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(1)
SYNOPSIS

Since its intfoduction to business in 1952, compnterised data
processing has undergone a-number of substantial changesr
_Both in the hardware and the technigues that are uaed.' The
introduction of miniaturisation, and the resultant lowering
of the coésts of circuitry, has led to the widespread use of
mini- and micro-computers. There has also been a large

increase in the use of communication facilities.

Imitially, alfd3€aiiltirseisHaiond Compided\wiair computer
facilities at the Head Office and systems were run in the

batch mode. The need to service the requirements of remote
users.wasvresolved by installing on-line facilities and

providing unintelligent terminals to those users. Alternatively,

stand-alone computers were installed at the remote locations.

HoweVer, the requirements of businesses>for centralised
reporting and control led to the need to instal processing
units at the user sites and to connect those computers, via
commnnications links, to a computer facility located at Head

Office. In this way distributed data processing evolved.

The provision of this type of processing mode has important
implications to the organisation in such areas as costs,

staffing, planning, control and systems design.
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(ii)

This thesis, therefore,.investigates the current (1980)
trends in relation to distributed processing. It
specifically examines the developments in hardware, soft-
wafe, and data communications. It assesses the criteria
that should be éonsidered by an organisation in selecting
either the centralisation or distribution of its
processing facilities.

Through a field.study both successful and nnsuccessful

distributed installations are examined.

Conclusions arbl@ndd RGN SIEY - Qbdecdid€chOWIRL, o
provide nanagement with working guidelines when assessing
the feasibility and practicality of distributed processing

for its organisation.

Thé findings of the stndy are appropriate for both general
management and DP management with only centralised
computing experience; and for individuals offering
.professional computer consultancy services to existing or:

- potential users.
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CHAPTER 1

BACKGROUND

1.1 INTRODUCTION

This thesis is concerned With the concept of Distributed
Data Prbcessing.(DDP) and the factoré that should be
consideréd by the Organisation in implementing and controlling
it. L - | | |

The University of Cape Town
DDP répresents a form of decentralising the computer power
~in an organisation, or "Putting computer power where the
people and business.probiems are".! It is also a

relatively new concept in computer processing :

"When you talk, however, about completely
distributed systems . . . you are talking

about thlngs that are still largely

experimental."?

Apart‘from the technical reasonsvfor the late development of
DDP as a processing conéept (examined in Chapter 3) the
developments in computers in relation to the business
requiréments must also be examined, to appreciate why it is
oniy now that DDP is émerging as an alternative mode of

data processing.



1.1.1 The Problems of Centralisation

‘In the 1950s there was a strong trend to centralise buéiness
functions as a means of controlling tﬁe costs and profits.of
divisions in an organisation. As the purpose of computers
is to serve the needs of businesé, the computing function
_was, therefore, also centralised. The computer department_
was sited atvﬁhe Head Office and the systems were run in

batch mode.

In the 1960s businesses sfarted to decentralise their functions
and the respoldd @ roh WhCigiifadhler8 0L coBiYér equipment
was to supply on-line facilities (whereby terminals are placed
invusef departmeﬁts, giving them access to the data stored in
the central computer). As the business grew so did £he
computer, in termsbof memory and'data storage capabilities.
This suited the policies of IBM, whiéh were'to supply larger,

N

more powerful mainframes to existing users.

"IBM has been slow to endorse distributed
processing, supporting instead the central
computer room and its high—capacity but
high-priced large central mainframes, mass

storage devices and the like."?

This reference, specifically to the policies of IBM, is

elaborated in Section 1.2,

_Although economies were being achieved through having a large



mainframe, other factors were beginning to emerge :

(1) . To ensure that the hardware was performing adequately,
sbphiéticated.softwafe was needed. The greater the
sophistiéation, the greafer the cost and complexity
éfvthe software. The machine was required to spend
‘more and more time performing 'housekeeping' tasks
at the expehse of the users' tasks, which, at times,

were not handled at all (a concept known as

‘'thrashing').

- (ii) The Data Processing department spent more time in

maint b 1A G d_ERIAENE By vets C A fMRenk B0/ Was being
devoted to tuning the installed systems and the

development of new systems became a secondary priority.

These two factors degraded the service that was being provided

by the DP department to its users :

Matteis : "In a very real sense, the large, centralized
data center approach drained our ability to
provide the uniquely tailored services our

customers demanded.™*

| Hebditch : | "Few people would deny that,walthough this
approach could achieve well defined economies,
service to the user department (and, in turn,

. 4 . . 5
to their own customers) was often impaired."



l.1.2 EDP as a Corporate Resource

In a large number of organisations EDP equipment was first

installed to satisfy the requirements of the-accounting and
finance divisions. Oncé those cost-reduction applications
were implemented, the DP department then became involved in
other areas of the organisation such aé production planning,

marketing and purchasing.

When this occurred, problems arose such as which system would

be déveloped first and which took priority when being
processed. [Ageschimiingrstdteanf Cape Town

"Managers responsible for a profit centre
within an organisation have found that their
own -particular requests had to be queued

with those of other managers before being

considered by the central DP department."®

Even with Steering Committees and a scheduliﬁg function

withiﬁ the DP department, these areas were still problematic
and led to conflict between the DP and user deparﬁments.

As DP traditionally reported to the Financial or Administration
Director, other divisions felt that they were being forced

to take a lowef priority and the computer -—a corporate
resource - was beihg_used primarily to serve the needs of

the accounting divisions.



1.1.3 An Alternative Approach

In the mid-l97ds, it became obvious that centraiised systems
(either on-line of batch) were not Satisfying thé needs of
every user,particularhywherekmawas given autonomy over hié
costs, and an alternative approach was required. This
bécame.available with the advent of the low-cost mini- and

micro-computers.

"The_mbod of greater ‘local autonomy and profit

consciousness has coincided with the availability

of cost-effective local computers."’

| ‘The University of Cape Town
‘There thus arose an alternative to the centralised mainframe,
énd that was to provide the user with his owﬁ smaller
computer and to distribute the processing power in the
‘organisation. This, it was felt, would alleviate fhe

problems described in 1.1.1 and 1.1.2.

(An'important point to note is that centralised or
decentrélised éystéms are not mutually exclusive in an
organisation, and that one can have a mix of the two;_
Indeed, in 1large orgaﬁisations there are inevitably some
applications (such as purchasing, credit control, etc;)
that are centraliséd and some (marketing, stock control)
that are decentralised. That organisation would then
employ both.modes of processing. What is imporfant is

that it now has the choice.) -



However, there are a large number of factors that should be

taken into account when considering the choice, such as :

Costs
Staffing
Security

Availability.

The choice between centralising or distributing is not an
easy one and the cost of reversing a decision can be extremely
expensive. The organisation should thus be aware of the

factors thét—re:r;]eel' nliev or§i€tfﬁ¢6fibaélcbéhelabd\ﬁﬁa0h a

‘decision only after careful analysis.

This is illustrated by the International Data Corporation

"The biggest questions, however, are management ones.

And most of them centre around control.

Where should the responéibility for DDP decisions
lie? Who should do the programming? Who
evaluates the success of the project? How far
down the line should hardware acquisition decisions
be placed? Do many local data files, each perhaps
more vulnerable than a single central data file,
offer better system security than a single large
file? How much change can an organisation;
dictate to its line units? Must the pressure for

change come from within operating units?"®

These are all questions which, if not answered before



deVeloping and implementing a DDP system, could materially

affect the success of the installation.

The title of the thesis is "The'Organisational Effects of
Installing a Distfibuted Processing System". The effects
that are éhaiysed are those that are liable to have an
impact on the organisation.dfter the decision has been taken
to distribute its systems., These are summarised in

Figure 1.1 (overleaf).

The factors that should be considered when choosing between

| centralisatiTrh@dLJlﬂ:iéﬁ@['@it#t@fn (aze Wa]-&@?q\/ﬂl Chapter 4.
The remainder can all have different methods of approach

and can affect the organisétion_in various wéys. The main
purpese Qf the thesis is thus to analyse these and to

recommend the most favourable approach.

1.2 OBJECTIVES, METHODOLOGY AND LIMITATIONS

1.2.1 Objectives : ;

The objectives of this study have been directed towards :

(i) Defining the nature and eomponents of a DDP system
including such aspects as the networks and the

organisation of data.



PHASESvIN A SYSTEM FACTORS TO BE CONSIDERED
Preliminary survey Centralisation versus
' | decentralisation

Decision in principle

Feasibility study Hardware
' _ Staffing
Network
Organisational changes

System proposal and
final decision '

Systems development System design standards

‘The Universigof L 9pE Teiwo.. -
Fiizi design |

Programming
Education

Implementation Conversion
: Implementation
On-going control

Figure 1.1 : Summary of the Factors to be Considered in
the Development of a DDP System
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(ii) Tracing the technological developments of hardware,
software and data communications that have made

DDP possible.

(iii) Examining the implications of DDP on the organisation.

These,relate to :

- Factors to be taken into consideration in the

centralisation/decentralisation issue.

- The effects that installing a DDP syétem may

"have on the organisation.

(iv) Recommendlnthhe approach to be taken by an
niversity of Gape Tow
organisation that is consi erlng DDP and the factors
" to be taken into account in ensuring its on-going

success.

1.2.2 Methodology

There are.seven Cﬂapters in this study, aﬁd within each
Chapter.there are sections and sub-sections separately
‘numbered. All Figures used'are shown in the main body of
each section, while footnotes can be found at the end of

‘eadh.Chapter.

- Chapter 1 introduces the subject of DDP and gives a

background-to the study.
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- Chapter 2 defines DDP. It describes the components of

a DDP system in terms of the hardware and the network.
It then analyses how data is to be stored and examines
aspects concerning the flow of data.  The subject of
vdata bases is dealt with, but on a superficial level

ohly.

Chapter 3 examines the evolution of hardﬁare, software
and data communications. The reason for this is to give
the feader aﬁ_appreciafion of the technological develop-
ments that have takeh place making DDP feasible;

The University of Cape Town
In any large organisation there is a choice between
centralisation and-decentralisation of some or all of
‘itsvsystems. - In reaching a decision, several factdrs
_should bevexaminéd. Chapter 4 itemises these and

presents arguments both for and against DDP.

Chapter 5 is concerned with the field studies undertaken
in this thesis. Four companies were selected. The

reason for that number is twofold :

- The study had to be in-depth in order to gain é
‘full appreciation bdth of the sYstems and the
reasons for chqosing DDP as the.mode of prbcessing.
To contain the size and dufation of the.field study

four companies were considered sufficient.
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- .As was explained in the Introduction, DDP is still
a new concept. There are, therefore, not that many
orgénisations that have selected this mode of |
processing. In Cape Town there are only five such
 installations and one had to be excluded as the firm's
policy is to not divulge any information concerning
their systems td’;outsiders' (the reasons for the
selection of the four companies are analysed in.

Section 5.1.1).

This chapter, then, analyses these companies and describes
their environment. The 1nformatlon was obtalned from
... The University of Cape Town
interviews with senior pers an ers 1in each

organisation.

- Chapter 6 analyses the results of the field study and

draws conclusions from the facts and opinions gathered.

- Chépter 7.makes recommendations concerning the implementaﬁion
of a DDP system. These relate to the managerial consider-
ations that must be examined.and resolved by the
organisation.

Whileva largé number>of articles have been written on DDP,

theyvdeal with vafying aspects on a very superficial level

only. The_author was able to find only one book dedicated

to DDP and this was ﬁDistributed.Proceséing Systems" by

Thierauf.?®
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- Staffing

Logical design
- Relationships

- Data dictionary -

are considered too wide to be included in a -

research topic such as this.

(ii) Network design

T D s it T ey S ) s et B e T

.Networks are discussed in Chapters 2 and 3, but the
technical aspects of networks design (line loadings,

queueing theory, etc.) are considered to be beyond

tne sddpeot)piMessity.of Cape Town

(iii) - Statistical inferences

s U U e s oy oy D T S —— " - M ——

Due to the fact that four companies were selected
for the field study, no statistical inferences could
be drawn. All conclusions are based on subjective

evaluations.

(iv) The references to IBM

o — " — - - S e — T T e W

A large number of references are made to the IBM
company and its equipment. The reasons for this

are twofold :

- The woridwide market of computer hardware is
dominated by IBM. This domination relates not

only to installations of equipment, but to
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1.3 ASSUMED KNOWLEDGE OF THE READER

The subject of Data Processing is, by its nature, a
specialised one and employs a large number of technical.
terms and acronyms. It is assumed that the reader has a

knowledge of DP in such areas as :

Systems analysis and design

-~ Telecommunications

Computer hardware

-Software tools

The DP manufacturing industry.

- The University of Cape Town
In the introductory éhapters (2, 3 and 4) a glossary of the
more cdmplex terms has been included in the introductory
sections; However, these are by no means comprehensive
and fhe author assumes that the reader has a knowledge Qf

the more commonly used terms, for example :

- Modems

- Control_uﬁiﬁs
- Data bases

- Mini-computers

- Micro-computers.

) _ _
This technical knowledge is, however, only required for

Chapters 2 and 3. While the remainder of the thesis

e ey
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disjointed pieces (physical- or

conceptual) at different locations :

= Computing powér'

- Computing operations

- Hardware system control

—- Software systems control

- Data base

- Any 6ne‘of the above

- Any two or none of the above

. - All of the above simultaneously.

Taylor : . "Distributed processing is a new systems
.design philosophy which involves the
processing and/or storage of data by

Theamvéistty m@‘fe@]a‘pé’ o et
system component within same system,
interconnected via on~line communications

links."?

Donaldson : "The definition of distributed processing
" which seems most appropriate is 'Putting
computer power where the people and

business problems are'.""

Hoffberg : "DDP, in its most basic form, then, is
' the separation of data processing into
appropriate parts and the spreading of
them out, generally, among two or more

geographic locations."?®

Graham : "In keeping with the deiegation'analogy,_
' . I see it as the sharing of a workload
among multiple, interdependent, semi-
~autonomous processors so that each

procéssor has the means to handle the
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~activities in its immediate frame of
reference and can call on the central

site to deal with more 'global'

affairs."®

Whilst all of the above definitions indicate.that processing
power.is moved from the central site to the users, the way
that this is achieved does hot séem particularly clear. |
Thierauf)vTaylor and,Graham mention (or imply) that the
systems are interconnected byrcommuniCation lines, whileb
Thierduf;s is the only definition that discusses mini- or
micro—computeré; Furthermdre, ﬁone of the definitions

draws the dlm@tum,\g@t M@i&?@@  LQWD ¢ ra1isea

(or disperscd) computing

This chapter, therefore, examines the types of systems that
are avaiiable (centralised, decentralised and distributed)

and how they differ. Data bases and DDP are also considered.

In any computer systemf one of the critical aspects is the
6riginétion, stofage and flow of data. This is also
examined as it relates to a.DDP system, without attempting
to draw any conclusions asvto the best method.

2.1.1 Glossary of Terms Used

The folloWing technical terms are used in Chapter 2 :
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Transmission Control Unit - An item of hardware, situated
in the same.location as the Cehtral Processing Unit
(CPU), that controls the transmissionvof data in a
network. This unit has undefgone considerable change
in that its capabilities have béen'imprOQed'to include
such functions as polling and addressing, error

recovery and line switching.

