
increasing queue length during the initial period indicates an
excess of REP rate over RES rate over that period while the
final decrease is due to the excess of RES rate over REP rate.
Two conclusions can be derived:-

1) That the present set-up is quite capable of dealing with
an extra (unspecified) load without undue hardship.

2) That RES has been the more unstable series. This is
confirmed by its 1larger variance. Coupled with the weekly
effect found in the daily REP series but not in the daily
RES series and the closer fitting model for the weekly REP-
series, this leads to the very interesting insight that the
greater stability in the REP series could be due to the
greater inertia of the system in this aspect of its
behaviour. This point, on which we shall capitalise in
Chapter 8, 1is sufficiently important ¢to be developed
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further in the succeeding paragraphs.

Bug reports emanate from many more sources than responses and
there may be so many of these that any individual contribution-
tends to become negligible. In the sense that each source's
contribution does not account for very much to the global
behaviour, some sort of global stability is achieved. One would
expect REP to conserve its characteristics unless some drastic
changes occur in the future. As bug response sources are more
limited in number, each source exerts much more influence upon
the whole behaviour. RES has therefore less inertia and is more
manipulable. Thus, while the effect of removing or adding a
single responder has quite a visible impact upon the global
behaviour, yet changing the number of reporters by several may
be barely noticeable.

This highlights the difference that exists generally between
those entities which are subject to a 1large number of
influences and those which are not. Our theme is not only
closely related to the observation that large programs have
"dynamics" (to use the opposite word to inertia) of their own
and are not directly under the control of management [18] but
takes it one step further in that some explanation as to why
large programs and not small ones exhibit dynamics and are
worthy of ED study is provided. We should perhaps also state
that dynamics should refer only to those properties which are
under multiple influences. Then, dynamies or inertia or
statistical invariance is not really due to the actual physical
sizes of the programs or of their environments. But, since, on
the 1level we are dealing with, gigantism in size goes hand 1in
hand with gigantism in almost everything else, this subtlety is
not practically important. Further support for the dynamics or
invariance theme is provided by the Central Limit Theorem, one
form of which states that the sum of a large number of
independent variables, none of which predominates, tends, in
the limit, to have a normal distribution.

One may also speculate that the weekly effect in REP is
probably due to a similar effect, that the cumulation of the
very many simultaneous REP sources causes the amplification. of
some slight but concrete pattern in the working habits of the
development teams. There may be some deterministic element or
pattern in each person's working habits, probably due to human
nature, the work environment and whatever. The same element
probably exists in the responders' working habits, too, but
there may be too few of them for the pattern to emerge from the
stochasticities when their outputs are added together. We shall
return to this point in the next section.

4.5.4,1.3 The typical week's REP and RES

An attempt was made to see whether there is a pattern in the
number of bug reports (and responses) for the consecutive days
of each week and to identify that weekly effect. This work was
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extended to find out whether the pattern, if any, could have
evolved over time. - '

The typical week's REP and RES values as represented by the
averages for each day for the whole period considered are
depicted in two of the bottom plots in Figure 52. Apart from
the negligibility of the saturday and sunday activities, there
is no truly observable pattern.

We then divided the series by quarterly periods and replotted
the profiles for each week within quarter. The REP profiles
showed no pattern but indicated that Monday 1is almost
invariably the highest activity point 1in the weel. thus
accounting for the significant rg autocorrelation value. With
the RES series, however, Mondays are not usually high points
and no other patterns are observable. One can only speculate
why more bug reports are received on Mondays. The developers
may work 1in such a fashion that crescendo is reached only at
the end of the week so that quite a lot of bug reports are only
raised at the 1last moment and received the next Monday. The
weekend rest may provide an opportunity to conceive, conscions-
ly or subconsciously, more bright ideas. Once Monday arrives,
there 1is a flurry of activity and a mini flood of bug reports.
Probably the same effect exists for the responses but it has
not been discovered. Thus, the addon effect which tends to
smooth out random fluctuvations and to amplify any slight
deterministic element becomes important only when the number of
sources 1is significantly large as for the bug reports but not
when it is small as for the bug responses.

4,5.4,2 Crosscorrelating the REP and the RES series

So far, each of the two series has been considered on its own.
We now turn our attention to the possible relationships between
them. The cross-correlograms, Figure 53, show that there is no
monthly pattern. At the weekly 1level, the most significant
correlations are for the same week, one week later (and
possibly one week before). Thus, weekly RES lags behind weekly
REP by 1 week at most.

There are several significant crosscorrelation values between
the daily series. Most of them are for positive lags, the most
significant of which occurs at no lag. Thus, daily RES lags
behind daily REP by 0, 1 up to 4 and 7 and 8 (working) days and
leads it by 1 or 2 days. Of the two ways to interpret the
results: 1) that both series have independent rythms which are
in step with one another and 2) that one leads the other and
causes it to follow a similar pattern, it is probably the
latter which is the better alternative. Thus, a high (or low)
value 1in REP causes a value of a simila+ magnitude in RES tLhe
same day and/or 1, 2, 3, 4, 7 and 8 days later.
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One direct application of this result is in terms of short
range RES forecasting. There 1is also the possibility of
obtaining a useful Box-Jenkins transfer function model using
REP as the input to and RES as the output from the process. But
such short-lived relationships do not seem to be of great
applicabi%ity, however "real they may be (see also Section
4.5.4,1.1).

In situations of inputs and outputs to a process, one may also
attempt a queuing model. However, queuing theory does not seem
to be very wuseful in our case because not only are the input
bhug reports and output bug responses values each serially
correlated but the mean service time (see the nex* section) and
the outstanding queue 1length are steaaily decreasing. Theie
is, therefore, no equilibrium solution and no estimate is
possible for the traffic intensity, the expected queuing time
or the probability that the service is idle. Furthermore, the
service time distribution could not be easily characterised: a
Poisson fit, the one usually assumed, proved unsuccessful.
Thus, it seems that the Box-Jenkins transfer model would be
more uyseful but it would have involved too many resources which
were unavailable anyway. Therefore, we did not proceed along
this road any further.

4.,5.,4,3 Analysing response time

After the response time to each bug report has been computed,
the results were grouped by month of response and the monthly
mean tested for time trend. Since there is an adequate number
of months (19), our problem lies in the fact that, althougn
most responses occurred within a few days of bug report
reception, quite a few response times take up to one year and
cause a lot of distortion to the calculations. Large outliers,
therefore, needed ¢to be excluded from our analyses. Buf where
lies the demarcation between a large and a small value? Instead
of answering this question, we analysed the data in three
different ways. These should confirm each other's results.

We first found the monthly means of the times for increasingly
larger ranges, Table 26, all of which when plotted, Figure 54,
show decreasing trends. Further support 1is provided by the
increasing trends in the plots of the percentage of reports
requiring response times wup to 3, 7, 11, 14, 22 and 30 days,
Figure 55. That the slopes of these get less steep implies that
the shift from longer to shorter response times 1is mainly
concentrated in the low values. A third method of 1looking at
this data is the comparison of the short (to fix), average (to
fix) and 1long (to fix) response times. If one was able to
associate "short" times with the reports concerning the easy to
understand (and to fix) part of the systcom and the "leong'" times
with those concerning the hard to wunderstand part of the
system, then a steady decrease 1in the average of the short
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times would 1indicate growing familiarity with the easy to
understand part of the syslem while an increase in the average
of the 1long times would indicate growing difficulty with the
hard to understand part of the system, i.e. growing complexity
despite increasing familiarity.

One could take g, or 20 as the demarcating 1limits but the
distributions were far from normal and, since taking o would
have been arbitrary in some sense, we decided to take the first
20% of the values as being short, the next 60% as being average
and the rest as being long. The short times, being mostly O,
were forgotten altogether. The plots of the averages of the
others are in Figure 56. The average plot is decreasing (albeit
stochastically) confirming previous results and indicating
increasing wunderstanding of <certain parts of the system (if
these can be linked to the average bugs). The 1long plot is
difficult to interpret: it may be slightly increasing in the
first half and then slightly decreasing during the second.
Therefore, it could not be used to infer increasing complexity,
even if the latter is indicated by longer long times.

One other interpretation for the decreasing trend in response
time 1is that the responders are getting more sloppy. This is
implausible because using less care would increase the
probability of making an unsatisfactory response. This would
have surely boomeranged causing an increase in the number of
the bug reports. This would have been detected by significant
crosscorrelations with RES 1leading REP. It then seems more
likely that the responders are getting more experienced,
Probably, a combination of factors like greater familiarity
with the 'code, problems tend to have been encountered before,
the responders have acquired skills of detection is at work.
The absence of a decreasing trend in large response values
indirectly supports this interpretation: they seem assocciated
with rarer problems.

Another possible indicator of increasing complexity may be an
increasing trend in bug reports which have been handled more
than once. It seems plausible to assume that an increase in the
number of times a bug report is transferred from team to team
would indicate increasing difficulty in locating faults and,
hence, growing complexity. Unfortunately, the lists from which
we extracted our data contained at most 2 component entries:
the true one affected and the last of any previous ones which
may have been unsuccessfully examined. Nevertheless, analysing
the proportion of bug reports that have been passed on more
than once will still lead to valuable results and similar
conclusions, which, upon analysis, are found not to favour the
increasing complexity idea, Figure 57.

4.6 ANALYSIS OF THE DAF6'S DATA
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(A more detailed account of the work in this section can be
found in [50].) '

4.6.1 Introduction

Daf6's are used to indicate actual coding changes such as fixes
or enhancements to individual modules. There, however, exist
some "information only" daf6's where some proposals or
malfunctions are described. We have concerned ourselves with
the main maintenance site's daf6's only and these impact 31
groups (see Section 4.1.2) which have been introduced into and
removed (if removed) from the system at different points in
time. Other diversities among the groups can be seen in Table
27.

The dafb6's, spanning the 5 years between T403 and 7902,
concerned the pre-customer releases 3X and 4X as well as the
customer releases 5X10, 5X18, 5X23, 5X27 and 5X32.

From the daf6's, these 12 items of information are obtained:-

1) INIT: who "raised" the dafb6.

2) MODULE affected. Usually, but not always, a module
consists of a single holon.

3) MTHS: the time (in months) between the last compilation
of the module under modification and the raising of the
present dafé6.

4) UTIL(ity), which consists of 2 parts:-

Availability, which can be either Gen(eral) or
Sel(ective), i.e. for certain specific users, and
Applicability, which can be Gen(eral), Opt(ional) or
Diag(nostic).

5) CAT(egory) of change, due to and/or categorised as:
specification bug, implementation bug, other software bug,
hardware interaction, enhancement or test aid.

Note Frequently, specially during the early months, the
bugs were not subcategorised.

6) MODE: source or object mode modification or whether
"information only"™ dafé.

7) VERSION(s): of product affected.

8) ATTEMPTS: number of attempts until successful.

Q9 WD: whether withdrawn or not.

10) BUGREP: the references of the bug reports which are-
associated with (caused) this dafé6.

11) REPLACES: the reference of the daf6 being replaced.

12). DEPENDENCIES: the references of any daf6's which depend
in some way or another upon this one.



CHAPTER 4 PAGE 112

Apart from collecting the above information from the dafé
forms, we further derived NV, the number of releases affected
from VERSION, and TIMES, the number of times each module is
"daf6ed" per unit time, from MODULE.

4.6.2 The analyses we performed

So far, most of the evolutionary behaviour we have investigated
has been over time. But evolution does not occur solely as a
time function: there are significant changes from one release
to the next, too, whatever the release interval, the releases
acting as some sort of anchor points. It is, therefore, equally
meaningful to investigate release-based evolution, as Lehman
has done. Here, we have an opportunity to adopt both the time
and pseudo-time (release) approaches, which may ¢then be
compared and contrasted. However, one must immediately point
out that it is irrelevant to ask which is the better of the 2
approaches and to attempt to choose between them. Each
investigates evolution on a different dimension, which,
although similar in may aspects to the other, is, nevertheless,
an altogether different thing. What is, therefore, observed in
one may not be observable in the other. It would, then,
perhaps be preferable to combine both aproaches for comparing
the time evolutions of succeeding releases' variables. As one
can easily 1imagine, the complexities involved are such that
only the idea can be formulated at present. The nearest we have
come to achieving such an aim is to qualitatively examine each
release's software notices behaviour (the intra-release
behaviour), Section 4.4.3, and then to qualitatively compare
them together (the inter-release behaviour), Section %.4.5,

Then, whether on a real or pseudo-time basis, there are, for
each variable that we may care to select, 2 main analyses,
orthogonal to each other, that may be performed: one may make
group to group comparisons, given a suitable time period or
pseudo-time (i.e. a static study) or one may make comparisons
over time/pseudo-time (i.e., study the evolution) for any group
one may wish to explore, cf. the analyses in Sections 4.5.2.2.1
and 4.5.2.2.2. These comparisons will be mainly in terms of the
distribution of the daf6's among the various categories of each
chosen variable though a simplified version of the analysis,
involving only a single measure - that of diversity - was also
performed.

In classifying all the daf6's according. to any variable, one
finds that a 3 dimensional frequency box, with the groups
forming one axis, time/pseudo-time another and the categories
of the variable itself the third, emerges. As each variable
allows a new reclassification of the daf6's, it reswlts in a
new frequency box and allows a new facet of the data to ©De
explored. Of the 8 possible ways of combining the 3 dimensions,
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those of taking none or all 3 at the same time constitute too
simple or too complicated a task. They were therefore ignored.
Some examples of analyses which involve taking 1 dimension at a
time are:-

1) Comparisons over the group dimension with any
combination of categorised/uncategorised dafb6's and
chosen/whole time periods.

2) Comparisons over the time dimension with any combination
of categorised/uncategorised daf6's and group/whole system.
3) Comparisons over the category dimension with any
combination of group/whole system and chosen/whole time
perinds.

Evidently, a casual examination of the data would suffice to
provide all the necessary answers to some of the above while
others, notably those where the categorisation of all the
daf6's would be required, would involve an amount of work which
is beyond our scope.

The main part of our work here, therefore, has been
concentrated upon the simultaneous consideration of 2
dimensions, notably:-

1) When group and category are combined to make
distributional comparisons over the groups: how does the
composition of a variable into its various categories vary
from group to group (given a certain time period)?

2) When time and category are combined to study the
distributional evolution over time of the dafb6's for a
given entity (group or whole system).

The third combination was deemed of lesser importance and only
slightly dealt with.

Transcending the frequency boxes were further analyses: the
most interesting were  that of exploring the degree of
association between different pairs of variables (for a given
group and time period) and that of exploring the concordance
among the variables and among their diversities, too, for a
given group over all the releases or for a given release over
all the groups.

4.6.3 Choosing the groups, variables and time period to use

Prior to attempting the analyses, we had to face several
problems, all related to too much of everything: tQo much data
(thus ruling out the- analysis of the whole system as a single
entity), too many groups, too many variables and too many time
periods if +the aggregation period is not chosen judiciously.
Because the amount of analysis to be performed increases
explosively whenever there is a slight increase in the quantity
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in any dimension, we had to:-

1) Choose only a few groups to explore. We hypothesised
that the groups can be arranged into a few clusters only.
The analysis of a typical group from each cluster would
then lead to results generalisable to the whole cluster,

2) Exclude from the analysis the uninteresting or the
analytically intractable variables.

3) Choose an appropriate At with possibly conflicting aims:
so that the daf6é's are as evenly distributed over the
periods as possible, that there are not too many periods to
explore and smoothing out the stochasticity while
preserving the characteristic trends, if any.

4.6.4 Clustering the groups

To cluster the groups, we ruled out the numerical taxonomy
methods [3,53,60,166] as too complicated and not necessarily
relevant for the job, Section 2.3. The groups' dafft's time
plots, Figure 658, provided a crude method of clustering the
groups and resulted in 4 discrete clusters, each having a plot
which is characterised by:-

A) A single early peak, e.g., groups 9 and 40.

B) Several peaks which are neither necessarily equispaced
nor ordered in their magnitudes, e.g., group 5.

C) A single peak which does not occur early on, e.g., group
31.

D) Uniformly low levels.

Alternatively, we ordered the groups by their figures of merit
which, for each, has been taken to be the sum of its ranks on
each of its observed properties, Table 27. These ranks were
found to be neatly demarcated into groups which correspond to
the discrete clusters obtained graphically, Table 28.

When the figures of merit are recomputed without the dafé6's
information and reranked, the groups, apart from the top 6 or 7
B ones, get mixed up. The latter, but not the others, are
characterised by small ACR level numbers and large sizes, these
results being corroborated by significant positive Kendall's
rank correlations [163]., It is, therefore, probable that the
most useful and functionally important groups are not only the
most complex ones and those which are at the very heart of the
system (at its 1lowest ACR levels) but are also the ones most
prone to modifications and redevelopments. One wonders whether
they need to be that large at all. As largeness compounds- the
difficulty in performing a change, would it not have made life
easier to have designed each of these groups into several
smaller, independent and functicnally distinct ones?

4.6.5 The global daf6 distribution ovgn time
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The globtal-daf6f's plot, Figure 59, shows that, after an initial
sharp rise, there is a steady decrease in the rate of raising
daf6's for the whole system. As most of the active groups,
e.g., 2,5, 6, 9, 22 and 44, were introduced around T403, we
conclude that there is a decrease in the need for new groups
and for further redevelopments of existing groups. Thus, both
ways, the system 1is settling down but that may not remain so
indefinitely.

4.6.6 Analysis in the time domain

4,6.6.1 Analysis of group §

We started with the time domain and analysing group 5, G5,
since it was at the top of Table 28, belongs to «cluster B
(potentially the most interesting cluster), has a fairiy
uniform daf6 spread over time and has already been studied 1in
Section 4.3.

4.,6.6.1.1 Choosing a at

After experimenting with several different weights to smooth
the daf6 time plots of several groups, we came to the
conclusion that a 4t of 3 to 6 months for comparing the
distributions would be best in smoothing out all the random
fluctuation while preserving the basic characteristics.

4,6.6.1.2 Choosing the variables to explore

For the time domain analysis, we discarded ATTEMPTS, WD,
BUGREP, REPLACES and DEPENDENCIES since e€ach of these 1is
dominated by a single category, that of the norm, and, with a
large number of time periods, there would have been too few
daf6's 1in the other categories for any meaningful results. We
were, therefore, 1left with these 9: INIT, MODULE, MTHS, UTIL,
CAT, MODE, VERSION, NV and TIMES.

4,6.6.1.3 Analysin trend in each catego of dafé6’

After constructing and examining the relevant frequency tables
(one per variable per time period), we extracted, from them,
data relating to the proportion of daf6's in each category to
find answers to questions such as: Is the proportion of
implementation bugs or that of optional reps each increasing
over time (perhaps at the detriment of enhancements or
diagnostic reps)? Is that of daf6's which affect only 1 release
version decreasing? The usual techniques of polyncmial fits and
multiple regression fits are applied to the set of relative
frequencies for each of the categeries, '
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Some typical results are in Table 29. As usual, we note that
RZ is small.

4.,6.6.1.4 Analysing the evolution of the daf6 distribution and
of its diversity for each variable

We then turned our attention to studying the evolution, for
each variable, of all 1its categories simultaneously. The
initial analysis consisted in using the X2 test to blanket test
each variable's different distributions. The result, in each
case, had been found to be significant. The next analysis
involved 2 stages:-

1) For any given period, measuring the spread (diversity)
of the daf6's among the various categories.

2) Applying our standard method of polynomial and
regression fits to the sequence of such results.

The rough 80-20 law which exists for each variable (as so often
found for the other data, too) translates into a negative
exponential distribution for those variables which were scored
on a ratio scale (MTHS, NV and TIMES) and could, therefcre, be
characterised by a single parameter, viz. the mean. Since a
small mean indicates a sharp fall from frequencies of low to
those of large values, hence a small spread, while a large one
denotes a flatter fall, hence a larger spread, the mean seems
to be an adequate diversity measure in such cases.

However, to our knowledge, there exists no equivalent ideal
measure for nominal data. Shannon's diversity index, Y, so
useful in the field of Information Theory, seems the best there
is. That H can adequately measure the spread is shown in Table
30 where 7 arbitrary samples spread over 5 categories are
compared. However, H lacks one feature which prevents it from
being all-satisfying in our case. This can be readily observed
from the table: if, for any sample, the 5 frequencies are
reshuffled, the same H would be obtained. In reality, the
spread 1is unaltered yet it 1is important that, for us, such
reshufflings be reflected in the measure. Thus, although we had
no choice but to use H, we made sure that the observations do
not lose their significance by checking their distributions,
too. As expected, there were no extreme cases of reshufflings
and it was, therefore, legitimate to use H. For each variable,
H, for each month, was found, plotted and polynomial fitted.
The best fit to each variable's diversity evolution over time
is in Table 31.

That each variable's distribution has not stayed the same can
quites easily be explained. For INIT, there exist periods when
daff's originate from only a few individuals and others whemr
they are more evenly distributed among the o¢riginators.
Concentrating wupon the originators rather than the periods
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allows us to classify them variously: some are only spuriousiy
active whnile cthers are active all the time, some have quite
low outputs while others raise quite a 1large quantity of
daf6's. The (slight) decreasing overall diversities in UTIL,
CAT and TIMES, Table 31, can respectively be accounted for by
the slightly increasing trends in the proportions of the GenGen
type of daf6's at the expense of the other UTIL categories, of
those correcting implementation and specification categories of
bugs (at the expense of the other CAT categories) and of
modules which were changed only once per unit time (at the
expense of those changed, say, twice), Table 29. All these
results, taken together, imply a simplifying process. The
variables NV, VERSION and MTHS, on the other hand, show
increasing diversities (up to a certain point only for the
latter two, see Table 31). The trends in NV and VERSION are
attributable to the shift from daf6's affecting only 1 release
version towards those of the "onwards" class and those which
affect two versions. This 1is one area which could provide
problems 1in the future since there will be an increasing need
to adapt each change to suit it to each of the proliferating
product versicns. The trend in MTHS suggests that most daf6's
are first time ones rather than repeats of failed «correcticnc
and, hence, would again imply a simplifying process.

From the time plots of the various categories of VERSION for
G5, Figure 60, one instantly recognises a common beaaviour
among each release's daf6's: a sharp rise to a peak followed by
a less steep fall to low and almost negligible monthly values,
spanning a somewhat longer period. Diagrammatically, this can
be represented thus:-

Diagram 19
number of
dafé’s

t

Now, if we refer back to the G5 plot in Figure 58, we can
unmistakably match the peaks with those in Figure 60 (one for
one). It is, thus, cleair that we have positively identified the
causes of the peaks in G5's daf6's time plot. Examining a few
of the other groups confirmed the conclusion. In view of this
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result, each cluster type is easily explainable. In fact, the

categorisation scheme itself becomes unnecessary. D (no major

problems and no redevelopment since first time out) is just a

special case of A (problems only during first release and no

redevelopment) which is itself a special case of B (redevelop- .
ments at different periods). The interpretations to C are as

evident as those to the others.

A futher observation which one may make is that, if a group is
not redeveloped, then its number of daf6's eventually fades to
a small, almost uniform, trickle which, for most purposes, can
be considered to be negligible. Thus, one may conclude that the
system, if 1left alone 1in its present state, will present no
more prohlems - whether +this means no more tvwgs or no more
perceived bugs 1is another matter. However, given its mission,
it 1is extremely unlikely that B will stay unchanged for any
appreciable length of time.

4,6.6.1.5 Analysis of the degree o association between
of the variables

Most of the correlations, corntingency coefficients, we obtained
were non-significant, Table 36. One would, therefore, dismiss
the thought of any consistent, permanent or strong association
between any pair of the variables. One would rather think that,
between most pairs, any observable association, in case it is
significant, 1is not only weak but of a <cstrictly temporary
nature. For example, over a short period of 1.5 years, from the
start of 1976, UTIL was positively associated with both CAT and
MODE. This was due to quite a few proposals for enhancements
(GenOpt Information only enhancement daf6's) that were being
made during that period. The initial 1.5 years also saw more
enhancement and information only daf6's than expected but, as
the early daf6's were uncategorised by UTIL, we could not
confirm that they were of the GenOpt UTIL type as well. More
important, however, is the interpretation that periodically (at
least, for this group) defects (room for improvement) are
noticed and propesals for remedy (if not the actual steps
themselves) are made. ’

4,6.6.2 The in-depth angl&ses of G3 and G6

The results obtained with G5 strongly suggest that the manner
of the daf6 distribution per group over time owes more to
external influences than is due to any internal or structural
property of the group itself. We would then be at liberty to
choose any group for comparison with G5. We had to accept that
one could not possibly subject all of them to a treatment
similar to that inflicted upon G5. But comparing it with only
one other group would not provide us with the sort of definite
results we are seeking. However, taking 2 {urther giroups would
go a long way towards meeting that goal. We preferred them to
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come from cluster B once more because:-

1) Although the behaviour of the uncategorised daf6's for 2
different groups may exhibit the same patterns, this would
not imply that their dafb6's would categorise similarly.

2) The daf6's in a cluster B group would divide more evenly’
over time.

G3 and G6 were chosen mainly because they are among the cluster
B groups with the most daf6's (and, after experiencing the
analysis of G5, we found that we had to have as many daf6's as
possible per period).

Using the same At, variables and categories as for G5, we
arrived at these results. The best time fits to similar
categories as those for G5 for both groups [for each of the
remaining 7 variables are in Table 32 while those to the
variable diversity measures are in Table 33. As for G5, all the
distributional tests gave significant X2 results. The results
of the correlations are discussed in the next section.

4,6.6.3 Comparing the results for the 3 groups

A visual comparison of the frequency and/or relative frequency
tables, each to each, shows that, all in all and in general
terms, there appear to be similar characteristics among the 3
groups (and, by extension, over all the groups). For example,
for each, most of the daf6's are of the GenGen utility type
while there are very few of the other utility categories except
GenOpt, that the most common CAT type 1is implementation bugs
with enhancements and specification bugs lying in second and
third place, that most daf6's affect one version only until
very recently when the proportion of onwards daf6's has been on
the increase, etc.

How the proportion of each category or how the diversity of
each variable evolves over time has also been compared and 1is
best summarised in Tables 34 and 35. In each slot, whenever no
trend is obvious, a "K" is entered, otherwise a / indicates a
straight 1line fit with a positive gradient, a ~» one with a
negative gradient, a ~ is for a quadratic (parabolic) fit
(with a maximum) while a \« is for one with a minimumr. Although
the behaviours of the groups are not identical in every sense,
one sees that the general tendency is to be so. Usually a trend
in the diversity of one variable or in the proportion of one
category transcends most, if not all, three groups.

One readily observes, from Table 36 which compares the 3
groups' correlation results, that most variables are
interindependent. With G3, for ©periods 5, 6 and 7, we have
tentative confirmation that information dafé6's tend to be of
optional applicability. However, for G6, although, for the last
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10 months, most daf6's were of the information type (see in
Table 22 that the fit for this category has a positive
gradient), yet no significant results are obtained by
correlating MODE with either UTIL or CAT (cf. G5). Closer
inspection of the G6 data shows that these information daf6's
refer to bugs (which are not of optional applicability), more
probably a large bug which affects several modules. Thus,
information daf6's also serve to describe collective module
defects which, because of their complexity, may not be
immediately dealt with.

4.6.7 Analysis in the release domain

4,.6.7.1 Analysis of the variables forsaken in the time dcmain
analysis, with the emphasis on ATTEMPTS

There being insufficient data for WD, BUGREP, REPLACES and
DEPENDENCIES to reach any conclusive results, we do not repeat
the details here. Tables 37-39 give each group's dafb
distribution by ATTEMPTS from one release to the next. The X2
test shows that, for each group, the distribution has not been
stable over the releases. Exhaustive comparisons of each
group's distributions would require 21 pairings per group.
However, the workload can be substantially reduced by
concentrating wupon our main interest which is to find out
whether the distribution has been changing from one release to
the next. The number of pairings per group then reduces to 6.

From the results in Table 40, it seems that, while the
distribution of G3's daf6's by ATTEMPTS appears to remain
stable from 5X10 to 5X32, that of G5 has appreciably changed,
notably during each of releases 5X23 and 5X27. G6 has been
discounted as there were only two releases, 5X10 and 5X23,
where ATTEMPTS greater than 1 was substantial for it.

By grouping and X testing the corresponding columns of Tables
37-39, the 3 groups' daf6's distributions by ATTEMPTS during
each release were compared. Table 41 summarises the results.
One very quickly observes that, although, over most releases,
the distribution over the 3 groups appears to be the same, this
is not always true, 5X10 being the most notable exception.

Pairwise testing, Table 42, shows that, the distributions for
G5 and G6 are very similar, whatever the release, G3%s
differing from the others' during 5X10 and 5X18. The conclusion
is, therefore, that the groups are mostly, but not always,
similarly distributed, with G5 and G6 showing more common
behaviour with each other than with G3.