L

Remote Control Unit - This has the same capabilities as a
- Transmission Control Unit but is placed at a site

‘remote from the central computer.

Slave ComputI]h-GAumAéesrélBiu@frgagﬁh;;@\)é&@ that is
subservient to the commands of a larger, central

computer. It is normally remote from the central

computer.

Iﬁtelligent Térﬁinals ~ These ars used for data capture and
-enquiry. Although they have programmingvcapability;
the érogram is normally sent via the network rather
thaﬁ'being entered by £he usér. The programming
language normally requires specialist knowlédge (thus
development énd maintenaﬁce of the programs would
normally be.handled by a trained programmer, rather

than a user).
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2.2 CENTRALISED, DECENTRALISED AND DISTRIBUTED SYSTEMS

'Any computer system will typically fall into one of three

categories, centralised, decentralised or distributed.

2.2.1 _Centralised Systems

This is one where all the processing power is located at

v dne site in the érganisation. The'applicatinns are either
‘rnn inrbatch mode, or thé users are given access to the
computer via unintelligent terminals.

The University of Cape Town

The following aspects characterise a centralised system :

(i) All processing power in the organisation is

located at one geographical point.

(i1) TIf terminals are linked to the processor they will
be either Visual Display Units, typewriter

terminals or.printers, or a combination of the three.

(iii) The terminals Qill not.be user-programmable. They
may have limited programming capability but theée
will either be ‘hard-coded' (an integral part:of
the hardWare) or will require é high- degree of
technical competence,‘such as is normally only

found in a DP department.

(iv) There will be no auxiliary stbrage attached to the

terminals.
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Figures 2.1 and 2.2 (overleaf) illustrate the principle of

centralised systems.

2.2.2 Decentralised Systems

The organisation méy'haVe multiple processors in differént
locations but they will no£ be connected via transmission
lines, i.e. they have no means of communicating with each
other,‘other than by off-line methods. Thus, the only
manner in which data may be transmitted from computer to
computer is through a manual intervention (e;g..post). An
example of a[dee@ntrslised Sybye@i{agva ih(rigmre 2.3

(page 28)..

A decentralised system has the fdllowing characteristics :

(i) Processing will be performed at more than one site

in an organisation.

(ii) Each site will be respbnsible for the capture,
'ﬁpdating and maintenance of the data used at that
‘location.

(iii) There will be no communications capabilities between

any of the computers in that organisation.

(iv) Each computer site will have its own operations,
development and maintenance staff who will be

responsible for the running of that site.
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2.2.3 Distributed Systems

Thevdistribution of processing funections is not a new
~concept. . In the late 19605 IBM and UNIVAC announced net-—
work cbntrqllefs where the processing ofvnetwork commands
'was' removed from the Central Processing Unit. Disk
input/output routines have also been removed ffom the CPU.
While these are a form of Distributed Processing they
represent the technical aspects of a system and are not
usef‘related. In a true distribuﬁed system the processing
power, data storage and program capability are all placed
at the user sfteo | afyeteiiyhert GapesEoig iocated
is capable of communicating either with 6ther sites and/or
with a central processor. Figure 2.4 (ovefleaf)
illustrates an example of a distributed system. In:this
example each 'slave"computer would either be processing
its dwn'or a common application. Eadh_could have its own
data:filés, and.may be in the same area as the central

computer or in a remote location.

The following points will, in general, apply to all

distributed systems :

(i) The organisation will have two or more processors
which are geographically separated. This
separation applies to the organisational boundaries

in that two divisions of a company may be in the
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same block of a city but if they have processors
that are linked they will form part of a

-distributed syétem.

- (ii) These processors must be linked via communication
lines (either GPO or direct lines) so that data

may be passed between the systems.

v (iii). The processors will be confined within one
organisation. This could be a Head Office with
multiple branches. or divisioné, or a Holding Company/
Subsidiarybenvironment.A- It could equally well apply
 to a dolpent Jmbyenaity efdeencn ewn

departments (which could all be in ohe-building).

(iv) The processors will have the capability of being
prbgrammed according to the users' requirements

and of storing and processing the data.

(v) The slave procéssors will normally, but not
necessarily, be application dependent (i.e. they
will be used to process one application, for

example, credit control);

There are a variety of approaches that may be taken by the
organisation when considering distributed systéms. In
relation to Figure 2.4 (page 30) the hardware discussed

below is represented by the 'slave computer”'.
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dist:ibution where data is captured at a remote site with
simple editing and transmitted, via communication lines,
to the host computer. - There are ﬁany sYstems»falling
into this category, such és key-to-disk, key-to-tape,

key-to-diskette.

Tt (e D v T S GG R e T T it S TS (et e P St S Gt WS e s g et S it Gt s 0t ittt Mets Sl e s s s i T P S e WD

is the next category in order of complexity. The data is
stored at the host processor and intelligent terminals are

programmed according to the user's requirements. These

B might be to 4 e University of Cape Town

Capture transactions entered by the user.

—- Perform validation checks (e.g. that fields are numeric,

etc.) on the data. .
~ Access information stored on files.

- Transmit the data to the central computer.

These programs are most commonly transmitted from the
central processor and aré not usually established directly

from the terminal.

most complete form of distribution, where the remote
computers are capable of storing data, being programmed by

the user, and able to transmit data to other computers.

1



33

‘ Although distributed data bases are often discussed in this
~environment, they are more likely to be a colléction of

files and not a 'true' data base.’

There is another category 6f distribution that is gaining
prominence and that is_distributed word processing.  In-
this type of system word processing typewriters are
connected through communication links and can transmit and
receivé téxt. This concept is often discussed when

referring to the 'office of the future', however, it is

considered t[heebqpfv@PsitiPOP TS TOWN

2.3 NETWORK ORGANISATIOHN

Froﬁ the preceding analysis.it is evident that one of the
more important aspects Qf a DDP system is the network.that'
links the computing sites. While this study will not
examine the technical aspects of network design, such asx
quéueing_theory and response time optimisation, it is
necessary to show how the networks-may be organised in terms

of the central and user sites. ’ _

There are two types of networks that exist in a distributed

environment, horizontal and hierarchical (or vertical).
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2.3.1 Horizontal Distribution

"In horizontal distribution all devices co-
operate at an equal level, logically, to

perform an equal set of tasks."®

No one system is subordinate to any other except possibly
to the central processor. Ah example of this type of

N .

network is shown in Figure 2.5 (ovefleaf).

This.type of network would typically relate to a Head
Office/SubsiﬁiFry ganisation wthe each would need a
e University of Cape lown

large, central computer, and both may have slave computers

handling user applications;

.2.3.2v Vertical Distribution

"In vertical distribution the interconnected
devices form a hierarchy, sharing tasks in a
structured way with each component controlled

tovsome'degree by the higher level member (s)

of the hierarchy."?®

A large hierarchically distributed system would thus take

the form illustrated in Figure 2.6 (page 36).

A distributed system may consist of a mixture of horizontally

or hierarchically designed networks. For example, in
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Distributed Network
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Figure 2.5, the large scale processor may be connected via
a remote line to another processor which could have the

network shown in Figure 2.4 conﬁected to it.

It is iﬁpoftaﬁt to note that, although all the above'exa@ples
show slave computers beiog connected to the central

computer, this does.not necessarily havevto be the oaso.
These cculd bé intelligent terminals provided they are user

programmable,'and have data storage capabilities.

In addition, a distributed system may consist of minis or

rieres it P TETIETOF Catte TORIT *

(overleaf)

2.4 DATA FLOW IN A DDP ENVIRONMENT

. Although the hardware and network configurations'are an
important aspect of DDP, another consideration is the
organisation of data within the company. There are two

methods available, i.e. centralised or decentralised data.

2.4.1 Centralised Data

In this method all data is held at the central computer.
The purpose of the slave computers is to capture and edit.'

the transactions at source (i.e. at the user sites). The
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editing may take two forms. Iﬁ the first case it consists
of batching thé data and performing 'unintelligent' checks
on the data (modulus 11 checks, hash totalling, numeric
checké, etc.). In the second case, stripped versions 6f

- the master files are held onvthe slave computers which then,

for example, check that account numbers exist.

Having edited the data in both cases, it is sent to the
central computer for file update. Reports for each

location are then sent back to the user sites for printing.

2402 pecentfa@sklinixersity of Cape Town

In this case full application processing takes place at the

user site.» Master files are held at the sourée, data is
captured, edited, and used for update. Reports are also
printed at the user location. Only data that is required

at the central site is transmitted, usually in summary

form.

When deciding which method to choose, due consideration

should be given to the’follOWing aspects :

~ Access time and turn-around time for capture and engquiry.
If the user requires immediate response, then the data

‘should be stored at that user's site.
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- The recovery time in the cése of system failure. If the
data is decentralised, the recovery time is likely to be

quicker than if it is centralised.

- Data security. The further the data has to travel to
~its ultimate storage site, the greater is the likelihood

of loss of integrity.v

- Conformity to organisational standards. It is far easier
to ensure that standard coding structures are maintained

if all data is held on a central computer.

‘The University of Cape Town -

2.5 DATA BASES AND DDP

Distributed Data Processing appears to be moving'against
one of the leading developments of the 1970s, that of the .
data base. As has been stated in Section 2.4, one of the
_alternatives is to store data at each usér location.
However, the use of a data base'is normally associated wiﬁh

centralised data. . Doouss and Collins state ¢’

"The use of distributed intelligence looks as
if it is.cutting completely across the data
base objective. It is even, in some cases,
pulling application files away from the centre

out to remote locations."?!?

However, there are a number of reasons why DDP is not
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contradicting the concept of a aata base. In a large
organisation there is likely £o be a Vasﬁ volume of data
. to be processea. If this is being held in one logical
data base, the updating of information is liable to be
slow because of the_high'software overhead of maintaining
indices, etc. If files are held at user 1ocatioﬁs in a-
distributed environment, the slave computers can relieve
the central computer of a high processing:overhead by
editing'and sorting the data into the sequence that will
be most efficient for data base'update, Alternatively,

_ summary transactions may be created at the'remote location

and sent to Thlq@e@rﬂl‘/e.lt@,}ty(g@fl C@paeiﬁﬁwnload of

: the main computer.

There is-also the possibility of physically distributing

the data base. Although sections may be sited at locations
remote from the central computer, one could still view all
the separate entities as one logical data base. There

are two categories of distributed data bases :

- Partitioned data bases; and

- Replicateddata bases. .

2.5.1 Partitiohed Data Bases

"This category of distributed data base exists

when a conceptual data base is separated into

sections and spread across multiple computers."!'?
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In this method the data base is split but is designed as one
logical entity. It would be split according to the access
and update requirements of the various users of the data,

as can be shown in the following example :

Consider the case of.a company that hés a factofy
~and a saies office which are situated in two
towns with a computer in each. The production
and stock sections of the data base would be
located at the factory site but the'marketing,
debtors-and financial information would be
located at the sales offlcé. The two together

The. Unlversltxoglcq%gea own

m{ would form the company base.

2.5.2 Replicated Data Bases

In this situation each computer site would carry copies of
the central data base. Any transactions as well as updating
the local site, would update the central data base either

in real-time or batch mode.

An example of this would be an organisation that has a
large number of debtors and has elected to decentralise
the credit'contrOl fUnctioﬁ to its branches. | Each branch
would then have its own debtors stored on a data base at
the branch site. fhe Head Office woﬁld have the debtors

of all the branches on the central computer.
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in the latter casé, there are obVious problems aésociated
with keeping thé replicated data bases in step and should
vthey gét out Qf step, the procedures for synchronising
them again_may be complex. One solution is‘aiways to
update the éentral site prior to updating the local data
base. In the event of system failure, copies of the
central data base are sent to the remote sites and new
versions. are created; ~In this case, recovery is liable
to be simple but will be very slow.(obviously this is

dependent on the size of the data bases).

~ The University of Cape Town

2.6 CONCLUSTION

Ffom the definition one can conclude that DDP is not a
'revoluﬁionary' concept. The hardwafe is available and -
can perform the required.functions at each user site. The
factor ‘that can inhibit the success of DDP installation
is the software required to allow each computer site to
communicate with the others. Certainbmanufacturers (such
as Datapoint; General Automation) have concentrated a
portion‘of their efforts towards the development of
vreliable communicating software; However, a large number
of mini/micro suppliers do not have the softwaré to cater
for a DDP environment. As the concept becomes more énd
more accepted by business, these suppliers will, no doubt,

improve their range of products.



44

The other area that is likely tb impinge on the succeés of
DDP is data basg software technology where those data bases
are spfead_over multiple locations. Again, software
suppliers are céncentrating some of their efforts towards
iﬁproving.this shortcoming (for instance, TOTAL running on
ﬁini—computers in a DDP environment is installed in the
United Kingdom, Digital Equipment Corporation has developed

DECNET for its mini-computer rangel?).

It is likely that in.the near futureAtotal_DDP software

. packages will be available which the user may ihstal with
vconfi.dence. Tﬁ}éswmvm[ﬁyeﬁa@gp@awmthere
are not DDP instaliations at present. What it does.imply

is that.Qhere the.user instalé a DDP system a large

section of the communicating and data base SoftWare Would

have to be modified or.speciallyvdeveloped to handle tﬁat

user's requirements.
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CHAPTER 3

THE HISTORICAL DEVELOPMENT TOWARDS DISTRIBUTED
DATA PROCESSING

"Even relatively small computing systems will
have to support data management for both batch
and on-line situations as a result of likely
~distribution of processing power and data

storage throughout an organisation."?

The University of Cape Town

3.1 INTRODUCTION

Following the definition in Chapterlz, DDP répresents,
firstly, decentralising the information processing capabilities
of the organisation, and, secondly, the use of communications

capabilities to allow the transfer of data between user

sites.

Decentralisation of business functions has been a structural

alternative for many years. To gquote Vancil :

ﬁPrbfit centers and decentralised management have

become almost a hallmark of the American business
organisation. The underlying philosophy is '

that authority and responsibility should be

parallel and that in a cOmpléx business the
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authority and responsibility must inevitably be
delegated."? | '

DDvaas first mentionéd as a system solution in the eérly
1970s and gained prominence in the late 1970s, and yet
computers were first'introduced-inté the business world in
the early 1950s. The reason for this long delay for a
.poténtial solufion Was.that certain developments had to
have taken place in the data processing‘field.before DDP

could become a reality.  These were :

- Computer powef should have increased and the price
decreased IJ"QCLJ Qll\éQJ'éLtXhQ‘I Q@Q@rl@éﬁ/ﬂa be
placed at‘user locations while not imposing too
heavily on those users' budgets. This would'imply'
that the users are paying.for the service themselves
which in a DDP system is logical, bﬁt even if they
are not, to have a computer for bne application would
mean‘that the price wéuld still need to be low to

justify its use.

- The‘software necessary to drive the networks and
data bases should have developed to the pointAof
.making DDP feasible. 'As mentioned in'Chépter 2,

- although the software is still not fully developed,
DDP, éven now, isva feasible alternative to a

centralised system.
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- Communications facilities should have progressed to the
stage where data could be transmitted reliably over net-
works and the price of that transmission should be low

enough to make it justifiable.

This chapter traces the developments that have taken place
concerning the above factors and shows the progress that has
been made since the early 1950s - thus describing how it has

become possible for DDP to be introduced.

" All the figures in Sections 3.2 and 3.3 were taken from

"The Waves ofI'Hsénﬁ'hWéfegl‘llfy O-Fk@za‘ﬁée 'Ftej:wﬁult of
_a'étﬁdy into the computer industry undertaken by the
Advanced.Computer Techniqués‘Corporation Technology—-Analysis

Group in the United States of America.

3.1.1 Glossary of Terms

The_follbwing is an explanation of the technical terms used

in this chapter.

Archival File - A medium for the storage of large quantities
vof data. These cah be accessed on-line but the access

times are very slow (measured in seconds or minutes).

Bipolar - A transistor requiring a large amount of power
and generating a lot of heat. One of the transistors

used in early computers.
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FET - Field Effect Transistor. In certain applications -

within the computer it has replaced the bipolar.

Network Controller - A hardware unit separate from the CPU
that performs some of the network control functions

such as error recovery, polling, addressing, etc.

Remote Multiplexer - A unit at the end of a high-speed
“trunk line that can change line speeds and modes for

transmission to or from terminals.

Semi~Conductor - A medium for conducting electricity. In
computer_ terms this relates ﬁ? he deveﬁopment of the

The University of Cape Town

silicon chip.

Frequency Division Multiplexing - A division of a line that
‘allows multiple inflowing lines of low speed to be

joined to a single higher speed line.

3.2 THE EVOLUTION OF HARDWARE

In 1952 the first commercial computer was installed at
Prudential Equity in New York. From that year through
the rest of the 1950s the development emphasis by the

manufacturers was for bigger and more expensive computers.

"all systems were batch orientated and in most

cases the initial business applications were
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in the financial area - payroll, billing,
‘accounting -~ because these.were the most
formalised of company systems and likely
‘to be the easiest to program; not because

they were necessarily the most cost

effective."?

The 1960s saw a branch in the development of computers. The
_main_line of.development saw the big machines get bigger
andvmofe expensive. The inéidepce'of the announcement of
new products increased'— IBM announced the 1400, 360 and

370 rénges all in the decade and each range was more
poveriul ®ATHE UIRRETSty of CEpe”ToWA™ |
side, l96l_saw the advent of the first commercially available
mini-computér, priced at-$27 000." This marked the start
of what wés to become a flourishing market (so much so that
it is ﬁoday considered to be a higher growth area'than that
of mainframes). From 1961 thevmini was to increase in

capability and decrease in price.

‘“A 4K Digital PDP-8 that sold for $16 500 in 1965
is currently priced at $2 000. It sooh became
obvious that this vastly increased power and
speed per dollar could be utilised not only for
typical applications - specialised, single task,
scientific or process control jobs - but as

general purpose business computers."?®

Figure 3.1 (overleaf) shows how the price of a 4K PDP-8 has

~decreased from 1965 to 1975. The price reductions were
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'Figure 3.1 : Average Yearly Price of a 4K PDP-8°
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possible because.of technologicel improvements which were
applicable througnout the computer 1ndustry No statistics
on the PDP-8 are available after 1975 but the trend llne,
when applied to all computers, has levelled off in the

last five years. -

However, much asvthe min; was a radical development ih the
.19603,-it was to become overshadowed by the advent of the
micro-computer in the 1970s. Priced in the range of a few
.hundred dollars to $40 OOO,’the micro was destined to play
a revolutionary role in the application of.compﬁters to
business proq-lhxe Un‘[ltve?r%fw g:foxCraﬁyelﬂWﬁ)le to
place computer power, in the form of orocessors, in user

departments.

_Peripheral devices were, at'the.eame time, undergoing as
much of a change as the central processing units. | Disks
were holding more and more data, and access times Were
reducing. Communication eontrollers (in the form of the
- IBM 3704 and 3705) were announced in thevlate 19605.which
took much of the network load off the central processor,

leaving it free to handle other, more important, tasks.

Figures 3.2 and 3.3 (pages 55 and 56 respectively) show how
the price and performance of computers has changed in the
last two or three decades. Figure 3.4 (page 57) shows how

secondary storage prices have moved and are projected to change.
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In genéral, the trend in thé 19705 was to hold the prices
of specificvitems of computers static. rvNéw releases Qf
hardware, however; offered the user improved performance
| at a decreased price. An example of this was the

‘announcement of the 4300 range of hardware by IBM.

""At the time of its introduction, a 4300 model
 that exceeded the computing power of an
existing $560 000 machine sold for $90 000."’

There were isolated instances of price-cutting, but ‘this
was, in the case of IBM, shortly before announcing new

equipment (for instance, the price of the 370/145 was

" decreased sh:)llt:]l?/ lla'gEl)llr\éetglélyngjncge:nlaepteog-gq\é\/E]{I8) .
Other suppliers generally only reduced theiZr prices in

response to these cuts by IBM.

However, the capacities of computer equipment invterms of
mamory Size and auxiliary storage space inCreased and the
performance improved (measured in cpu cyéles and disk access
times). The net effect was tb improve thé-price/performance

ratio of computers.

3.3 THE EVOLUTION OF SOFTWARE

While the general development of software has been towards

more sophistication and more complexity, one must
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differentiate between mainframe and minis/micros to trace
" the growth of computer software and its impact on the

organisation.

3.3.1. Mainframe Software

The'early commercial computers were characterised by the
fact that they could only process one job at a time.
However, in the early 1960s operating systems were announced

that could improve the processing throughput of a machine

by multi-programming. With the advent of interrupt driven
-computers, thf [tee [dnitversity BfCapetowm o
teleprocessing. '

The teleprocessing softwaré was, at first, fairly basic,
but, because of the demand for telecommunicétion facilities,
the development towards more sophisticated systems was\
rapid. This is evidenced by the announceménts from IBM

6f BTAM (Basic Télecommunications Access Method), BATS
(Basic Additional Teleprocessing Support) and CICS

(Custbmer Information Control System), all in the period
11966.to 1970 and each more sophistiéated‘than its

predecessor. -

In the late 1960s, data base software was being introduced
to computer users in the form of IMS and DBMS. However,

because of the complexity - both of the software and the
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_-applications - its installation was limited to the powerful,

more expensive computer.

The trend in the 1970s has been towards more sophistication
of the software and improvement of the telecommuniéating

capabilities of the software. As Foy states,

"Mainframes are characterised by their emphasis
- on sophistication (alias complexity, alias

expense) and on support."?® -

3.3.2 Mini and Micro Software

ﬁ " The University of Cape Town

In the late 1960s and early 19705, mini—cqmputers were

initially being uéed as‘input systems where the data was
being captured for later processing on a mainframe.
Howéver, it was soon realised that.they could be used to
process commercial applications and software houses

started developing fhe required software. On the system
software side, multi-programming and comﬁunications
:facilities were being developed. The development of these
sophisticated‘techniques had the effect of pushing the

mini into the lower mainframeiﬁarket, as related by Sealy

and Nelson :

"But what of the mainframe manufacturers?
Undoubtedly the mini has exerted some pressures
here and we have seen the traditional computer

market place livened up with the introduction
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of database and teleprocessing products with a
drift away from batch proéessing techniques to
transaction processing and on-line file
interrogation. It must be said, however, that
these techniques are also available on the more

powerful minis."®

The miéro¥computer.was firét introduced as the hobbyists'
machine. However, it was soonvappreciated that it could
bg used to process commercial applications. Software
"houses were gquick to take advantage of this pbtential
market, for instance, Computer Analysts and Programmers_
set up O MRS STy SR CapE TR ™o
computer applications. Today even the small micro-
computers are being sold with a full range éf commercial

packages.

Despite these developments on the minis and micros, théy
are still a long'way behind the software on the mainframe.

' Hoffberg, when discussing the lack of acceptance by
management of DDP solutions, states as one reason, "The
lack 6f-tools for use by the user, including vendor support

through software".!?®

However, there is growing evidence
that sophisticated software on minis and micros is being
developed (the announcements of such packages as Varian's

PRONTO for on-line data base management, and DEC's ASSIST 11

for telephoné directory assistance, support this view).



62

3. 47 THE GROWTH OF TELECOMMUNICATIONS

This section analyses the improvements that have taken
place in the areas of data communications since the early

1960s. = The analysis is divided into four sections, viz. :

‘Hardware

~ Transmission speeds

Networks

- Costs.

Although the trends apply to worldwide developments,

sge cific re fa_rié}'eeUﬂ Wearsﬂyh@ﬁ c@ia p\erl-E@Wpyl ronment.

'3.4.1 Hardware

The first terminais used in daté communications were
'unintélligent'A(of the IBM 1050/2740 type). The nétural
progression was to- add memory and storage.capabilities.
Cdmputér—to-computef communications were introduced to the
business world in the mid-1960s. Specialised terminals
(such asvbankihg, retailing) were also introduced by the
major‘firms in the late 1960s ahd early 19705; Examples
of this type are the Burroughs TC500 and the IBM 3600

series.

In a communication based system, the CPU has a high overhead

of polling and addressing all the terminals on the network
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and of performing error recovery. To reduce thié overhead,
network controllers (or front-end processors) were announced
in thellate 1960s. The trend in the 1970s was for the
vménufacturer'to produce more sophisticated spécialised
terminals, such as the Point of Sale ranges.  In addition,

the micro-computer was used as a remote terminal.

3.4.2 Transmission Speeds

In South Africa most of fhe early data transmissions took
placé at a speed of apprbximately.llS bits per second (bps) .
This was a funfigod ot Wiaer aotere) tHaigees hesdypp the
liﬁes and the quality of.the lines carrying the data.
However, the GPO introdﬁced séveral improvements and by

- the 1970 - 1972 period, transmission speeds of GOO and

1200 bps were commonplace.

With the introduction of the microwave network and higher
quality modems, the speed was further increasad and today
a large numper of transmissions betwéen the major centres
take place at‘9600 bps without a noticeable increase in

" the érror rate. ~ Speeds of 19 200 bps have been achieved
in.South Africa but these are not over trunk lines (i.e.
between, say, Cape Town and Johannesburg); the trans-

mission has been restricted to one geographic area only.

Optical fibres are already under development, as Malan states
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"These hair-thin fibres have digital transmission
capabilities that are quite outstanding, with
theoretical limits in the range of tens of

thousands of megabits/bilometre".!!?

3.4.3 Networks

Initiaily netwofks were limited to a.simple point-to-point
or multi—drbp networks as shown in Figures 3.5 andl3.6
(pages 65 énd 66 respectively). : However, as»teéhnology
improved, so did the concepts of network configuration;

'star' and 'ring' networks were introduced, as in Figures

3.7 and 3.8 Ehes Univeesjty of Cape Town

The introduction in South Africa of the SAPONET neﬁwofk has
created a lot of opportunities in network cohfiguration not
previously available,.partiCularly in the area of 'packet
switqhing'. - This involves using one high speed trunk

liﬁe to transmit blocks of data, each of which may contain
packets of data destined for different users.'® Many
users.may thus occupy the same high-speed hetwork and

effectively reduce their communication costs.

- When considering overseas transmission, the use of
satellites has greatly improved the quality and speed of
transmission. The major developments in the area of

network configuration in the ‘1970s are
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- The development of the SDLC (Synchronous Data Link
Control) transmission protocol by IBM which improved

the throughpnt of a given network configuration.

- The improvements in multiplexing technology. The
| first wés the Time Division Multiplexor which
allowed the userof keffectively) 9 x 1200 bps data
" streams down one 9600 bps line, tnus increasing the
'capac1ty of that line. The second was the
Intelligent_Multiplexor which doubled thevnumber of
lines from 9 to 18. |
The University of Cape Town
~ The trend of the future is continuing towards faster, more
rellable networks. - The ]Olnt venture between IBMJ Aetna
and Consat to create a United States domestic satellite
system, oreates_impoftant precedents in the field of data
communications. With satellité systems, because of their
reliable transmission activities, the scope for network

configuration design will increase even further.!®

3.4.4 Costs

The line cost of communication in the 1960s was Rl6 per
mile per annum for a 2-wire circuit and R32 per mile per
annum for a‘4-wirevcircuit.}7 The current line cost is
R10 per kilometre‘per annum.for a 2-wire and R20/kilometre/

- annum for a 4-wire circuit. - There has thus been no change
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in the data transmission line cbst since its'inception in
the mid-60s. However, if one discounts the effects of
inflation, the cost of data transmission has, in relative

- terms, decreased substantially.

Through the use of remote multiplexors and front-end
"processors, thus allowing for a more efficient network
configuration, the user has been able to effect further

reductions in the cost of data transmission.

,Although'the‘cost of data communications has decreased, its

use has incxdabes, (41 poeshothyinFiBmn e T (ypFieas)
This shows the‘trends worldwide, but the distribution is

also applicable to South Africa.

3.5 CONCLUSION

This chapter has traced the developments that have taken

place in the areas that are crucial to a distributed system

- as defined in Chapter 2. These are

- the small cémputer_hardware which is necessary for a
‘user to justify the processing of one or two
applications at a cost which can be met by that

vuserfs budget;

~ the software that is required to drive that computer;
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- the communications facilities that are necessary for

“the transmission of data between user sites.

' The hardware. section illustreted how the price of computers
has been reduced substantially in relation to the performance.
Thefe are now indications that the prices have stabilised

: and that'technologicel improvements will not have the effect
of decreasing the price still further. As stated by

Uttal :

"The rate of inflation is catching up with the

rate of teehno1ogical improvement, so radical

prlce/pélfhewkdwverrsﬁye@ﬁ Wapeechmwn

elusive" 19

However, even at current levels, the cost of hardware can
“be borne and justified by user departments (through the.
introduction of the micro-computer) and DDP systems can be

a viable alternative to centralised systems.

Instéad»of, as in the past, having to make a decision
between batch or on-line syetems, the organisetion may now
consider the further alternative of distributing some or
all of them. Whilst a number of articles written on DDP
state that the business may choose between one or the
other, it is entirely feasible (as is shown in the field
studies) to centralise a number of the systems in the

organisation while distributing others.:
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CHAPT 4

|t
W

THE FACTORS AFFECTING THE DECISION TO
CENTRALISE OR DISTRIBUTE

4.1 INTRODUCTION

In Chapter 2 the requirements of a DDP system were defined.
Chapter 3 examined those factors and conciluded that the

hardware, software and communications technology had

progressed tTh}é UWV%IWPO@@HE)%@EOW‘H” as a

feasible choice when considering the mode of processing.

An organisation thus has three alternatives to consider, viz.

- centralise its DP functions (with on-line or batch systems)
- distribute them to the user sites

- provide a mixture of the above two facilities.
This choice presents itself when an organisation is

= considering the introduction of computerisatibn

~ developing new systems, or

- thinking of changing the entire method of computer

processing.

There are a number of issues affecting the organisation that
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should be éonsidered prior td making the decision. This
chapter examines these and éresents argumenté both for and
against distribution without attempting to'arrive at any
conclusions as to the suitability of either alternative.
Ultimately it ié uﬁ'to the individual organisation to

determine which method suits its requirements.