4.6.7.2 Analysis cf the MTHS, UTIL, CAT and MODE variables in
the release domain
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This 1is a repeat of the work performed in Section 4.6.6 with
release replacing time as .the domain of the analysis. Some
other differences are:-

1) As there are only 7 releases (6 for G3 and very few data
for 5X32 for any group), it has not been possible to fit
polynomial and regression models ¢to the evolution of the
diversity of each variable or to that of the proportion of
daf6's in each of the variables' categories.

2) We have felt it unnecessary to attempt pairwise
correlations of the variables mainly because of previous
non-significant results.

3) We have further reduced the variables to be explored to
MTHS, UTIL, CAT and MODE.

4) Because of these substantial reductions, it becomes
feasible to fully tackle the group to group comparisons,
which, so far, has been performed for ATTEMPTS only and to
proceed along with further analyses similar to those
performed with ATTEMPTS.

4.6.7.2.1 Analysing the diversity of each variable

The measured diversity values are in Table U43. It is difficult
to say whether the trends observed in Section 4.6.6.3 are
confirmed by the sequence of values down each column for a
given (group,variable) pair, although there is some
corroboration of previous results, e.g., MTHS for G5 and G6,
UTIL for G3 and G6 and CAT for G3.

Concordance among the diversities would occur if a smalli/large
diversity in one variable can be associated with small/large
diversities in the others. Kendall's coefficient of concordance
[163] allowed us to investigate whether, for each group, there
is any concordance among the diversities of the variables,
whatever the release. Then, for any group, should there have
been concordance, one would need to only concentrate upon
comparing only one, any one, variable's diversities over the
releases, to investigate evolution. If, for that variable, say,
the ordering R <Ry<R <... is obtained and the ordering is
consistent, whatever group is taken, then this provides a way
of comparing releases. Unfortunately, for each of our 3 groups,
the evidence is against the existence of concordance among the
diversities of the variables, whatever the release.

The same method may be used for the orthogonal analysis, i.e.
whether over a given release, there is any concordance among
the diversities of the variables of each of several groups. If
this was so, then, during a particular release, the diversities
of the variables for group i would all be consistently less
than those for group j, etc., allowing the groups to be ordered
thus: G; <Gj <Gy <... Should the ordering be consistently the
same for all-the releases, then this may provide a way of
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comparing the groups. Unfortunately, there were unsufficient
data for formal tests, yet judging from the data, the
variables, although not necessarily concordant, for GO during
all releases, but more strikingly during 5X10 and 5X23, seem to
be 1less diverse than for the other groups. G5 is possibly the
next least diverse. '

Note We have been careful not to <claim that increasing
diversity denotes increasing difficulty or complexity, although
this may Jjust be the case (see Section 4.2.4.1 for a similar
note of caution).

4.6.7.2.2 Testing for pairwise correlation among the
diversities of the variables

Despite the lack of general concordance among the diversities
of the variables, it is possible that, at least, some of <them
may be related in some sense or the other. We have explored
such possible associations using Kendall's r [163] but the
results overwhelmingly show that, in general, there 1is no
asscciation between the diversities of any pair of variables,
whatever the release.

4,6.7.2.3 For each o) e volution e distribu
each variable from one release to_a

Focusing on the distributions, we started by constructing, for
each group and each release, its daf6 distribution by each
variable. Then each group's distributions by any variable were
blanket tested. The results were all significant whatever the
group or variable examined. Persuing the analysis with pairwise
tests of succeeding releases' distributions, we have the
results shown in Table 44, Apart from MTHS, G6 shows greater
stability in the distribution by each variable from one release
to the next than the other two groups, although, by no means,
is the distribution the same over all the releases. G3 and G5
show that, for certain variables, e.g., MTHS, the distribution
changes radically from one release t¢o the next while, in other
cases, e.g., CAT for G5 and MODE for G3, only occasionally.
However, all in all, G3 shows greater instability than G5. All
these results are, of course, related to those already obtained
with the diversity concordance analysis,

4,6.7.2.4 For: eac elease e o) oup comparisons o
he distribution b ach variab

The results of the release to release comparison of the groups
on all of their variables are in Table 45. We then proceed ¢to
obtain Table 46 (the orthogonal equivalent of Table 44) which
shows the results when the groups are taken two at a time.
Thus, G3's distributions are mostly significantly different
from those of G6 while G5's distribution sometimes resembles
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that of G3, sometimes that of G6 and still at other times
resembles neither or both. This seems to confirm our previous
results.

However, it is perhaps more productive to examine how each
group's distribution varies from one release to the next. The
more striking feature seems the great changeability in the
distribution and this, itself, depends upon the variable
examined. For example, with CAT, the distributions tend to
resemble each other while, with MTHS, they tend to differ,
whatever the release. Furthermore, for other variables, the
release 1itself seems to exert some influence upon the
distiribution. For example. for UTIL, the distributionz <show
great diversity of behaviour whatever the release yet, in 5X27,
they seem to resemble one another.

Thus, it may be true to generalise in saying that most groups
have basically the same distribution which is, however, subject
to external and internal influences differing from group to
group. The more stable groups would have a distribution which
does not change often from release to release. Unfortunately,
the releases themselves may be disruptive to the whole system
and a group may be stable in terms of variable X but quite
unstable in terms of variable Y.

4.6.8 Generalising the main results of the daf6 analysis

On ending, it is perhaps necessary to briefly recapitulate and
generalise the results in as simple terms as possible., The
emphasis of the analysis of the effects of certain observable
influences, the properties as represented by the variables we
analysed, can be put on any of 3 différent dimensions: the
influences themselves, the different parts of the system and
the releases affected.

4.6.8.1 The properties

Any activity on a system can be categorised according to any of
several types of influences which are being exerted. They may
be compared against one another in the same part of the system
or each may be compared from one release to another (the
dynamic part of the analysis), given the same part, or from one
part to another (the static part of the analysis), given &
release. We found that, for each part, during any release, the
properties Dbear little relationships to one another. Some may
be  large-valued while others are small-valued. Some may be
spread out over a large range of values while others are leéss
diverse., In addition to their values and diversities not being
concordant, these do not change from one release to the next in.
a very orchestrated fashion, e.g., while for one variable, itc
value and/or diversity may increase from one release to the
next, for another, it may decrease but, the next time around,
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their behaviours may interchange. However, in most cases, a
property 1is comparable frcm one part to the next and tends to
evolve in much the same manner over the releases, for all the
parts, indicating that, in a general sense, the parts are all
similarly affected by external influences.

We also found that some properties were very volatile, changing
all the time and from part to part, while others may hardly
change either from release to release or from part to part.
Other findings concerning the properties are that some may show
more similar behaviours over the parts than others and that
some are more stable from one release to the next. Thus, the
external influences themselves vary in intensity and in
stability although these are also conditioned by the parts aind
releases affected.

4.6.8.2 The parts

In general, one finds that there are some parts over which the
values and diversities of each property resemble each other
more than over other parts. There are also certain parts over
which the situation is generally simpler than over others.
Then, there are parts over which the properties tend to remain
stable while others over which they are permanently changing.
However, as before, these findings are subjected tc the
influences of the releases and the properties, toe, so much so
that they may sometimes be completely reversed.

4.6.8.3 The releases

About the same sort of findings concerning the parts apply.
Over certain releases, some variables and parts are less
diverse and resemble each other than over others so that there
are, in effect, quieter and more turbulent releases, too.

What we have, above, 1is just a brief summary of the most
salient of the behaviours that we had been able to note,.
Although the variations are more limited than those which would
have been obtained if all sorts of combinations were allowed,
yet they are sufficiently rich to suggest how complex the
problem really is and that it may well be impossible to attempt
solving it completely. One may perhaps reduce it by eliminating
one or more of the dimensions. For example, a global view (i.e.
studying the whole system instead of its individual parts) will
simplify matters considerably. Although for the other data, the
BD modifications, the daf2's, the software notices and the bug
reports, we did combine the global with the sub-level approach,
here, our concentration wupon the sub-level was intentional.
Indeed, what we had been trying to obtain from the daf6's
provided the empirical evidence for what formed quite a2
substantial part of the theory exposed in Chapter 8.
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4,7 SUMMARY OF CHAPTER 4
(Note The same remarks as in Section 3.6 apply here.)

Like BD, B can change through the modifications of ‘existing
components as well as through the additions of new or the
removals of redundant ones. The effect of such changes on size
is mostly an increase. The contribution of local enhancements
and fixes to each component upon the global system size 1is
quite modest, however. Indeed, most of the change in size
(mostly growth) is via grand scale major changes whereby whole
sections of code, such as subsystems, get chucked off or added
in (mostly the latter). Dropping, replacing or adding
components on an individual basis is a ratner rare activity.

It is not only the average size in the number of instructions
of each component that is increasing. We have found that, for
most components, the attribute values that we were able to
measure show general 1increases whenever the component 1is
changed. However, as far as the whole population is concerned,
the average value for each attribute shows a much less
perceptible increase. Some attributes show no increase at all
while, in a few cases, there may even be a decrease. This is
due to a combination of factors:-

1) The large majority of the components which remain
unchanged from one release to the next and are, perhaps,
unchanging over all the releases, too.

2) The components which are newly introduced to the latest
system version have, until now, been exhibiting attribute
values very similar in size to those of the unchanging
ones.

3) The removed components are probably large-valued ones.
4) The increases for the changing components, although
genuine enough, are really very slight.

It may seem plausible to assume positive correlation between
largeness and complexity and to associate, for each componert,
its increasing number of changes and, hence, its increasing
attribute values with increasing unstructuredness and
complexity. But since examples of small programs which are more
complex than larger ones abound and since it is easy ¢to
decrease the attribute values of a changing component, if that
was the aim of the change, then one should beware about finding
more in these results than they contain. They only give some
approximate idea of possible relative complexities thus: 1in a
general sense, the new components are probably of the same
complexity as the wunchanged and unchanging ones while those
which had been removed were probably more complex than the
remaining ones and thcose which are changing are increasing in
complexity although, as a whole, due to the combined effects of
the different types of components, the complexity of the system

'
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may not have changed very much from one release to the other.

The changes in attribute values which we have found cannot be
taken to reflect faithfully the changes in the complexity of
the system. What we have found 1is, at best, a possible
complexity indicator which is incomplete in itself and which
needs to be supported by further indicators. Thus, following
the theorising over the ageing and the rejuvenation processes
of the population, it will not be sufficient if we just attempt
to replace 1large-valued components with smaller-valued ones,
whether on a one-to-one basis or in bulk, as a means to combat
senescence and to prevent the ultimate decay and
unmanageability of the system. More abcut the theory and
certain shortcomings can be found in Section #.2.0.,4,

Althougihi we have 1investigated the evolution of several
attributes, the important aspect regarding complexity and
complexity evolution should not be too much concerned with the
number of properties which take on increasingly large values.
Rather, one would feel much more comfortable if it was possible
Eo identify and concentrate upon those pertinent properties
that can be firmly associated with complexity. Of those we have
used, PATCHES, by intuition, seems to be a good choice,
although DAF2 may be just as acceptable. Since correlation
analysis shows that most of the other attributes are positively
correlated with it, then one may interpret this as meaning that
the increasing complexity in a component causes its attribute
values to increase, too. Modelling PATCHES (and DAF2) in terms
of the others 1led to linear and non-linear regression models
whose explanatory variables are preponderantly of the
communications variety and whose R2 's are of the order of 80%.
Compared with the BD models and those obtained by other
workers, these are eminently satisfactory but that there
remained quite an appreciable amount of unexplained variation
led to 3 not mutually exclusive conclusions:-

1) There may be other meaningful attributes which had not
been measured (unmeasurable?). ‘

2) There may be exogenous forces which complement the
influence of the structural properties.

3) The available measures may not represent their
corresponding structure properties as well as they might.

We attempted to <create more sophisticated models by wusing
increments, whether actual or absolute, and rates of change in
the attributes as the variables but, although the general
impression is that better models are obtained, yet the
variables from one model to another are highly inconsistent.
This, indeed, allowed us to deduce that maybe B and software
systems, in general, are of the moderately to the severely
stochastic class of Sutherland's types of systems. Further work
which involved the comparison of the corresponding models over
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two different releases for each of several sets of components
reinforced the conclusions.

Passing on to the analysis of the number of daf2's/month for
each subsystem, we found that, as time series, they exhibited
no patterns worthy of attention. Like the other measures
examined in Chapters 1 and 3, they mostly behave as random
variables. However, they seem to be exponentially rather than
normally distributed but this should not be worrying. The
global distribution (not shown), indeed, looks normal and, in
that sense, concords with previous results. The explanation of
the exponential distribution being more common at the sub-
levels and the normal one at the global level is, of course,
found in the Central Limit Theorem.

Rearranging the data so as to investigate the number of daf2's
to a typical holon over its lifetime led to an exponentially
decreasing model over each of its different phases. A similar
model was obtained for all the subsystems although the rates of
fall differ from one to another and from phase to phase, too.
The model, therefore, shows that, despite certain differences
in rates and quantity, which may be due to both the properties
of the subsystems themselves and the different requirements to
which they are subjected by external sources, the number of
daf2's per component tends to vanish, if it is not redeveloped,
and that this is not due to increasing complexity. Rather, it
is just symptomatic of the settling-in process. Otherwise, how
can we account for the recrudescence of new phases from time to
time?

The next type of data which we analysed were the software
notices. Although their global weekly time series, like other
series, showed no patterns of any consequence, yet one could
fit a good AR(3) model ¢to it. The decomposition which we
performed with the software notices was to seperate them by the
release affected. But, because of some ambiguities and of the
possible imprecision of the separation process, we refrained
from attempting too rigorous analyses on the new series.
Instead, we concentrated upon qualitative observations from the
releases' time plots. These led to the construction of a
qualitative model of the number of software notices as a
function of time to each release over its life history. The
model is bell-shaped showing a build-up to a peak and a decline
thenceforth. Superimposed on that main shape are alternating
peaks and troughs which were shot through and through with
random fluctuations. The interpretations are obvious, Section
4.4.4, Other results are that when a defect 1is found 1in a
version, 1t =seems to be relevant to the other versions, too,
and that the number of software notices and its variability
appears to be decreasing from one version to the next.

We ﬁhen analysed the bug reports. Categorising them according
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to each of 7 different variables, one finds that, in each case,
the constituticn of the popnlation has not been stable over
time; at different moments, the attention was on different
components and versions of the system and so on. Correlating
the variables with <cach other resulted in the following
deductions:-

1) Different people have different working habits; they
assign priorities differently and are worse at making
certain types of errors than others.

2) At any time, each team is involved with a specific task:
the development or testing of given component(s) within
spaecific version(s) and soc on.

Further analysis concerning the response time to a bug report
showed that, for any priority type, the distribution, like that
of the global data, has not been stable and that, apart from
the priority A ones, the response times to each priority type
of bug reports have always been of comparable magnitudes,
despite the -existence of different targets. It also showed
that, as a whole, the response time has been slightly
decreasing. This is yet another evidence against the increasing
complexity idea. That the proportion of bug reports which has
been handled more than once has not increased over time seems
to support the finding.

When treated as time series, neither the bug reports, REP, nor
the bug responses, RES, showed noticeable patterns, except
3light increasing trends, amidst the marked stochsasticities,.
the trend in RES being slightly larger than that in REP. Early
on, the REP rate exceeded that of RES so that the outstanding
bug report queue lengthened but the situation has since Dbeen
reversed and the queue 1length has been steadily decreasing.
There is, as yet, no steady state and it seems that the present
set-up of responders 1is still capable of dealing with some
extra load without any undue hardship. In REP, there exists a
weekly effect of more bug reports on Mondays than on any other
day ot the week. This could be because people tend +to carry on
reviewing their problems, consciously or subconsciously, over
the sabbatical weekends, resulting in a spate of activity on
the first day of work resumption. Why the same effect had not
been detected in REP, too, is probably due to the fact that,
although the responders may behave likewise, there are too few
of them, when compared to the responders, for the add-on
effect, which tends to smooth out the random fluctuations and
to amplify any slightly deterministic element among several
simultaneous sources, to be effective. A similar add-on effect
explains the greater stability of the REP series. Since there
is a vast number of REP sources, each of these contributes only
minimally to the global tehaviour. Indeed, adding cor removing a
few REP sources has a negligible effect upon the latter.
However, for RES, it is an entirely different matter: as there
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are much fewer RES sources, each contributes appreciably to the
global behaviour and adding or removing one of them has a
marked influence upon the latter. Thereby lies the explanation
of dynamics, inertia or even statistical invariance attributed
to large programs, although largeness should not be taken to
mean actual physical sizes but should, instead, be a function
of the multiplicity of influences. However, at the level we are
dealing with, one, usually, implies the other.

When considered on its own, each series appears to be a weekly
Markov process and, as one might expect, any REP value has a
certain amount of influence upon the RES values the same and/or
1, 2, 3, 4, 7 and 8 days later. However, because of the ever-
decreasing queue length, the non-stationary response *time
distribution, the marked stochasticities in the process and the
not-easily-characterisable nature of the bug report arrival
process, a queuing model for the reporting-responding process
seems unsuitable. A Box-Jenkins transfer function model seems
more appropriate but could not be undertaken within the scope
of this study.

The last type of data which we examined were the daf6's.
Because there were too much data available, too many groups, .
too many variables and all sorts of ©possible agglomeration
periods for an investigation of the evolution of the dafé6's
behaviour over time, we had to severely restrict the number of
elements investigated along practically any dimension,
specially as the two main tasks which we had to do:-
1) Investigating how the composition into the wvaricus
categories of a variable varies for the daf6's of one part
of the system to those of the next (given a certain time
period) - the static part of the analysis.
2) Investigating how the composition of the daf6's into the
various categories of a variable varies over time (given a
certain part of the system) - the dynamic part of the
analysis.

are, in themselves, quite complex and extremely labour
intensive. Besides, other tasks such as exploring the degree of
association between different pairs of the variables and the
concordance among the variables and among their diversities,
too, were envisaged. There, also, 1loomed the spectre of
doubling whatever work was performed when the time domain
dimension would have been replaced by that of pseudo-time (or
release), another essential part of the analysis we wanted to
perform.

As a start, we concentrated upon the dynamic part of the study
with the analysis of a single group. Our choice was G5, the
largest and most frequently daf6'ed. The aggregation period
problem was solved on the basis of the shortest one, among



CHAPTER 4 PAGE 130

several we experimented with, which provided the smoothest time
plots. Because we felt that they were of sufficient importance,
most of the variables were retained.

Predictably, the (roughly exponential) distribution of the
daf6's for G5 has been stable over time by none of the
variables. This being so, we penetrated below the global level
to study the evolutionary behaviour of each variable's
different categories. One could, indeed, detect quite <clear
increasing trends in the proportions of daf6's in some
categories, such trends being compensated by decreasing trends
in some of the others. Since, for each variable, the daf6's
shift from one category to another, we wanted to check whether
these were continually from the more f[requencly occurring
categories to the 1less frequently occurring ones (hence, an
increasing diversity, as the distribution is mainly negatively
exponential) or vice versa. This was accomplished by measuring
each variable's mean (for those measured on a ratio scale) or
Shannon's H (for nominal data) for each period and, then, by
looking for time trends in these. Some of the variables shew
stochastic Dbehaviour, e.g., INIT where the originators can be
spuriously or constantly active with varying degrees of
intensity. Others, such as UTIL, CAT and TIMES show weak
decreasing diversities over time. This 1is because the
proportions of the most frequently occurring categories GenGen
(for UTIL), implementation and specification bugs (for CAT) and
modules which were changed only once (for TIMES) were
increasing at the expense of most of the other categories of
the variable concerned. Taken together, these results hint at a
simplifying process rather than at one which is getting more
complex. The increasing diversity in MTHS led to the same
conclusion although that in NV (or VERSION) which is due to a
shift from the daf6's which affect only one version to those
affecting several should be carefully monitored. This 1is one
area which might spell future trouble, although the anticipated
increasing difficulty to effect a change would not be due to
the increasing complexity of the system itself. Rather, it will
be caused by the need to coordinate the change over each of the

ever-increasing number of versions that would need to be
supported.

Although our analysis shows that, over certain short periods,
there were periodic increases in the number of daf6's which
were used to suggest possible improvements, by and large, the
variables show no or weak and strictly temporary associations
among themselves. )

Further work concerning the uncategorised daf6's of the groups
led to the association of each new redevelopment phase which a
group has undergone with a reccrudescence of daf6's for that
group. One finds that those that have had most redevelopments
and daf6's are precisely those which are the largest, the most
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functionally important and those which are situated at the very
heart of the system, too. It was also evident that, should a
group not be redeveloped, then its daf6's tend to eventually
vanish, this behaviour being very similar to that of the-
modifications to a BD micro and to that of the daf2's, too.

Obviously, the groups that have been redeveloped often and that
provide the most daf6's, at the same time, are those which are
the most interesting 1in the context of this analysis. We
selected two of them, G3 and G6, for a treatment similar to
that inflicted upon G5 and for the static part of the analysis
as well as for completing this investigation by passing on to
the release domain analysis. All in all, there appear to be
similar general characteristics among the 3 groups (and, vy
extension, over the other groups). First, their dafb's
categorise to comparable proportions. Then, although the
behaviours of the groups concerning the evolution of the dafé6
categories and of the variable diversities are not always
identical in every sense, yet the trends tend to be replicated.
Finally, the correlation results for these two groups were
comparable to those of G5. Thus, we may conclude that the
impacts of the daf6's on different parts of the system tend to
be similar at each point in time and to evolve similarly, too,
although there are variations which can be to a great or to a
small extent, depending upon both the variables and the parts
concerned. For example, there exists the odd variable which may
exhibit completely different behaviours over each part. There
also exist <certain parts which are, more or less, influenced
similarly and others which are not. And then, there are parts
over which the influences are less felt than over others.

Analysis 1in the release domain basically confirmed the same
impressions. However, a third element is added to complicate
matters. It 1is that the categorisation of the daf6's is
affected by the release, too, although 1in no systematic
fashion. This is easy to understand; during a given release a
lot of work of a certain category may need to be performed
while during another the emphasis may be on other types of
work. Then, although a variable may affect different parts
similarly, its own behaviour is partly conditioned and affected
by the releases involved. Also, although, most of the time, two
parts may exhibit closer behaviours with each other than with
another one, whatever the- variables, yet, due to certain
requirements in each release, only one of the two similar parts
may be affected and, this, in a similar fashion to the third.
The generalisation of these results are not repeated here but
can be recapitulated by re-reading Section 4.6.8.
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CHAPTER 5
POOLING THE ANALYSES OF THE TWO SYSTEMS STUDIED
5.1 INTRODUCTION '

In the Preface, we have already explained why the emphasis in
Chapters 3 and 4 was on summarising the results of our analyses
in the sequence they were performed and why most of the
interpretations of the findings and most of the conclusions had
been left to this chapter. It was that, because many of the
findings 1led to similar interpretations and conclusionrz, the
arguments 1in those two chapters were Uecoming too repetitive,
By pooling the findings together in a single place, instead,
not only would we avoid the repetitions but each argument would
be strengthened by virtue of the fact that similar findings
would support each other. Furthermore, since some results,
specially when they could be interpreted in several ways,
required confirmaton or support from further results, one finds
that the results can be seen in better perspective and it
becomes easier to fit the pieces of the jigsaw after the
studies have been completed. The global view becomes much
clearer, too. ‘ ‘

5.2 THE STRUCTURAL CHARACTERISTICS
5.2.1 The 20-80 law

Whenever any sample of BD or B elements, e.g., modules, micros
or holons, was taken, the predominant shape of the frequency
distribution by any structural property (size, number of calls,
hierarchical 1level) is always found to be exponential with a
few tending towards the normal shape, Sections 3.4.1 and 4.2.2.
This rough exponential shape is frequently encountered in many
fields of human endeavour and is known, in social parlance, as
the 20-80 law, e.g., most (80%) of a nation's wealth is held by
a few people (20%) and vice versa. In the software field, many
workers, e.g., Knuth [90], Anderson and Sargent [4] and Samet
(154], among others, and closer to us, Endres . [59], Elshoff
[57] and, closest, Benyon-Tinker [23] have all come across it.
Why such a shape should be preponderant is probably due to the
fact that software are artifacts which, because they are
humanly engineered, tend, in their majorify, to reflect their
creators' needs of making things as simple as possible.
However, as we have seen, things created simple do- not
necessarily stay simple, Section 4.,2.3, unless they are left
alone. Indeed, although humans may have the (conscious or
unconscious) gift to produce things which are largely simple,
it is their inability of devising ways of keeping these simple
when changed and of adequately managing the changes whicn
causes all the problems associated with the maintenance of
large evolving software. However, it is fairly obvious, from
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the 20-80 1law which our results suggesft, that most components -
(the 80% which account for the 20% of the activity or property
being studied) are of the simple category and can safely be
excluded from any monitoring exercise. Of course, there is
every possibility that, because of evolution, some of these
will overspill into the other category in the future but this
is another story. Then, we can perhaps hope that, just as
Knuth's results have influenced the construction of compilers,
ours may persuade software management to mostly concern
themselves with only those few components that exhibit the
largest values of the attribute they wish to control.

5.2.2 The properties are not necescarily concordant

However, although most components may be simple according to
each property examined, yet there is no concordance among the
properties, 1i.e., for any component, the values of all its
attributes are not of the same magnitude., Thus, a component is
neither uniformly large nor uniformly small over all of its
properties though there do exist certain definite associations.
For example, a BD micro which calls many others 1is almost
always large-sized, Section 3.4.3.1, and a large-sized holon
usually has many data elements and issues many calls to other
holons, Section 4.2.5.1. These are, in truth, much more
realistic than an expectation of all the properties being
concordant specially as 1largeness 1in one property may be
associated with smallness in another, e.g., a BD micro which
calls many others is itself called by only a few ones. It must
be noted that we have, on purpose, avoided writing about any
large property which caused largeness/smallness in another on=.
This is really difficult to resolve; probably, it 1is the
requirements of a component's functions which cause it to have,
for some properties, certain values which are associated with
one another.

5.2.3 The properties of the partitions

The B holons being too numerous, it was impossible to attempt,
as for BD, to characterise the whole system. Consequently, only
certain holon sets, where each set represents a larger unit,
the subsystem, were investigated, Section 4.2.1. Although still
predominantly exponentially distributed, these sets show great
variability in their properties, Section 4.2.5. Some may be
large in one property but smaller in another and, where a set
is smaller than another in any particular property, that
relationship may not hold for another property, 1i.e. the
ordering of the sets is not necessarily consistent over 2all
properties nor is that of the properties consistent for all
sets. This seems relatively easy to understand. Just like the
individual components, different subsystems have different
functions to perform so that, in some, there may be ceitain
features, and, hence, attributes that are well developed while,
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in others, the emphasis is upon other features. Undoubtedly, .
other factors such as the fact that the components may have
been developed by different persons/teams whose products are
not usually similar contribute significantly to the
differences, too. )

The BD micros, when partitioned by the actual/thrown away
criterion or by the frequency of change, also led to the same
sort of results, Section 3.4.1. Here, however, the
interpretations are different and, perhaps, more interesting.
People are probably cautious about excising components whose
interactions with the remaining code may not be well
understood. It 1is, also, prcbably true to say that components
which are 1large, multi-functioned and complex do lead to
frequent modifications while those which are small and simple
do not invite many changes. The conclusion may appear tc be
that one should strive for small and simple components while
constructing software but whether those which sit at the
highest hierarchical levels (as most of the large and complex
ones do) can be made small and simple is another matter. It
would also not do if we were to replace a few 1large ones by
quite a number of smaller ones, each of which may be
infrequently changed, but whose total number of changes may
exceed that expected from the 1large components. Thus, the
problem is not really as simple as it may look.

The meaningfulness of the results which we have obtained by
considering various subsets of each of the populations
available as well as these themselves makes a strong case for
the study of the "trees" at the same time as that of the
"forest". Most of the relevant arguments have already been
exposed in Section 3.4.1.2 and it may be useful to turn back
the pages to refresh the memory. However, we wish to add here,
now that we may call upon the 20-80 law, that although a priori
there may exist no basis upon which to select a partitioning
criterion and particular partitioned parts for analysis, vyet,
because of that law, one would quite easily be able to sort out
the interesting cases from the obviously useless ones. The
problem of the wunlimited number of subsets which may be
investigated, although. not solved, will be simplified, too,
although how many of the remaining subsets may be investigated,
as we have said before, will largely be determined by the
resources that may be spared.