Among the more common reasons for choosing a distributed
systemn are :

- Availability/reliability

il ?e¢uri-ty The University of Cape Town

- Providing processing autonomy to decentralised management.

However, there are many other factors to be considered,
each of which could have a bearing on the decision. These

wiil be analysed in the following sections.

4.2 ORGANISATIONAL STRUCTURE AND STYLE

t

‘"The logical organization of computers within
a'company (or group) should match the corporate

organization style."!
Donaldson continues by discussing two building societies
that installed centralised systems in the 1960s. One had
a highly decentralised management structure and experienced

great difficulties in installing the systems. The budget
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was exceeded and the system was overdue. The other had a
highly centrélised structure and the implementation was

within the schedule and within the budget. Although one

| could argue that the former could have been due to incorrectly.
set budgetsvand incompetent development staff,.it could

equally well be due to the fact that a data processing mode °
was being implemented that did not match £he lines df

responsibility and control found in the company.

If the structure of the data processing hardware and data
flowvmatches the organisation, then

__The University of ,Caloe Town

"the responsibilities of cOmputing and management.
can be kept in line, avoiding the conflict
between decentralized operation and centralized

computing”.?

However, this argument only holds true for as loné as thé
structure is static. If, as in a large number of néwly—
.formed companies, the reportihg lines and functions‘of
departments are changing, then it is probably eaéier to
change é centralised computer system than it is to change

a decentralised one. As Lorin states :

"It is critical, therefore, when mappin§ systems
to organizational charts, that this be done only
when there is confidence that the chart will at
ieast endure for the payback period of the system,
or that provision for reasonable variations be

included in the initial design."?®
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If an organisation is using this argument to justify a. DDP
system, it is also important to bear in mind that the
functions of a business can rarely be subdivided into the
boxes shown on a charti There.are often invisible or
implied‘repofting lines which are not shown which might

affect the organisation of a computer system.

»Figure 4;1 (overleaf) shows how a distributed system may be

3

organised in such a way as to match the management structure

of an organisation.

The Unlver3|ty of Cape Town

4,3 USER EXPERTISE

A critical factor in the evaluation of centralisation versus
" distribution is the level of skills of the people involved in

the systems at each user site.

In a DDP systembwhere computers or intelligent terminals
are located at user sitesAtne skill level has to be much
higher than in a centralised system which is either batch
orvon—line witn unintelligentiterminals. This expertise
is required in the computer as well as the pusiness area.
In a DDP system each user site will be responsible for,

inter alia :

- operating the system - including start-up and end-of-day

procedures
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- taking securities of master and transaction files

- performing communication operations between that and the:

central site (if required)

- diagnosing faults at the user site (both hardware and

software)

. = conferring with the manufacturers for the correction of

hardware errors

3

- possibly correcting program or system errors

= designing and developing new systems andAmaintaining
existihg-systéms R ’
niversity ¢ rec(;ape Town

- data preparation,” input an

“~

etc.

Tﬁe user would thus bé reguired to have a high level of
uﬁderstandihg, not only of the applicaﬁions, but also of
the hardware at that location. It is also imporﬁant
‘that more than bne.person should have the capability of
‘performing.the functions 1isted above (in case Qf illneés,,

resignation, etc.).

If an organisation is committed to DDP, it will ha&e to
examine critically the skills of the people at each site
and select those who have the correct aptitudes. If
:there is nonody available, the organisation would have to

employ others.  This could be expensive in terms of
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~

training and development of the necessary expertise.

4.4 SECURITY CONSIDERATIONS

'In a distributed system there is a supposed anomaly relating.

to computer security. This is outlined by Dryer. On the
one hand
"... . distributed processing has lessened the

" degree of vulnerability by dispersing inform~-

ation - and hence thz risk - over a wider area".®

‘Here he is v;[nglguagéytefﬁ;lIXnoieQﬁgefJIQWQ:ural

disaster or fraud. 'On the other hand,

"The basic problemvisvthat one is moving from
a highly controlled, probably more experienced
environment into a smaller, more informal

.situation".®

'So while a DDP-system tends to promote security by spreading
the data (and hence the risk) over multiplevmachines,'it
will either increase the éxposure to fraud because the users
in the remote locations will not be as disciplined as an
ekperienced, centralised site, or it will igcrease the cost
of providing‘secure sYstems at the remote sites. This
increased cost will come about because of the need to

provide security facilities at each computer site, such as :
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would be uhlikely to have librarians or control groups to

ensure that securities are taken and logged.

Thus, if é company is'éénsidering DDP, it should bear in
mind thatvit will gain security by spreading its daté over
multiple user lbcations but, to achieve the same security
as a central systém, it may have to instal expensivé

prevention facilities at each user site.

In a'DbP'system the user is responsible for data:entry,

| procéssing and the distfibﬁtion of reports. = He thus has
greater oppokfymityl foy @ressiondl (corptibn\wifiles
than in a central system where he is remote £from the data._
All controls (such as software,‘application, manual, etc.)

will thus have to be fairly stringent.

4.5 'AUDIT CONSIDERATIONS

When considering centralisation or distribution the
.organisation should be aware of the audit implications in
terms'of the roles of the external andviﬁternal auditors.

4,5.1 The External Auditor

In a centralised system most DP functions are found at one

site. These include, inter alia :
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- Systems.development
- Programming

- Computer.operations‘
- Librarian fﬁnctions
- Softwaré support
-‘Scheduling

- DP_manEgement{

As such the external auditor may confine his DP audit to

one site., If the System is on-line then terminal procedurés
will have tSTH @YY RISHYORCape T ovprrarele
basis. . R

~

In.a distributéd envirbnment the auditor might be foréed_
to audit-each separate user site to verify such areas as
- The security procedureé
- The operational controls
- The pérsonnel functions.

etc.

This is especially true if each site is processing a unique

applicatibn,,-

The use of audit retrieval packages as a means of auditing

the information stored in-the files at each site in a DDP
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system is unlikely, for as Wardlaw states :

"Because this market is fragmented by many
suppliers, the development of audit retrieval
packages is not likely. = Many vendors are
providing'an RPG (Report Program Generator)
'compiler. Auditors will probably find it
~necessary to use this approach to extract
data from files."® ”

[3

The cost ofvdevelopment of specific audit programs will have

to be borﬁe by the customer.

4.5.2 The Interna Auditor | |
| Tﬁe"ﬁjme‘r“sﬂy of Cape Town
The existence and role of an internal auditor becomes more
important‘in a DDP system than a centralised one. ASystems
may be developed at each processing node and it is important
ffom the organisation's viewpoint that the controls and
securiﬁy procedures be vetted prier to'implementatioh of
‘the.system. " This is particularly true if users are
developing the'systems”themselves. The internal auditor
.would also.need to visit the user sites periodically to
_ensure that the controls are being maintained. Although
this would‘alse be required in a centralisee system, the'
time involved would increase with the number of sites where

data was being processed.
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4.6 AVAILABILITY AND RELIABILITY

In a centralised environment the availability of all systems
.is dependent on the availability of the central processor.
If it for any feason fails then the total data processing
capability of the organisation fails. | However, in a
distributed environment, because the processing is spread
across many computers, the failure of one compnterlﬁill

only affect that processing node.

While the above statement would tend to favour a DDP system
in terns of BFREdNIVELE§y00d bipme [impind that

the most reliable Components of a computer system are the
memofy and storage. - If any element in a centralised system
is to fail it.is more likely to be the communications
facilityvor,the applications programs. If the.DDP system
is, therefore;‘dependent for its effectiveness on the
availability of its'teleprocessing capability, then it is

in no better position than the centralised system.

-On the other hand, if it is critical to the Success.df the
system-that tbe memory and storage section of a system be
available at all times,’tnen it is certainly cheaper to
duplicate a mini or micro at those critical points than it

is to duplicate a mainframe.

Regardless of whether a centralised system be chosen or not,
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if availabiiity is important then the speed of recovery is
as vital as the reliability of'the components (it is always
possible that both components of a duplicated.system fail
simultaneously).' Recovery time is a function of the
sophistication.of system and application software and user
prooedures.- Regardless of Which processing mode is used,
careful planning and thorough testing of_the‘recovefy
procedures will ultimately produce a system which is more
responsive to failure (from such occurrences as poWer’drops,

abnormal program terminations, etc.).

Another Aaspe.-crth‘e‘ @ﬂ;p@errsistyh@:f @ap:eleﬁmrpcour ring
.at -any point in a oomputer system.' In an on-line system,
for instance, an overloaded channel will resuit in increased
response.times. ' When this occurs then all applications
running on that computer Will suffer. In a DDP sysﬁem,
_where the workload is spread over multiple'locetions, the
_possibility of.oVerloads affecting multiple users is remote.

As Statland and Winski state :

"The mini-computer approach, when limited to a

few applications per computer, avoids the bottle-
necks resnlting from the traffic jams and work
overloads often encountered as new systems are

added to already fully-utilized central computers."?®
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4.7 ECONOMIES OF SCALE

In a centralised environment, greater uee can be made of
the economies of scale‘than in a distributed system. It
'Would thus_be eheaper to add 1 megabyte to a central
comphter than to add, say, 10 x 128K bytes to remote
pProcessors. This economy.of_scale applies not'oniy to

processors but also to :

- software

~ data -

-.computer floor space -

UnlverS|ty of Cape Town

= human resources

- data storage media.

Software'

A eentralised system would only need one version of software
to maintain and purchase. In a multi-computer site,
vseveral copies may have to be bought if standardisation is'
required. These copies woﬁld than have to be individually

maintained.

Data

In a centralised system with a data base, data will be held
'.only once. In a distributed system there is liable to be

a great deal of duplication.
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e T A — St o o W g s S

A distributed sysﬁem will have multiple processors loéatéd
at user sites. Each proceéSor will have its own floor
spéce. The-Sum total is likely to be more than would be
required for one large-scale processor in a centralised

system.

Human Resources

This relates specifically to computer operators/data input

clerks. At each site, people are also required, to

" prepare and check the data to be used as ingﬁt to the
.....ne University of Cape Town

.computer system. ere is’ only one'site there will be

less people required'than in a multi-computer situation.

Data_Storage Media

If.data is duplicated in an organisation,iarger storage
devices (or more stOfage devices) are required to hold
that data. In a mUlti—computer site there is likely to
be mbre wastage of space than in a single, large site.

It is.very seldom thatva disk pack, for instance, wiil be
utilised to 100% of its éapacify. There will normally
be some spaée féserved for future expansion.. The more
sites there,aré, the gréater will be the wastage of that

space.

There are two aspects of the economies of scale argument
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that require mentioning. The first is that a largé system
requires careful tuning of.thé system software to allow it
to operate.at its optimﬁm level. This tuning requires an
on-going actiVity.from vsystem support personnel. In a
DDP network, whére the proceséing ﬁodes are being handled
by small Computers, this element of tuning is not necessary
as the impactnon the systemls responsiveness will be-almést
‘unnoticeable if-the machine opéraﬁes at 80% or 1l00% of its

-potential capacity.

The‘éecond is that technqlogy has increased the capabilities
of the minifcbnputdi)becistiiyh @kteng [e|i®\an provide
>the same processing power as leading maxi-computers (such
" as the IBM 370/155) but at a fraction of the cost. Some
micro—cémputeré are showing even greater cost-performance

ratios.!?

4.8 CASH FLOW

DDPdsyétems are déveloped for a specific application,
defined by.the end-user and often under his conﬁrol. | The .
' application_requireménts are thus narrower than in a
centralised system aﬁd the development time ié therefore

quicker. As Statland states,
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"Distributed systemé can be developed more quickly
~since they primarily address the immediate needs
of a Specific user group rather than the complex

mix of needs of a diverse user population."!!

There is thus a shorter time between payment for the computer

 system and achievement of the benefits of that systém.

Allied tP this i$ the fact that payments td the suppliers bf
mini- and micro—compﬁters are smaller than those of a large |
central system.and can bé‘staggered‘to meet the reguired
installation»dates. © This coula have a significant effect
on the ==h TR VA SPERY of CaPe ToWi "
'illustrates the costs involved assuming that the systems

are not integrated.

As can bé seen from the hypothetical example, although the
tdtal hardware cost is approximatelyvthe same, in the.
distribuﬁed system the cash outflows have been spread over
'a yeér,.whereas in the centralised system they have taken
place at the start of the pfoject before any benefits have

accrued from the systems.

As Doouss and Collins state when analysing the distributed

approach :

"Cash flow is often less of a problem. The units
of computer power are added in the appropriate

‘location as the systems for that location are
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1.1.80

1.6.80

1.9.80

1.1.81

Centralised

IBM 4331

To handle :

Credltors

" Debtors

Stock
Payroll
Production

Marketing

Total Cost R360 000

Distributed

IBM System 38

To handle :

Debtors
Creditors

Payroll

Total Cost R85 000

IBM System 38

"The UnlverS|ty ofreimaage :0WN

Stock

Total Cost R85 000

IBM System 38

To handle :

Marketing

Total Cost R85 000

IBM System ‘38

To handle :

Production

Total Cost R85 000

"Figure 4.2 : Cash Flow Comparison of Centralised

versus Distributed Systems
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developed and/or taken on. Thus the benefits can
accrue earlier and the absolute size of the.

minimum cash flow is limited."!2?

4.9 COMMUNICATIONS' COSTS

When data has to be transmitted over large distances,
communications can form a large proportion of total DP
costs.. Where remote users require access to a computer

for data entry and enquiry at all times of the day, leased

lines have to be installed which are expensive.!? Users
of a DoP systdaGioulBINEY SUM Of LRNGEAWE data to
‘the céntral site at, for instance, the end of a day. This

could be transmitted using the dial-up mode of transmission
which is substantially cheaper than leased lines as the

following example illustrates :

Supposé a company had a Head Office in Johannesburg
with branch  offices in Cape Town, Port Elizabeth
and Durban. . Each branch office is autonomous but
-enquiry and data capture is required at all timeé

of the day.

In the centralised system the communications' costs

'would_be s
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Johannesburg-Durban R500/month

~Johannesburg-Cape Town ~ 950/month
Johannesburg/Port Elizabeth 750/month
Total ' B R2 200/month

Ih the distributed System, the enguiries and daté
capture would '‘all be handled at the branches.
Summarised data would then be sent using‘a dial-
up transmission mode. Assume that the trans-
mission takes 20 minutes each way'from each centre.

" The monthly communication costs would be :

The Unlversr[)/ of Cape Town

3 centres x 20 minutes minutes per unit x

Rl per unit x 2 transmissions x 22 days per
month’ '

L= i , ‘ R880/month

or a saving of Rl 400 per month.

Another factor to consider is that although a‘savings in
communications' costs may be achieved, this does not prove
that the total cost of a DDP'system is cheaper than a
centralised configuration. It may be more;than'offset by
the cost of processors, terminals, the cost of additional

staff, floor space, etc.
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4.10 SOFTWARE AVATLABILITY

As was discussed in Chapter 3, the software available on
‘mainframes is‘more sophisticated than thét of mini- or
micro-computeré. A significant‘proportion of this
sophistication is directed towards program development.'®
Ohe would therefore assume>that systems would be developed

faster on a mainframe than on a small computer.

"Sophisticated tools for software development
on small computers are available in much less

variety than on large machines. Good operating

e e URNBIEIY of CHp&° TEWR™

This quotation would suggest that if those software tools -
were available on small machines, then application develop-
ment would be quicker than it is. '~ However, the following

.quotation would tend to negate this theory.

."On the other hang, there are opposing factors
which ténd to reduce the cost of software
developmeht on decentralised mini-computers.
Perhaps the most powerful factor is that the
.conputer is specialised. . . ., under such
circumstances there is no need for a
sophlstlcated operatlng system with all its
mind-boggling complexity. Therefore the-

programming is straightforward and uncomplicated."'®

From the above one could conclude that a large mainframe with
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its cbmplek‘hardware requires comple# software in order to
utilise i£ effectively. Howevér, a smail computer would
not need sophisticated software since thevhardware,and
applicaﬁions are not as éomplicated.

The éffeéf of the above on the organisation is that the
'more.complex the software{ the higher the level of ékill
required-té_support it. In a.large on-line centralised
system, the software support effort réquired to instal and

tune‘the'system would be considerable.

As a corrolifhad tniviessint afiEmpeednoiy miavle to
have only one computér system with only one manufacturer's
set of software to maintain. In a DDP system, there
could be multiple .suppliers reQuiring multiple ranges of
softwaré,_all requiring support. Evén though the soft-
ware may be unsophisticated, this may be an enormous task.
This situation would.beCOme even worse if the mini- and
micfo—software were to become really sophisticated (the
trends Qf‘development indicate that this is likely to

héppen).

A further point to consider is the control of software
releases and their issuing to remote locations in a DDP

environment. As was related by a user :
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"We have also found it necessary to control
software releases centrally, as suggested
earlier. The effects of any laxity in the
aspect of control can be exceedingly
bizarre - and this means expensive and time-
.consuming. Different modification levels
in the supplier's operating system, local
fixes, different compilers, and so on can

all have obscure and unpredictable results."!”

4.11 STAFFING AND SYSTEM RESPONSIBILITIES

One of the fdgiihdprtpety Sotyidst {LiafseFof @N\gRganisation
that is implementing a DDP system is the development of
application systems. In particular, who should perform
the development? There are three alternative steps :

- Centralise the function at the Head Office

- Allow the users to develop the applications themselves

'~ Decentralise development with centralised control.

4.11.1 Centralised Development

TﬁeVCOmputer programmers and analysts are located at‘Head
Office and all developmente are co-ordinated by a DP or MIS
manager. - This method has the advantage that the process
'ie easily controllable as all resourees are sited in one

~location of the company.
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"A critical area of concern of corporate
management is control of EDP in the areas

of cost, use of resources, and effective-

ness nls

The significant portion of the cost of a system is the

development effort. There»éan be little doubt that it

is easier to control this effort if the resources are

centralised than if they are spread over multiple locations.

s

A further advantage of this approach is that standards can

be maintained more easily. These relate to :

- The ﬁsé'él%h@diaméivlemiiéf Ouén @ ExobIOIRS

branch codes, etc.)
- Operating procedures
~ Securiﬁy and recovery procedures
- Languages used

Etc.

If systems are being developed at a remote site it is

difficult to ensure that standards are maintained.

Centralised developmen£ dbes have one major disadvantage and
that relates.to user acceptance of the system. A user at a
remote site is mére likely to accept a system if it has been
deVeloped under his management ahd control than if it has

been developed at a distant Head Office by individuals with
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whom he had little contact (despite_the faét that the user
may have been involved in the specification develOpment of
a centralised éystem).- Under this mode of development the
usér is in the same situation as in a centralised system

‘where all'deveiopment takes place within the DP department
at Héad Office. This leads to the user not associating

himself with his system'and’not supporting it to ensure its

success..

4,11.2 Decentralised Development

The user beTche téfwepsﬁrtyooﬁe(}amea@Wﬁmtammg

hlS own systems. This would not be entirely possible
without some specialist knowledge, which would be gained
byvmoving 'business analysts' to the user departments.
These, having the necessary computer expertise, would then

" work with the user and advise on the priorities, development
_methbds, eté.' This approach is discussed by Brookes,

who.states :

"However, most of the responsibility for systems
design and routine applications programming
will rest with the user department. This will

' mean that many computer specialists will be
Vforced to choose between becoming even more
closely.associated with the computer, or they
will have to transfer this allegiance to one
or other of the user departments in the

organisation. Thus they will join the
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accounting, the marketing,fthe purchasing, the
administration, or some other department and
develop systems under the general control of

the line managers of those departments."!®

The major advantage is that the user, being in direct control
of developing, installing and meintaining hie systems, will

endeavour to ensure their success.

‘The'disadvantages of this epproach are that‘non—standard

systems may be developed - or coding structures may be

used - that do not conform to company standards. Another
consideratiﬂn is t. the us r is 11kel to HaVn the
nlverS| f Town

expert knowledge of the equlpment and 1ts software that may ,
for instance, be found in a centralised DP department.
Systems could, therefore, be implemented that would be
inefficient in terms of run time, use of storage facilities,
etc. A further factor is that the user may not have the
discipline required to instal the system and progrem controls
that are necessary tovprotect that department from accidental

oY intentional damage.

4.11.3 Decentralised Development with Central Control

A third approach is possible that combines the best features
of the above two options. The main problem of decentralised
development is that executive management loses the control

discussed under the centralised approach. To overcome this,
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an MIS department, as in Figure 4.3 (overleaf) may be

established.

Thisvapproach was adopted by John' Deere and Company, in the
United States, where the DP department héndles all liaison |
with the manufacturers of turnkey systems and they put |
together standards for déyelopment, hardware and»softﬁare
"within the company. However, they see their prime task as
being to educate the users to "understand a little more about
what he is géttiﬁg into, such as project management and

computer operations“.2°_ In this case the DP department has
assumed theTiqis brHivErSityeoPCape<T o

" The functions of the MIS department would embrace, inter

alia :

- Quality assurance including - systems justification
- project management

- acceptance testing

- Technical support in the areas of
- system software

- data communications

- Consulting advice covering - equipment acquisition
- technical education

-~ specialist application
support (in areas such as

linear programming,‘etc.L
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~Figure 4.3 : Central MIS Organisation in a Distributed
Environment?! :
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The role of the MIS department thus embraces the work of a
consultant plus'the cdntrolling'of standards. The latter

would be limited to such organisational factors as :

Standard coding structures
-~ Documentation standards

~ Data compatibility and integrity’

Non-duplication of systems development.

If either of the last two methods is chosen, it must be
appreciated that in order to ensure the full benefits of a

DDP system there should be a 'sbreading' of resources in

e organichf)© University of Cape Town

"One of the problemsvwith.decentralisation . .
. + is that when you decentralise, you also
disperse your talent. Subsequently, you
have to determine where the people are who

 know what's going on."?2?

4.12 CONCLUSION

The preceding sections in this chapter have analysed the"
more important criteria that should be examined by an
organisation.considering the'use of DDP. It has served
. to highlight adVéntages and disadvantages of distribution
as opposed to cenfralisation of the data processing

resource.
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Three factors were not considered in the analysis as it is

felt that there is insufficient evidence available to form

conclusions about them. These are :

User interfaces

It is not known whether a DDP system will provide a
better interface between user and hardware than will
an on—-line system (the interface being established

through the use of prompts, menus, etc.).

vThis is the ability to increaée the capacity of a
computed RENINSISIY. Qf.CaRE, JOWA ..
'add'new'applicatidns.v= While a mini or micro can be

- expanded at a far lower cost than a mainframe, there

is a trade-off in terms of.programming changes which

may not be required on a mainframe but will almost

certainly be required on its smaller counterparts.

" — - — — o — — — — — — g — —, S - - — — - s ot U 2 gy e S

As has been stated

"it is not demonstrable that the planning and
desigh of multinode systems represent more
or less effort than the planning and design

of single, large systems."?2?

The factors mentioned in Sections 4.2 to 4.11 could all

have a bearing on the decision by an organisation to
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centralise of distribute. Tt would have to weigh ea¢h in
terms of its policy regarding data processing aﬁd then
arrive at é conclusioh; R If_that.policy is to have a highly
centralised form of management with bnly cleriéalvfunctions
in the 'field' then, according to many authors, one should
choose.a centralised apprdach. - If, however, the cémpany's
 policy is to give autbnomy to user management, and allow
them to control their data processing activities, then DDP
would appeaf to be the favoured approach. It is important,
though, that other factors (such as cost, availability,
security, etc.) be considered before final selection is made.
The University of Cape Town
The authors of various publications appear divided as to the
main reasons er-selecting DDP :

Doouss and
Collins ¢ "Perhaps the most obvious reason for using .

distributed‘inteliigence‘is the fact that
the pattern of processing and flow of
information much more nearly matches that

which is natural to the company."?2"

Auerbach.  : "The president favoured the distributed

approach because he wanted the regiZonal

~distributing centres to be autonomous."?®

~ Pollard "One of the primary reasons why companies

adopt a distributed data processing approach
for their branches, depots or subsidiaries
is its low cost of implementation in

comparison with a mainframe computer."?’
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vFurthérmore, there are no publiéations which summarise ﬁhe
faétors.that will impact the organisation once it has opted
for DDP (such as  staffing, user training and'expertise,‘etc.).
In order to examinevfurfher the reasbns for selection of

DDP, and the effect that it may have on a business, a field
study was therefore performed. = The details and findings

of the study will be presented in the following two chapters.

: The University of Cape Town
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CHAPTER 5

THE FIELD STUDIES

5.1 INTRODUCTION

In Chapter 2 the characteristics of a DDP system were defined.
This was foilowed (in Chapter 3) by an analysis of the
develOpménts in the computer industry that have made DDP
possible. Chapter 4 then analeed the factors that need

to be exami-rl-eia e_tnumal \é@féﬁys Qﬁ (Q@JQ@IILQ]WY“ issue.

’ However, an organisation that is considering the implement-
ation of a DDP sYStem has to take cognizance of other

factors that may affect its decision and that may

contribute to the success or failure of the project. These

include such areas as :

.- The implementation plan

~ User and DP education

- User tfaining

- Network decisions

~ Possible changes to the organisation structure

- The maturity of an organisation in its use of computers.

As the available literature does not deal with these areas



114

in sufficient depth, it was considered that a field study

was necessary.

5.1.1 The Companies Selected

A

Four  companies were selected for the study, each with its
Head Office in Cape  Town. The reasons for selecting the

four are :

- DDP is still a new concept and there are only a few
companies in South Africa that have adopted this.approach.

N The University of Cape Town

- In addition, certain organisations are reluctant to
divulge details of their systems; this limits the

choice even further.

- Four companies were considered sufficient to obtain
the information neéessary to perform an analysis of
distributed érocessing. The selection was made on .

_thevbasis that the DDP systems were‘in different
stages of maﬁurity, and the organisations had adopted
differing approaches to.develbémeht and implemenﬁation.
In addition,4only two of the-four companies seleéted

the same range of hardware (the IBM S/34).

- The fact that the Head Offices of all four are

situated in Cape Town does not detract from the
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validity of the study as the principles are the same,
_regardless of where the corporate headquarters are

located.

To preserve.the.anonymity of thé participating compénies,
thé authorvhas referred to‘them‘as Organisations A, B, C
and D. In addition, certain terminology that might have
identified the nature of fhe business and thus might have
_led td disclosure of the identity of the company has been

deliberately avoided.

a brief synfinie birityersity-ofiGape Tows

This company has installed a highly successful DDP system.
It has an extensive network that has been operational since
1976. All systems were developed using the company's own

resources.

The first nodal site to be installed in this company was in
June 1980. For them DDP is thus still a relatively new
concept. ° They have, however, been users of DP equipment

for many years and have on-line facilities in Cape Town.

This business is similar in many respects to Organisation A

but has not been operational for as long a period.
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e e . s s et i o o —

In 1972 the decision was made to adopt decentralisation.
Although they had been computerised for approximately 10
years prior.to that, all systems were centralised.

Pfogress towards decentralisation was slow and not very
successful. in June 1979, aftér installing three processing
nodes, £he decision was taken to revert back to a

centralised environment. The three nodes were converted
back to ménual systems in the. fourth quarter of 1979 and

the centralisation process is now in the development’stage.

Thg four or;;hi.@au&us\/leﬁsuyd ingap@e];QANQVelopment'

- methodologies and differing aspects relating to such areas

as

- justification
- staffing

- education.

- Although many'different facets were discussed with
representatives from the companies, only those factors

relevant to this study are discussed in this chapter.

5.1.2 The Mode of Study

A‘large number of facts and opinions had to be obtained

from individuals within each organisation and it was
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decided that a questionnaife woﬁld.hot elicit Valid‘responses.
Accordiﬁgly, all information was obtained through ihterviews.
These wefe, in each case; held with senior members of the
DP departments ahd, where possible, with users and senior
fmanagemént. A list of the topics discussed at these inter-

views is giVen'in the Appendix at the end of this chapter.

5.1.3 The Objectives of the Field Study

The objectives were :

(i) To attempt to determine the reasons and

C suseddi@cddiecsityenl toepe Town

(ii) To ascertain those factors which, through

implementing DDP, had an impact on the cOmpahy.

(iii)" To determine the staffing implications of

installing a system - both user and DP staff.

(iv) To examine the network alternatives that were
available and the reasons for each company's

selection.

(v) To determine the procedures that the companies
(with the exception of Organisation D) are
adopting to ensure the ongoing success. of the

operation.
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The organisations have each been analysed in Sections 5.2

to 5.5 under the following headings :

- Backgroﬁnd

-~ Applicatioh description

-~ Reasons for selecting DDP as a processing mdde
- The DDP systeﬁ description |

- Staffing

- Advantages/disadvantages.

Conclusions from the field study will be dealt with in

-Chapter 6.

The University of Cape'Town .

5.2 ORGANISATION A

o 5.2.1 Background

This compaﬁy has three functions : fishing, fish processing
~and vegetable prdceSsing. The Head foice is in Cape Town
'and_it has three warehouses in Cape Town, Durban and
_Johanneéburg. TO‘haﬁdle its 20 000 customers, the company
has 20 distribﬁtion centres situated throughout the Republic
of South Africa. Tt handles approximately 500 products and
has to process one million invoices a year (averaging five

line items each).
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In 1970 it formed a subsidiary fo handle the group's data
processing adtivities; A Burroughs B500 was acguired and
sited in Cape Town. In 1971 an additional B500 Was
purchased for the Johannesburg region (sited at Cazerne)

and the following year a third B500 was inStalled in Durban.

The organisationvis spiit into three regions - Cape,vNatal
and Transvaal. - The B500s were set up to handle‘the data
processing requirements of.each region., Althqugh Durban's
development was handled by Cape Town, Johannesburg was

allowed to follow its own path and develop whatever systems

lt cons:.deTeHeetﬂ.aﬁ%rSIty Of Cape Town

Data was placed on magnetic tape at the end of each month
and air freighted to Cape Town, where it was processed to

produce the monthly management and accounting reports.

In 1974/75 a Singer System 10 was installed in the Pretoria

branch.