One further usefulness of the sub-level approach 1is that- it
allows the global behaviour to be inferred from those of the
subsets whenever the former could not be investigated because
of largeness as in the case of B. Assuming that most of the B
subsystems, 1like those we have studied, have properties which
are approximately exponentially distributed, then the mathema-
tical tractability and reproductivity of that distribution tell
us that the mixture of suchlr distributions, i.e. the distribu-
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tion of the global system itself, is exponentially distributed
[66]. The deviations from the exponential to the normal
distribution and the wultimate tendency to the latter, are
explained by the Central Limit Theorem which states that the
sum of any distributions is asymptotically normal.

5.3 HE EVOLUTION OF TH UCTURE RAC ISTIC

Structure evolution investigation can be achieved by repeating
the work described in Section 5.2 either for each of various
points in time or over successive releases so that successive
snapshots of the system's component distribution by each of its
structural properties could be taken and compared. Because of
the scarcity of data, only two snapshots for B could be taken,
Section 4.2.2.

We found that in terms of all the holons we have examined there
was 1little concordance among the attributes' behaviours; some
showed generally larger mean values (we really wish to say:
significantly different distributions characterised by larger
means) while others do the opposite as we move from the
previous to the more recent release, Section 4.2.3.

Such ambivalent results were probably due to. the mixture of
different types of holons whose possibly contrary behaviours
have tended to nullify each other's influence on the global
behaviour. Thus, once again, to unravel the intricacies of the
system's behaviour we needed to depart from the holistic view.
This was achieved by partitioning the holons into unchanged.
changed, removed and new classes. Examining each partitioned
set in turn, we found that the new and unchanged holons.have
similar attribute values which are 1less than those of the
changing holons, the 1latter getting more complex after t{he
change has been effected. (There were too few deleted holons
for these to be analysed adequately).

The 1important question 1is how general indeed were these
results? Undoubtedly, many more than two releases will have to
be examined for firm conclusions but, from our own qualitative
observations of the holons over their entire history spanning_
about six releases and from the 20-80 law (in fact 36.5% of the
BD micros have never been changed), we are fairly satisfied
that the changes are concentrated on to a few and probably the
sanme changing holons which take on increasingly larger
structural values (albeit, as our analysis shows, at a slow
rate) while there remains a very substantial pool of largely
unchanging holons. ' '

We have already considered how the distribution by each of
their attributes of the changing holons may evolve into more
complex shapes, Section 4.2.3.1, and how these evolutions may
be used as possible indicators of increasing complexity in the
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holons themselves, Section 4.,2.4.1. Our cautionary remarks
about the latter mav be summarised by saying_that one should
take <care before inferring increasing complexity (whether
functional, computational, implementational or psychological)
from <the increasing trends in the structural attributes.
Although this may probably be the case, we need not only to be
absolutely clear in our minds that these trends are indeed true
manifestations of increasing complexity but also to show that
this is demonstrably so.

However, even if, as in all likelihood, increasing attribute
trends can be associated with increasing complexity, it seems
that this applies only to the <changing holons. The global
complexity, from our results, does not seem tc have beszn
changing markedly in any direction. That the new components are
not more complex than the unchanged ones is another indication
tht the system's overall complexity may not have really
increased significantly from its inception. The continuing
influx of new and simpler holons, the dampening effect of the
large mass of unchanging holons (and the casting off of old and
"complex" ones?) all contribute to compensate for the
behaviours of the changing holons. One could say that the
ageing (meaning getting worn out or more inefficient rather
than the mere passage of time) of the whole population due to
the behaviour of the changing components is being counter-
balanced by the rejuvenation process caused by the- influx of
new and simpler components and the outflux of the old and worn-
out ones. These ideas were treated at great lengths in Sections
4.,2.4.3 to 4.2.4.4 although, there and in Sections 6.2 and
6.3.1, we repeatedly stressed that further refinements to these
apparently promising ideas were required.

5.4 HE EVOLUTION H C Y CHARAC

Having successively 1looked at the structural properties and
their evolutionary behaviours, it is now time to deal with
another major topic. This is the evolutionary behaviours of the
activity characteristics. The activities which we have studied
are mainly those by the agents directly affecting the system
under study and perceived by them as being of sufficient
importance to require the setting-up of procedures for
generating and carrying them out and the productions of
documents for recording them. Such activities are usually
associated with changes to the system but, by no means, were we
able to study all the activities that cause the system to
change. Indeed, in each of the two organisations that produced
and maintain the systems we studied, we were unable to obtain-
data to satisfactorily represent the activities relating to the
production of new functions, the major contributor to sys®em
growth, as we have seen, Sections 3.3 and 4.2.1. On the other
hand, we studied some activities which, although very
important, account for little or no direct and immediate change
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to ﬁhe system, e.g., bug resp&nses and software notices.

The wultimate purpose of studying these activities is, of
course, to relate their behaviours with those of the changing
characteristics of the system itself. But, before attempting
such relationships, it is necessary to examine the dynamics of
these activities by themselves. We first noted the contrast
between the two organisation's reporting and recording activi-
ties. They seem to reflect the greater need of the larger
organisations and/or of the larger systems for control. The BD
activity measures, mc, me, mf, ¢, e and f, were extracted from
a single document while, to represent B's activities, we were
forced to work with various types of forms: dafs, software
notices, bug reports and ©bobug responses. Since the list is
incomplete and there exist some other activities that are not
recorded anyway, it was impossible to 1integrate these and
futile to attempt extracting measures similar to those used for
BD. We, therefore, dealt with each type of form on its own and
extracted whatever data and conclusions we could from it. Even
then, the bulkiness of the data represented a formidable
problem,

5.4,1 Each activi on_its own

Apart from the e series which showed a rather significant
increasing trend, the randomness tests we applied to the
various BD activity series (whatever the aggregation period),
Section 3.2.1, to each B subsystem's daf2 series, Section
4.2.1, and so on, showed that they all exhibited behaviours
consistent with that of white noise. In the formal statistical
jargon, our results merely show that there is no evidence
against the null hypothesis that each series is a random
process. We have already mentioned in Section 1.3.3.2 that we
would have preferred the null hypothesis itself to be that the
series 1is «cyclic or whatever, since, then, we could have
asserted that there is evidence against it, should the results
have been significant. That, from the existing tests, our non-
significant results only allow us to say that there is no
evidence against the white noise process is not the same as
saying that there is, therefore, evidence against the alterna-
tive hypothesis 1is quite annoying. Add to that the known fact
that significance tests <can never establish the truth or
otherwise of the null hypothesis, then one gets an idea of how
frustrating the endeavour really was. However, we had to make
the most of what was available.

Thus, despite obtaining so many similar results from the
significance tests, we still needed to seek the support of
other tools such as correlograms, periodograms and spectra
which do not depend upon significance tests and; in that sense,
could lead to "stronger" results. These results, Sections 3.2.3
and 4.3.2, overwhelmingly confirmed those inferred from the
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significance tests so it would probably be true to say that
each of these series does not show any cyclicity (of the up and
down type) or seasonality and probably no trend either. As we
have said before, these may appear to contradict Lehman's
findings. However, we pointed out that Lehman had probably
employed the cyclicity term in a much looser sense than with a
strict up and down meaning, Sections 1.3.3.2 and 1.3.3.5, and
that phenomena observed on a release-to-release basis may not
be necessarily observed on a real-time basis, Section 4.6.2.
The latter remark indeed applies to all the results included in
this section.

One interesting feature concerning quite a few of the B series
(several of the subsystem's monthly daf2 =series, the weekly
software notices, the daily REP and the daily RES series) is
the presence of some weak and short-term serial correlations.
Since these are positive, they indicate clumping of similar
values together rather than cyclicity. This 1is, as yet, the
first indication of some sort of activity "dynamics" which may
be present in B.

When REP and RES were aggregated into larger periods, Lhe
daily serial dependencies disappeared turning each series into
an effective Markov process, Section 4.,5.4.1.1. There is a
possibility of obtaining similar short-term effects in the
other series had they also been analysed on such fine mesh.
This was not carried out both for practical reasons and because
of the doubtful practical wusefulness of such results which
merely indicate high responsiveness, Section 4.5.4.1.1.

Work on another front, the Box-Jenkins stochastic models we
obtained for me, ¢ and mf, only confirmed the impression of no
apparent effect except white noise, Section 3.2.3.1. That e is
best fitted with an IMA model of order 1 seems to indicate that
any trend should be viewed as a stochastic trend (i.e. with
random changes in level) rather than as a deterministic trend.
But it is really the interpretation, from the models, that the
greater portion of each "shock", if not all of it, being
dissipated rather than absorbed to have a lasting influence
that is more important. It may be that this behaviour, which
implies that the system does not learn from past events is
peculiar to BD only and/or to systems which have similar
properties to it. On can only speculate whether it is caused by
BD's special architecture, its smallness and/or that of its
environment, among other things. This particular problem
illustrates nicely the enormity of the task that still needs to
be accomplished.

As with the BD series, we could only afford to model a few of"’
the B series (weekly software notices, both daily and weekly
REP and RES). The models obtained were definitely more adequate
and, very interestingly, are autoregressive with positive
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coefficients, in accordance with the correlograms results and
interpretation of positive activity dynamics. Two explanations
are offered for the difference in types of models we obtained
for the two systems. The first, which rests upon the usage of
finer meshes for +the B series, secems unlikely since some
monthly daf2 series show significant autocorrelations, too,
Section 4.3.2. The second is that larger systems (and B is
larger than BD in every sense of the word) could exhibit some
sort of dynamics while smaller ones do not. This seems more
likely since not only has the whole concept of ED been based
upon the dynamics of systems much larger than BD but our own
(too brief) look at another system, CCSS, again, implied the
cxistence of dynamics and inertia which were stronger than
those in BD, Section 3.2.5.

Why larger systems should exhibit more dynamizcs and inertia
than smaller ones was attributed, in Section 4.5.4.1.2, to the
fact that a large system's activity, as opposed to those of the
smaller systems, usually expresses the sum of the efforts of a
multitude of sources which each contributes an infinitesimal
amount to the total. (The more such sources there are, the
greater will be the dynamics (and inertia) observed and the
less easy will it be to deviate the system's behaviour from its
settled patterns.) Thus, adding or removing one or even several
of the sources do little to affect the settled patterns whether
in motion (dynamics) or static (inertia), specially as
stochasticity has an important role to play as well, As it is
in the power of management to only make certain adjustments
here and there but not to drastically modify the whole set-up;
it 1is not surprising to find, as Lehman has observed so many
times, that, despite all efforts, management's control over the
system's future Dbehaviour is not great, specially as the
application of these efforts may not have been consistently in
the same direction to either accelerate the dynamics or slow it
down. However, this is quite understandable if we realise that
the managements were largely unaware of the existence of
dyramics in their systems and of their causes. Before passing
on to other effects which the addition of different sources'
outputs may cause, let us again repeat that the dynamics of a
system depend more upon the multiplicity of these sources than
upon the system's actual physical size, but, of course, these
are related to one another.

Another aspect of the analysis involves choosing the Dbest
polynomial fit to each of the series we have discussed. In
every case, the meamr of the series was the best choice except
mf, e and f for BD, Section 3.2.2, and software notices and
daf6's for B, Sections 4.4.2 and 4.6.5. The R2's for these were
all low, so low in some cases, e.g., mf and f, that the trends
could be considered negligible, as in fact treated by the cther
tests. Then, what is the chief feature of these series if they
exhibit neither cyclicities nor seasonalities and if trends are
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either non-existent or weak? The answer, inevitably, has to be
that the dominant effect, if not the only effect, is
randomness. This discovery has, indeed, been one of the
highlights of this research. '

Most previous researchers have failed to recognise its
importance, neglected to study it or could not cope with a
"randomly discrete set of events in an uncertain environment"
[133]. According to Needham and Aron [133], this is the main
reason why the work of the theorist had had minimal impact on
that of the software engineering practitioner.

More succiictly software activities may effectively be
b

considered as random variables, whose value y_ at time t can be
represented by €

yt = u+ at
where pis the expected value and ay is the noise effect. It
can also be shown that the cumulative form of that equation is
a straight line, whatever the variance of a., Section 1.3.3.1.

An attempt at identifying the characteristic distributions of
these random variables (and, hence, of the noise too) showed
that all BD variables except me could be well fitted with a
normal distribution, Section 3.2.4. However, the B series were
less well behaved, their distributional shapes . ranging
variously from the exponential to the normal. Nevertheless,
whatever the probability density function, 1its properties
implicitly include the concepts of invariance 2and critical
growth mass and the fourth and fifth laws, too, Section
1.3.3.5.

Now that we have seen that white noise characteristics are
exhibited by most of the variables we have studied, even more
so by those of the smaller BD system, it is appropriate to
explain why randomness should be the predominant feature which
we have observed.

Because of the relative simplicity associated with the BD
system, it would probably have been easier to influence its
behaviour in one way or another so that, unlike the other-
systems, it shows 1little 1inclinations to exhibit dynamical
trends. That, despite that property, there has been no
inclination to <cause the systemr to move 1in any intended
direction seems to be- due to the more or less steady state
which the system has been in for quite some time. There has
been no major upheavals. Instead, there has been a continuous
flow of new components, each of which gradually tends to become
enhancement and fix free, Section 3.5.2.2. Althougn there 1is
some degree of determinism in them, the behaviours of the
components or modules, Section 3.5.2.2, and sub-components or
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micros, Section 3.5.2.%, are not reflected at the global level.
This is due to the staggering of their introductions into the
system at not-too-regular intervals as well as tc the presence
of the inherent stochasticities.

The same irregular staggering and inherent fluctuations led to
the mostly indeterminate behaviour at the global level of most
of the activities of B, too. Thus, although we were able to
obtain models that show an unmistakable decreasing trend from a
(sudden or rapidly reached) peak for the daf2's per holon,
Section 4.3.4, for the software notices per release, Section
4.4.4, for the daf6's per group per phase, Section 4.6.6.1.4,
yet the daf2's per subsystem, Section #4.3.1, the software
notices for the whole system, Section 4.4,2, and the daf6's for
the whole system, Section 4.6.5, show mostly stochasticity.

Although it is obvious that the more there are components which
are introduced in random sequence, the more random the global
effect becomes, yet it is the associated idea of the values
tending to resemble one another, i.e. of invariance or of
inertia that we shall stress. We previously asserted that the
larger the system (or more exactly, the more there are
contributing parts), the more dynamics, if in "motion", or
inertia, if at "rest", it exhibits. Assume that, as for each
subsystem's daf2's, the sequence is sufficiently randomised for
each part. Then, if their means are (m ,m,,...,mp) and their
variances (s? ,s% ye++yS23), the mean of the sum of the parts
is m + m,+ ... + My while its variance is st + S5 + ... + ,
assuming the mutual independence of the parts. To simplify
matters, let wus assume that the parts have the same mean, mn,
and variance, s 4. Then, the mean of the whole becomes mn and
its variance is ns? ., Now the variability or coefficient of
variation (ratio of the standard deviation to the mean) for the
part is s/m while that of the system is s/m/n, i.e. the ratio
for the system is smaller than that for the part by 1/ /n. But
it is that it becomes smaller as n increases that provides the
statistical interpretation of the idea of increasing invariance
or inertia due to increasing contributing sources.

Of course, we would not have been able ¢to explain the
invariance at the global level and would not have known that
the various sources. smooth each other's deviations out if we
did not attempt to take a deeper lodk by descending to various:
sub-levels, From our results, this has been more than justi-
fied. Studying the trees indeed led to a greater understanding
of the forest itself.

However, one should not get the impression that agglomeration
always leads to randomness. The study of the bug reports gave a
beautiful example of the case when various sources are in phase
with one another instead of being irregularly staggered so that
summing up their simultaneous outputs led to any slight but
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concrete determinism to stand out in relief among the inherent
stochasticities, Sectiocns 4.5.4,1.2 and 4.5.4.1.3. That there-
must be a sufficiently large number of these sources for the
pattern to emerge is provided by the fact that the examination
of the bug responses which emanate from only a few sources did
not lead to the same finding.

As regards to the distributions, the Central Limit Theorem
indicates that the predominant exponential shapes which we
observed for the sub-levels will lead to the normal ones which
we observed at the global level.

5.4.2 The interrelationships among the activities

After examining each variable on its own, we investigated them
in tandem and in groups in an attempt to determine any
functional relationships among them. Even if these are non-
existent, we were still interested in summarising the data in
some simple way which may not have any physical meaning but
which may be extremely valuable for predicting the values of
some variables by the values of other variables.

Correlation analysis which had been applied to the structural
properties was also used here but in an extended form. Not only
are we interested in the effects of each variable's value upon
those of the others which occurred simultaneously (simple
correlation) but the effects of its past values upon those of
the others could also have been important and were investigated
(cross-correlation). Most of the latter were negligible while
the few simple correlations that were significant were easily
explained: ¢ is largely constituted of e, there is almost a one
to one mapping from ¢ to mc and from REP to RES. In fact, those
last two series provided the only significant cross-correlation
results: daily REP affecting the RES values on the same day and
those which lag behind by a few days, too, Section 4.5.4.2.
This is due to both the spill-over from one day to the next and
the provision of a certain delay which may be accepted 1in
receiving a response from a report.

Thus, some of the series remain closely coupled at all times
even though they appear to vary stochastically on their own
from one moment to another.

Note: Although similar analyses and results exist for some
CCSS activity series, they have not Dbeen included here
since the system has not been investigated fully by us.

5.5 HE EVOLUTIO H UT CHARAC ISTIC

Most of the activity variables we have just analysed (e.g., c,
e, f, daf2, daf6, bug reports) can be viewed as inputs into the
system., However, the maintenance process of software systems
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is unlike normal transformation processes that treat their
inputs as raw materials to produce visible outputs. Rather,
the 1inputs are intended to transform the system itself - to
render it more powerful, more efficient, more modifiable, 1less
faulty, less complex and so on., Thus, the net result of all
such efforts is a new instance of the system itself and the
outputs, if one really insists wupon them, are just the new
traits in terms of power, efficiency and so on of that new
instance. We have already envisaged 1in Section 2.11 that
relating the outputs with the inputs will be the final goal of
this type of research. Indeed, in Chapter 8, we shall attempt
to lay the foundations by building the major part of the theory
which we shall develop around the inputs-outputs concept. At
present, the practical problems associated with any attempt to
relate the outputs with the inputs, even qualitatively, appear
to be insurmountable.

We shall discuss these problems more appropriately 1in Section
6.3.3. Here, we merely point out that the traits one would have
liked to study are probably not analysable. Some of these have
been most talked and bandied about. Although many metrics have
been devised and proposed, the fact remains that none of them
has been quite successful. The concepts are as fuzzy as ever
and it may never be possible to obtain a totally satisfying
measure for any of them, Sections 2.8 and 6.3.3. We, thus,
preferred to concentrate upon the study of the behaviour of
some attributes which, on their own, could be construed as
outputs from the system -

5.5.1 Net owth characteristics

Growth is, by far, the most visible and easiest to measure of
all these variables. The data for B are limited but still
indicate that the system has grown more often than not during
the 6 releases or so that it has been in existence. The major
part of system growth is through the additions of whole chunks
of new code such as subsystems while the rest is accounted for
by the actual modifications to the existing code, Section
4.2.1. BD exhibits analogous behaviour: change in size (mainly
increase) 1is mostly through the additions of new modules,
Section 3.3.

Because it is the addition of whole chunks of new code and not
the modifications of the existing code which accounts for most
of the growth, one may ask whether the concept of the system
getting more and more unstructured and complex as it ages holds
as strongly as it has been made to be. Certainly, the addition
of new chunks or the removal of redundant ones will nearly
always increase the system's complexity, however minimally. The
existing code will have to be modified, however slightly, to
accomodate the additions or the removals and the new code will
increase the system's size and establish its own lines of



CHAPTER 5 PAGE 144

communication with the existing code. Yet given that clear and -
clean interfaces were provided for in the first place among the
subsystems 1in systems constructed such as B and that the
surgical knife or the stitching needle is applied cleanly, then
removal of obsolete subsystems or additions of new functions,
facilities and code through entire subsystems, the main causes
of change as we have seen, should affect the structure, hence
the complexity, of the system in modest rather than marked
fashion. On the other hand, it is plausible to assume that
components which are actually modified do increase in unstruc-
turedness and complexity. This 1is probably a more important
contributor to the overall system complexity and its increase
would probably have been quite noticeable had this type of
change been predominating. For BD, which is more a collection
of modules than a system as we know it, the situation is much
simpler. As the modules are mostly independent of one another,
it 1is easy to add or withdraw a few without too much concern
about the whole system. Also, although each module may be
changed quite often and may become very unstructured and
complex, since it does not interconnect with the others, the
whole system's complexity is not affected in too marked
fashion.

As it 1is, for BD, there is no uniform rate of development;
development occurs in waves or cycles but these are in no way
regular and therefore cannot be modelled quantitatively,
Section 3.3. The intensity and duration of each development
cycle is probably governed by many complex factors such as the
needs, the available resources and the timeliness of starting
the cycle.

Each cycle shows a gradual build-up to a climax, when growth is
most intense, which sooner or later runs down to, sometimes but
not always, almost nil growth, when most of the planned
activity has been accomplished, until the next cycle starts.
This sort of behaviour is reminiscent of a negative feedback
process rather than of a positive one as in 0S/360's growth
[18]. Despite these differences, the end-of-cycle <clean-up
process that has been described for 0S/360 also seems to exist
for BD. The growth plot by micros generally shows a drop- in the
number of micros at the end of each cycle. Thus, although
modules may not be systematically reviewed. and removed from the
system at the end of each cycle yet it seems that an effort is
made to rid them of their redundant micros.

As asides to the main theme let us remark 1) that, apart from.
the clean-up feature, all the 8 BD size measures we have used
exhibit very similar general qualitative behaviour. We,
therefore, conclude that, for qualitative results and interpre-
tations, one needs not worry too much about which of several
alternatives 1is the best measure, each being as good as the
other and 2) that "core" micros are increasing in size while
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"non-core" ones are not, probably because the former are the
most frequently changed and most prone to increase in size
while the latter, mostly unused, need rarely, 1if ever, be
modified.

It is important to note that in both our systems and in most of
those studied by others, too, the activities relating to the
major growth factor 1in the system's size have nowhere been
documented on the same level as those due to fixes and enhance-
ments to already existing code. Thus, it is possible to account
for the variations that exist in the system's size in terms of
the major activities pertaining to it (see the opening para-
graph of this section, once more) only very broadly and the
situation will not change as 1long as such activities snall
remain largely undocumented and, therefore, unamenable to
analysis.

5.5.2 The characteristics of modifications to the BD code

The activities, already examined at a global 1level in Section
5.4, both individually and interacting among themselves, can be
reconsidered from the point of view of their impacts upon the
system and whether the traits of the latter have been changing
in any definite manner. In this section and the next, we shall
concentrate wupon grouping the various indicators together and
interpreting them in terms of the evolutions of the traits of
the BD system while those of B will be considered in Sections
5.5.4 and 5.5.5.

On the other aspect of the maintenance process, i.e. the fixing
and enhancement of already existing components, we already know
that, for BD, although ¢ is stationary, e is increasing while f
does the opposite, i.e. the ratio of enhancements to fixes is
on the increase, Section 3.2.2. One way of interpreting this
shift 1in favour of the enhancements could be based upon the
assumption that the fix rate is proportional to the number of
residual errors in the system, (roughly speaking, since errors
get increasingly difficult to discover and a zero fix rate is
no proof that the system is error free). Then it would appear
that, as the system ages, the errors are gradually smoked out
and the personnel increasingly finds time on its hands and,
therefore, concentrates wupon refining. the system. The anti-
thesis is that the system is getting more complex, that fixes
are becoming increasingly difficult to effect and therefore
less frequently carried out but this ill-fits the increasing
number of enhancements and is therefore 1less favoured. (A
situation where enhancements are increasing while it is getting:
more difficult to fix errors must indeed be odd.)

The former interpretation is further supported by two trends in
the individual enchancements: most involve fewer and fewer
micros while a few do the opposite, Section 3.4.2.2. Probably,
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the final retouches are getting simpler while, in parallel,
growing confidence is causing bolder and bolder developments to
be undertaken. Other results such as those showing the increa-
sing frequency with which already existing micros are incorpo-
rated into the new modules and the decreasing size of the
latter, Section 3.3, imply that most developments are of <the
bells and whistles type and consequently lend support to the
settling down theory. There were still other results which
suggest that the process of enhancing and fixing the code has,
contrary to belief and as the theory would have it, probably
not introduced any significant number of new errors, Section
3.5.2.1.2. All these results, and others, which had all been
summarised in Section 3.5.2.2.2 could indicate, as hinted at in
Sections 3.2.5, 3.4.2.1 and so on of Chapter 3 and here; too,
Section 5.3, that BD is probably an atypical system. We shall
come back to the same theme at the end of Section 5.5.3.

The model of fixes for a typical new module or micro shows that
they decrease exponentially to negligible values within 3 or 4
years after implementation, Section 3.5.2.2. The fall of e is
much less steep and it takes longer to fade out so that the
component is still being enhanced while it may no 1longer be
fixed. This not only confirms the continuing need for further
enhancements but also shows, as we have said before, that, in
the case of BD, tinkering with the code does not seem to
introduce new errors.

Another difference between the f and the e models is that the
fit to the former was better. This indicates that while fixes
are determined mostly endogenously, i.e. by the properties ¢l
the component itself, yet enhancements are more largely due to
external forces, Section 3.5.2.2.2.

One last aspect of these models concerns the observation that
not long after release there is a swell in the number of fixes
accompanied by a decrease in that of enhancements. It is likely
that the process of transferring a component from the testing
to the usage environment causes its shortcomings to be suddenly
exposed. This creates a pressing problem that leads to a spate
of fixing activities while other activities are put aside for a
while, Section 3.5.2.3.2.

The models could be used to predict the time to a specific fix

rate, to a specific number of fixes and so on, Section

3.5.2.2.4, They could also be refined to include the

possibility of introducing errors and the cycles or oscillatory-
patterns, Sections 3.5.2.7.1 and 3.5.2.7.4. However, perhaps

their most wuseful property is that a quality measure for the

components modelled can be extracted, Section 3.5.2.7.3.

Why these rather well defined behaviours are not reflected in
the global e or f series has already been dealt with quite
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fully in Section 5.4.1. Besides, we also have the evidence that
the new modules form only a small portion of the whole system,
at any time, and their introduction does little tc affect the
already settled pattern, Section 3.5.2.1.

5.5.3 Explaining why complexity for the BD system has not

increased

From all our analyses (and it would be too repetitious to
relist all the results here), we concluded that system complex-
ity has probably not changed over time. This may be that the
increasing system size, total number of enhancements and number
of difficult enhancements are balanced by the diminishing
number of f[ixes, the increasing number of easy to effect
enhancements and of fix free modules and so on, to say nothing
about factors like increasing familiarity and experience.

The learning factor may explain why complexity may not have
increased despite the fact that the system is continuously
growing in size and that changes are being made to its
components., In striect terms, there is, indeed must be, an
increase in part of what constitutes the complexity factor vyet
the true complexity itself, according to our results, does not
seem to be affected. This is, however, not contradictory as it
is the psychological complexity of the system that we are
mainly interested in. Because the maintenance team has been
largely unchanging and the people that constitute it have been
interacting with the system for quite a long time, it 1is not
surprising that what would certainly appear, to any external
observer or newcomer, as a more complex system than the one
which was initially brought into use so many years ago, is to
those people something which they now understand much better
than previously. Thus we can draw 3 lessons:-

1) That any complete study of the complexity of a software
system must include a study of its metasystem.

2) That, since human behaviour is involved, we may have to
enroll the help of people such as psychologists who are
more expert at understanding such behaviour.

3) That, because of the very involvement of human beings
and of their subjective appreciation of what is complex and-
what is not, there is practically no hope of ever finding
any true complexity measure. We have already touched upon
this theme early on in Section 5.5. Sections 2.8 and 6.3.3
discuss it more fully.

But there dwelt the niggling thought that we can expect
complexity not to increase despite continuous growth and
modification only for systems such as BD, which, we have.
already caid, is quite different from most of those that have
been studied. Is the cause due to the small size of the system
so that the threshold of a reasonably intelligent person's
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ability to take in and understand the whole system is not
exceeded? Or 1is 1t its structure which 1is the overriding
factor? Or that the maintenance team is small and has been
~stable? Each probably does contribute significantly to the
behaviour but one can only speculate about which is the more
important. Finding out seems to be an important direction 1in
which to persue any future research but we anticipate that only
after slow and painful work shall we be able to know. A quick
way may be to design a certain experiment but can we really
afford to, Section 2.67?

5.5.4 Characteristics of modifications to the B code

Since the B data did not quite resemble BD's, the 1latter's
analyses could not exactly be duplicated. The activity models
provided one of the areas where we could contirast the results
from each system. Although the various B models were 1in terms
of different entities (the daf2, software notices and dafé6
models were for holons, whole system and groups respectively)
yet, 1if one ignores the redevelopment phases, all their shapes
are characterised by a rapid rise to a peak which then
gradually falls off, and, therefore, resemble the BD entities',
too. The phases are due to functional redevelopments for the
purposes of a new release although there are no rules’
concerning them. Which part of the system to redevelop, when to
do it and the resources to be involved (in labour and time) are
driven, to a large extent, by factors external to the system
itself, Sections 4.4.4 and 4.6.6.1.4. Therefore, as could be
expected, there were no patterns among the phases of. each part
considered. Our models, as before, were, consequently, only
qualitative in nature.

Two important deductions from the shapes of the phases and
their frequencies are:-

1) The tail in each new phase indicates that, as in BD,
there would be a vanishing of activities, should there have
been no new phases.

2) That new phases appear from time to time indicates that
any decreasing activity would probably be due to the
settling-in process rather than to increasing difficulty.

Because of its sheer size, its existence in a competitive
field, of the evolving technology and needs of clients and so
on, B probably cannot escape from metamorphosing into newer
instances of itself - releases - at frequent intervals. For BD,
which has well-defined and relatively unchanging functions and
caters for a more stable clintele, the release concept is not
even entertained.

5.5.5 Complexity investigatio
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One early indication that total system complexity might have

been decreasing concerns the software notices whose intensities

and variabilities from week to week have been decreasing on a
release-to-release Dbasis, Section 4.,4.,5. This simplifying
process finds parallels in the decreasing trend in the response
time for most bug reports, Sections 4.5.3 and 4.5.4.3, in the
queue of outstanding bug reports, Section 4.5.4.1.2, in the
software notices, Section 4.4.,2, in the total daf6's as well as
new redevelopment phases, Section 4.6.5 and in the diversities
of the daf6's according to several variables, Section
4,6.6.1.4, Coupled with our failure to detect any increasing
trend in the number of components examined per bug report,
Section 4.5.4.,3, or in the number of attempts required to
effect a cnange correctly, 3Section 4.6.7.1, ameng cthers, we
decided that this system, like BD, shows no evidence to be
increasing in complexity. One way of explaining this sort of
behaviour has already been given in Section 4.2.4 where we
theorised how the ageing (due to the changing components) and
rejuvenation (due to the newer and simpler components) rates
may cancel each other out to cause the system's attributes and
behaviour to remain largely unchanging, as fcund in Section
4,2.2. But why the system may not have been 1increasing 1in
complexity could be attributed to several factors: the team is
getting more experienced, the system is settling-down or maybe
it is still so young that the complexity threshold has not yet
been reached and/or the dynamics/inertia of tile system- have not
been given sufficient time to really get going. Since it is the
factor which sets B apart from most of the systems studied 1in
the ED context, the latter could be the more important factor,
although, at present, there is no way to prove it. Then, c¢ne
would still 1like to see whether, as the system ages, the
threshold would remain unexceeded and whether increasing
ossification could be prevented.

Thus, as far as the data allowed, the components of BD and B
have shown quite similar qualitative behaviours. The subtle but
important differences which show that, at the global 1level, BD
is more responsive to external factors while B possesses
dynamics (trend) and inertia (invariant) properties to a

greater extent must not be forgotten either. A most major step -

would be undertaken if these- similarities or differences could
be precisely related to and explained by each of the size,
structure, age, environment factors and so on. This has, of
course, not been possible from the data we had.

5.6 THE CHARACTERISTICS OF THE SYSTEM - ENVIRONMENT
INTERACTIONS - : '

5.6.1 Relating the outputs wit

The effect of the system's particular maintenance environment,
together with that of the world further outside, upon the
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system cannot be totally ignored from our studies if we wish
these to be exhaustive, As it is, data concerning the environ-
ment, whether immediate or further away, and its interactions
with the system are hard to come by although the activity
variables which we have been using and which could be viewed as
inputs into the software system are, after all, embodiments of
external factors acting wupon the system, although they are
partially endogenously driven, too, Dbeing, say, feedback
effects from previous system outputs. Take, for example, the
number of fixes to the system at any time: 1its value 1is
dependent upon the state of the system at that time and this
is, itself, dependent upon previously carried-out fixes. It is
in fthis context that the remarks concerning the 1large
stochasticity in the behaviour over time of the ennancements,
whose behaviour 1is conditioned to a larger extent by external
determinants rather than internal ones,; but not so much in that
of the fixes to a typical component apply, Section 3.5.2.2.2.

We have already remarked that it is extremely difficult to
relate inputs such as enhancement activities with the new
system traits which result from these activities in Sections
2.8 and 5.5. At this moment in time, it has only been possibie
to investigate the behaviours such as long-term trends of the
inputs and outputs (or, rather, easy to measure indicators for
these), mostly on their own, to qualitatively, and only in
general terms, infer the behaviour of one from that of the
other. What we would have liked is to predict, more or less
accurately, what sort of effect a certain change in an input,
say a given increase in the number of enhancements, will have
on a given trait, say complexity. This, at present, cannot be
accomplished because there may be so many factors acting upon
each trait that what effect each may have may not be
determinable since one does not know what these factors are,
Section 2.7, and also what the effect of each may be since one
may neither be able to isolate each factor from all the rest
for specific treatment nor are they all visible. Some may, for
example, be too far removed both temporally and physically for
them to Dbe noticed, Section 2.8. Furthermore, their
interactions among themselves may be too complex to unravel.

We were confronted with similar problems while attempting to
model the behaviour of the activities themselves. Thus, the-
number of enhancements, at any time, can be determined by the
internal properties of the system at that time (its traits),
other activities within the metasystem or the same environment
(e.g., the number of fixes to be carried out during the same
period), activities in the meta-metasystem or the outer-
environment (e.g., users' pressure-for change), as well as past
activities. The situation may indeed be too complex for an
empirical approach to succeed {see cur qucte from Forrester in
Section 7.4). Then, it would indeed not surprising to find
that, for each activity that we have analysed, randomness 1is
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the main feature we have observed. One anticipates that the .

more wWe shall be 2ble te explain the syvstem's and the
metasystem's activities behaviours in these terms, the 1less
will be the degree of residual randomess which, at present, " is
intolerably high.

In an early and rather crude effort, multiple regression models
were used to determine the extent to which the exogenous
factors affect both the structural and the behavioural
properties of the system. That our best BD model gave an R® of
only 17%, Section 3.4.3.3, while those of B were upwards of
70%, Section 4.2.5.2, lends further support to the idea that B
is less resnonsive to external influences than BD.

But, of <course, these were only static models. Despite the
weaknesses of regression models -~ Regression Theory only
purports to find and display patterns of relationships which
can be used for prediction but which may, on the face of it, be
nonsense so that the models created may not be interpretable at
all - they provided the only means by which we could attempt to
adopt Sutherland's ideas about his 4 classes of systems. From
the few models for the same thing but taken at different points
in time we found that B could best be classified as of the
third, 1i.e. the severely stochastic class, Section 4.2.5.2.4.
Thus, without more accurate and further data as well as better
tools, we have 1little hope of predicting future system
behaviour with any degree of accuracy.

5.6.2 Investigating how the ifferent characteristics of a
variable change from part to part and from release to release

Of the various data we have worked with so far, some such as
bug reports and daf6's allow us to study the system-environment
interactions according to each of several different properties
or aspects of the same data. These range from those that are
almost totally environmentally determined and controlled, e.g.,
the originators of both bug reports and daf6's, the priority
and machine characteristics of the bug reports, through those
that are influenced by both system and environment, e.g.,
response time or number of attempts for both types of
activities, to those that are almost exclusively determined by
the system's properties, e.g., the faulty components and the
bug categories in both bug responses and dafé6's.

Strictly speaking, f and e are subcategories of <c¢. In that
respect, then, the distribution of the BD changes is shifting
from fixes to enhancements, Section 3.2.2. For B, at whatever
level of the system the investigation was carried out
(subsystem, group or global 1level), we also found that, for
each property of the data, whether bug ireports or daff's; the
distribution among its categories has not stayed the same over
time, Sections 4.5.2.1, 4.6.6.1.4 and 4.6.7.2.1.
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There do exist some deterministic inner trends in some of the
categorising schemes, e.g., the response time of the Fshort to
respond"™ bug reports is decreasing, Section 4.5.4.3, while the
daf6's of general wutility 1is increasing, Section 4.6.6.1.3.
However, the real pointer to whether the interactions between
the system and its environment are getting more complex is on
two more global fronts, the first of which englobes the inner
trends while the second englobes the first itself. To elabo-
rate, we wished to find out, in the first place, whether, in
each method of categorising the data, the shift is towards the
categories of the more complex types and/or whether the data is
getting increasingly diversified and, in the second, whether
this diversification is general over all aspects of the data.

Alas, there was no great concordance among the diversity trends
in the various properties of the daf6's data, Section
4,6.6.1.4. Some were increasing, others were decreasing while
the rest did neither. However it is not the trend which is the
important feature, it is what interpretation can be attached to
it: scme increasing diversity trend may mean the same sort of
process as the decreasing one in another aspect of the same
data. Thus, the increasing diversity in MTHS is taken as good
since it implies that the modules are getting redaf6'ed at
longer intervals and together with the decreasing diversities
in UTIL, CAT and TIMES, it ©probably implies a simplifying
process in the system. ‘

The contrary behaviour of the other properties' diversities
which lead to the no concordance results and the weak pzairwise
correlations show that the environment-system interactions, as
interpreted from the daf6's, are probably independent of each
other, any associations which they may form being weak and of a
temporary nature, Section 4.6.6.1.5. Bug reports, on the other
hand, have thrown up conbasting results. There are definite
associations - each team has its own working habits and at a
certain given time can be found to work wupon a specific
release, machine and compcnent(s), Section 4.5.3.

After investigating how characteristies ¢;, C,, ..., Cpnh behave
over part Pi, we then explored whether the- behaviour of each
property is “uniform over different parts of the system, i.e.
how C, behaves over parts P;, P2, ..., P . One finds that,
qualitatively, Cy generally preserves its behaviour, not only
in the evolution of its spread among its categories, e.g., the
diversity of CAT is decreasing for all 3 groups we examined
while that of VERSION is increasing for 2 and constant for the
last one, but also in its inner trends, e.g., for all groups,
the. proportion of daf6's repairing implementation bugs is
increasing, Section 4.6.6.3. These, therefore, indicate that
the influence of external factors is more or less system wide.
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But are they distributed out in equal doses? I.e., for a given
period or release Rx can we order P;, P., ..., P by their
diversity ranks on all the characterlstlcs Ciy C2y v0eey C_ 2
This was certainly possible although the lth ranked part is not
necessarily lth ranked on all its properties. The same ranking,
however, does not necessarily hold over all releases, e.g., for

we may have P <Pb<P ... while, for Ry,;, we may have P <P,
<§ «.+. although there is a tendency for some parts to occB
the lower ranks and for others to occupy the higher ranks. The
changes in rankings from one release to another are probably
due to different sorts of emphasis being put on different parts
of the system at different times (exogenous factors) while, on
the other hand, the tendency to preserve the rankings indicate
that the endogenous properties of each part have a role to play
as well. They probably help to preserve some element of
stability within each part. Besides the properties of the part,
the stability also depends upon which property of the data we
have been considering in the first place.

Having more or 1less established the influence of exogenous
factors, we made an attempt to determine when they are
strongest and when they are weakest. This was done through
ranking R, R,, ..., by their diversities on all properties
Cyy &, «¢.y Cn. Just ag before, the introduction of time as a
factor also introduces a greater degree of randomness and it
was impossible ¢to obtain consistent rankings among the
properties for each release, whatever P; is used., We then had
little confidence in the validity of the ranking R <Rk§R o oo
Furthermore, emphasising different P;'s at different %times alsc.
meant that there were as many such different rankings as P 's,

In summary, we may say that there is great variability in the
data. First of all there 1is a great stochasticity in the
behaviour of each factor and of each part over time. Then the
properties, ranging from the relatively stable to the very
unstable ones, do not show concordant behaviour over time
although each of them interacts in a similar fashion or not too
different fashions with different parts of the system. Finally,
these parts themselves range from the stable to the unstable
although their stabilities are related to those of the
properties.

5.7 CONCLUDING REMARKS ~ =~ T

For either Chapter 3 or 4, apart from the introduction, the
summary . and certain sections which are concerned with the
description of the data or some mathematical development, we
have made sure that we have dealt with all the sections and-
included all their results here. There were only a few excep-
tions which were left out because they did not quite fit in the
development of ideas in this chapter, e.g., Section 3.4.2.
There were also some sections such as 3.4.1.1, 3.4.1.2, 3.5.2
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and 4.2.4 which had already been thoroughly dealt with. We,
therefore, decided not to include mcre than what had been nece-
ssary here. However, the reader must still note that, although
we have attempted to interpret the results as far as we could,
we have refrained from crossing over too much to their geriera-
lisations. The theorising that our conclusions would have to

eventually lead to is more appropriately left to Chapter 8.
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CHAPTER 6
THE FLAWS IN THE DATA, TOOLS AND RESULTS
6.1 INTRODUCTION

After pooling all the results of Chapters 3 and U4 together,
interpreting them and attempting to put them in perspective 1in
Chapter 5, the natural progression from there seems to attempt
to generalise from the conclusions and to extract a general
theory for 1large software systems behaviour over the
maintenance cycle.

But any theorising must be made within the context of basic
results and realities, 1i.e. the extent to which we can build
vertically up will depend upon the foundation stones - how
strong they are, what are their flaws and so on. It is
therefore a priori necessary to discuss the weaknesses in the
data, tools and analysis, the possible ways of strengthening
these, the directions in which the study may be pursued, among
other things.

The discussions can be conducted anywhere between the two
extremes of treating each of the topics singly and all
together. With the former, the reader with specific interests,
e.g., the researcher who only wants to know about our recommen-
dations or the manager whose sole aim is to find some tools for
monitoring the system, needs not wade through the entire dis-
cussions. Unfortunately, repetitions are bound to occur even if
the same ground will be covered from different points of view.

The best compromise we found is to delay the recommendations
until the next chapter while the contributions, weaknesses and
usefulnesses are taken wup, 1in the same step, here. Simulta-
neously patting ourselves on the back and kicking our backsides
ensures that neither is the ego too flattered nor the pain too
unbearable! Both have, of course, to be moderated. While we
particularly want to draw the reader's attention to the
stronger results yet we must not antagonise him by sounding too
self-congratulatory. Where there are weaknesses we want to
convince him that what we achieved were the best under the
circumstances, yet we may not list too many of them for fear of
being accused of building our thesis wuniquely upon weak
results.,

6.1.1 The need to devise a methodology for analysing the data

We found that to analyse the data the way we did, we had to
practically invent our own methodology. This was based upon a
mix of statistical tools and techniques from other disciplines:
Shannon's H from Information Theory, CIustering from Taxdénomy,
the Delphi Method [24,54] from Management Science as well as
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the systems ideas of Sutherland and Forrester, not to forget
the techniques of Control Theory and differential equations
among others. We leave it to the reader to assess the
sufficiency and success of the borrowing and whether we have
been able to match the appropriate tool with each problem as we
wanted to, Section 2.3.

After we have performed our analyses, we found that, as we had
anticipated in Chapter 2, there has quite naturally emerged a
methodology which could be of general applicability for systems
evolution research. This methodology, which seems to go beyond
any which has been previously applied towards the systematic
study of 1large software systems (and, possibly, of general
systems, too) from empirical data derives its strength not from
the invention of any new tool or technique but, rathesr, from
attempting to blend already known tools from statistics and
other disciplines into a complete kit. To be sure, most of the
tools we have used are very widely known. Probably, of the most
widely-known and commonly~used are correlation and multiple
regression analyses. Others are not so well-known but,
nevertheless, have been applied before in the software engi-
neering field, e.g., the Kolmogorov-Smirnov test by Littlewood
[118], the Delphi method by Scott & Simmons [158] and
Clustering techniques by Lee, Slagle and Mong [92]. But to our
knowledge, some of those we have used, e.g., Jonckheere's test,
the randomness tests, distribution comparison tests, time
series techniques, have not been applied before in our field.

Of course, there are several statistical books which describe
gquite a few of the techniques we have been using (and others,
too). There are even several statistical packages which have
been in existence for seyeral years, now, but neither the books
nor the packages, to our knowledge, give much indication about
which tools to apply, in what sequence, etc., to achieve one's
goals. Even 1in a recently published book (which came to our
attention Jjust as we were about to complete these investiga-
tions) intended for software engineers, Kobayashi [89] mainly
concentrates upon the theoretical aspects of the tools rather
than upon their application or applicability, either singly or
as a complete kit. Indeed, no work such as ours seems to have
been wundertaken, despite the existence in the literature of
data, admittedly scarce which could, say, be treated as time
series or compared by more formal means than visually
[21,32,77,169] and, despite calls for more formal techniques,
e.g., at the second SLCM workshop, Belady [12] said that the
use of time series analysis "must be introduced”.

6.1.2 Working with distributions and the associated advantages:
and problems.

On another front, we need to emphasise that the proceedings
have been carried out at the distribution level. We felt that
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this was justified although working with tendency measures such
as the mean would have been simpler. In the first place, there
is the attack on sub-disciplines 1like Software Reliability
where such measures as MTTF have been given too prominent roles
{117]. In the second, one has little use for the mcan alcne.
Weinberg [183] gives this example: most people prefer to wait
10 minutes each morning for the bus than to wait 1 minute on 4
days and 26 minutes once a week, although the average wait in
the 1latter case 1is 6 minutes. Thus, any study should measure
both the mean and the variability - not just the former T"as
most studies do".

But even after we had decided to work with distributions rather
than with means, we still trod carefully. We wanted to make
sure whether, 1like most workers, we could regard our
distributions as normal and therefore call upon the relative
abundance of theoretical results which exist in its case. That
the <c¢lassical theory of probability has been one-sided 1in
properly studying only the normal distribution is, of course,
due to 1its dominating role in both theoretical and applied
questions. However, we found that, in many cases, our data were
by no means normally distributed, Sections 4.2.2 and 4.3.3, and
that wusing the standard normal theory was 1likely to be
seriously misleading. Besides, the <classificatory nature of
quite a few of our data, Sections 3.4, 4.2.2, 4.3.3, 4.5.2 and
so on, precluded the use of parametric techniques. Thus, most
of the well-developed statistical methods, including those
along the mainstreams of statistics, e.g., multivariate
methods, component analysis, factor analysis and factorial
design [128] could not be useds We had to content ourselves
with non-parametric tools [163]. These are generally weaker but
are the proper tools if we want to continue matching them with
the job, Section 2.3.

Perhaps one compensation for having gone into all these pains
is that distributions, albeit under very strict circumstances,
allow wus to infer the global from the individual and yice
versa, e.g., see the reproductivity properties of the normal,
Poisson and gamma distributions in [89].

Concerning the data themselves, we prefer to retain the main
details until after the methodology itself has been discussed.
Here we shall only reiterate a few general points. We have
already discussed, in a general sense, the inevitability of
working with what we have instead- of with what we want in
Section 2.9. Thus, no attempt was made to define and identify
exact and complete structural properties or input and output
activities to measure and analyse. Instead, already available
or readily countable measures which could be perceived as
reasonably related to structure and behaviour were judged to be
appropriate enough. And, because we were sufficiently willing
to measure and analyse anything that could ™= reasonably
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measured, to the extent that it was possible, we have tried to
keep to the spirit of approaching the problem with an open mind
(Section 2.5), letting the data and the results o¢f their.
analyses mould our subsequent thinking more than anything else.

We have already briefly summarised in Section 2.11 the 3
fronts: the structural, the dynamic and the ecological, upon
which our methodology attempted to attack the problem. It is
really unnecessary to explicitly spell out how it is done as
the 1logical sequence in the analyses and, hence, the
methodology itself, can quite easily be grasped from reading
Chapters 3 and 4. Therefore, we preferred to concentrate, in
this chapter, upon the problems associated with each aspect of
the analysis rather than to attempt to describe an evact recipe
for large system analysis.

6.2 STATIC STRUCTURE ANALYSIS

On the structural front, the idea is to wunderstand how the
system is structured and to draw, if possible, a map whereby
the <configuration and the static properties of the system can
be revealed, 1i.e. we needed some sort of spatial distribution
that is able to show which components comprise the system,
where each component resides relative to every other and that
can represent the prevailing relationships among the
components. :

The most advanced and appropriate tool that, to our knowledge,
can best accomplish these tasks 1is the interaction or
connection graph and its associated matrix of Graph Theory.
Although it provides us with the fundamental mathematical basis
for the determination of system structure, Graph Theory, in the
context of this research, suffers from 3 disadvantages:-

1) Although it may model the components' interfaces through
both calls and data bindings yet there are other aspects of
structure such as size which do not properly transform into
connection matrices.

2) Although the theory is well developed for any matrix yet
there is nothing which allows the comparisons of several
matrices, exactly what we want if the analysis 1is to
progress naturally, i.e. for the static as well as for the
dynamic part of the analysis. Thus, connection matrices do
not seem to Dbe very useful for structure evolution
investigations.

3) This concerns the difficulties in manipulating such
matrices., An initial appraisal indicated that the data-
were probably not accurate enough to build representative
matrices. Then, at present, we could not construct the
matrices other than manually and this was a very time
consuming process. Also, a thorough investigation will
require the construction of a matrix for each of the many
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structural properties that lend themselves to such
analysis. But the greatest difficulty concerns the sheer
size of any matrix which would have to be constructed.
There must be n(n-1)/2 entries to represent n components in
a non-directed situation (and twice as much in a directed
one). As n exceeds 4,000 for B, the task of constructing
even a single matrix is 1literally impossible, even if a
program and a data bank were available.

Persuing the analysis along this path, had it been possible,
would not only have presented a somewhat novel approach but it
would have allowed the introduction of other ideas such as the
use of spatial correlation [52] to provide solid evidence in
favour of or against the so often talked about increasing
communication among the components and the related ripple or
propagation effect [69]. But, alas, this was not to be.

Perhaps, working on a small subset of the system, to start
with, could have been both acceptable and manageable. But,
since the problems really concern developing the techniques to
a sufficiently adequate level to allow the analysis to proceed
(the means) rather than the better understanding of the system
(the ends), we preferred, so as not to risk devoting all our
time to it and so that we could pass on to other things, to
choose more expedient ways of dealing with that particular
problem. However, it must not be forgotten that there may be
enough material here for a worthwhile future research project
which could lead to very significant contributions, too.

The alternative and more expedient method of structure analysis
was found in the form of constructing and examining the
relative frequency distributions of the components by what
could be perceived as structural properties of the system,
Frequency distribution not only shows the frequency of the
components within each class and is hence perhaps superior to
connection matrices for characterising features such as size
but can be compared (pairwise by the Kolmogorov-Smirnov and
X2 tests or in group by the Kruskal-Wallis and the x? tests,
say) and even tested for some particular order (Jonckheere's
test). Thus, it has the advantage of allowing evolution to be
investigated. Unfortunately, it suffers from several
weaknesses: it does not tell us anything about the system's-
actual size, about the. relationships among. the system
components, about the characteristics of or changes 1in each
component and so on. Two examples, both of which are extreme,
are illustrative. The system's doubling in size is transparent
to the frequency distribution if the frequency of the
components in each class is likewise doubled. The distribution
remains unaltered even if all the components change their
values, provided that the set of final values is the same as
that of the original values. Although we know that such extreme
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-

cases are unlikely yet weé must be aware of the fact that
suhstantial actual structure changes may be reflected only to a
limited extent in the frequency distributiom.

Perhaps the correct approach is to combine the frequency
distribution analysis with that of the connection matrix,
complementing them with other tools, if necessary. Unfortu-
nately, for already stated reasons, we could only deal with
frequency distributions.

Although we have investigated the components' distribution by
more than a dozen properties, we found that, we could not say
that we have measured all or most of the properties that
mattered, e.g., with respect to a given trait such as comple-
xity, and not measured those that did not. We could not even
affirm that what we have measured are good indicators of the
traits we are interested in or even distinguish the more
important ones from those that were not. We were, however, able
to establish, through correlation analysis, that quite a lot
are interdependent although they are not concordant. As is well
known, correlation cannot establish causality nor is it able to
detect non-linear relationships. Furthermore, there is insurfi-
cient extraneous knowledge to supply the causal nexus.
Therefore, failing the availability of more sophisticated
tools, we shall have to assume that there probably exist some
complex causal patterns among them whereby a change in one
property may cause complementary, sympathetic, compensatory or
counter-active changes in the other properties. Added
complications may be caused by the possibility that these
relationships may evolve over time, but we do not need te
discuss them here.

Another problem concerns the many possible levels at which the
system can be studied. Although a global level gives a holistic
view, it does not allow us to see 1inside, to understand a
little bit better what is really going on and, because of the
system size, may not be practically feasible, Selecting any
lower level to explore is probably valid since it serves to
highlight some particular aspect of the system but it immedia-
tely begs the question. Who is to say which 1level 1is more
important than the others and, given the amount of analysis
which each entails, one can simply not attempt to explore all
of them. The same problem arises when, instead of considering
the whole population together at whatever level we are looking
at the system, different subsets of it are considered separa-
teIly and/or compared with each other. There are unlimited ways
in which to partition the population and because it may not be
homogeneous, each partitioning probably leads to new and
equally meaningful results, too.

Then, we come to the question of whether the global behaviour
can be inferred from the subsystems'. Despite that the latter
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may roughly follow the exponential or the normal law and that
thhe reproductivity of each of these laws allows us to infer
that, globally, the behaviour is the same yet the components
may not all be on an equal footing. There may be some of them
which, by virtue of, say, their central positions, are very
critical and, if these should be anomalous in their properties,
then inferring that the behaviour of the whole system 1is
similar to the common Dbehaviour of the majority of its
components will be quite incorrect.

6.3 EVOLUTION ANALYSIS

Dynzamic evolution analysis was the second front on which we
attacked the system analysis problem. One can chcose to work on
either a time or a pseudo-time basis. The main ED proponent has
always maintained that release-based analysis is as meaningful
and as susceptible to lead to significant results as the time-
based approach [18]. We do concur, Section 4.6.2, and as our
results themselves show, his statement seems quite reasonable.
However, the ©problem was that we had to choose whether we
preferrad release-to-release models of behaviour or continuous-
time models or whether we could afford to conduct two parallel
analyses at the same time. As it was, we let the circumstances
dictate our approach: BD, not release based, could only be
investigated on an actual time basis, with B, depending upon
the amenability of the data, some analyses such as structure
evolution analysis were principally dealt with on the release
basis while for others, e.g., activities dynamic analysis, the
emphasis, again because of the nature of the data, had to be
placed on the actual time basis and still for others, such as
the daff6's analysis, evolution over both domain could and was
explored. =

6.3.1 S ct evolutio lysis

Our structure evolution analysis has not been as thorough as we
would have wished: it has been performed for only one system
and on the release domain only, just 2 releases have been used
and, as already discussed, because of the lack of theoretical
developments, either the tools are non-existent or they are
crude, Section 6.2. Thus, the conclusions and hypotheses, based
on these few empirical data and results alone, cannot be said
to rest on solid foundations. But they seemed well supported by
qualitative evidence and that was the best we could achieve
upder such circumstances.

6.3.2 Activity dynamic gnaly§i§

Let us start by considering the domain of the analysis. We have
aiready said that both th& time and the release~-based approa-
ches are probably conducive to equally meaningful results; they-
simply lead to different types of models. However, as BD is not
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release-based and as there are only a handful of B releases, we
had, more or less, been forced tc restrain the majér portion of
our evolution analysis to the time domain. The time-based
method suffers from the problem of choice of the aggregation
period. A finer mesh also implics 2 finer analysis in the sense’
that shorter and shorter term effects can potentially be
identified but unfortunately stochasticity increases, too [79].
Of course, enlarging the aggregation period achieves the
contrary effects. Therefore, a proper balance must be achieved.
That we concentrated upon finding each activity's best
aggregation period led to inconsistencies among these and to
the wuneasy feeling that the short-term effects found in the
finer-meshed series could also have been found in the other
series had the same finer mesh been employed on them, too, but
these were the prices we had to pay. Probably, they were less
than that of choosing a uniform mesh.

There 1is probably no point to repeat once more the general
weaknesses of empirical data, Chapter 2, or to discuss what
could have been done had certain types of information been
available. The points we want to make here are that only what
was available could be used and our results should be judged on
that basis, that, for B, measures not quite similar to those of
BD had to be used so that strict comparability 1is not possible
and that, even within the same system, consistency could not be
maintained, e.g., the measure may relate to hoclons, modules or
other components.