In 1975 an international firm of auditors was commissioned

- to analyse the group's data processing activities and to

make recbmmendationS'as to the approach to be addptedf
After an extensivevfeésibility study (which took'approximately
10 months),.the auditors persuaded managemenf to distribute
their data proceééing activities._ After evaluation of the

tenders, Datapoint equipment was selected and the contract
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signed in February 1976. The first computer (a Datapoint
5500) was installed in October 1975 at Clayville in the
Transvaal. | '

M

©5.2.2 Application Description.

The application basicaliy involved invoicing and stock
contfql.' " Customers are telephoned to obtain théir orders.
When the order‘is placed the price is inéerted, if
aVailable (described later), and invoices produced. These

then formed the.baéis of the picking list. Debtors
aami'nistratj]-oh éaUkﬁWEFﬁ{)ﬁﬁf @atb%_rqvgé% offices.
The problem areas were :

(i) Certain items could be priced immediately but
others were dependent oh the weight of the product
actually drawn frbm stock (for example,‘a customer
mightvorder one case of goods, but the price is |
determined per kilogram; it is only when the
case 1s drawn from stock that the weight can be |

established as not'all cases have the same weight).

(ii) Coﬁtrolling the stock was very difficult béCause
of the number of items and the number of invoices.
The packing of the ordered stock into deiivery
trucks was also Criticai in order to maximise the

delivery routes and thus minimise the delivery times.

]
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(iii) Although computer systems were developed for the
regiocnal areas, there was no standardisation.
This made transfer of personnel difficult

because of the re-training time.

5.2.3 Reasons for Selecting DDP as a Processing Mode

Availabilitv

If the company were tb place the invoicing and stock systems
on-line, then availability of the'systems to the users
would be the most important factor to consider. The
transaction] foBule) Y @Sl €l aRE L QML back-

up systems being availablé, the degradation of performance
would be so higﬁ‘that the company could not have tolerated
extensive down-times. They considered that in a
centralised system too much réliaace would have to be
placed on the central sité, and thé sqmmunications network.
A DDP system with multiple computing nodes offered higher

availability.

Cost was not an important criterion as far as the organisation
was concerned. They were prepared to waive any advantage
that a centralised approach may have had in terms of cost

and offset this against the increased availability of a DDP

system.
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5.2.4 The DDP System Description

{a)__The Network

Figure 5.1 (overleaf) illustrates how thé compuﬁer network
is organised; The layout is similar to that shown in

Figure 2.6 (Section 2.3.2) and would be classed as a vertical
or hierarchical distribution. | An example of a regional
layoﬁt is shown in Figure 5.2 (page 124). Neither figure

is an accurate represenﬁation of fhe actual network but

nerely illustrates the communication paths between the

branches, xqefms |drdipersitfiesf Cape Town

The Ciayville branch is shown as having a Data point 5500.
This is the only exception to the diagram shown in Figure
5.1. The reason for this is that the branch has such a

high volume that a more powerful computer was required.

'Teleéeilers' ére assigned fhe duty of phoning thevcﬁstomers'
andvobtaining the orders. Theée are written on to a form
and sent, via a conVeydr belt, to the VDUs. Here they are
entered into the éomputer and a combined order and picking
list is produced. (It would have seemed more appropriate
to provide the telesellers with VDUs, but the above

represents their actual system.) These are sent to the
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router who groups_the'orders acéording to.deliveries.
After.being checked they are given to the pickers. The
stock items are plaéed on a cbnveyor beit which carries
the goods to a delivery section. At this point the
weight of the unpriced items is recorded and a final
invoice pfoduced; Any stock shortages are recorded and
ehtered into the computer. The goods are then packed
into the delivery vehicle according to the delivery

schedule (on a first out, last in basis).

The system also performs the following :

—~. The c_aptvuIehg uglIM@sr%!w Qlttgngpe Town

- The production of suggested re-order lists for the

stock controllers.

— The recording of stock count information.

On a daily‘basis the movementé are sent to the regional
centresvfor updating of the master files.  The braﬁch
fileé hold the stock, customer and pricing details
pertiﬁent to that bfanch only. The regional computer
>holds information (both unit and financial) applicable
to all its branches.' . Thus, stock details are held at

two locations.

Information is sent from each region to the Head Office

at the end of every month for the production of monthly



management and accounting reports.

All communications are performed in a dial-up mode with
the remote computer being placed in auto—answer status.
All transmission of data is from the node computers to the
mainframe; The only communication back doWn the lines is
for program ﬁpdates which are sent, in object form, erm

the‘BSOO to the minis.

5.2.5 Staffing

{el_User st3th University of Cape Town

It was found that, because of the sophisticated nature of

the systems, the branches had to be re-organised to cater

for computerisatidn. The function of 'Router' was
created. and became a 'key' position. Each branch was
able to substantially reduce the number of pickers. These

people were either laid off or'placed in other positions.

V,Throughout the development phase, emphasis was placed upon
making the applications as 'idiot-proof' as possible. The

- following indicate some of the aspects that were included :

- All securities (daily, weekly, etc.) of files are under
program control - the operator ddes not have to remember

to take them.
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- Dates that are entered (for instance, in the start of day -

procedure) are rigorously checked against a date filé.

- 'Help' commands arevavailable at any point in the

operation to assist the operators.

- It is impossible for the operator to place disk packs on
the wrong drives as the serial numbers are checked

programmatically.

- Recoveries, in-the event of, for insténce, power failures,
are prodgram controlled. | |
This level ;I;hseopl'ggzli\c/aetg.'g!t asO Eog:sia egdt(e)c\{aysgary as
the user did not wish to have a high level of operaﬁor
'expertise at any of the branches. The organisation's:
budget for software was exéeeded as- more and more sophistications
were built in. =~ The result was, thever, that the branch
computers cbuldvbe handled by clerical personnel.

{b) _DP Staff

~All systems are developéd centrally and sent to the branches
via the communications lines when they are ready for
'installation.v The reasons given for developing software

centrally are :

(1) Pooling of expertise. When the organisation had

' three B500s and Johannesburg was developing its own-
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systems, the organisation found that application

and software expertise was being either duplicated

Oor it was not sited where it was needed most. Now

it is in one geographical site and duplication of

the areas of expertise has been eliminated.

(ii); To enforce standardisation. Since all systems
developed in Cape Town, the branches are forced
accept standard.systems, otherwise they are not

to computerise.

(iii)  Economics. The organisation found that it was

expersii@ tdrabvarssityié Eazoendde \ayatens

each branch. A further factor was that the

are
to

able

too

for

'dupliCation of expertise at Johannesburg and Cape Town

was obviously an unnecessary expense.

When_a'branch)is to be computerised, DP personnel from Cape

Towﬁ are seconded to instal the hardware and systems.

The

excellence of the systems and documentation enable them to

instal in approximately two weeks.

" Each region has a co-ordinator to handle any computer

¢ : ' o
problems that may occur in the branches within that region.

He would have a computer background (for instance, an ex-

operator) and would be specifically trained by Head Office

to perform the task.
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Advantages/Disadvantages

The users are extremely satisfied with the'systems

and user acceptance is very high. They feel that

‘because the computer is sited in their premises and

they are responsible forioperating the machine, it

s 'their' system (even though they do not have

- The external audit of the organisation is easier

because of the standardisation and the quality of

" the systems. The audit fees have therefore

decreapeg Urg%}{leorcsoll‘ll: Qisgﬁpge-l;gt\@é.puted to
the fact that the auditors were'involved'in the |

feasibility study, and could have also resulted if

a centralised system had been recommended and

Through the greater internal control -that has been

achieved at each branch through the computer system,

5.2.6
(i)
unigque application systems).
(ii)
installed.)
(iii) Major staff savings have been attained.
(iv)
stock losses have been reduced.
(v)

A major problem of the distributed system is that
the branch and regional files can get out of step.
If this does occur then it is very difficult to

synchronise them because the safeguards in the

systems prevent master file manipulation. Periodic
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audit programs are run to check that the files are
correct. If not, because the regional file holds
the financial information, it is assumed that that

.is correct, -and the brandh file is brought into

line.

5.3 -ORGANISATION B

5.3.1 Background

T 1966 thid prapddy) renpendyi el S spe@ndutaninan 18n
356/30. The hardware moved through the normal upgrade
path fo a 360/40 and in7197l to a 370/145. The core
capacity and peripherals éf the computer were increased and
extendedvuntil 1977 when the decision was taken to
distribute their invoicing and stock control systems

[

using IBM S/34s.

_ in the interim period a number of different minis had been
obtaiﬁed; 2 x PDP-1ls were installed ét remote locations
to handle 'stand-alone' épplications, " Wang mini;computers
had also been purchaéed. - These were used as data capture
machines by the distribution centres and to run highly

specialised computer appliéations, such as linear programming.

The organisation has on-line facilities, but these are
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restricted to their Head Offiee only, for what is termed
'personal computing'_applications,(e.g. planning and

budgeting, personnel, etc.).

'Subsequene to the dec151on to 1mplement a distributed system
the organloatlon 1nstalled an IBM 370/158 in addition to
the 370/145. The malnframe upgrades were required to
replace the proliferation of the ﬁinis (PDP-11s and Wangs),
and to cater for the growth in the batch.applications. The.
requirements of the DDP system did not, therefore, in any
way affect the decision to upgrade. . |
The University of Cape Town
The Head Offlce is situated in Cape Town and distribution
centres (or divisions) are located in all the major centres
in South Africa. In addition, there are offices in the
smaller towns (such as Caledon),.which drawvsupplies from
the larger centres. | At the time ofvwriting, all the

‘divisions"' daily processing is handled menually;

5.3.2 Application Description

’

The application that has been computerised comprises an

integration of order processing, stock and invoicing.

Orders are phoned into the branches by clients and a local
stock file is checked for availability of the required

item(s). If available, the stock master is updated and an
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invoice produced after extracting the prices from the price

master file.

The problem areas for the company are E

- The prices are very variable.. Some of the stock items

have daily changes in their prices;

- The discount terms aré'complex, depending on the category

of customer, etc.

- There is a requirement that thebinvoicé be produéed prior
to delivery of the §tock %temé, thus it must be produced
in the arda MReYd YGLSILY QL Gape owR, ...
debtor control and monthly accounting isrcentralised at

the Head Office.

5.3.3 Reasons for Selecting DDP as a Processing Mode

fa) _Economics

The organisation has a 370/145 at their Head Office.v It
was pﬁrchased five years ago and is fully dépréciated.

If they were to have placed the application on their main- -
frame and to have ceﬁtralised,'a more powerful computer
would have been ﬁecessary.‘ At the time, the cosf of the
upgrade was célculated at Rl1,3 million. The DDP solution,

comprising IBM S/34s was estimated to be substantially less
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than that figure. It will have been noted fromvSection
5.3.1 that the organisation has, in the'ihterim, upgraded
the 370/145. As was stated,.this was independent of any
requirements of the DDF systen. Had the crgarisation
centralised the divisiéns, the upgrade might have had to

be even bigger (for instance, tc a 370/168)

St ot i S S o P s o

The ofganisation considers it vitally important for each
diviéion to be able to continue,processing despite |
'1nterruptloT-sh t:jlre“rvénrfsrla e 6f t@acomm lOCWJﬁnS llnes.
Bu51ness is dependent on the ablllty of those divisions to-
produce invoices.  To process the complete operation on
the central mainframe would have meant placing too much
reliance on one facility. The processor was not the

main cause of concern (with the state of technology as it
is today, processors are considered the most reliable
portion of a total computer system). VThe more trouble-.
some aspect was the communications facility. This is
partiéularly so in times of civil unrest wﬁen communications
control centres (such as telephone exchanges) present prime

“targets for urban terrorism.

Although this factor may be considered an emotional one,

it nevertheless must be considered in the light of the.

organisation's security policy.
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(c) AEQlication Justification Philosophy

— i — t— o T s = o ————— — G — T - — v S Tt " —— o o —— —

Organiéation B adopted the philosophy that applications may
vonly‘be computefiséd using the mini-computer if the savings
from computerisation could justify the total hardware cost
of thase minis.  Their reason fdr this is to avoid the
situation that could be created in the following example.
Suppbse’application A is placed on the machine

and justifies the cost of that machine.

Application B is computerised but the justification

1s pasenl¥e IIVEESIQT Leapeco0WR: .

Application C is also computerised and it cannot

justify the cost.

B and C expand to the point-where that mini has
reached full capacity and u second macﬁine is
required-but those applications do not justify
the cost of that second mini. The organisation
is therefore placed in the position of either
purchasing an unjustified machine or téking
those applications off the computer and

reverting to manual methods.

5.3.4 The DDP System Description

The computer operator receives telephoned orders from
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customers. He or she thereforé is seatéd at the VDU with

a pair of earphones. The customer then gives his name and
the syétem performs a phonetic search based on that name
entered by the dpérator (e.g. if the'operator eﬁters "Thom'
the éomputer will respond with all the full names commencing
Thom, such as Thomas, Thompsdn,‘etc., and their codes).
Having selécted‘the code redquired, the computer then
rdisplays a typical buying péttern for that client, based

on his'previous order history. If the current 6rder is
for'goods already displayed on the screen, the operator

merely has to enter the quantity. If not, the stock code

must also be hretdniversity of Cape Town

On completion, the prices ére retrieved, the order éxtended
“and the invoice printed. This is then used for drawing
stocks and as a deliveéry note. If the line item entered
reduces the quahtity on hand of that-stock item below a

‘minimum level,  the operator is warned.

At the end of the'month, the invoice détails are sent to
Head Office where stétements are produced and the monthly
accoﬁnts prepared. Thisris dbﬁe in dial-up mode. The
central computer diais the S/34 which is on auto-answer

and the‘data is transmitted.
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Tﬁe network at the time of writing consists of a link to a
single nodal compﬁter_(an IBM S/34) situated at Mossel Bay.
From fhere'a line is taken to a user site at Caledon.
Figurev5.3'(overleaf) shbﬁs a diagrammatic representation

of the existing network.

The reasons for chodsing Mossel Bay as the initial site

were .

- Its proximity.to Cape Town. The site was sufficiently
close tha;rnetILeJ QL\J@T@JW _QItQtafgﬁuJ;Op\é/lee could
be seﬁt’from the Head Office to repair the hardware or

softwaré fault.

- Although the site is comparatively small, it is performing
_all of the functionsvof ﬁhe major divisions (e.g. Durban,
Alberton, etc.). The system could therefore be
thoroughly tested on'a‘small user yet sfill be

representative of a larger office.

The intention of the organisation is to expand the DDP
operation to eleven other nodal locations. These are

situated at :

'Port'Elizabeth

Durban
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¢ Jchannesburg

Bloemfontein

The University of Cape Town

o/ East London

: : Caledon ' _
Cape Town s f\\az\‘ B _ Port Elizabeth
’ “Mossel Bay

Figure 5.3 : Dlagrammatlc Reprpsentatlon of Organlsatlon A's
Existing DDP Network

S/370 in the Head Offlce at Cape Town
S/34 at Mossel Bay

Remote Terminal at Caledon off the S/34

oW
nowon



138

Ladysmith

Nelspruit

Pietersburg

Johannesburg

Alberton |

Luipaardsvlei (Krugersdorp)
Kimberley'
uBloemfontein

Bethlehem. -

Each nodal computer will then serve one other remote
location, e.q.[faltdrmversity-of CapeFowhne to
the S/34 at Mossel Bay, Queenstown will be connected to the
" Port Elizabeth S/34, etc. The S/34 only communicates to

the mainframe in dial-up mode.