It is also important to stress that whatever behaviour these
series exhibit it is in terms of quantities alone. For example,
if the quantify of changes is decreasing over time, this is all
that one can infer. One may not say that work rate is also
decreasing unless one knows something about the relative
quality of the changes. It is possible that the difficulty of
effecting a change has been increasing and that the work rate
has therefore remained constant.

Concerning the tests themselves, let us remark that, compared
with structure analysis, there are many more tools here,
although not nearly enough or as strong enough as we may have
wished.

6.3.2.1 Tests which are used on each individual series

Scatter diagrams and 1line plots have not been very useful
because, due to the great stochasticity in the data, it is
virtually impossible to deduce anything useful through their
visual examination- '

Of the several tests to find whether the series are subjecct to
well-defined influences such as long-term tendencies to
increase or decrease, seasonal variations which occur in
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regular sequence at specific intervals of time or cyclical
fluctuations which represent consistently recurring rises and
declines in activity, quite a few could be <classed as
significance tests and, as we know, they cannot definitively
establish the truth or otherwise of a hypothesis. Each test,
better for investigating some particular aspect of the data_ but
worse for others, may even be misleading on its own, Section
1.3.3.2.

We, therefore, had to ally these tests with other techniques
such as correlograms and periodograms (we did not proceed to
spectra since the periodograms gave more than a hint that they
were not required) to attempt to form a stronger tool which
could allow 1little doubt on the global conclusion 1if each
individual result leads precisely to the same conclusion.

While looking for trends, testing for the significance of the
regression coefficients of the fits was one further method we
used to support that family of tests. Such fits are however
only based upon historical data, cover only the period looked
at and may not be wused for other than very short term
forecasting. It 1is also impossible to know whether the trend
will be maintained: should some kind of innovation occur, there
may- be a real break with the past and forecasting the future
from the past would become useless. Perhaps a greater defect of
curve fitting is that it does not aspire to explain behaviour.

Thus, more complex models were required. One form was provided
by time series analysis techniques in both time [29] and
frequency domains [25,79]. However, these involve a fair degree
of statistical sophistication and the end products, specially
the Box-Jenkins stochastic models, are both elaborate to
produce and remain restricted to shot-term forecasting. Thus,
only a few models could be explored.

One can only indirectly search for evidence of seasonality and
cyclicity through examining the plots, the correlograms and the
periodograms as well as through significance tests.
Seasonality, apart from a regular dive 1in activities at
Christmas, probably does not exist. Abstracting the trend and
seasonal components, should they be present, would leave a
fluctuating series which may, at one extreme, be purely random
and, at the other, a smooth oscillatory (term to be preferred
to cyclic as wused by Lehman [18]) movement [86] which
represents some kind of systematic effect in the sense that
successive observations are not independent. We found that
software activities, 1like. most economic series, are probably
not oscillatory: we have something between the two extremes.

The final work while considering each variable on 1its own was
fitting a distribution to 1it. Sometimes this was not quite
justified since the presence of a trend or of serial
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correlations, however weak, still indicates some significant
time effect and, therefore, violates the condition of
independence. We could perhaps have used more distribution .
types than we did but the extra work seems hardly justified
since one does not necessarily select the distribution which
best fits the data, the physical interpretation of the fit
being of greater importance. Besides, each set of data can
probably be equally well-fitted by several distributions [9].

6.3.2.2 Testing for inter-relationships in the series

On our attempts to analyse the series more than one at a time,
we felt very much hindered by the 1lack of adequate tools.
Cross-correlation suffers from the same weaknesses as simple
correlation, Section 6.2, and there is the problem of the
choice of the proper aggregation period, too. The problem was
compounded by the fact that different types of activity series
covered different periods, were differently aggregated and
referred to different entities. Thus, we had not been able to
relate the variables as much as we would have liked.

6.3.3 OQOutput dynamic analysis

Of possibly greater importance is our failure to relate the
svystem's inputs, as most activities effectively were, with its
outputs. System outputs were hard to measure and to come by.
One of the most easily obtainable outputs was growth in system
size but, paradoxically, its related activities (inputs) were
among. the least documented. Structure changes to the already
existing parts of the system could be viewed as the <cutputs
from the fixing and enhancing activity measures but whereas the
data for the latter cover a long period of time, that for the
former did not.

Obviously, one would have preferred to measure and to work with
outputs such as changes in power, understandability, quality
and complexity. These, specially the last two, have been the
subject of much research but, despite some noteworthy wcrk,
e.g., that of Boehm et al. on quality [28] and those of
Halstead [68] and McCabe [120] on complexity, the truth is that
they still fall short of the ideal and that, as yet, no
universally accepted measure for any of these concepts exists.
Some may take the view that, with perseverance, the goal will
sooner or later be reached but we tend to side with those who
believe that this search for the Holy Grail is bound to be
fruitless. Our argument is that, because of their very nature,
such concepts are unmeasurable: they are subjective and require
an element of appreciation. And the involvement of human beings
always 1implies that no precise measurement is possible. Just
contrast the  hard sciences with Psychology, Sociology,
Economics or, for that matter, any science that has something
to do with people.
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We, therefore, come to the important conclusion that oine should
abandon such efforts and concentrate, instead, upon identifying
good and easy to measure indicators of increasing complexity,
etc. and upon investigating whether they show concordant
behaviour., Other, more mature sciences, have, after all,
already shown the path: when investigating whether a nation's
health 1is improving, doctors usually resort to finding out
instead how the 1life expectancy, the percentage of deaths
caused by cancer, the proportion of infants who do not survive
their first year, etc., have evolved.

Thus, system outputs, in terms of more realistic measures such
as size growth rate, rate of making changes, average size of
error free component, components changed per change, backlog of
outstanding bug reports, bug report response time and number of
attempts required to perform a fix should also lead towards
equally fruitful results. Such measures are all probably
manifestations of one or other of the concepts of complexity
and so on but analysing only one of them would not be
sufficient for any strong inference. Thnis is because of the
possibly different ways of interpreting the results, e.g., a
decreasing change rate may indicate either increasing
difficulty or a decreasing need for changes. One would be much
happier to infer increasing complexity if all first 3 measures
exhibit decreasing trends while an increasing one is in the
others.

It is doubtful whether increasing complexity as represented by
trends in these measures can be clearly detected amidst the
strong stochasticities 1in the data. Probably not in the case
of the seventh measure where most fixes require only one
attempt to be successful, Section 3.4.2.2, so that the trend,
even if real, would likely to be small and submerged by the
stochasticities and in the fourth, too, because it does not
adequately take into account all the information contained 1in
the complicated changes to components mappings, Section
3.4,2.1. And then, taking only a global view and, therefore,
seeing only the surface may be insufficient. Undercurrents such
as the decreasing trend in most bug response times, Section
4.5.4,.3, and the decreasing. number of micros affected by the
majority of enhancements, Section 3.4.2.2, can be completely
hidden by the greater variability of the fewer but much larger
values.

We have already pointed out that the inputs-outputs
relationships are undoubtedly of a very complex nature. A great
deal of work 1is still required to identify and accurately
measure the relevant inputs and outputs. Techniques for
relating these empirically are few and/or cannot cope- with
problems of this complexity. Although there exist some
techniques such as the Box-Jenkins transfer models that, at
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least, allow us to make a stab at the problem, we found that we
could make 1little progress. Even though we had a few input
variables to work with and could identifyy certain easily
obtainable measures as indicators of the unmeasurable traits
for the outputs, we found that, in contrast to the activity
variables, these spanned too short periods for us to be able to
seriously relate them with the inputs. Anyway, the Box-Jenkins
transfer function model required more resources than were
available to wus. Possibly the bug reporting and responding
process was where an input-output model seemed more likely to
succeed but we were frustrated once more. Of the two techniques
available, the first, the Box-Jenkins transfer function model,
could not be attempted because of lack of resources while the
conditions of the second, Queuing Theory, could not be
satisfied, Section 4.5.4.2.

Although the models of behaviour at the sub-levels seem to have
been important by the way they complemented each other, by the
insight they provided and by their usefulness yet they rested
mostly on the elementary techniques of averaging, smoothing and
plotting. Furthermore, except for the modifications model,
Section 3.5.2, they are mostly qualitative in nature. We may
know whether a variable is to increase, decrease or remain the
same in the near future, whether the peak activity has been
reached, whether it 1is time toc start the next cycle, whether
there is enough slack in the system to absorb possible activity
upsurges and whether, in the error correction process, the
point of diminishing returns has been reached but,
unfortunately, we cannot pin any values on these.

For analytic models there are probably too many complex factors
and relationships to consider. See, for example,” the limited
success experienced by Thibodeau and Dodson [174] on attempting
similar work. Also the common 1life cycle curves, e.g., the
logistic and the Rayleigh curves, the latter so central to the
treatises of Norden [134,135] and Putman [145-147], do not seem
to quite suit our purposes and, as Parr [38] and Basili and
Zelkowitz [9] observed, the Rayleigh curve would be no better
or worse than any other.

One type of model which we have used rather extensively are
multiple regression models. However, we were acutely aware
that, even if they have been extensively used elsewhere [81],
they still fall short of the ideal and do not quite satisfy
"the need to identify the proper variables of the environment,
which will be the prime determinants of the system's
performance and to qualify the relationship” as Yeh [187]
claims. Rather, they are more 1likely to depict a black-box
situation and consequently may not relate much to reality or
tell wus anything that is meaningful about it. Nevertheless,
they have been successful enough in more than one fashion,
notably in attempting to apply Sutherland's ideas about
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different types of systems.

6.4 THE DATA USED TO REPRESENT SYSTEM AND ENVIRONMENT
INTERACTIONS

Whether the data we have been using to represent environment
and system interactions are adequate is open to debate. Should
each different <classification of a variable be taken as
illustrative of a particular aspect of the interactions between
the system and its metasystem, then because of the possibility
that different factors may not interact similarly with the same
part of the system, that the same factor may not interact
similarly with different parts of the system and that the
interactions between a particular factor and a particular part
of the system may change from release to release, we are forced
to work on 3 dimensions implying an explosive exponential
number of combinations to explore. It is prcbably not humanly
possible to cope with except a few traits, parts and releases.

The only property which could be extracted and studied from
these interactions data was diversity. Even then, Shannon's H,
as the diversity measure for classificatory data, has its
limitations, Section 4.6.6.1.4. Finally, very few values 1in
each of the categories implies that a single unit value change
from one category to the other 1is -equivalent to a large
percentage change. For such cases, exploring for trends in the
categories is not very useful.

6.5 CONCLUDING REMARKS

What. we have tried to do in this chapter is to review, 1in a
general sense, the flaws in the data, tools and results and
some usefulnesses, too, but we could not consider any
particular point on its own. Nor is it possible to do so now,
However, as a post-script to this chapter, we shall provide as
examples, two short lists, one of points for further
exploration and one of results which <c¢an be of some
applicability.

6.5.1 Some points for further exploration

1) Correlation has shown that changed modules are larger
than the unchanging ones, Section 3.5.1, that infrequently
changed micros are called by many modules, Section
3.4.,3.3, and so on. It would be quite an improvement if
one could establish which 1is the cause and which is the
effect, e.g., is it because of its largeness that a module
is changed frequently or is it because it 1is changed
frequently that it is large.

2) It is already acknowledged that both BD and B are
somewhat unusual systems, Sections 3.2.5, 3.4.2.1,
y,2.4.4, 4.,4,4 and so on., The main questions concerning
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-

them will revolve around whether we can identify which are
the more important properties that cause them to be
peculiar systems.

3) How to refine our method based upon regression analysis
or to replace. it by a more adequate one to classify
systems according to Sutherland's ideas, Section
4.,2.5.2.4,

4) We have used the number of patches as a rough measure
for quality, Section 4.2.5.1, daf2's as one for work,
Section 4.3, increasing largenesses in component structure
values as indicative of increasing complexity, Section
4,2.4,1, and so on, and, more than once, drawn attention
to the weaknesses, too. A real step forward would be taken
if they could be improved or even converted into all-
satisfying measures.

5) Related to 4) is how to improve the work in Section
3.4.2 and extract a simple metric so that comparing
distributions can be dispensed with.

6) Then, concerning the models, there 1is probably much
room for improvement: more refined ways of constructing a
typical module, Section 3.5.2.3.1, micro, Section 3.5.2.4,
or holon, Section 4.3, are required. Then, hopefully, one
could start parametrising each entity's model so that it
can be adapted to predict the behaviour of all the various
types of the entity.

7) On the same subject of model refinement, many other
ways than as in Section 3.5.2.7 can be explored for the
exponential decrease model.

6.5.2 Some results which may be useful

1) It may be a waste of time to have more than 2 priority
categories for the bug reports, Section 4.5.2.7.

2) It may be possible to reduce the number of bug
responders by one or two, Section 4.5.4.1.2.

3) Given that people have shown themselves to be better at
certain tasks and not so good at others, Section 4.5.3,
there is some scope for trying out various possibilities.
After monitoring each team, one could attempt to
reorganise them so that homogeneous teams with equivalent
abilities (and- a few super-teams to act as trouble-
shooters) can be constituted. More realistically, however,
one could try to more closely match future tasks with the
existing teams.

4) The models may be wuseful for giving some broad
indications as to whether some fufure types of action will
be opportune or not, e.g., it would be relatively easy to
tell, for each phase or release, whether the peak in a
certain activity (issuing of software notices, daf2's,
daf6's, etc.) has bcen reached, whether most of it has
actually occurred and so on. Thus, some valuable help may
be obtained 1in deciding whether it would be expedient to

embark upon the next development stage.
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CHAPTER 7

THE WAY AHEAD

7.1 INTRODUCTION

Chapter 5 may have given the impression that the study has been
quite successful while Chapter 6 may have had the opposite
effect. More probably, the degree of success has been neither
high nor low but it seems to have been reasonable, particularly
in view of the little that existed before and, therefore, of
the great difficulties which we experienced.

While Chapter 6 specifically discussed the weaknesses 1iin each
aspect of the data, the analyses and the methodology one at a
time, the objective of this chapter is to explore how matters
can be improved generally. At the same time, we shall use these
discussions to see how various additional ways of analysing the
data can be explored. These can be regarded as recommendations.
However, we shall make no attempts to suggest which particular
aspects of these extensions of our study would be more useful,
important or practicable; we shall leave it to the reader Lo
decide for himself. This is because we see our main task as
attempting to list the possible complementary and supplementary
analyses. Since, as the reader will soon find, there are
limitless possibilities, it is for him to decide which of the
few, that he will only be able to deal with, he wants to
explore.

One of the recommendations that we shall not make is for full
scale experimentation. This 1is probably infeasible, Section
2.6.

7.2 IMPROVEMEN CONCERNING ING DA
The existing data base may be improved by using:-
- Better measures

We would recommend that the already available data be recorded
more accurately and more consistently, that they be quantified
as much as possible and that the measures extracted from them
be refined. Not only should the recording manner of each type
of data be preserved over time but each of these types should
be consistent with the others as much as possible, e.g., for
exploring their interrelationships, it would help if the
activities referred to the same entity. Refinements are needed-
because <crude measures like number of calls or net growth,
commonly wused by many investigators, including ourselves,
cannagt adequately represent the subtler and perhaps more
important aspects in the data such as the chaining of the calls
or the addition and removal of code. If these goals can be
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achieved, then it is likely that at 1least some of the
unexplained variaticns in  the models constructed in terms of
these measures will be removed.

The vest method to achieve these gecals seems through the
establishment of definitions, prior to data collection and
measurement. But, points which particularly concern Section
T.4, one must first identify what one wants to define and
measure and, although definitions 1lead to consistency and,
therefore, to the comparability of systems, they must first be
accepted, if not universally, at 1least over the systems
studied. Of course, the need for definitions has been stressed
countless of times but there has always been more :al% than
action.

- Longe eri S_ar more i ses

Should the resources be available, there is no reason why both
the equally meaningful pseudo and real time approaches should
not be investigated to the same extent. Release-based analysis
for B should certainly be explored to a greater extent than we
have done, once the number of releases reasonably exceeds the
paltry 6 that exist at present. Unfortunately, it could be a
long wait before that happens. Using (calendar) time as the
alternative domain may provide as many data points as™ one may
wish but it may turn out to be totally useless if they are all
cramped within such a short period that the characteristic
patterns in the system's behaviour would remain unobservable.
With more refined data, one may even proceed to create other
types of models, e.g., those based upon executior time!

7.3 MPROVEME CONCERNIN ISTING

Here we mostly discuss, under several brief topics, how we can
supplement and complement the already performed analysis to
extract even more information from the existing data. Not only
does each of these require the analysis to be repeated all over
again but they <can all be combined together. One therefore
quite quickly sees the exponential explosion of possible ways
of expanding and refining our work as well as the impossibility
of carrying all of them out. We could not regard any of them as
a strong recommendation. They may simply be viewed as ways in
which already existing or further facets of the data may be
explored more deeply.

- More ways of using the aggregation period

There is that of exploring different aggregation periods for
the same activity series. and that of using the same aggregation
period for different activities.

-~ Investigating each subcategory on its own
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Instead. of, say, all the bug reports together one may’
investigate each priority class separately and instead of all
the changes together, one may investigate the 66% that took the
average time and at most one standard deviation away from the:
latter to effect, the 17% of. changes that took the least time
and the 17% that took the most time, all separately.

- M combinati c orie

E.g., management may be particularly interested to monitor the
behaviour of release 5X23's priority A bug reports.

- M levels ities and s s O tities

Probably more thorough understanding will be achieved by
studying more 1levels, more types of entities and more subsets
of the latter. Ultimately, one may begin to identify the
(more) proper level(s) at which to study the system, the proper
type(s) of entities and the proper characteristics of each
subclass of entities, too.

- Smoothing the data
One may attempt each of several filters to the data.

7.4 ENLARGING THE ANALYSIS

- More properties within the same system

We have already seen that the available data may represent only
a small proportion of that required for a truly effective
study. One special area of concern is that there is virtually
no recording of changes in the environment, whether these are
in the technical, economic or social field of the outer
environment or in that of the business itself, e.g.,
organisation, staffing or policy changes. If such data remain
unavailable (and it 1is very difficult indeed to record, let
alone perceive, the significant changes in these, specially the
outer-environment), the inputs-outputs relationships will stay
unknown and largely unmodelled and we may have to continue
describing the behaviour of the system as being highly
stochastic.

- Othqr systems

Although a tremendous amount of effort would be required to-
investigate a single system with sufficient thoroughness, yet
it is necessary to extend the study to other system3S, too.
There may be no basis for comparison at present and, because of
the absence of previous results, one may, as we could have
been, be somewhat inhibited in the interpretations of one's own
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results. However, the what and the how of the comparisons would"
become more evident once other systems have been similarly
analysed. Also, the complementation and supplementation ot
different systems! results could provide a better perspective
for interpreting the various findings and for improving the
consequent conclusions, generalisations and theory.

- 1 s of investiga Wi in £ m

With new, more accurate and more extensive data, it may become
possible, in some cases, to go further than we were able to
and, 1in others, to even perform new types of investigations.
What the latter may be, we cannot elaborate but, about the
former, the tools which we were able to use to only a limited
extent could find greater applicability while new tools could
be required, too. One <can expect, as a consequence, a
refinement in our methodology and, possibly, the transformation
of our qualitative models into quantitative ones.

Of those techniques already used or mentioned, the construction
and manipulation of <connection matrices may be attempted,
perhaps only as a pilot study, on a small component subset.
There are also some problems associated with the wuse of the
others: Weibull, Rayleigh, Gamma and other fits, Cluster
analysis, Figure of merit method, Delphi Process, differential
equations, cross-spectral analysis, Queuing Theory, Box and
Jenkins transfer functions and spatial correlations, e.g.,
deciding which <c¢lustering algorithm to select and implement,
which weighting factors to use to compute the Figure of Merit.
However, there are definite uses for them and there may be soiie
other methods which may be wuseful, too, to mention a few:
Bayesian Theory, Factor Analysis, Maximum Likelihood Methods,
Psychology , Forrester's models and simulation.

We mention psychology because of the inevitable involvement of
human beings with software systems and because our study hints
that there is a threshold in the understandability or
complexity of software, whether 1linked or not to the magic
number T, which is the approximate limit of issues Man can
consider simultaneously [124].

But, even if we were-able to include all these tools in our
kit, it may still not be possible to understand all aspects of
the system's behaviour. According to Forrester [62], an actual
historical time series is not the best starting point because
the situation may be- too complex for empirical methods:-

"A successful dynamic model of non-linear, noisy
information feedback systems probably cannot be derived by
statistical analysis of the overall, aggregate, system
performance',
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As we ourselves have made the point quite often, incredibly
complicated cause and effect sequences where all parts are
potentially connected and where an action in one part sets off
complementary, sympathetic or compensatory reactions elsewhere
cannot be unravelled by the relatively simple tools of
Statistiecs. This is why we sought help from other disciplines.
In another effort, instead of only taking a holistic view, we
attempted to look deeper into the system. Thus, while we concur
with Forrester, we have attempted more than just a statistical
analysis of global data. Forrester started from the opposite
direction, of course, and while it has its advantages over our
favoured approach, it does not allow his models to be built
without some a priori hypotheses and we believe that, in the
blind, the better start is provided not by the hypothztico-
deductive modality but by the empirical-inductive one since it,
at least, endeavours to provide us with some initial bootstrap
rooted in reality, Section 2.6. Nevertheless, Forrester's
models rest upon feedback loops and on the system having closed
boundaries, the second of which software systems do not possess
and the first of which is very difficult to identify empiri-
cally, specially as they seem to affect one another in complex
fashions, as in software systems. Therefore, they may not be
applicable at present but they must still be kept in mind.

Mathematical models and simulation, if one accepts the
bankruptcy of empirical methods, may be the only possible
avenue left to explore. (In a way, Forrester's models are truly
simulation models). But the argument that to make a start
certain hypotheses are necessary, and to have any credibility,
they must, at least, be partially empirically based, still
holds.

Although we have attempted to bring in knowledge from other
disciplines, our effort could not have been exhaustive and
there probably remain relevant tools from still other
disciplines, about which we may be unaware. This shows that a
researcher in our field needs to be a well-rounded person.
There are probably very few such rare birds around and this may
be why so much still remains to be done. Rather than depending
upon them, it may be wiser to follow Belady's advice:-

",.. we cannot rely exclusively on computer scientists and
software enginners: other experts must also participate.
- Psychologists, for example, are trained to evaluate complex
situations using the rigorous and well established methods
of experimental design and statistics. What we, therefore,
propose is a multi-disciplinary approach... Experts from
sociology and management sciences should also play an
increasing role in life cycle related research" [12].

T.5 UTOM LEC A
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It should be obvious by now that, to make significant headway,
the best, 1if not the only, way to proceed should involve the
automation of both data collection and analysis.

7.6 WHERE DO W 0 OM HERE?

Most of this chapter only seems to show that, despite the great
amount of work accomplished, we have merely scratched the
surface and that our research has raised more questions than it
has solved. For example, there was always the question of
whether the variables - whether of structure, activity or
exogenous factors, the components - at any level, the releases
and the systems are classifiabhle as good or bad, .as important
or not important, as stable or not stable and whether we can
identify the factors that cause each entity to be characterised
as it is. Or which is the best level, aggregation period or
clusters to use to study the system.

From what we know, it is difficult to tell whether these are
solvable or unsolvable problems. In the first place, quality,
importance and stability are relative concepts and ultimately
depend upon the observer [139]. In the second, looking at any
new level, any new partitioning, as we have seen, is equivalent
to a redefinition of the problem and will throw up new results
about some other significant aspect of the system. In the last,
the time factor needs to be considered as well., If the
characters of each object we want to «classify (and have
classified) change over time like the outside of an amoeba,
then a situation equivalent to a taxonomic nightmare results.

We- thus come full circle to asking ourselves, once again,
whether our techniques are what is needed to crack the problem.
If there has been failure to adequately deal with the problen,
is it due to the wrong selection of methodology and tools or is
it simply that the current state of science is not sufficiently
advanced to deal with the study of software systems?

Software systems being a special <class of systems, our
techniques should be of general applicability for systems
study. They are, as Lehman says, the fruit flies [107] of
systems study, representing a microcosm of larger and more
complex, e.g., economic and sociological, systems. Turning the
argument around, we should have been able to use Econometrics
and Systems Science techniques. But it 1is precisely the
scarcity of tools from these disciplines that forced us to
devise our own methodology.

For example, in Systems Science, following Von Bertalanffy's
landmark paper [177) where open systems were first formally
described, was a3 surge of activity where quantisation was
attempted but this effort had not been sustained. Nowadays; the
majority of what is being written in the subject area is
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qualitative or conjectural rather than quantitative [16]. Some
of the most significant works in that field have concentrated
upon simplistic systems, such as simple geometrical shapes
[157], single-goal simple minded organisms [164] and so on.
Sutherland's book [170], in contrast, is on a grand scale and
has been a great source of inspiration but it still remains an
abstract treatise; quantitative techniques are infrequently
discussed while not a single result or analysis is reported.

Turning to Systems Science is, therefore, not likely to be very
useful., There are then 2 possible conclusions, the first of
which is pessimistic and the second optimistic:-

1) Since such well recognised branches of Science whic

have been developing for over 30 years have not progressed
very far in solving large systems problems, then we
probably have 1little chance of doing better. Because
Systems Science is still immature, we may have come too
soon on the scene. Should we abandon hope or wait until
the necessary tools are developed and become available or
should we simply plod on? Such shall be our dilemma.

2) Previous systems study have floundered because the
rates of evolution of the systems studied have been too
slow for an adequate number of generations to be studied.
Now, that software systems, the fruit flies of systems
study, have become available for proper work *to be
envisaged and that we have been able to list some of the
problems, here, we hope that, jolted, others, more
qualified than us, may now be persuaded to join in our
efforts and in the fun, too.
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CHAPTER 8
A THEORY OF PROGRAMMING SYSTEMS' STATIC AND DYNAMIC BEHAVIQU&S
8.1 BUILDING THE THEORY FROM EMPIRICAL RESULTS

Most of the work that deals with software systems and/or their
environments falls into one of these 3 categories:-

1) The descriptions of the author's insights and thoughts.
2) The mathematical models.
3) The empirical results.

2) is really a more formalised form of 1) and both may be
classified as hypothesis making - a step along the way of
theory formation. However, with the latter, it is easy to let
the 1imagination run wild, Section 2.4, while with the former,
one may err by making too simplistic assumptions, probably so
that mathematical manipulation may become possible. Even then,
the derivations may be so complex that the only absolute
conclusion one may draw is that mathematics, the most scphisti-
cated of all tools, is still too elementary for the problem at
hand. Kac [84] describes abstract models thus:-

"Models are, for the most part, caricatures of reality, but
if they are good, then, 1like good caricatures, they
portray, though perhaps in a distorted manner, some of the
features of the real world.

The main role of models 1is not so much to explain and to
predict - though ultimately these are the main funtions of
science - as to polarize thinking and to pose sharp
questions. Above all, they are fun to invent and to play
with, and they have a peculiar 1life of their own. The
'survival of the fittest' applies to models even more than
it does to living creatures. They should not, however, be
allowed to multiply indiscrimately without real necessity
or real purpose.

Unless, of course, we all follow the dictum, attributed to
Oswald Avery, that 'you can blow all the bubbles you want
to provided you are the one who pricks them'",

The construction of abstract models thus provides a formal
structure which, although idealised, is, nevertheless,
consistent and generates hypotheses which cam, indeed must, be
subjected to verification by comparison against observational
data and  experimentation. In contrast, empirical observations
are 1in search of solid theoretical foundations but, all too
frequently, the close logical connection between the purely
theoretical and the applied models has been masked by the fact
that they appear so markedly different. This is how Leontief
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[112], in his Presidential Address to the American Economic
Association, describes the situation facing Economics:-

"But I submit that the consistently indifferent performance
in practical applications 1is in fact a symptom of a
fundamental imbalance in the present state of [economics].
The weak and all too slowly growing empirical foundation
clearly cannot support the proliferating superstructure of
pure, or should I say, speculative economic theory".

Our discipline, although comparatively very young, is in danger
of being similarly polarized. One way of bridging the gap is to
empirically verify the abstract model that one has constructed
(see also Section 2.4). Because abstract models can be su
easily constructed, this usually results in a more restricted
abstract model which can again be subjected to empirical tests,
and so on. We again quote Leontief [112]:-

"True advance can be achieved only through an iterative
process in which improved theoretical formulation raises
new empirical questions and the answers to these questions,
in their turn, lead to new theoretical insights. The
'givens' of today become the 'unknown' that will have to be
explained tomorrow".