Each S/34 can only‘communicate with the mainframe. There
is no requirement for inter-node communication. Thus in'
terms of the definition in Chapter 2; the configuration of
. the network is hierarchical as shown in Fiéure 5.4 |

- {overleaf).

5.3.5 Staffing

No additional staff is required at the nodal site for
operation of the computer. The existing personnel have

been trained extensively in the use of the computer in
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CENTRAL.
COMPUTER

N N ., NODAL-
wikide Jnivergitywmi-Ca
COMPUTER OMPUTER
Remote Remote
Terminal Terminal
Figure 5.4

pe Tofmmmi-

COMPUTER.

Remote
Terminal

: Example of the Hierarchical Network,

- as_Envisaged by Organisation B
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such areas as : -

System start—up‘

Security/recovery

Fault diagnosis

- Operating procedures.

All systems are developed at £he Head Office by DP personnel.
Although this may. appear to be in conflict'with one
advantage of DDP as stated in Chapter 4, viz. that of being
able to develop a unique system for each user, in the éase
of this organisation each nqdallsité has a System identical
with the otl-ll;bse UAQ'YI%EeSIEYe Ong g%aalggeg-gfy\ge]rsonnel_
. at the mini—computér locations, it is important that each
system be thoroughly tested priqr to implementation. The
organisation théréfore deemed it wise to have this done at
ﬁhe Head Office by skilled prbgrammers and analysts. The
| company has created the positions of specialist DDP co-

ordinators based at their Head Office. Their tasks are to :

train the personnel at each user site
- check on ‘the administration of each location
- assist with the take-on and conversion of each site

- act as internal auditor by periodically checking the-

activities of each site.
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5.3.6 Advantages/Disadvantagesn

The organisation sees the following advantages accruing

from its approach.

- The lead time for delivery of items of egquipment is
shorter for the minis than for the mainframe; therefore

there is more flexibility with a DDP approach.

- The cash flow of the DDP system is more advantageous
to the company than a centralised approach. With the

latter, R1,3 million would be required at the eutset.

of the prbiver Undueaysily e Gapet eygay for

each nodal mini-computer as and when it is installed.

5.4 ORGANISATION C

5.4.1 Background

This company acquired its first computer, an ICL 1301, in
1965.- From that point on they followed the path of almost
all DP‘departments, viz. expanding the size of the mainframe.
In June 1968 ﬁhey pufehased an ICL 1901. This was

| upgraded in 1973 to a 1902, In 1975/76 they acquired ‘an

additional 1901 to provide relief for the overloaded 1902.

In April 1978 the organisation took the fairly radical step
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of changing suppliers. -Thé,l9bl and 1902 were replaced by
éh IBM 370/145, The reason given for the change was that
both tﬁe 1901 and 1902 had, By that time, run out of capacity.
The natural'upgrade‘path Qas fo ICL's newly announced 2950.

"~ As the ofganiSatioﬁ did not wish to be 'guinea-pigs', they
decided to examine alternaﬁive suppliers. The IBM was the
best alternative in lieu of its capability to emulate the

1901 and was thus chosen. -

In 1979 the decision was taken to distribute the data
processing function to the organisation's distribution

centre at Ep-Ehe Mﬂd&ée'r@rﬂy Oif @aae32r@glﬂcquirea

for this purpose and the system ‘'went live' early in 1980..

A Datapoint 2200 is also situated at a warehouse in
Johannesburg. This system was installed in 1976 and was
later given communicating capabilities for the transmission

of data to the Cape Town‘office.

The organisation has a highly decentralised management
structure. The following_figuré'(Fig. 5.5 overleaf)

illustrates how the company has been structured.

FEach operating division has its own structure which is
independent of the group's, and they have full autonomy in
terms of their operating decisions (both short- and long-

term). They also perform différent functions, for instance,
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BOARD
OF
DIRECTORS

MANAGING
DIRECTOR
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The \[JNegespsITy [OT U%Ee flown

i v _ MANAGEMENT 1 FIN B PERSONNEL PROPERTY
| _ SERVICES

Operating Operating Operating

Division A Division B Division C

Figure 5.5 : Management Structure of Organisation C
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Division A manufactures, B retails and C is a distribution

centre,

5.4.2 Application Description -

The application that the company distributea to its waie—
house was a purchasé order managehent system. Tﬂey have
an extremely large number of stock ifems that are split
into size, colour and style. As each item-énters the
‘warehouse, it has to go throﬁgh the following stages prior
to distribution-:v | :

A check fIh@auw\églrtSJ)ty Of Cape Town

‘Labelling

"Storage

Picking

Packing.

Every article has to be tracked through each of the steps.
In addition, they have to be matched against orders, to
keep track of those that are outstanding or partial

deliveries.

Credit control offices are situated in the major centres of
South Africa (Cape Town, Port Elizabeth, Durban, Johannesburg
and Pretoria). The branches receive microfiche copies of

debtor balances and every credit sale is checked against



145

the balance and the limit of the customer. if'there is a
problem (over limit or a new customer)/.it is referred to

the central credit office for resolution. The administfation
of the debtors and the collection of funds is handled at

each of the centres; Although the DP plan includes
distributing processing power to the credit,control,centres,
the major}developmenﬁ effort was towards the warehouss

system. The analysis of Organisation B was thus directed

towards that area.

5.4.3 Reasons for Selecting DDP as a Processing Mode

The University of Cape Town

— . o g 0 P Y St i S

Iﬁ 1979 the organisatibn considered both the centralisation
and the distributed options. It rejested the férmer.

‘The 370/145 was being used to run batch systems only. To
'implemeht an on-line systembwsuld have inQolved the company
in sfconsiderable investment in the purchase of, and
training for, such products as CICS (Cﬁstomer Information
Contrbl Systém), VSAM (Vertual Sequential Ascess Method) ,
NCP (Network Control Program). | They also considered that
if they followed this path they would be 'losked in' to

IBM and its equipment. .DDP, on the other hand, could be
implemented without any of the above. The tele-
communications capability could be achieved through the use

of RTAM (Remote Telecommunications Access Method).
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Furthermore, the distributed approach allowed them more
flexibility in that if they decided to change mainframe
supplier at a later date, they could do so without

affectingvthe remote locations.

G o e e s Vit e v i Sty S i, ] PR ot i et PO o S St et s T

The organisation was in the position where they had to instal
a system for the warehouse at very short notice. They

endeavoured to purchase a suitable package but could not

- find one that matched their requirements. They considered
that the depgiepriehn [vime ol @@ bé @yt shorter.
than on a mainframe. (Having developed and installed the

system, and in the light of their considerable experience,

they still consider this to be the case.)

5.4.4 The DDP System Description

(a)__The Network
Figure 5.6 (overleaf) illustrates the installed network
layout of Organisation C.  All. the remote locations

communicate with the central mainframe in dial-up mode.

A terminal, connected to the S/34 at the Epping warehouse,
‘has been sited in the Head Office. This is so that

members of the development'team'can enquire into the master
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IBM 370/145 at the Company's Head Office
S/34 at the warehouse in Epping

S/34 in the Credit Control Office in Cape Town
Datapoint 2200 at a warehouse outside Johannesburg
r F, G, H = Credit Control Offices in Port Elizabeth,
Durban, Johannesburg and Pretoria. These are -
handled manually at present, but the DP plan
includes distributed systems at these sites

HUOOQ WY

he University of,

Figure 5.6 : Network Layout of Organisation C
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files of the warehouse and correct the data in the event of
the master file on the mini getting out of step with the

mainframe.

None of the remote computers can communicate with each

other.

Orders are captured at Head Office and update the order file
on the 370/145. At a convenient time of the day, the

orders (excliqend_bianeral|fiyromdtian cark Geve) using

dial-up data transmission,'tobthe S/34 to update its files.

As deliveries are received by the warehouse,_so they are
entered into the syétem for matching against the order.

A delivery is always entered per stock jitem (ﬁot as, say.,
20 items Qf‘Product X),'so the data capture load can be
high wheﬁ a nuﬁber of deliveries are received. Using the
remote screen that is conneéted to the S/34, Head Office

- staff may enquire into the status of orders.

As each item (after delivery) is checked for quality control
or is packed, so that information is entered and logged
against each item. Exception reports will highlight any

articles that have been missed.
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At the end of each day shipments to the retail outlets are

" transmitted back to the Head Office to update the 370 files.

The 370 files are always.considered to be correct as that-
is where the source of all informétion'(the order) is held
in its full form (i.e. with finanéial details). Thus,
1f the files get out of step, the S/34 files are brought‘

_into line with the 370 files.'

5.4.5 Staffing

The systems were developed by members of the Head Office
DP staff. Dﬁring this phase the team was situated at
Epping so that there’could be as much contact between
themselvés and the users as possible. Once the develop-
ment was complete, and the systems installed, the_team‘

was then mdved back»to the Head Office.

The user site at Epping is handled on a Facilities
Management basis by members of the Head Office DP staff.

Their duties, inter alia, are :

- Recruitment of data capture staff
=~ Training of the remote computer staff

-~ Education of the users
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- Providing on-going systems advice

- Maintaining the éxisting systems.

{b) User Staff

At first the organisation considered training the Warehouse
Managef to use thé computer. However, after an analeis

of the amount of time that wnuldvbe required versus the
amount of time that he had available, they realised that it ;
would not succeed. Therefore they opted for the Fécilities
Management approach.

The Unlver3|ty of Cape Town

5.4.6 Advantages/Disadvantages

(i) The organiSation'madeba Qery quick decisibn»to move
- to DDP. ‘They admitted that it was not véry éare—
fully planned. - They feel that, in retrospect, it
was the correct decision and that, givén the séme

choice, they would not change it.

{id) ‘Even-though.the.systems were developed by the Head
Office staff and the sife was managed by non-
warehouse personnel, the warehouse manager felt 
that it was 'his own' systemn. The users had a
very positive attitude towards the computer (this
was in contrast to the fear that they felt when

initially discussing the DDP system) .
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(iii) The budget for the program deveiopment was signifi-
canfly exceeded. This was due to two factors,
Firstly, they under-estimated the éffort involved
and the training and education time of the.
programmers. Secondly, £hey found that there were
a large number of modifications. that wefe.required
to reduce the possibility of thé opérators

corrupting the data.

(iv) 'The.organisation at first attempted a distributed
data capture only éystem at the Johanhesburg office.
Thls, it was found, dld not functlon very well but
me kRg.Universit pe lown

m was mana erlal one in that thne control

over the staff and operating procedures was lax.

5.5 ORGANISATION D

5.5.1 Background

This organisation's Head Office is in Cape Town with-

operating divisions in all the major centres in South Africa.

In 1974 a feasibility study was performed by the DP
department in conjunction with the user management. The
results favoured DDP. After a protracted period, the.

equipment was selected and the contracts for Burroughs B/80s
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were signed in 1976. vAll thevapplication programs were
to be deveioped by the manufacturer. In June 1978 the
aéplication was inetalled at the first nodal site in
Woodstock, Cape Town. In October of the same year
‘Durban was installed‘and in February 1979 the largest site

at Isando in Johannesburg 'went live'

In June 1979 a Business System Plan (BSP) was performed by

IBM and the results favoured a change back to a centralised -

approaeh; In the last Quarter of that Year the nodes were

converted back to manual systems and the B/80s were

returned to_the manufacturers. A three year project was
he Unlver3|t of Cape Town

‘1n1t1ated to instal a centra>§sed Data Base/Data

Communication system.

At the time of the decision in favour of DDP (in 1974) the
organisation was decentralised in terms of its management
structure as the following figure (Fig. 5.7 overleaf)

indicates.

The Marketing Manager was situated at Head Office, but the
Regional Managers were situated at each region. They had
.autonomy for marketing within their areas within the
confines of the pelicies laid down at Head Office. There
were infermal reporting iines from the regions back to

. Head Cffice functione (represented by the dotted lineS).

This structure was subjected to a number of changes and in
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Figure 5.7 : Management Structure of Organisation D
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1979 the Regional Managers no longer existed. It was
replaced by a highly centralised layout where the field
functions (A, B, C and D in Fig. 5.7) reported directly

to Head Office staff.

5.5.2 Application Descfiption

The applications selecfed for'computerisation were_similarv
to those.of Organisation’B, being invoicing and stock
control.  The probiem arecas and details of the system are
as'déscribed for Organisatién B (Section 5.3).

| 'The Uni'verslt of Cape Town

5.5.3 ‘Reasons for Selectlng DDP as a roce551ng Mode

The organisation performed an exténsive feasibility study
of the distributed versus the decentralised approach. |
This was commenced in 1974 and took almost a year to
compiete. . It was a formal evaluation as the foliowing

. extract indicates.

The organisation was faced with four choices :

- On-line to a central mainframe
- Independent networks

- A cluster mix (clusters of terminals around a remote

controller)
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-,Distributed intelligence.

To.assist in the selection of the favoured approach,
waightings of_l,to_4 were assigned tofeach factor (if it
were conSidered important it would be assigned a 4, lf
unimportaht al). The factors were assigned after
proposals had been received and evaluated from several

suppliers. Therefore the aseignment of weightings was

based on known costs.

The following table (overleaf) illustrates the results of

e snTE IR BESH U CAge TBOVH

items refer to supplier-related factors.

The results clearly favoured DDP. In additioh, further
financial analysis showed a favourable Discounted Cash Flow
and that the payback period was within that prescribed by

the company in its investment policy.

5.5.4 The DDP System Description

Figure 5.9 (page‘157) illustrates the network that,existed
in the fourth.quafter of 1979. The B/80s were‘connected
via dial-up mode‘to the mainframe. -They were'used to
‘capturevdetails'of orders from clients and produce
invoices. - Stock items were updated at the time of

capturing the order.
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Score
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Figure 5.8 : Analysis of the Evaluation of the Four Processing

Modes Selected by Organisation D
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Figure 5.9 : Network Layout of Organisation D as it Existed

‘o w

in 1979

IBM Mainframe at the Head Office in Cape Town
Burroughs B/80 at Woodstock

B/80 at Isando

B/80 at Langlaagte
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A master file was held on ﬁhe mainframe with subsets'at

each of the nodal sites;

New customer details and special price changes were batched,
at each regiontand sent by post to Head Office.  There
they were batched and entered on to the mainframe. Only
at that stage were they sent down the communicafionvline
to,the regions for updating.ofvthe nodal files. As was
related, this could-have_been anythihg up to three or four
weeks after receipt of the new client details by the region.
This'delay presented problems to the regions in terms of
processing orders-for new customers. Until such time as

the detailsTiigrs Hrﬁﬁ?eﬁpsﬁyleﬁﬁap@ T@Wﬁr% #he_

order had to be handled manually.