One may also start at the other end (see also Section 2.6) with
the applied models which are usually more restrained than the
theoretical models: their functional form must be specific, the
parameters realistic yet estimated from real data, the number
and complexity of the arguments restricted by the problems of
statistical estimation and model application and so on. From
these empirical models, one may attempt to extract a theory
that will be broadly accepted. This will be iterative between
the form, i.e. the broad framework obtained by interpreting the
empirical results, and the content of the theory which is to be
matched to that form. If during the theory formulation process,
(one's preferred) content is found to conflict with the form,
then it will have to be amended and/or augmented. However, one
may also have to consider the modification of the form itself:
reinterpretations, retestings or further tests may be required.
Two things can be said about the initially chosen form, with
which the content is to be associated:-

1) It does not have to be totally correct, but only
reasonably adequate to permit the content to be developed.
2) Without it, the iterative process needed to develop the
theory cannot proceed.

As there has been many more (untested) ideas than results in
cur fielid, it has always been understood that our approach, as
that of ED, was to be empirically-based and that we had to work
our way through any available data to construct our models. And
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we were fully aware, right at the beginning, of the difficul-
ties in extracting a theory therefrom (Section 2.4 and
Leontief's first quote above), vet it is one of the reaquire-
ments of our task to endeavour to do so. In formulating our
theory, we have attempted-to follow the iteration process
between form and content as described in the preceeding
paragraph but we have more probably made quantum leaps on
occasions, specially where evident holes can be found to exist.
In this, we ask the reader to be understanding and to bear with
us. The remainder of this chapter (of this thesis!) describes
what we have been able to come up with.

8.2 A _VERY GENERAL MODEL

So that there may be no misunderstandings, 1let wus state rignt
away that the model which we shall present is in very general
terms only. There is no attempt to identify the exact forms of
the transformation functions and the individual variables to be
considered. At the present stage, it is probably impossible to
do either and to attempt to be all-encompassing would be a
titanic task probably requiring a lifetime of labour. But these
are not our immediate concerns. Although we do recognise that
there is quite a gulf between the exploratory state of our
model and one that can be used for predictive purposes, we
insist that the latter cannot be formulated at present and that
its formulation must be preceeded by some téntative theory to
compactly account for the observations in the subject matter.
This 1is what all our work has been aimed at and the ensuing
general model has the main purpose of providing a framework
around which most of the ideas that we have been entertaining
and that are vouched by our results, those that exist 1in ED
theory, and some of the relevant ones in systems theory and
some topics of software engineering may crystallise. Indeed,
the model is not really the main contribution of this chapter,
it is Jjust the means to an end, that of allowing the
discussions to proceed smoothly.

As may be recalled, there were 3 aspects to our investigations:
that concerning the properties of the system, that concerning
their dynamics and that concerning the dynamics of the inputs
or exogenous factors. Although how systems look like is of
primordial importance, since we must understand the form before
we can understand the behaviour, yet our real interest and that
of ED is in dynamic concepts, with the focus shifted from form
to function, from organisation to action and from being to
behaving. Thus, time is a fundamental element in the model. We
have chosen to represent the model in the discrete-time. form
because it appears simpler to formulate and to describe. It is
also an easy task to derive the continuous-time form from it. A
more important reason is that each discrete time point can be
taken to represent a- specific release- so- that, wnether one
prefers the real-time or the pseudo-time approach, the model is



CHAPTER 8 PAGE 180

equélly appropriate. Indeed, the discussions, which do not dear
with specifics, are a2pplicable to both cases. For convenience,
we shall use the term."time" rather than "release",.

Let us assume that, at any given time, the system state (or
how the system looks like) is representable by a set of state
conditions or coordinates which may be called the state vector.
The wultimate aim of ED is, then, to be able to predict the
state of the system at time (t +p ) from that at some time ¢t.

The values of the elements in the state vector, at any given
time, may depend upon:-

) Those of the other elements at the same time.

) The previous state(s) of the system.

) The inputs and their values from time t to time t +4,
) The transformation process itself.

Just as the state coordinates can be taken to represent the
system's relevant instantaneous structural properties and
traits, the 1inputs will represent those of the effective
environment. Then, our general model to represent the dynamics
of a system's structure can be expressed as follows:-

s(t+8) = f(s(t+p), i(t), t;A, t)
where

s(t) is an n-dimensional state vector which represents all
the relevant endogenous variables at time t. - :

i(t) is an r-dimensional input vector representing all the
relevant exogenous variables from time t to time t+4, as
well as lagged values of s.

f is a non-linear n-dimensional vector function.
Thus, for sj(t+A) where j=1 to n, we have
sj(t+d)=
fj(sl(t+A),§a(t+A),....,sn(t+A),y (£),1,0 £)yeun,ip(t),tea,t)
Before going into the details, let us briefly make 3 comments:-

1) It is necessary to point out that i(t) can be parti-
tioned into 2 parts, the first of which represents genuine
inputs, e, into the system during the time interval
considered and the second being lagged values of s. We thus
have a set- of difference equations which causes the time
path of s(t) to be determined by the changes in the exoge=-
nous factors as well as by the dynamic structure, repre-
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sented by both its lagged and actual values, of the system
itself.

2) Many of the sy (t+) and i1(t) in fj, k=1 to n, 1=1 to
r, will have zero coefficients, signifying that they are
not important in influencing the value of Sj(tﬁa)‘ This a
necessary condition, otherwise, it would "be a case of
everything depending on everything else with a vengeance!
3) Some may complain that the model is too general, so
general that it «caters for all occasions. They may be
justified in their complaint but each of its aspects is
necessary in explaining the observations we have made.

8.3 THE STATE COORDINATES

Since there must, as pointed out previously, be structure
before there 1is a system that can have behaviour, we shall
start, as in Chapters 4, 5 and 6, by discussing the static
structure. Defining the system in terms of state conditions is
subjective to the extent that one always has a choice among the
probably unlimited number of properties to study yet, there
must be a minimum, though unspecified number, n, of properties
whose specific forms can be taken as values of the variables

s S,yeeey8  such that the specific forms of all the properties
at any time are uniquely determined by these n properties at
that time, the state coordinates.

8.3.1 e st dinat ab opertie
rather than traits of the system

Conceptually, the model is the same whatever the state vector
that we wish to explore and there are probably quite a few-
different ways of constituting the state vector, too. The state
coordinate could be in terms of system traits or of more
readily accessible and measurable properties. Examples of
traits are quality, power, efficiency, understandability,
robustness, modifiability and complexity while true system
properties would include the degree of homogeneity among the
structural properties, the degree of symmetry in the distribu-
tion of system components, the density with which these are
distributed. We have already, Sections 2.8 and 6.3.3, expressed
our pessimism about the measurability of the traits. At
present, such properties as we have listed above are probably
not measurable as well but, as they are devoid of subjectivity,
there 1is at least some hope that, in the not too distant
future, satisfactory measures for them will be found. Until
that happens, we propose to discuss s(t) in terms of size,
number of communication links, data bindings [8], data elements
and- so on, properties that can be readily measured, though not
reflecting the situation as accurately as one may wish,
Sections 2.8, 4.3 and 7.2 among others.



CHAPTER 8 PAGE 182

Of course, several of these properties may map on to each
trait, each mapping perhaps on to several of the 1latter.
Determining the actual mappiings and assigning a value to each
property, even on a classificatory scale, so that the value of
the trait can be calculated, as done by Boehm et al. [28],
seems both hazardous and arbitrary and 1is tantamount to
recognising the quantifiability of the traits, yet it must be
admitted that this may be the best that can be achieved 1in the
present state of the art. Because of these difficulties and
because the problem of converting our abstract model into
something more concrete probably represents a mammoth task on
its own, it would be better to start with the easily measurable
properties we proposed to discuss.

8.3.2 oW s c dinat c ib stem's
static complexity

We shall return to discussing the tractability of s and its
influence wupon the degree of randomness that one encounters
during empirical investigations in Section 8.10. For the
moment, let us see how some of the different aspects of the
static system state contribute to the system's static
complexity. (Other traits may be discussed along similar veins
but as there may be no end to it, we have limited ourselves to
one only, that which has most intensely haunted most of |wus:
complexity.)

First there is the question of the absolute size of the system.
Whether it affects the order of s, i.e. the number of elements
in it, 1is conjectural but it seems reasonable to assume that
the values of the elements in s will be larger for a large
system than for a similar smaller system, e.g., all other
things being equal, a larger system will have more components
than a smaller one. Hence, size will directly affect the
(static) complexity of the system. So would the average
component size, number of data elements and so on. Such
deductions seem borne out by the facts. BD, a small-sized
system, exhibits none of the behaviour associated with complex
systems while 0S/360, probably the largest studied within the

ED context, has all the trappings of a very complex system,
indeed. :

Then there is that of the organisationm, form and being of the
system. As one may anticipate, the architecture of the system
must have a profound influence upon its level of complexity.
Segmented systems where all the parts of the system tend to be
similar in both structure and function and, more importantly,
are virtually independent of each other and communicate and,
therefore, influence each other's behaviour only through narrow.
channels tend to be simple. They also tend to evolve through
replication while the new parts minimally affect the complexity
of the existing parts and of the whole. Inm general, one can say
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that they are 1less expensive to manage and control. A
hierarchical system, in contrast, is a highly organised and
differentiated whole where eacn part has a definite function to
perform. Usually, the chain of command from the top to the
bottom is not only complex but no two chains are similar.
Removal of any old part or addition of a new one may,
therefore, be a complex operation, specially when that part
communicates with several others, directly or indirectly, and
when it 1is nested in the lowest levels. That a deeply-nested
piece of code 1is difficult to understand may be due to the
inability of human beings to remember more than a sequence of
about 7 [124] while complex links between various parts of the
system exist because, although we profess to build our computer
programs and our software systems in a tree-like structure, yet
we always allow a module to be called by several others so that
we end up with semi-lattices, which are much more complex
structures. For example, while a tree on 20 elements can
contain at most 19 further subsets, for a semi-lattice, there
can be more than one million different subsets. Thus, the more
the components are allowed to communicate with one another, the
more Wwill the structure depart from that of a tree and the more
significant will be the contribution of that aspect of the
structure to the complexity trait. Of course, even more complex
systems, e.g., that where each component communicates with all
the others, do exist, but the two that we have dealt with, the
former being typical of data processing systems like BD and
CCSS and the latter representing the operating systems and so
on seem to cover most cases concerning software. We have quite
adequate evidence that BD does indeed behave like the segmented
systems described above while, for CCSS, the non-increasing
"fraction of modules handled" variable ties up nicely with the
behaviour expected from systems built along the same lines.

About homogeneity, it is probably true to say that the greater
is the diversity of the parts by each structural property, the
less homogeneous are they by that property and the greater will
be the contribution of that factor to complexity. As 1is
obvious, the greater the medley of components, the disharmony
of the design, the multiplicity of missions the software has to
carry out, the greater is the diversity over each of these
aspects of the system. But diversity or variance (one may also
talk in terms of density) in the distribution of the parts is
but one factor. The actual values as well as the type- of
distribution which they assume are also important complexity
factors. Being humanly engineered - artifacts - the systems
probably follow the 20-80 law and, therefore, tend to exhibit a
simplicity facet to each of their properties, but, paradoxi-
cally, because of the same artifact property, no part has
either uniformly large or uniformly small properties. This
further aspect of structural heterogeneity - the degree of
concordance of the parts over different properties - is yet
another contributor to the complexity trait. Then there is also
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that of functional homogeneity. Dogmatically, one could insist
that there can be no such thing since each component of a
software system has quite a specific and unique task to
perform. But there obviously are some components which perform
more or less similar tasks and so on so that one may always
find ways to <classify the components functionally, although

this seems subjective and dependent wupon what one aims to
achieve.

Other properties which may be considered for inclusion as state
coordinates could be the methods used for parameter passing,
the scope of the global variables, the amount of documentation,
whether the interfaces among the components are well defined
and closely protected, whether the program 1is modular,
structured, written in a high level language and so on. Most of
these have been intensively studied by many of the most eminent
researchers in the field and should therefore be carefully
considered as suitable state coordinates although there are
obvious problems. However this is another matter, Since it is
generally acknowledged that structuring and modularising the
system, rigorously defining and constraining the interfaces
among the components, minimising the use of global objects,
among others, all contribute to reduce the value of the
complexity trait, then an increase in their corresponding state
coordinates, in our model, would be equivalent to an increase
in complexity while a decrease would indicate a decrease 1in
complexity.

8.4 IHE ENVIRONMENT
8.4.1 The reasons for including the environment in the study

The second aspect of the model relates to the nature of the
environment. Most researchers in our field, like those in other
fields, have completely ignored the environment and its
possible effects upon the object of their interest,

"In the realm of social theory there has been something of
- a tendency to continue thinking in terms of a 'closed!
system, that 1is, to regard the enterprise as sufficiently
independent to allow most of its problems to be analysed.
with reference to its internal structure and without
reference to its external environment,™ [58].

As we have said above, the failure to include the environment
in most studies has not been restricted to social science. Why
it has stretched over most branches of science could be
attributed to 2 main factors:-

1) The influence and success of Physics as a science is sc
strong that scientists from other disciplines tend to
imitate its techniques, yet we fail to understand that its
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very success is precisely due to its limiting 1tse1f to the
study of simple and closéd systems.

2) "Context <(a name I prefer to environment because it
sounds less like a -thing separate from ourselves) is the
hardest thing to perceive, because it includes us, our ways
of thinking. The fish cannot see the water, 'It' is the
source of change, of unexpectedness, the real generation of
newness, designs of evolution,™ [83].

In closed-system studies, anything which 1is wunaccountable by
the internal properties has been attributed to error yariances.

"According to this conception, they should be controlled
out of studies of organisations. From the organisationis
own operations they should be excluded as irrelevant and
should be guarded against. The decision of officers to omit
a consideration of external factors or to guard against
such influences in a defensive fashion, as if they would go
away if ignored, 1is an instance of this type of thinking.
So is the now outmoded ‘'public be damned' attitude of
businessmen toward the <clientele wupon whose support they
depend. Open system theory, on the other hand, would
maintain that environmental influences are not sources of
error variance but are integrally related to the
functionning of a social system, and that we cannot
understand a system without a constant study of the forces
that impinge upon it," [85].

In fact, systems theory started by dealing with the analysis of
internal processes in organisms or organisations relating parts
to whole through close-system models. However, when wholes had-
to be studied and related to their environments, these types of
models soon proved inadequate and, inevitably, they gave way to
open-system models, first proposed by Von Bertalanffy [177]. We
contend that, since software systems are inanimate objects and
therefore cannot self-induce the changes to their compositions,
it 1is a tautology to state that the latter can only occur via
external agents. Thus, to understand how a software system
evolves, one cannot exclude its environment and its inter-
actions with the 1latter from a proper study: it must be-
approached as an open system.

8.4,2 The system—-environment boundary

Having decided to treat software systems as Dbeing open, there
is a need to identify its environment as well as the system-
environment boundary. Quite often, both of these are hazy and
how and where to draw the line between the system and its
environment will depend upon the special factors in each
individual case. Sometimes it may be quite an arbitrary
decision. Generally, depending upon the scope and purpose of
the investigation, it may be drawn anywhere.
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In some cases, such as those we are dealing with, however,
there is little difficulty in drawing the boundary. Thus, the
software system (and perhaps all its documentation tLoo) is the
system being studied and all the rest is the environment.

8.4.3 Some interesting environmental properties

One can perhaps define the environment as a set of elements or
components which affect the system, although they 1lie outside
the system. Thus, one implicitly recognises that, because of
the effect of the environment, the software system will
continually evolve (require maintenance) even if its first
instance was perfectly conceived, designed and implemented,
Lehman's first law, Figure 1.

Some relevant questions concerning the environment could
include:-
1) What are the components of the environment? What are
the most important characteristics of the environment? How
protean 1is it? Is it placid or turbulent? Are the
components highly differentiated, autonomous?
2) With what is the system interacting?
3) What are their key characteristics 1in terms of
quantity, size, strength, objectives, desires, stability,
predictability, capabilities, tractability, etc.?
4) What are the more general features of the environment?
What 1is the state of technology and of fundamental
knowledge? What are the other systems with which the system
must coordinate, the geographical, political, 1legal,
technological and social economic factors, and so on? What
are the trends in these?

One method to classify the environmental factors 1is into the
economic, geographical, etc., classes as in 4) above, but, for
our model, it 1is more important to recognise that there are
some which directly influence the system's behaviour and hence
must be included in e while the effect of the others can be
indirect or/and remote to any degree and hence need not be 1in
e. One can therefore view the environment as being multi-
layered where a factor belonging to one layer or level may
directly influence not only other factors within the same layer
but factors in the next higher and lower layers, too. For most
of our discussions, we shall not distinguish among the layers
which, anyway, probably form a continuum and, therefore, are
not separable from one another, though, in Seetion 8.6.1.1 we
shall divide the environment into 2 parts: the task or
maintenance environment which can also be identified as the
metasystem (those factors relating to questions 2) and 3)) and

- . the wider or outside world environment, the meta-metasystem,

(those facters relating to question 4)). There is probably a
case for going further, too, by subdividing the task environ-
ment into the project which designs, programs, tests and
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validates the software system and_ that which manages the:
former. 2f course, the boundary between the meta-metasystem and
the metasystem 1is arbitrary to a certain extent. It is also
much fuzzier than that between the 1latter and the system
itself.

An alternative method of classifying the environmental inputs
is to divide them into progressive and anti-regressive
activities [95]. The group of latter activities can be taken as
the anti-thesis of that of the former in the sense that its
purpose 1is to combat entropy while increased complexity is
probably the wusual net effect of progressive activities.
Translated in our model, progressive activities will cause the
values of the state coordinates which they affect to increasc
while the anti-regressive activities will have the opposite
effect. If the expression is linear, then those elements of ¢
which represent the progressive activities will have positive
coefficients while those which represent the anti-regressive
ones will have negative coefficients. Thus, to simplify
matters, we need only discuss one of these two types of
activities. What follows is in terms of the progressive ones
since they are much more common, anti-regressive activities
being undertaken rarely, if ever at all.

The effects of the environment characteristics uponrn the
system's static complexity are analogous to those of the state
coordinates, i.e. they may be discussed in a similar manner as
s(t), since given the same interfaces, a simpler environment
would generally imply simpler and fewer influences upon the
system, simpler evolutionary behaviour of the system and,
possibly, a simpler system, too. Indeed, small (simple?)
systems seem to be associated with small (simple?) organisa-
tions/environments while the contrary is true for large
systems, e.g., contrast BD with 0S/360. For large systems,
there 1is a further complication - the maintenance team
(metasystem) may be geographically scattered over several
locations., Also, an environment where the factors at any time
are homogeneous or concordant, however turbulent, or a placid
environment, however complex, is easier to understand and 1its
influence upon the system more readily allegorised than one
which is heterogenous, even if somewhat calm, or turbulent,
even if small. Indeed, when the environment is completely
homogeneous, i.e. when all its components are similar and
behave and, therefore, influence the system, similarly (e.g.,
the building societies in BD's environment), then its effect
upon the system is considerably simplified, even if the latter
is totally permeable to environmental factors. Also, a totally
placid environment where all of its components are unchanging-
over time may be ignored but the dynamics of inputs will be
more fully considered in Section 8.6.

8.5 INTERFACES WITH THE ENVIRONMENT
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The next focus of interest concerns the interfaces which the
system maintains with its milieu. Interfaces may be defined as
the points where exogenous determinants pass into the system
and where endogenous forces pass into the environment,

8.5.1 nyi c e in

The first question that one may ask how open the perimeter of
the system can be to influences arising from the environment.
It 1is obvious that the extent to which the system's inter-
changes with its environment are constrained and selective has
a large part to play in determining its complexity. The
selectivity of the interfaces is their ability to distinguish
acceptable from unacceptable inputs and outputs, and to let
pass, 1in either direction, only those that have been deemed
desirable. The reception of inputs into any system must be
selective to some degree since not everything can be totally
absorbed, e.g., the digestive system of 1living organisms
assimilates only those inputs to which it 1is adapted.
Similarly, all systems, in general, must be attuned to only
some specific inputs. If the system is highly dependent upon
external events, then it may be called an open system. A closed
system, on the other hand, is one whose behaviour is totally
determined by its own properties. Of course, there is no such
thing as a truly closed system. Nor is it possible to imagine
an object which is so decadent as to be permeable to any input.
Thus, openness and closure represent only relative concepts.

It is our contention that the analytical tractability of any
system's behaviour 1is also dependent upon the extent to which
it is master of its own behaviour. One whose perimeter is well
defined and relatively impervious to environmental intrusions
will be minimally affected by external influences so that its
interactions with the 1latter will, in general, be easier to
understand than one whose perimeter is more or less "open" to
environmental or exogenous influences, specially when these are
themselves complex. Furthermore, the more open is the system,
the greater 1is the difficulty of identifying the external
forces since at least some. of them may not be visible as they
may be far removed in time and/or space and so on. This aspect
of closure or openness is represented in our model by the order
of e. If e has few elements, then the system being represented
will be more closed than one where it has quite a 1lot of
elements. If the order of ¢ in any fj is zero, then the system
will be totally closed and the model ‘reduces to

s(t+a) = f(s(t+a), 1(t), t+4, t)
which means that the system's state is some calculable function

of its present and past states only. (Some good examples of
totally closed software are the mathematical subroutines where



CHAPTER 8 PAGE 189

s(t+ a)=s(t) for all t but, of course, these are not worthy of
our attention.) If that of e is infinite (or those of § and 1
are zero), then it will be totally open. (In case one is
looking for a measure of openness/closure, it is perhaps more
meaningful to consider the ratio of these two orders.) ’

8.5.2 The nature of the interfaces

So far we have only considered openness or closure with respect
to the quantity of inputs which may affect the system. But
there 1is one other aspect of the interfaces which we need to
consider. It 1is that the system not only selects its inputs
but, for each input, not all of it is absorbed; there is always
some portion that is dissipated. It is as if the system
attempts to maintain itself within well-defined, tangible
bounds, and to protect itself against the incursions of
unpredictable or uncontrollable forces arising from the
environment. These properties are incorporated in our model
within the transformation functions, f, which may be of any
form. For simplicity, let us assume that the functions are all
linear. Then, if, for any s;, the coefficient of an input in
its fj is small, one may say ihat most of the input's infuence
is being dissipated rather than being absorbed. But one should
remember that the same input may have a large coefficient in
the expression of s,, k#j. When all the 1inputs have 1large
coefficients, the behaviour would be determined mostly
exogenously and, as in Section 3.2.3.1, we could say that the
system does not learn from past events (at least in that
particular aspect of its properties). Of course, the same sort
of reasoning applies 1if the functions are more complex than-
linear but, since very complicated relationships among the
factors in each expression must be provided for, there is a
chance that the dissipation/absorption effect might not be
quite apparent.

8.6 THE DYNAMICS O OGENOUS FACTOR

It is time to consider the fourth aspect of the model which
concerns the dynamics of the inputs. It seems that however the
exogenous factors may interact among themselves, this needs
hardly concern us since identifying and measuring the relevant
inputs from the environment to the system at any given time and
seeing how they affect the system but not each other are all
that we need. Unfortunately, one may not always identify the
complete input set nor, as our investigations show, 1is there
any simple and accurate way of representing the inputs as-
functions of time. Each _input, more often than not, exhibits
neither patterns of seasonality and cyclicity nor any trend. It
was also not an easy task to positively identify the feedback
effects of a variable, either wupon 1itself or upon other
factors. Indeed, it seems that each input's dominant. feature,
at least when viewed at the global 1level, 1is that of
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stochasticity. Lehman [18] has previously interpreted this

situvation of no recognisable pattern as "statistical.
invariance™ or constancy. This, we hasten to add, in a0 way

conflicts with our notion of stochasticity. Stochasticity,

however, seems to be a more precise term, despite its possible-
pejorative undertones, since 1like invariance, it implies a

certain average among the values but it goes further by

asserting that these are not predictable, except, perhaps, as

lying within some broad range.

8.6.1 eed ¢t onm

That randomness is the main feature of our observations is
probably due to the fact that each factor's behaviour was
mainly examined at the global level and as a function of time
and, hence, other factors excluded from its analysis except
when correlation and regression analyses were applied. If the
unaccountable portion of the behaviour is small, then it is not
a tragedy to dismiss it as due to error variations. This is,
however, no longer justifiable if it is as large as our results
have implied, unless we are, of course, prepared to accept and
to state that the variables affecting each input are so great
in number, so inaccessible and so complex in their interactions
that we have no choice but to consider the behaviour of the
inputs as subject to chance. .

To more accurately predict the inputs than can be presently
done, then there seems no escape but to try and understand what
affects their behaviour and to model each of them as functions
of those factors from an outer layer of the environment which
are in part responsible for its behaviour as well as of the
other inputs and their lagged values. Thus, e can be
represented by a model similar to that for s:-

e(t+d) = g (e(t+a), i(t), t+p,t)

where i(t) now represents the factors from the outer layer
together with the lagged values of e. In the case of system B,
the elements of e could be dafs, bug reports, software notices
and so on while the elements of i, apart from those already in
e, may include management decisions, user requirements,
business considerations, the state of technology- and so on.
These, in effect, are the factors (the inputs from the outer-
environment) that affect the working of the maintenance teanm,
the new object of study.

8.6.1.1 e multi-laye of th ironmen

It is fairly evident that the state of the technology
influences users' requirements which influence management
decisions which, in turn, influence the functioning of the
maintenance team and the actual modifications to the system.
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Thus, as pointed out in Section 8.4.3, the environment can be
viewed 2as being multi-layered, each layer obtaining its inputs-
from the layer immediately above it, ad infinitum, and repre-
sentable by our general model, too. Our model is therefore
recursive, all aspects of each layer describable and
interpretable as previously, Sections 8.3 to 8.5. It, however,
seems unnecessary to distinguish more than 2 1layers: that
immediate to the system, the task environment, and that
representing the rest, the outer-environment, or, at most
three, if the organisation that manages the task environment is
a layer that 1is inserted between the afore-mentioned two.
Notwithstanding the common problems of identifying the relevant
input factors, of determining the exact functional forms, of
using readily identifiable properties instead of the traits we
are interested in, because of the increasing fuzziness of the
inputs, outputs and interfaces, it becomes more and more
difficult to model the outer layers of the environment.

8.6.1.2 Recursiveness is also applicable to the system's
multilevels

A further similarity between the software system and the
environment models is that recursiveness is not restricted to
the multi-layers of the environment. The system itself 1is
divided into several levels, consisting of groups, subsystems,
individual components and so on, each of which satisfies the
definition of a system in its own right, whatever that may be
[2]. Each of these units is not only worthy of study on its own
but 1is capable of providing us with quite meaningful results,
too. The <classic examples in Physics (matter, compounds,
molecules, atoms, sub-atomic particles such as electrons and so
on) and Biology (living organisms, organs, cells, and even
finer structures) prove the point, In a 1less spectacular
manner, so do our results, which, in addition, show that, as
may be anticipated, the lower the level, the simpler is the
unit and its behaviour too. In fact, the latter gets more and
more deterministic so that it would be easier to model the
behaviour of the micro or holon rather than that of the system.
This 1is relatively easy to explain: each component 1is small
and, hence, simple, does not consist of subcomponents which may
be heterogeneous in their properties, etc. But it still remains
to be seen whether we prefer to look at the trees rather than
at the forest itself. There may be a case for constructing
these simpler models since it could well be that, in the same
way as our analyses at the sub-levels were helpful in under-
standing the behaviour at the global level, subcomponent models
could be useful in the constructionm of the systém model, too.

8.6.2 The effects of the environment's dynamics upon_ the
system's complexity

We now return to the dynamics of the input factors. However
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allegorisable and exactly predictable the inputs may be, the
fact. is that, in addition to their static properties such as
quantity and homogeneity (already dealt with under the section
concerning the nature of the environment) and, apart from the
nature of the interfaces, the dynamics of their properties have
a very substantial part to play, too. The frequency with which
events occur in the environment, the rate of change of each
input will determine the degree of placidity or turbulence of
the environment and, hence, that of the system.

8.7 DYNAMICS SYSTEM'S STRUC

We now come to the dynamics of the system structure, i.e. the
changes that take place on the structurali dimension through
time. We have already seen in Sections 8.3, 8.4 and 8.5 that
the static complexity of a system depends wupon its own
properties, those of its environment and those of the inter-
faces it maintains with the latter. How a given system state at
time t translates into a different one at time t+4 also depends
upon these same properties and the changes in them. The greater
tne <change exhibited by any of these during any time interval,
the greater will be the rate of change of the structural
properties, hence the more important and complex the dynamics
of the system. Then, complexity on a dynamic dimension depends
upon the rate at which the structural properties change.
Although a statically simple system existingina turbulent
environment may exhibit more complex dynamic behaviour than one
which 1is statically complex but which exists in a placid
environment, yet one could imagine that simple systems in
extremely turbulent environments and compiex systems 1in placid
ones would be rare. Anyway, the former type of systems would
soon become complex (B is perhaps an example of a system which

has not yet done so) while the 1latter will soon become
obsolete.

Let us now take a look at some aspects of the model which we
have not yet discussed.

8.7.1 Interdependencies amo struc a ties at an
given time

It must be noted that, for each s;(t+s), s(t+4) is included in
its expression to allow for the possibility that, at any time
t+a, s .(t+a) may not be independent of s, (t+4), jék. Should the
state coordinates all be independent of one another, then there
would be no need for including s(t+4) in each expression, thus
considerably simplifying the model but this is unlikely. Also,
should a given state coordinate be exactly correlated with
another, then..we can simplify our model, once again, by
reducing the state vector, and, hence, the number of
expressions in the model, by 1. Unfortunately, as our work has
shown, the state coordinates are neither fully dependent upon
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or independent of one another. It is obvious that the nature of
the prevailing relationships among them has a direct effect
upon the complexity of the system (and upon that of thc model,
too).

8.7.2 Feedback effects

The studies of Forrester [62] show how one may borrow feedback
concepts from Control Theory to successfully build dynamic
models of behaviour. Lehman, in several of his papers, resorted
to feedback loops, both positive and negative, to explain some
of his concepts, e.g., the provision of computing facilities
which 1lead to more snphisticated applications, hence to more
demands for facilities and hence to more fzcilities. However,
the problem 1is that, although feedback loops do seem to exist
in software systems and that the very stability/instability in
a system may depend upon them and the time lags involved, yet
feedback effects are among the most difficult things ¢to
measure. We have to decide whether the very weak or non-
existent auto and cross correlations which empirical
investigations may show (and have shown, according to our
results) are to be interpreted as demonstrating the absence of
any feedback or whether they indicate that the process is
simply too complex and not empirically tractable, i.e. we have
to decide whether software are open-looped or complex closed-
looped systems. Am open-loop system does not learn and cannot
draw from its experience, i.e. the present state of the system
is independent of 1its past states and, at first sight, this
seems to fit with our results. In closed-loop systems, past
behaviour does affect future behaviour. However, should there
ber even a few such loops intricately intermingling with one
another, then empirically, an examination of the resultant
output gives 1little hope of discerning them. That this may
reflect the true situation is provided by several indications
(notably the waves in the growth processes of 0S/360, CCSS and
BD and that management must surely draw some lessons from the
past), most of which may not be of any great significance, but
which together add much weight to the interpretation.
Therefore, former states of 38 must also be accommodated in the
model. We have not specified how many lags we need to consider.
Although we may need to go back as far in the past as is
necessary, in practice, only a few lags will be all that is
required.

8.7.3 The smoothing of the individual effects at the global
lgvel ' ' .

That the resultant from several loops affecting eachr other is
not liable to provide meaningful interpretations brings us once
again to the notiecn that a too macroscopic view may have been
taken, Section 8.6.1, and that a more detailed analysis 1is
required. Yet, paradoxically, this does not seém possible.
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Although, on its own, each input factor or system component may -
be studied with increasing detail and accuracy (as we have
done) yet, any attempt to relate them together causes the
situation to get hopelessly out of hand because their
interactions seem so complex. Consider the ridiculous example
of an army of ants, each of which can join in and leave at any
time to pull and push with varying strengths and 1in every
direction on a crumb of bread. While the behaviour of a typical
ant is relatively easy to describe: either it is 1in contact
with the crumb or it is not, when it is in contact, it is
either pulling or pushing, the strength with which it pulls or
pushes depends upon its own weight, size and so on, that of the
crumb i3 not so, 1its net movement can only be described as
random, unless one is able to relate its movements in terms of
those of the individual ants. In the same way, when long term
goals have not been clearly set, when management is reactive
and driven by events and when uncoordinated practices exist
(and in a plural task environment where several teams co-exist,
it 1is 1indeed very difficult to coordinate, say, the changes
made to the system), everyone works on his own and does what he
thinks is best for the system, and the state of the system
remains "invariant". (Incidentally, it is also well known that
localised efforts at increasing a system's efficiency has very
often quite the opposite global effect.)

The net global result of all these multi-directional efforts,
randomness (or stability or invariance), is due to the
individual effects cancelling each other out, wunless, of
course, when they are harnessed and applied in the same
direction. Then, some sort of dynamics is created. As each
individual contribution is only a tear drop in the ocean, each
doing only a mole's job, this explains why, once ways of doing
things have been set wup, it is only with extreme difficulty
that o0ld ways can be eradicated and replaced by new ones: one
sees little change in the movements of the bread crumb if a few
more ants Jjoin in the pulling and the pushing. It is evident
that the more there are individual factors contributing to the
net global effect, the greater will be its dynamics or inertia
and resistance to change.

It is almost a tautology to conclude. that, if we need more
accurate predictions, then more complex models are required.
However, we should not grow despondent, if we have to settle
for the simpler but less accurate global model: many branches
of science, not only those where human beings are involved, are
in the same boat, e.g., the predictions of meteorology, for all
its great importance, still lag far behind those of physiecs.

8.7.4 Different models may be required for different parts of
the system

Being restricted to a global level of analysis may be a
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blessing in disguise. We have seen, Section 8.6.1.2, how-
subentities, at any level, are systems ip their own right and.
are, by themselves, worthy of study. Do we, then, take a look

at each level of the system? Can we really afford to?

But different models are required not only to study the depths
of the system but its breadths, too. At any level, there may
be such a degree of plurality among the components that any
method of clustering is legitimate and conducive to meaningful
results. Do we, then, attempt to create a model for each of
these clusters? The number and variety of such models will very
much depend upon the homogeneity among the various parts. That
they all exist within the same environment ensures that, to a
certain extent, they are subjected to much the same sort of
inputs, but their behaviours, as should now be obvious, are
also controlled partially by their endogenous properties, which
may not be the same since they have different functions, have
different sizes, are differently built and are managed by
different teams, among other things. Now, it is easy to imagine
that an attempt to increase the efficiency trait of one part of
the system, although it will unaffect most of the rest, may
result in a decreased efficiency somewhere else. The change 1is
then called functional with respect to the efficiency trait of
the first part, dysfunctional to the second part and
nonfunctional to the rest of the system.

More generally, nonfunctionality with respect to any trait or
part of the system occurs if the change 1is not causally
relevant to the trait or the part. Otherwise, it may be either
functional or dysfunctional. Functionality or dysfunctionaliviy
can also be with respect to a trait or a part. A change is
functional <(or dysfunctional) with respect to a trait if it
functionally (or dysfunctionally) affects that trait, whatever
the part considered (or with some relaxation, over the majority
of the parts). It is functional with respect to a part, if it
functionally affects the most important trait of that part,
however it may affect the other traits. E.g., a change may be
functional with respect to the power of a part of the systen,
dysfunctional with respect to its efficiency but nonfunctional
with respect to its complexity. If we consider the power of the
part to be more important than its efficiency, then the change
is functional.

If the traits are the elements in s, then an input which is
functional, nonfunctional or dysfunctional to sj will cause the
latter's value to increase, to decrease or to remain unchanged,
assuming positive correlation between functionality and ¢trait
value. If, at the same time, the input is dysfunctional to s, ,
then the latter's value will decrease.

These ideas are, of course, not restricted to the models of the
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parts. Should a change be nonfunctional over all the parts, at
ail times, then it is not functional over the whele syctem and
it may be omitted from the system's as well as from the parts!
models. If some traits (or parts) are similarly functio-
nally/dysfuntionally affected by the changes, then there are
fewer traits to consider (and fewer parts models to build). The
extent to which the traits are related with one another, to
which the inputs similarly affect the traits or the parts and
to which the system 1is self-maintaining with respect to its
traits will, like other factors, determine how complex the
problem is, how complex the models need to be and, hence, how
complex the system really is (surely these 3 are positively
correlated?).

At the global or any other level, when the effect of each input
upon the traits is heterogenous and the ¢traits cannot be
classified in order of importance, then it is not possible to
devise an objective function to maximise. The worse situation
that can arise 1is a zero sum game, although, realistically,
there are always some traits which are more important than
others and it seems possible to maximise (or minimise) any
particular trait without too serious side-effects.

8.8 THE EFFECTS OF TIME

The final parameters of the model are concerned with time. It
is obvious that the <changes in s are functions of the time
period considered. Less obvious is the effect of the moment in
time itself, Should we, in our model, allow for the possibility
that the transformation processes, f, are themselves functions
off time and, therefore, make provision, as we have done, for
time 1in the model? Most models assume £ to be taken as time
invariant but, for software when each state change results in a
redefinition of the system itself, of its structural properties
and of its interfaces, f is likely to be modified, too, so that
t may have to be included as a parameter. On the other hand, it
seems logical to believe that two exactly similar systems,
interacting with exactly similar environments, must evolve 1in
the same manner, even if one is old and the other is young.
Then, the time parameter in the model could be dispensed with.
This may be a minor point but, for the sake of completeness, it
had to be included and discussed. Not that it matters very much
at present, too. We are so far away from being able to identify
the elements of ¢ and s, from measuring them accurately and we
know so little about f that whether f evolve as time functions
should be a low priority problem. '

8.9 OTHER ASPECTS OF THE MODEL

We terminate with the discussions of a few concepts and ideas
that are not explicit From the models but which seem of
sufficient importance to merit a few lines. -
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8.9.1 The long term effect of the initial svstem state

From our model, it is easy to see that s(0), the initial system
state, influences that of the next which influences that of the
next, ad infinitum. The degree to which a system state influ-
ences that of the next will determine to a large extent how
much the design and initial implementation hold the keys to the
system's future behaviour. From what we have seen, this seems
to be quite considerable.

8.9.2 Steady state

Another time related concept is that of steady state. A system
is said to be in a steady state if its behaviour in one time
period 1is the same as that in any other time period. From our
model, this will be when s;(t+4) = s;(t), Vj. In truth, the
type of stability which a com%lex system may approach is rather
a quasi-stationary equilibrium whereby a movement in one
direction 1is only approximately countered by another in the
oppesite direction. If we were to plot the time series of the
global effect, then a fluctuating series with no trend rather
than a constant straight line will result. Thus, although
changes may occur on all its dimensions, a system may, in the
main, still remain in a steady state if its general character
has not been affected too much. One of the conclusions of this
work 1is that the more global the 1level of study, the more
likely are we to encounter a steady state-like behaviour.

8.9.3 The effect of the system upon its environment

Just as an enterprise may achieve steady state or even induce
changes in 1its environment by moving into new markets or
developing new customer needs, among other strategies, a
software system probably exerts some influence upon 1its
environment, too, e.g., maintenance effort is a function of the
number of residual bugs. Since the interface between the
system and its immediate environment (and, by induction,
between any 2 layers of the environment) allows traffic in both
directions, the inputs for the model at any level will have to
be expanded to 1include those that emanate from the layer
immediately below it with those coming from that above it. For
simplicity, we have largely ignored to discuss this set of the
inputs.

8.10 CONCLUSIONS

In this chapter, we have seen how the complexity of a software
system 1is not a simple concept but that there are several
facets to it, Sections 8.3 -~ 8.7. Indeed, the complexity of
modelling the behaviour of the system and its success will Dbe
paced by the rate of advancement in our descriptive knowledge



CHAPTER 8 PAGE 198

and” insight into the static and behavioural aspects of the~
system and its environment and the interactions betweéen the
two. Our models must simultaneously deal with all these factors
if they are to be at all successful. At present, the efficiency -
with which we can model the dynamics of software systems is not
very high. This 1is because we cannot, as yet, fully identify
the relevant structural and environmental properties, are not
quite able to reduce and codify these to numerical values and

cannot extricate the complex relationships that exist among
them,

Indeed, the more tractable the system on any of its behaviour
dimensions, the 1less complex 1is it on that plane, the less
difficult is it to allegorise the behaviour and the less is the
behaviour attributable to randomness or complexity. That our
woirk has shown that globally most effects smooth each other out
and reduce to invariance or white noise is a measure of how
much still needs to be done.

To what degree, then, is it possible to attempt to wunravel a
software system's behaviour? Shall we then, accept, as Lehman
[96 ] says that:-

"The theory of man-made systems, of systems including
people or operating in an environment that involves people
can never be complete or precise",

without attempting any effort to make it as precise as it can
be? Or shall we Jjust state, as our studies suggest, that
software systems are of Sutherland's severely stochastic types
[170] and, therefore, exhibit behaviours which cannot be
predicted with any degree of accuracy? From Weinberg [183], who
offers an alternative classification of objects into 3 types:-

1) The "organised simplicity" ones (machines) which are
amenable to analysis.

2) The "unorganised complexity™" ones (populations,
aggregates) which are amenable to the statistical approach.
3) The "organised complexity"™ ones (systems) which are
both too complex for analysis and too organised for
statistics.

yit seems that we shall have to accept to live with unsuccess.

Although the empirical approach and the presently available
tools seem inadequate to deal with the problem on their own,
Section 7.4, one needs not really be so pessimistic. Hitherto
unexplored, complementary approaches could be attempted.
Mathematical models may still not be adequate, Section 8.1. Is
simulation then the great white hope? Some system thinkers view
it as the wultimate weapon since constructing a model that
exhibits the behaviour that one wishes to understand may De
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equivalent to demonstrating that the behaviour is fdlly
grasped. .

Unfortunately, simulation, which has been used for quite a
while by sysfems engineers, does not seen to have helped us to
understand socio-economic systems, say, as well as we should,
despite its inroads. If it has met with only qualified success
with the study of more complex systems than software and which
are niched higher on the complexity gradient, then do we really
have a better chance, precisely because ours are much less
complex systems and because we have more generations to work
upon? This may be answered by what seems to be the next logical
step in ED research but it cannot be part of this effort.

That others, working on other types of systems, have preceeded
us and seemingly, not fared much better shculd not be too much
of a comfort. Do our approach and conclusions contribute
anything to the software system solving problem and, in a wider
context, to that of the general system?

This is not for us to answer. But this is not the way we wish
to conclude. However, the words fail us. How best, then, but to
quote Sutherland [170] who neatly puts down better than we
shall ever be able to what we wished to express thus:-

"Many of you will walk this same ground again, hopefully
with greater thoroughness and alertness than we have done
here. So much in this world remains to be done, and we
cannot even begin to estimate that which remains to be
learned. All that can be hoped 1is that what has been
writtem here will stimulate: others - of greater insight,
talent, or energy - to search deeper and wider. The
greatest hope for what you have just read is not, then,
that it should be conclusive, but that it should be
germinal in some small way of better-conceived and better-
executed efforts. And, perhaps paradoxically, our fondest
hope is that the reader knows less now than when he began
so many pages ago... that he 1is 1less certain about the
answers and more sensitive to the questions."




TABLE 1
THE FIRST THREE POLYNOMIAL FITS TO THE CMH AND SIZE SERIES OF 4 PREVIOUSLY ANALYSED SYSTEMS

- - - - - - - - - - - - - - - . - - - - - - - - - - - -

0S/360 EXECUTIVE ccss DOS
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RANDOMNESS TESTS RESULTS FOR THE HR,FH AND NG SERIES

- ——— - ————— -~ ——————————————— - ——— - ——————— - W —— ———————

05/360C OMEGA EXECUTIVE CC33 D03
HR turning no.of pts 20 9- 9 43 22
points expected 12 5 clearly 27 i3
test observed 14 6 not 29 12
variance 3.23 1.9 applicable T7.32 3.59
t 1011 073 062 -070
signif (5%) NOT NOT NOT NOT
phase ‘exp obs exp obs exp obs exp obs exp o
length 1 7 1 3 5 18 19 8 6
test 2 - 3 2 1 0 7 8 3 2
>3 1 0 0 0 1 1 1 2
TOTAL 11 13 4 5 26 268 12 11
runs > median 9 5 21 11
test < median 10 y 22 11
runs 11 6 27 12
signif range <5v>16 <2v>10 <14v>28 <7V»17
FH turning no. of pts 19 10 not 17 12
points expected 1 5 avail- 10 7
test observed 1 6 able 12 6
variance 3.0 1.46 2.70 1.81
t 0 055 1.21 _049
signif (5%) NOT NOT NOT NOT
phase exp obs exp obs exp obs exp obs exp o
length 1 7 8 3 4 6 9 4 3
2 3 1 1 1 -2 2 1 1
>3 0 1 0 0 1 0 1 1
TOTAL 10 10 4 5 9 11 6 5
runs > median not not not 9 6
test < median appli- appli- appli- 8 6
runs cable cable cable 14 7
signif range <5vy14 <3v>11
NG turning no. of pts 19 not too 16 12
points expected 11 avail- few 9 T
test observed 10 able 8 8
variance 3.06 2.52 1.81
t : -.76 -.84 .99
signif (5%) NOT NOT NOT
phase exp obs exp obs exp obs exp obs exp o
length 1 7 5 1 4 5
test 2 3 .1 2 6 1 2
>3 0 0 1 0 1 0
TOTAL 10 9 8 7 6 7
runs > median 10 not too 8 6
< median 9 avail- few 8 6
runs 8 able 10 9
signil range <5v>i{ <Rvzis G5v2in

- ——————————— - —— - — - " - - = - - TR
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TABLE 3

RUNS TEST RESULTS FOR THE 6 MAIN MONTHLY BD SERIES

No. pts No. pts No. runs z-value
>median <median '

micros changed 26 33 28 -0.56

micros enhanced 28 31 26 -1.16

micros fixed 26 33 26 -1.09

changes 27 32 28 -0.60

enhancements 25 34 24 - =1.56

fixes 22 37 24 -1.66
TABLE 4

TURNING POINTS TEST RESULTS FOR THE 6 MAIN MONTHLY BD SERIES

- ———— - —————————————————————— - ———— - — - —— - - —— - —— -

n(no. of points) 57 58 53 57 54 53
obs. no.turning pts 38 38 34 39 38 34
expected trng pts 37 37 34 37 35 34

variance 9.81 9.99 9,10 9.81 9.28 9.10
t-value 0.32 0.32 0© 0.64 0.98 0
TABLE 5

PHASE LENGTH TEST RESULTS FOR THE 6 MAIN MONTHLY BD SERIES

Obs. Exp. Obs. Exp. Obs. Exp. Obs. Exp. Obs. Exp. Obs. Exp.

1 25 22.5 25 22.9 18 20.8 26 22.5 26 21.3 20 20.8
2 1 9.7 10 9.9 14 8.7 10 9.7 10 9.2 11 8.7
>2 1 3.5 2 3.5 1 3.5 2 3.5 1 3.2 2 3.5

- — - - - ———— e Gy . - — S —— G ——— -~
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TABLE 6
BEST POLYNOMIAL FITS T

me 23.69

mf 8.11 - 0.07t

c 13.32

e 3052 + Oo12t

f 7.45 - 0.07t

cme 10.53 + 29.84¢

cme -18.53 + 22.48t

cmit -T7T.24 + 8,22t ~ 0.03t2
ce -10.79 + 13.60¢t

ce 24.69 + 1.25t + o.10t§
cf -10.43 + 7.72t - 0.03t
mhgf 0.04

mhdf 0.03

me/c 2.32

me/e 3.34

mi/f 1.13

TABLE 7

ACF VALUES FOR THE SIX MAIN MONTHLY BD SERIES

me me mf c e e* f
diff 0 0 0 0 0 1 0
mean 30.86 23.69 6.03 13.32 7.08 0.09 5.34-
s.e 2.71 2.55 0.46 0.72 0.56 0.65 0.42
variance 432.88 384,46 12.72 30.77 18.66 24,33 10.23
dgr frdm 59 59 59 59 59 58 59

s.e(acf) 0.13 0.13 0.13 0.13 0.13 0.13 0.13

0
0
0
0
0
0
0
0
. . 0. . .
10 -0.076 -0.074 0.024 0.055 0.189 -0.103 0.092
0
0
0
0
0
-0
-0
-0
-0

20  0.049 0.053 -0.020 -0.099 -0.028 0.156 -0.106

T ——————————— T ———— - ———-——————— - - - ——— - —— — — - ——— W —— -
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4 TABLE 8
THE BEST BOX-JENKINS MODELS TC SOME BD MONTHLY SERIES

TYPE RESID=- SIG. CHI MODEL -
UAL LEV- SQUARE
VAR. EL VAL.

me 1,0,0 377.60 917 14.34  2z¢=23.00+0.029z,_; +a,
t= 22
0,0,1 377.59  .917  14.33 Zt:23.70+0.0298t_;+at
t= -.22
Z'"?:5:5""55féﬂ'"T5?5-'—?§f§?-"EQZ??T??+ofé1EZt-l+a;"'_
t= .39

0,0,1 29.79  .875 14.69  2z¢=13.32+0.118a¢_; +a,

t= "090
e 0,1,1 .13 .939  14.31  zt=zt-1-0.7902at-; +a;
t= 10.21
£ 1,1,0 12.13  .800  18.06  2z£=.559z ¢ 1+.4412  _.+a
- 577 .

2,1,0 10.59  .975 11.66  z¢=.4152¢.3+.2262 _,+.3592, 5 +a,
all t's significant

0,1,1 9.15 1.0 T.24  2t=z¢-1-0.832a ) +2,
t: 11~23

TABLE 9
THE SIGNIFICANT PERIODS (ALL PERIODOGRAMS)
FOR EACH OF THE 6 MAIN BD SERIES

- —————— - - — - - —— - — - W W - —————————— - —— - ——-—

me 6.56 4,10 979  13.9

2.56 3.22 .954 10.9

3.69 3.13 .950  10.7
------------------- ToTAL 35.5 o0
e 6.56  3.89 .14 13.2 o
T TTar wowe T
T e T
e T sy T 2y 0 w2 T
e 2,23 5.69  .994 19.7 o

- ————— - S e - - e G e e — -
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TABLE 10

THE SIGNIFICANT CROSS CORRELATIONS
BETWEEN PAIRS OF THE MONTHLY BD SERIES WHEN «=0.01

me c 0 .76
TThe et a1 58
0 <55
Tme me 0 .98
e Ty T 0 T e
e me 0 .63
T T T
0 .52
e me 0 .66
e ne o . 9%6
e me -9 -.36
Cme me -9 -.35
e me 1 -.58
0 .56
TABLE 11

THE SIGNIFICANT CROSS CORRELATIONS
BETWEEN PAIRS OF THE CCSS SERIES WHEN @ = .05

- ——————— - ———————————— - ——————— - —— -
- — - —— g - h. - -

Rel Int Fixes 0 .37
-7 031
Mod chgd  Fixes 1 .33
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TABLE 12 '
THE SIGNIFICANT PERICDS (PERIODOGRAMS) FOR 3 CCSS SERIES
SERIES PERIOD F-VAL PROB 4 VAR L.C
Rel. Int. 2.26 3:90 .973 18.2 0
Mod. Chged 2.53 10.38 1.00 48,3 8
Fixes Rate 21.50 4.81 .987 22.3
8.60 3.35 .956 15.6
37.9 0
TABLE 13
CORRELATION MATRIX OF THE MICRO STRUCTURE. PROPERTIES
HIER. CALLING CALLED RECORD BYTE
LEVEL MICROS MICROS COUNT SIZE
CALLING 0.02 0.65 -0.14 -0.04 -0.05
MODULES ‘ ;
HIER. 0005 0008 "'0.09 0.05
LEVEL
CALLING -=0.09 -0.03 0.01
MICROS
CALLED 0.04 0.40
MICROS
RECORD 0.62
COUNT
TABLE 14
COMPARING THE BEST POLYNOMIAL FITS
TO EXTRACTED MEASURES FROM SECTION 3.5.2.1.1
AM OM-
mec/c 2.579 2.535
c/m 0.0786 0.0786
Max, 12.02-0.74¢ 13.10-0.83¢t ,
t=-1.99 R2=44,17 b==4. 14 R =77.42
me/e 3.34 3.27
e/m 0.0527 0.0526
Maxe 14,98-1.27¢ 16.03-1,56t
£=-2.82 R%2=61.40 £=-3.12 K =266.03
mf/f 1.28 1.23
f/m 0.0470-0. 00382t 0.0468-0. 00378t

t=-3.82 R°=64.56
11.9 :

t=-3.74 K =63.56
12.0
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TABLE 15

R2 VALUES WHEN EACH OF 4 TYPES OF EXPRESSIONS FITTED TO DATA

T O AR A e e e S - —_———— - — - - - ———— - —— - = - ———— - ————

me 76.79 52.73 55.82 63.88
me 75.49 56 .67 33.20 80.67
mf 63.59 73.64 48.90 83.93
c 76.79 52.73 55.82 63.88
e 41.53 L2.12 58.28 42.03
f 75.39 70.83 56.15 81.70
me/c 87.32 97.86 47.58 95.16
me/e 85.98 96.75 42,19 94,29
mf/f 60.28 T7T1.21 45,44 66 .24
TABLE 16

NEW MODULES - PREDICTED CUMY VALUES WHEN t=6

me 217  217.9 167.6 201.9 278.8 350.4
me 179 179.5 142.1 172.0 222.7 278.1
mf 38 38.4 24.4 30.0 46.2 58.6
c 101 96.9 92.6 95.2 112.8 127 .7
e 75 7T1.1 71.0 73.2 79.0 87.2
f 26 25.8 20.3 22.1 30.8 37.3

0 0 0 i e G G - - —— - — - " = = - —— . = — == - —— - -
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- TABLE 17

NEW MODULES- PREDICTED T VALUES ‘
AND ESTIMATION OF "FRACTION OF WORK COMPLETED"

—— - —————————— - ——————————_— - - —————————— -

variable T=k/)» T=k/(1-e™*) (real)100xr/k
me 295.9 371.8 73.3
me 237.7 296.8 75.3
mf 48.6 61.7 78.2
c 155%.2 163.3 61.9
& 112.9  123.C 66 .14
f 34,1 41.2 76.3
TABLE 18

PAGE 208

CORRELATION MATRIX OF THE HOLON STRUCTURE PROPERTIES

- ———— - - - ————————— - —_—— - - —————— - ————————— -~

CALLS 1 .87 .63
EXTS 1 47

EXTO 1
I0E

IOE IOG
.48 .04 .06 .84
.52 .13 .10 .76
.39 .05 .00 .67
1 ~-.03 .07 .59
I0G 1 =-.18 .11
I0P 1 .01

PAT 1

SIZE

.82
.75
I0 1



TABLE 19
THE INCREMENTAL MULTIPLE REGRESSION MODELS FOR PATCHES AND DAF2

-~ - - - - - - - - - - - - - - - - - - - - -

2 &ACTUAL =1.23+.620 DAF2+.08I0E+.14EXTO+.10DAF2 |a] &ACTUAL -1.01+.58LDAF2+.101050.17EXTO+.1ﬂA'IOP
i .09 .03 .04 .04 .08 .03 .04 .03

tz 7.00 2.22 3.67 2.30 6.95 3.69 4.67 3.78

R == 73.02 76.25

: ,ACTUAL&RATE -.06+.814DAF2-.0851I0P |a] ,ACTUAL& RATE —.13+.81ADAF2+2.29|AFOP /I0P

s = .10 .04 .09 .87

t= 8.39 -2.30 8.64 2.64

R = 59.53 60.48

- — - - - - - - - - - - - - - " - - - - - - - - - - - - - -

- - — -~ - - - - - - - - - - - - —— - - . . - - - - . - - - -

Z&ACTUAL -9.2+.02/SIZE+.61 DAF2+.19EXTS |a] &ACTUAL -1.044+.034|SIZE +.54,DAF2+.03AGE
s= .N02 A7 .08 .002 11 .01
t= 9.27 3.51 2.30 10.38 4,82 2.97
R = 90.76 95.78
- ,ACTUAL&RATE .144.014SIZE+.89 ADAF2+ .45 aCALLS/CALLS+.33A6CALLYA|,ACTUAL& RATE -.f6+.03lABIZE +.2% DAF2+.8U4APTCHS/PTCHS
c= .002 ,09 .06 .06 .001 .09 .27
t= 6.07 9.79 7.90 6.15 18.99 3.09 3.08
R = 95.55 97.26
------- DIKECTQR DAF2
L&ACTUAL 1.76+.54 APATCHES+. ZGAEXTO— 235CALLS+.014SIZE |a] &ACTUAL 1.27+.60 PATCHES+. 005|ABIZE
c= .07 11 .06 .002 .07 .002
t=z 7.64 2.38 -3.77 2.86 8.53 2.34
R- = 65.96 59.61
2, ACTUAL&RATE .82+.60s PATCHES+1.034DAF2/DAF2 |a] »ACTUAL& RATE .82+.605 PATCHES+1.03.,DAF2/DAF2
c= .06 .25 .0 .25
tz .41 4.19 9.41 4.19
R= 65.69 65.69
KERNEL DAF2 )
&ACTUAL .21+ ,526 PATCHES -.01ASIZE+.61 EXTS+.12I0E fcl&ACTUAL -.46+.28.PATCHES-1.484|EXTO +.71 EXTS +.24DAF2
o= .10 .003 .15 .04 .06 .22 .13 .0l
t= 5.42 -3.62 3.97 2 68 4.63 -6.73 5.52 6.06
R*= 81.48 67.48

- - - - - - - - . - - - - - - - - " & S - - - -

yACTUAL&RATE .56+.79,PATCHES-.35 &CALLS/CALLS-.014SIZE/SIZE+.15 '.IOEIAPACTUAL& RATE .85+.58 :PTCHS+1.454DAF2/DF2~.27p|CALL:
-2 .08 .06 .002 .C5 .09 .29 .09
t= 10.11 -5.63 -4.92 2.78 6.13 4.95 -2.98
R..

- - - - - - " - " = . s - = - = M G L e R —E—E SRS TEeSESSSmmem s SRsssses s
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TABLE 20
THE CUMULATIVE MULTIPLE REGRESSION MODELS FOR PATCHES AND DAF2

- - - - - - - - - - - - - - - - - - - A A - - - - - . . - - -

PATCHES
ccb2t -.55+.01SIZE+.27DAF2 CCK27 1.73+. 940ALLS+ 83I10E-.85EXTS-.95I0P )
o= .002 12 .16 .19 .35 .43
t=  2.45 2.15 5.96 4,42 2,43 -2.19
~ R= 18.78 84.47
cCcD32 -.80+.41DAF2+.006SIZE CCK32 2.93+.96CALLS+.88DAF2-1,07EXTS-1.17I0P
o= .10 .002 .20 .23 44 .50
t=  3.97 3.33 ' 4,80 3.77 -2.44 2.31 )
| 39.90 86.89 '
ucD32 -.87+.49DAF2+.2210E+,18I0G UCK32 ~.85+1,0TEXTS
o= .04 .08 .07 .22
t= 11.45 2.83 2.55 4.94
R2= 60.92 38.52
ND32 -.92+.70DAF2-.01AGE+.004SIZE-. 14EXTS NK32 ~.78+1.18DAFS-1.7810G
0= .18 .01 .002 .07 .08 .33
t=  3.80 2.00 2.61 2.15 13.87 -5.35
R2= 82.01 . 96.66
DAF2
ccnz; 2.54+,39I0E+.23JOP+.26 PATCHES CCK2T 1.05+.16CALLS+.18PATCHES+. 06AGE
o= .08 0T .09 .10 .10 .05
t= 4,90 3.23 2.86 2.29 2.41 2.77
R= 45.68 62.21
cCD32 4.71+.30PATCHES+.12I0E+.007SIZE ’ CCK32 2.29+.43PATCHES+. 10AGE
o= R .03 .002 .08 .06
t= 2.80 3.66 3.09 5.60 2.73
R2%=  49.17 68.42
ucp32 1.13+%.02PATCHES+.43EXTS+.51EXTO UCK32 4,144 ,50EXTS-.2310E
o= .08 .07 .07 .19 .12
t=  10.94 6.02 7.00 2.65 -1.97 '
R2= 66.68 16.62 X
ND32 .89+.52PATCHES+.03AGE+.002SIZE NK32 .58+.7TOPATCHES+1.6310G+.003SIZE
o= 11 .01 .001 .06 .16 .001
L= 4.59 2.70 2.00 11.11 1C.01  2.u46
R°= 81.60 a8.97

- - - - — - - - - - = . e - " . . = - - = - W = = G e G e . e e - e - -
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TABLE 21

THE SIGNIFICANT ACF'S FOR B'S
SUBSYSTEMS DAF2'S/MONTH TIME SERIES

SERIES CONFIDENCE LAG(K) R(K)

LIMITS(x)

G1ssB  .248 1 .289

6 .255
Gissc  .280 1 .356
G1ssD  .292 2 .354

2 _:396
G5SS1 .25  NONE
G5SS2  .ouh  NowE .
G553 .252 2 .267
GsSST L2921 331
G9ss8  .304  NONE
G13ss1 .312  NoWE

TABLE 22

THE- BEST BOX-JENKINS MODELS TO THE WEEKLY SOFTWARE NOTICES

- - - - - - - - - - - . - - - - - - - - . - - - - - . - - - - - . - - - e - - -

TYPE RESIDUAE SIGNIF CHI- MODEL
VARIANCE LEVEL SQUARE
____________________________________________________ b JI R
1,0,0  22.57 .02  39.57  2z.=3.54 + ATz, + a
ag= .07
= 6.88
2,0,0 21,24 30 24.87 z =2 61 + 362t 1 + 28z_p + ag
o= .07
t= 4,77 3.23
3,0,0 20.58 58 19.14 zt:2.13 + .32z ., + A8z o + .18z o3 + ag
o= .08 .08 .08
t= 4,13 2.25 2.37
1,0,1 20.91 .36 23.77 z,=1.11 + .83z, ) - .HTa,) + ac
c= .07 12
t= 11.04 4.02
0,1,1  22.52 34 26,22 z,zz,., --60a ., + 3,

- - - - - . " = " . - . - - - e e w WE RS-SRS e
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TABLE 23
SOFTWARE NOTICES STATISTICS FOR DIFFERENT RELEASES

- ——————— Y ————— - - - —— —_—— - ———— - ——— -

size 87 123 119 126 78

maximum 34 19 19 15 11

mean 4,64 2.56 3.03 2.51 2.90

variance 36.67 11.89 11.90 8.62 5.86

s.d. 6.06 3.45 3.45 2.94 2.42
TABLE 24

MEAN RESPONSE TIME (DAYS)
FOR FIRST 90% OF PRIORITY B BUG REPORTS

period(mth) 7708 7803 7809 7902
mean 3.52 2.61 3.33 2.20

PAGE 212



TABLE 25
THE BEJT BOX-JENKINS MODELS TO THE DAILY AND WEEKLY REP AND RES SERIES

- - - - - - - - - - - - - . - - -

TYPE  RESIDUAL SIGNIF CHI- MODEL
VARIANCE LEVEL  SQUARE
DAILY REP
2,0,0 80.90 .39 23.15° 22 12.71 + .23z, + .20z + a
oz .07 .07 %7 ¢
t= 3.33 2.47
5,0,0 75.50 .72 15.04 19  8.64 + 2024 + .19z, - .01z 5 + .02z . + .22z . + a.
Y ' o= 07 07 2 o1 YT o1 v g7 t5 T Tt
t= 2.87 2.64 -.20 .26 3.24
DAILY RES
3,0,0 106.70 .90 13.30 21 13.71 - .0009z _, + .21z + .20z + a
o= .07 ‘ .07 2 o7 t-3 t
= -.01 3.25 2.99
WEEKLY REP
1,0,1 906.02 .07 11.07 22 %F;ou + :g%;t_l + :;?at_l va,
t= T4 - .47
1,0,0 907.82 .97 11.93 23 73.48 + .36z, + a
o = .10
t= 3.42
WEEKLY RES
1,0,1 1080.6 .90 13.94 22 52.92 + .54z, - .17a _ + &,
' . o= 22 2T 7
= 2.44 .64
1,0,0 1095.8 .94 13.67 23 T70.45 + .3gzt_, + a,
o= .1
t= 3.88

- - - - - - - - v - - - - " - -~ - - - - - - -

S3749VL
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TABLE 26
THE % CF VALUES INCLUDED WITHIN EACH RESPONSE TIME RANGE

RANGE (DAYS) 0-7 0-14 0-30 ALL 30+
% VALUES INCLUDED 70. 80 90 100 10



TABLE 27
SOME STATISTICS CONCERNING THE B GROUPS

GROUP START END AGE ACR NO. OF NO. OF NO. OF AVERAGE ACR S/S HOLS DAF6'S DAF6'S FIGURE OF
DATE DATE (MTHS) LEVEL S/S HOLONS DAF6'S DAF6/MTH RANK RANK RANK RANK /MTH RK MERIT

1 7601 38 1,2 13 1004 1382 36.4 ----OMITTED BECAUSE OF ITS UNIQUENESS—=-=

2 7403 60 y 6 198 324 5.5 4 .5 5 10 10 33.5

3 7509 41 4 1 380 508 12.4 y 17.5 3 5 y 33.5

4 7403 60 y 1 150 279 4,7 4y 17.5 9 12 12 54.5

5 7403 60 5 6 687 1325 22.1 1" 4.5 1 1 2 19.5

6 7405 58 8 6 180 1315 22.7 17 4.5 7 2 1 31.5

7 7403 60 5 3 364 419 7.0 1 9.5 4 8 9 41.5

8 7412 51 5/9 3 51 80 1.6 19.5 9.5 16 17 17 79

9 7408 55 9 8 56 585 10.8 19.5 1 15 4 5 44 .5
10 7406 57 9 6 65 296 5.3 19.5 4.5 14 1" 1 60

1" 7501 7601 13 15 6 ? 14 1.1 TOO SHORT LIFE SPAN, PRO3ABLY WITHDRAWN GROUP
112 emcccecccccccccccccoce- WITHDRAWN GROUP FOR WHICH NO DATA ARE AVAILABLE---ec-oceomccm oo cmccccccaee
13 7607 30 5 1 188 134 4.5 11 17.5 6 14 13 61.5
14 T40Y4 59 y y 21 37 .6 y 7 17 20.5 20.5 69

16 7504 7612 9  NONE 1 ? 7 N BOOTSTRAP AND WITHDRAWN GROUP==-=--
18 7403 7710 43 5 2 116 62 1.4 1" 12.5 12 18 18 71.5
20 7608 34 8 1 y 14 M eccccaacaace-a TOO FEW DAF6'Secccccccccaax
21 T40€ 57 T T 123 120 2.2 15.5 2 11 15 15 58.5
22 7403 7712 . U5 4y 2 ? 43y 9.5 4 12.5 ? 6 7 36.9%
23 7406 57 y 1 80 48 .9 y 17.5 13 19 19 72.5
24 7507 43 y 1 508 yan 9.9 y 17.5 2 7 6 36.5
26 ? ? ? ? 1 eee-- NOT ENOUGH DATA AVAILABLE FOR THIS (WITHCRAWN) GROUP=-w--
27 7506 7603 10 10 1 ? 40 4,0 ' TOO SHORT LIFE SPAN, PROBABLY W/D

29 7603 7608 6 8 1 ? 8 1.3 TOO SHORT LIFE SPAN, PROBABLY W/D

31 7407 56 5 1 158 143 2.6 1 17.5 8 13 14 63.5
32 7403 7406 y ? ? ? 3 .7  INSUFFICIENT DATA, TOO SHORT LIFE SPAN

33 7404 59 5 3 143 112 2.0 1M 9.5 10 16 16 62.5
3y ? ? ? 1  cecmccccccccccccconces INSUFFICIENT DATA-mccccmm e e
35 ? ? y 1 17  —eccecmccccace- INSUFFICIENT DATA-ecccemcc e e
37 7405 7505 13 ? ? ? 20 1.5  INSUFFICIENT DATA, TOO SHORT LIFE SPAN

40 7403 7704 37 5 1 ? 351 9.2 1" 17.5 ? 9 8 56 .9%
4y 7405 58 9 3 16 775 13.4 19.5 9.5 18 3 3 53

L5 7404 59 7 1 ? 37 .6 15.5 17.5 ? 20.5 20.5 92.5%
u7 ? ? 3 3 13  ececccroceen- ~==INSUFFICIENT DATA-~eceeea- B
49 ? ? ? 3  cecaccccccceccccccaaa- INSUFFICIENT DATA-~ccccoc e
50 7506 7605 12 10 1 ? 10 .8 TOO SHORT LIFE SPAN, PROBASLY W/D

51 7404 7508 17 ? ? ? 18 1.1 INSUFFICIENT DATA, TOO SHORT LIFE SPAN

53 cacmccmccccecnccnnresnnnne NO DATA AVAILABLE-cocmc e meemcmcc e cccacmccnceccc e e e e mme e
54 2 INSUFFICIENT DATA

55 6 INSUFFICIENT DATA

* WEIGHTED TQ ACCOUNT FOR MISSING HOLONS =ANK

S3T8VL
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TABLE 28
CLUSTERING THE GROUPS

GROUP FIGURE OF CLUSTER
MERIT TYPE
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TABLES

BEST POLYNOMIAL FITS TO THE MONTHLY TIME SERIES
OF THE FRACTION OF G5 DAF6'S IN SOME CATEGORIES

- —— - ———————————————— - —— - ———— - — -~ -

- — - ———— - W e e - — - G - -
- —————— - —— - ————————————————— - —— - —————— —— - —

- ———————— -~ — - — - — G T - - — - —————————
- ——— - —— - ———— ————— - ——— -~ ———————

TABLE 29

——————————————— - ————— -~ ——————-——— - -

- — - ——— - - ————— - ———— - ————— -

73.73 + .58T
O= 22
- 2'61
27.15 -  .787
g= -25
= -3.13
THE MEAN
7.98 + .38T
o= .18
t= 2.17
29.27 + 3.35T
o= 1.05
t= 3.20
THE MEAN
THE MEAN
THE MEAN
1.70 + 9.89T
o= 2.78
t= 3.55
112.77 - 1.48T
o= .19
t= -7071;
-1.05 + .60T
o= .24
t= 2.53
62.30 + 1.29T
o= 035
= 3.70
18.72 - .29T
g=- .06

t: -5 020
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TABLE-30 .
DEMONSTRATING HOW SHANNON'S H MEASIRES THF
DIVERSITY OF A SAMPLE OVER ITS CATEGORIES
CAT\SAMPLE 1 2 3 4 5 6 7
1 80 70 20 60 50 100 96
2 5 10 20 15 25 0 1
3 5 5 20 15 15 0 1
y 5 10 20 15 5 0 1
5 5 5 20 15 5 0 1
H VALUE 77.8 100.0 161.0 138.6 127.7 0 22.3
TABLE 31
BEST POLYNOMIAL FITS TO THE DIVERSITY MONTHLY
TIME SERIES OF EACH G5 DAF6 VARIABLE
VARIABLE TYPE OF BEST POLYNOMIAL FIT -
ME ASURE
INIT H THE MEAN
MTHS ME AN 39.27 + T.46T - .08T
o= 2.18 .04
o= 41 )
t -2.39 R“=16.03
CAT H 54.90 - .39T
o= 173
t= -2.23 RR= 8.05
MODE H 96 .48 - 4,61T + ,07T?2
o= .89 .01 5
VERSION H -4.,58 + 5.36T - .07T2
o= .87 .01 )
NV ME AN 94 + 01T
o= .002
£ 4,28 R2=24 .02
TIMES ME AN 1.35 = 01T
o= .001
t -6.10 R2%=39.07
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TABLE 32 .
BEST PCLYNOMIAL FITS TO THE MONTHLY TIME SERIES OF
THE FRACTION OF G3 AND G6 DAF6'S IN SOME CATEGORIES

- — i 8 S TV Y G ——— - e - - — - - G . G ————

CATEGORY GROUP 3 GROUP 6
UTIL GENGEN 110.85 - 5.70T + .11T2 104.51 - ,52T
o= 1.72 .0l .18
t= -3.32 2.88 -3.00
R 2= 24,92 17.64
UTIL GENOPT THE MEAN THE MEAN |
CAT BUGS THE MEAN ) 95ju5 -  L.BUT &+ .osz--
O= .35 .006
t: “2-36 2&79
R2= 15¢30
CAT SPEC BUGS THE MEAN THE MEAN
CAT IMP BUGS -5.73 + 5.62T - .10T2 16.92 + 5.53T - .12T2
o= 1.74 .0l 1.27 .03
t: 3022 "2-51 4035 _3182
RZ = 30.05 37.53
CAT ENHMTS 39.02 - 2.3§T_+ .04T? THE MEAN )
o= .66 .01
t: -3057 2.54
R? = 40.81
MODE CHANGE 101.18 - 1.92T 110.03 - .89T
0: .u1 033
t= 4,72 -2.69
= 35.74 11.60
MODE INFO 6.60 + 1.01T -16.80 + 1.48T
g = .41 -23
t= 2.45 6.41
R = 13.03 42.76
VERSION ONW -12.58 + 2,29T - .04T? -20.83 + 1.55T
o= .91 .02 24
t= 2.53 -2.15 6.42
R 2= 16.79 42,85
NV 1 124.31 - 4.85T + .08T? 102.87 - .88T
o= 1.52 .03 27
t: —3022 20“‘3 "'3.23
R2= ~ 31.85 15.93
NV 2 "2 050 + 1 .48T - 003T2 -8 .73 + 097T
g = .61 .01 -23
t= 2.4y -2.54 4.16
R2= 14,17 23.97

- ——————————— —————_— - ———— - ——— Y —— - - ———— - - ——— - ——
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TABLE 33

BEST POLYNOMIAL FITS TO THE DIVERSITY MONTHLY
TIME SERIES OF EACH G3 AND G6 DAF6 VARIABLE

. ——— - ———— —— - - - G — - S W G S ———— - ——————————————————

VARIABLE TYPE GROUP 3 GROUP 6
INIT H 1.41 - 01T 2.86 - .89T + .002T2
o= .006 .02 .0003
t= ~2.32 ) -5.53 4,07
R 2= 13.31 53.16
MTHS ME AN THE MEAN .38 + .29T - .004T2
o = .08 .001
t= 3.52 =3.14
R2= 20.13
UTIL H 01 + .08T - .002T2 -.02 + .006T
o= .02 .0006 .003
t: 3.“7 -3'76 20“0
R?= 30.20. 11.36
CAT H 86 - .02T 40 - ,004T
o= .005 002
t= -4.u2 -2.06
R2= 35.81 8.40
MODE H THE MEAN .36 - .005T
T= .002
3,: "2-“9
R4 = 10.16
VERSION H THE MEAN -.05 + .05T -.0008T2
o= .01 .0002
R2 = 23.98
NV MEAN -.12 + .05T - .001T2 -.15 + .03T -.0005T2
o= .02 .0004 .01 .0001
= 3.17 =3.00 3.40 -3.21
R? = 20.58 17.74
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TABLE 34

COMPARING THE TRENDS IN THE 3 GROUPS‘
FRACTION OF DAF6'S MONTHLY TIME SERIES

UTIL GENGEN .
UTIL GENSEL K
CAT BUGS K
CAT SPEC BUGS K
CAT IMPL BUGS
CAT EHMNTS \a
MODE CHANGE v
MODE INFO Ve
VERS ONWARDS ~
NV 1 Y
NV 2 ~

TABLE 35

COMPARING THE TRENDS IN THE 3 GROUPS'
DIVERSITY MONTHLY TIME SERIES

MODE
VERSION
NV
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TABLE 36
CORRELATION MATRIX FOR FIVE DAF6 VARIABLES
UTIL CAT VERSION MODE

NOT NOT NOT NOT

NOT NOT NOT ~.001 NOT NOT

NOT NOT NOT .O1 NOT NOT
NOT NOT .01 .061 NOT .Gt NOT 01 CO1 NOT NCT

.01 NOT NOT NOT NOT NOT .05 .001 NOT .01 NOT NOT
NOT NOT .01 NOT NOT .01 NOT .02 NOT NOT NOT
NOT NOT NOT NOT NOT NOT NOT .001 NOT .00% .01 NCT
NOT NOT NOT NOT NOT NOT NOT NOT NOT NOT NOT NOT
NOT NOT NOT NOT NOT NOT NOT NOT NOT .01 NOT .O1

NI
OWOO_OCOUTEWN —
=
o
3

:
2 NOT NOT
3
U 4 NOT NOT NOT NOT NOT NOT
T 5 NOT .001 NOT .01 NOT NOT .001 .0C% NOT
I 6 NOT .001 NOT NOT NOT NOT .05 .001 NOT
L 7 NOT .01 NOT NOT NOT NOT .001 .001 NOT
8 NOT NOT NOT NOT NOT NOT NOT NOT NOT
9 NOT NOT NOT NOT NOT NOT NOT NOT NOT
10  NOT NOT NOT NOT NOT
1 NOT .05
2 NOT .05 .05 .001
3 NOT NOT .05 .01
4 .02 NOT .01 .001 NOT .01
C 5 NOT NOT NOT NOT .001 NOT
A6 NOT NOT .02 .02 .01 NOT
T 7 NOT NOT NOT NOT NOT NOT
8 NOT NOT NOT NOT NOT NOT
9 NOT NOT NOT NOT NOT NOT
10 NOT NOT NOT NOT NOT
1 .01
2 NOT .001
V3 NOT NOT
E 4 NOT NOT NOT
RS5 .01 NOT NOT
S 6 NOT .001 .05
I 7 NOT .01 NOT
0 8 NOT NOT NOT
N 9 NOT NOT NOT
10 NOT NOT
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TABLE 37 _
—RELEASE DISTRIBUTION BY ATTEMPTS (GROUP 3)

- ——— ——— - —— et e A Geh e G N T £V € W S S G e ————

ATTEMPTS bX 5X10 5X18 5X23 & 5X27 & 5X32 &
ONWARDS ONWARDS ONWARDS

1 37 177 31 53 63 4
2 0 32 4 12 15 0
3 0 13 2 2 6 0
1 0 0 0 1 1 0
.5 0 1 0 0 0 0
TOTAL 37 223 37 68 85 4
TABLE 38
RELEASE DISTRIBUTIONS BY ATTEMPTS (GROUP 5)
ATTEMPTS 3X 4x . 5X10 5X18 5X23  5X27 .5X32
1 247 257 174 78 81 105 58
2 0 1 8 1 23 13 6
3 0 1 5 1 12 2 2
4 0 Q 1 0 y 1 0
5 0 0 0 0 2 0 0
6 0 0 1 0 1 0 0
TOTAL 247 259 189 80 123 121 66
TABLE 39
RELEASE DISTRIBUTIONS BY ATTEMPTS (GROUP 6)
ATTEMPTS 3X ux 5X10 5X18 5X23  5X27  5X32
1 243 488 102 20 T7 12 28
2 0 2 6 0 19 0 0
3 0 0 5 0 5 0 0
4 0 0 0 0 1 0 0

- — . G T e S S G G w S - e e - S A LA e e e
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TABLE 40
RESULTS OF THE PAIRWISE COMPARISONS

OF THE RELEASE DISTRIBUTION. BY ATTEMPTS
(CHI-SQUARE TEST) FOR EACH OF THE 3 GROUPS

.01 NOT NOT NOT NOT

5 NOT .001 NOT .001 .001 NOT

6 NOT .001 .05 NCT
TABLE 41

RESULTS OF THE BLANKET TEST (CHI-SQUARE)
CVER THE 3 GROUPS' DISTRIBUTIONS BY ATTEMPTS
FROM RELEASE TO RELEASE

RELEASE 3X 4x 5X10 5X18 5X23 5X27 5X32 GLOBAL
RESULT NOT NOT .01 .05 NOT NOT NOT .001

TABLE 42
RESULTS OF THE CHI-SQUARE PAIRWISE COMPARISONS

OF THE GROUP DISTRIBUTIONS BY ATTEMPTS
FOR EACH OF THE RELEASES

G3A G5 NOT .001 .02 NOT .05 NOT .001
G5A G6 NOT NOT NOT NOT NOT NOT NOT .001
G6A G3 NOT .05 .05 NOT NOT NOE .001
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TABLE 43

DIVERSITY VALUES OVER THE RELEASES FOR EACH
OF 4 VARIABLES AND EACH OF THE 3 GROUPS

- —— - ——— - - —————— - - - - ——— - — - ————————

RELEASE GROUP 3 GROUP 5 GROUP 6

MTHS  3X 1.32 2.39
LY 7.95 3.71 3.28
5X10 5.65 4.95 4.33
5X18 2.32 2.84 3.10
5X23 7.29 5.16 2.82
5X27 6.09 3.59 5.45
UTIL 3X 0 0
nx 0 7.7 0
5X10 85.51  60.44 9.58
5X18 69.12  64.00 0
5X23 116.12  53.60  14.02
5X27 54,66  35.88  56.61
CAT  3X 35.56 - 18.72
IY 85.04  73.97  46.17
5X10 92.08  58.81  54.15
5X18 64.37  51.27  19.85
5X23 59.73  52.42  57.04
5X27 26.02  40.34  28.68
MODE  3X 48.66 6.65
nx 0 33.43  40.27
5X10 49.66  50.19  31.92
5X18 67.51 66.16  19.85
5X23 69.29  46.99  19.56
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TABLE 44
RESULTS OF THE PAIRWISE COMPARISONS OF THE

RELEASE DISTRIBUTION BY ANY OF 4 VARIABLES
FOR EACH OF THE 3 GROUPS

VARIABLE PAIRS GROUP 3 GROUP5 GROUP6
3XA4X .001 .01
4XA5X10 .001 .001 .001

MTHS 5X10 5X18 .02 .001 .01
5X18 /%5X23 .001 .001 NOT
5X23 /5X27 .02 .001 .05
3XA 4X NOT NOT
4X\5X10 .01 .001 NOT

UTIL 5X10 p5X18 .001 NOT NOT
5X18 55X23 NOT NOT NOT
5X23 A5X27 .001 NOT NOT
3XA 48X NOT NOT
4XA5X10 .05 .001 ~ .001

CAT 5X105X18 .05 NOT NOT
5X18A5X23 NOT NOT NOT
5X23A5X27 NOT NOT NOT
3XA 4X .001 .01
4X 5X10 NOT NOT NOT

MODE 5X10,5X18 .001 .05 NOT
5X1845X23 NOT .02 NOT
5X23,5X27 NOT NOT NOT

TABLE 45

RESULTS OF THE BLANKET TEST OVER THE 3 GROUPS®' DISTRIBUTIONS
BY ANY OF 4 VARIABLES FROM RELEASE TO RELEASE

VARIABLE 3X 4x 5X10 5X18 5X23 5X27

MTHS  .001 .001 .001 .01 .001 .001
yriL . .001 .001 .001 NOT
cAT .02  .001 .001 NOT NOT NOT
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TABLE 46
RESULTS OF THE PAIRWISE COMPARISONS

OF THE GROUP DISTRIBUTIONS BY ANY OF 4 VARIABLES
FOR EACH OF THE RELEASES

- ———— - —— — T —— - - ————— - ————————————

G3 AG5 .001 .001 .001 .001 .001
MTHS G5AG6 .001 .001 .001 .001' .00%" .CO1
G6AG3 .001 .001 .001 001 001
G3AGS NOT .001 .001 NOT
UTIL G5AG6 .001 .001 .001 NOT
G6G3 .001 .001 .001 NOT
G3AGS NOT .001 NOT NOT NOT
CAT G5AG6 .02 .001 NOT NOT NOT NOT
G6AG3 .001 .001 NOT NOT NOT
G3AG5 .02 NOT .05 .001 .001
MODE G5AG6 001 NOT .02 .01 .01 NOT
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I. CCONTINUING CHANGE

A PROGRAM THAT IS USED AND THAT AS AN IMPLEMENTATION CF IT
SPECIFICATION REFLECTS SCOME OTHEZR REALITY,UNCERGCES CCONTINUAL
CHANGE OR BECOMES PRCGRESSIVELY LESS USEFUL. THE CHANGE OR
DECAY PROCZSS CCNTINUES UNTIL IT IS JUITGED MCFE CCST-ZrTICTIVE
TO REPLACE THE SYSTEM WITH A RE-CREATED VERSICN.

II. INCREASING COMPLEXITY

AS AN EVOLVING PROGRAM IS CCNTINUALLY CHANGED ITS CCMPLEXITY,
REFLECTING DETERIORATING STRUCTURE, INCREASES UNLESS WORK IS
DONE TO MAINTAIN OR REDUCE IT.

III. THE FUNCAMENTAL LAW OF PROGRAM EVOLUTION

PROGRAM EVOLUTION IS SUBJECT TO A DYNAMICS WHICH MAKES THE
PROGRAMMING. PROCESS, AND HEWCE MEASURES OF GLOBAL PROJECT AND
SYSTEM: ATTRIBUTES, SELF-REGULATING WITE STATISTICALLY
DETERMINABLE TRENDS AND INVARIANCES.

Iv. CONSERVATION OF ORGANISATIONAL STABILITY (INVARIANT WORK RATE)

THE GLOBAL ACTIVITY RATE IN A PROGRAMMING PROJECT IS
STATISTICALLY INVARIANT,

v. CONSERVATION OF FAMILIARITY (PERCEIVEDQ COMPLEXITY!

THE RELEASE CONTENT (CHANGES, ADDITIONS, DELETIONS) OF THE
SUCCESSIVE RELEASES OF AN EVOLVING PROGRAM IS STATISTICALLY
INVARIANT.
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