5.5.5 8taffing

The'erganisation believed that the B/8bs could be‘operated
by the users with no additional staff. They totally:uhder-
‘eStimated-the.emouht of training required and found that
there was a continuous effort needed to answer user

queries and to rectify the errors. Had they not decided
to centralise their systems, it was felt that they would
have had to consider placing trained computer bersonnel |

at each regional site.

The applications were developed by the manufacturer of the
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computer eéuipment. A group was established to confer
with the supplier on application details, enhancements to

the systems and potentiél problem areas.

5.5.6 Advantages/Disadvantages

_(i) As was stated, the training required at each remote
site was underestimated. There was thus a large

‘commitment required from the central DP department

‘for on-going support.

(ii) The orgahisation considered that the maintenance
- PTRETNRIEYSHYPOf TapE Tow
' ‘recovery, etc. was too high (vis-a-vis a

centralised system).

(iii) The users were discouraged by the initial problems
| encountered when installing the éystems. However,
at the time of the reversal of ﬁhe decision, they
were enthusiastic about the systems and were

unhappy to lose them.

(iv) There was no intégration of the DP plan into the
" corporate plan. Thus, the re-orgénisatién ofrthe
company structure into a more centralised form was
pérformed without taking cognizance of the long term.

‘plans of the DP department.
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5.6 CONCLUSION

While all the brganisations were extremely helpful in
sﬁpplying information concerning their DDP systems, and
were keen to describe the technical aspécts such as the
. hardware and the systems operation, they were reluctant
to talk about non-computer related aspects (the orgéniéation
structure and the corporate plan). There is thus an
element of non—standafdisation when analysing the
' organiéations; for instance, organlsatlonal charts were
only available for Organlsatlons C and D. However, the
author considers at. the inform 1ve as suffiéient
" *The University of Cabs Town

to obtain a good understandlng of thelr appllcatlons.

As can be seen from the preceding sections, each organis-
‘ation had a widely'differiﬁg approach and'methodology in

" establishing and operating its DDP system. The
_information gathered in the course of the study provided

a sufficient fbundation from which to draw numerous
conciﬁsions. A summary of these will be presented in the
following chapter before presénting the recommendations

for implementing a DDP system (Chapter 7).
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APPENDI X

TOPICS DISCUSSED AT INTERVIEWS IN THE
’ ‘ FIELD STUDY

DP MANAGER

1. STAFFING

Hiring or replacing
Training

Motivation

2. FINANCE

The UnlverS|ty of Cape Town

Justlflcatlon
Equlpment selection
Systems development

- Alternatives

3. PLANNING

~ Agreement

‘Budgets

Control

Feasibility study -

Integration with corporate plan -

4. CONTROLS

Physical
System

Auditor role - external
= internal



5. IMPLEMENTATION

Error correction

Problems with - suppliers
- Post Office

6. EFFECTS ON COMPANY

User motivation
Management co—operation
Security

Communication lines

7. BENEFITS

| To the company

To the individual department

The University of Cape Town

8. WEAKNESSES

9.  FUTURE DIRECTION

Hardware developments
Software developments
Systems developments -

Changes in organisational structure

USER

1. EFFECTS ON COMPANY

User motivation -
Management co-operation
Security

Communication lines
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BENEFITS

To the company

To the individual department

WEAKNESSES

SENIOR MANAGER

1.

FINANCE

Justification

- Equipment selection

Systems devélopment

The UnlverS|ty of Cape Town

Alterna

PLANNING

Agreement

Budgets

Control
Feasibility study

Integration with corporate plan

'EFFECTS ON COMPANY

User motlvatlon

Management co—operatlon

" Security

Communication lines

BENEFITS

To the company

To the individual department
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5. WEAKNESSES

6. FUTURE DIRECTION

Hardware developments
Software developments
“Systems developments

Changes in organisational structure

USER MANAGER

1. STAFFING

Hiring or replacigg . .
rrainind N€ University of Cape Town

- Motivation

2. CONTROLS -

 Physical
System

Auditor role - external
- internal

3. EFFECTS ON COMPANY

User motivation
Management co-operation
Security

Communication lines

-~ 4., BENEFITS TO THE COMPANY

To the company

To the individual department



165

WEAKNESSES

FUTURE DIRECTION

Hardware developments
Software developments-
Systéms developments

Changes in organisational structure .

The University of Cape Town
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CHAPTER 6

'ANALYSIS OF THE FIELD STUDIES AND THE
CONCLUSIONS REACHED '

6.1 INTRODUCTION

Chapter 5 provided a background to thé companies that were
analysed in the field stddy, the purpose of whiéh'was to
examine the practicalitiés of installing a DDP system and
its effects_on the organisation.

he University of Cape Town
This chapter is devoted to examining the results of the
field‘sfudy in relation to the development and implementation

of a DDP system.

The sequence in which each topic is handled is the same as

that of the development of any computer system, viz. :

The feasibility study and justification phase

= The development phase

Implementation

- The post-implementation phase.
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6.2 THE COMPANIES THAT ARE ELIGIBLE

It is evident that not every organisation can instal a DDP

system;»,there are restraints on the size and the structure

of the business.

6.2.1 Size of the Organisation

3

Each Of the companies surveyed in the field study was a

- large company (the turnover of each is in excess of .

R50 million per annum), yet the question must be asked
whether theFhis bJiierdity of Cape Totimeorsn
that'Wishes to instal a DDP system. A éommon method of
‘determining the amount to be spent on DP is by relating
the cost of the hardware and associated products to the
turnover of that company. With the advent of micro-
computers, the entry point is obviousiy lower since the
costvof the hardware has declined. A minimum cost break-v

down would be :

Hardware

—— s o o o ot

Two communicating micro-computers comprising
128K memory, 1OMB hard disk, printer and screen R15 O0O/annum

Software

It is unlikely that the softwaré will be
available in packaged form, so it will have
to be developed. Assume that one analyst

and two programmers are required _ v R40 0O00/annum
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. Operators, communication costs, stationery,

~etc. . » o : R20 000/annum

The total annual cost per annum of a minimum DDP system is

thus approximately R75 00O per annum. If one assumes that

DP costs should be 1% - 2% of turnover, then sales of

approximately R5 million would be required to allow the
cost of that minimum system. However, turnover cannot
be the sole criterion in deciding the amount to be spent on

DP. Other factors that must be cohsidered include :

7 e msp o8 REFAEHEI BF Ca TOWH

relevant in a DDP environment where users are required

to operate and control the computer system.

- The prdfitability of the company in relation to the
turnover. Some companies may be making'in excess of
- a ZQ% return whereas others may only be making 2% - 3%.
Thé latter would experience difficulties in justifying
an expenditure of R75 OOO‘per annum - on profits of

R100 000.

- Prior experience of the brganisation with data processing
toolé and methods. DDP requires_a high level of
expertise in the areas of operational control and the
probability of a néw user succeeding with a DDP system

is very low.
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From the above factors, it is exceedingly difficult, if not
impossible, to set a minimum size for the company that may
consider DDP and the author does not feel that a conclusion

can be justified.

6.2.2 Structure of the Organisation

Not only should a business be of sufficient size to warrant
a DDP system; but it should also have a structure that

- necessitates the processing of data at multiple sites and
the transfer of data between those sites. Organisation C
vas a nead PRz FivETSHY R Capte TOWAT o=t
were Head Office/Branch relationships. Both would seem
the logical structure, but DDP systems have not been
restricﬁed solely to those types of companies. Although
it is outside the survey, there is an organisation in

South Africa that has é mainframe'to handle corporate
applications. It theﬁ has minis to process its debtors.
This would not seem untoward exéept that the mini is in

the same building as the mainframe. A distributed mini
was chosen in this case because of loadings on the mainframe
~ and the incremental cost of an upgrade to the mainframe

would have been more than the cost of the mini.

The main consideration then is that the organisation should
be sub-divided into processing components such that a

branéh/subSidiary/division of the company that wishes to
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instal a computer, should be able to process all the data

pertaining to that componenf.

To summarise, therefore, ellglblllty would appear to be

based on the follow1ng E

- The organisation should be divided into self-contained

processing units.

- It should have experience in the data processing field,

preferably through a centralised mainframe. .

- It should have sufficient personnel with the necessary
SklllS toToIgeer gnalr}éecr(§ﬂ¥lq_[1 C%@Epsystem or should
be able to afford employing the additional requlred

staff.

- It must be able to justify the costs of hardware, soft-

ware and personnel.

The‘sfructure of the company, in terms ofeithercentralised
or decentralised management, does not appear to be important.
The DDP decision depends more on the philosophy of the
management in their approach to the centralisation/decentral—

isation issue.
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6.3 THE FEASIBILITY STUDY

A system that embraces a distributed solution is liable to
be more_complex in terms of systems design and programming
than one that is centrally developed. The areas that are

liable to add complexity are :

Technical - The design of the master files (incorporating

such factors as duplication at central and

"remote sites, and the recovery procedures)

- The transfer of data between sites

Manageriel - Control of the development process

Hroen it ve e fgerodré sen pEock W

It therefore follows that the feasibility study is likely
to be more complex than for a centrally developed system.
An analyeis of the times devoted to the feasibility studies

by the four organisations surveyed shows the following :

A spent . 9 months on the study
B spent 14 months on the study
C spent 2 months on the study

D spent'16 months on the study

Organisation C's short period may be explained by the fact
that they were 'forced' into a quick decision (as was
related in the previous chapter). Apart from Organisation

C it is evident that a considerable investment was made in
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the feasibility study. There are certain aspects that

are of special importance.

6.3.1 Justification

An analysis of the four companies surveyed shows that the

following reasons were given for choosing DDP

Organisation

Reason for Selecting DDP AIBL1CI1D

~hNe bljversity.of Gapg Town

Flexibility

Speed of implementation ' X | x

Table 1

Reasons for Selecting DDP as a Processing Mode

Factors such as user motivation, cash flow, software
ayailability_were not considered important by any of the
organisatiohs (only Ofganisation D considered them, and,
in fact, concluded that.théée were not adva?tages to be

- gained from DDP, see‘Section 5.5.3).

"The results would indicate that there is not a common factor

which favours DDP and that the reason for its selection is
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“entirely dependent on corporate circumstances, such as :

~ The capacity of the mainframe (assuming there is one

installed) at the time of making the decision

- The importance (determined by the organisation's policy)

‘placed on the security of the processing system

~ The schedule that has to be met for implementation of

the system.

The latter point is of special interest. Organisation C
stated thétrF]e f their reﬁéonsffti selecting DDP was
e n|verS|Lyo ape 1own
‘that the applications could be developed more quickly on
a mini than on a mainframe.. Their reasons for this

conclusion were :

- On a mini it is easier to make program changes than on
'a mainframe where rigorous hardware and software controls
may be installed to inhibit programmers from making

—~«changes.

= In a mini environment the programmer has closer contact
with the user and programmiﬁg and testing is performed
on his premises. The pfogrammer will thus develop a
system that is closer to'the ﬁser's actual requirements

than on a mainframe.

Thus, despite the lack of sophisticated tools for program
)
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development (such as ROSCOE) it would seem as though the
mini is stili more powerful for developing programs than
_its cbunterpart, the mainframe. This conclusion was also
drawn by Pollard who, after analysing thé cost of a system

in terms of the speed of its development, states :

"One of the primary reasons why companies

adopt a distribuﬁed data processing approach
for. their branches, depots or subsidiaries

is its low cost of implementation in comparison:

‘with a mainframe computer."!

" In thiS'regard ‘the cost of implementatioﬁ was derived from

tne Length Fine) eitpized by p3PoCim e EI'Ye*v'v‘nm the

ease of maintenance of written programs.

6.3.2 Budgets

Organisations A, B and C all exceeded their budgets for
progfam development, in one case by as much as 150%. The:

reasons for this were :

- The budgets were ill-conceived. Each organisation
admitted that the targets were set too low initially.
This Was in part due to over-optimism and also due to

- the fact that they had no familiarity with the environ-
ment they wefe-entering and thus no yardstick by which

to measure their objectives.
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- They fouhd they had under—estimated the level of
sophistication that had to be built into the programé

-td make them 'as fool-proof as possible’. Organisation
A stated that the level of user expertise at the remote
site was in inverse proportion to the level of program
sophistication, i.e. the higher the lével of expertise
the'less the programs had to cater for operatof efrorv
and vice versa. ”Sophistication, in this context, refers
inter aiia to :

- Operator prompts

- Menu selection

- Auto ﬁc tart bpro duref,C T :

- eroorkil€r UINIVETSIEY.OF Cape Town

- Rigorous validation checks, such as the data
entered at start of day '

- Automatic disk pack checking when loaded at
the commencement of any processing run.

It was.only after the budgets had been set for the project
and deve;opment commenced that the organisation |
appreciated the requirement for the above facilities.
These'thenvhad to be developed at the expense of the
budget, but aé was stated by a user in Organisation C, |
"If it was a choice of exéeeding'the budget or having

a secure system, we would obviously choose the latter".

6.3.3. Planning

Not one of the companies integrated their DP plans with the
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corporatenplan. Their choice of data processing mode would
thus be especially vulnerable to changes in the organisation
that mlght be included in the corporate plan but not in the-

DP plan. ThlS could include such changes as :

- The restructuring of sales and operating divisions

- The method of distribution of products (from a central

warehouse to local warehouses, etc.).

A furtherAaspeCt is that Organisation C's decision to instal
a DDP system was taken very quickly indeed (after a period

°f o montifle URIVERERYS ¥ et TOWN™

‘editorial comment in Data Systems :

"At the present time, distributed processing
systems are evolving rather than being

planned"

6.4 EQUIPMENT SELECTION

The following cemputers were installed‘at nodal sites :

Organisation A =~ Datapoint 2200s and 5500s
' | B =~ IBM System 34s B
. C = 1IBM S/34s and Datapoint 2200
D - Burroughs B/80s.

It is the opinion'of\the author that one of the contributing
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factors to Organisation D's decision to revert to
centralisedvDP was the selection of their equipment. The
fact that two Years elapsed between commencement of the
development effort and installation of the first computer
must have'COntfibuted greatly to user dissatisfaction with
the system. In that period difficulties were experienced
with theksoftware which delayed the project. |
Organisation B initieliy selected the same equipmeﬁt but,
unlike D, did not persevere when difficulties were

encountered.. They decided instead to cancel the contract

end select StferUiviersity of Cape Town

A, B and C all expressed satisfaction with their equipment
and stated that if they had to make the decision again,

they would all make the same choice.

6.4.1 Equipment Standardisation

Each of the organisations standardised on a single supplier
- for theif nodal sites. Organisetion A inetalled two
models from the same eupplier (Datapeint 2200 and 5500),
but.oﬁly for the reasons of providing larger capacity to
‘these sites. | The reason stated was that each machine -
required specialist knowledge and as programming skills

are in short supply in South Africa it was eafer to select

one supplier and, if possible, one model from the range.



180

Organisation B has another application that is being
processed on Wang mini-computers but the plan is to phase
these out and replace themlwith IBM S/34s. C is also
tendering for a replacement for their Datapoint 2200

(which was installed in 1976, three years prior to the

, development of their DDP system), and there is a likelihoed

that it, too, will be replaced with an IBM S/34.'

6.5 NETWORK CRITERIA

All the sur ‘ i i s dia their
: v ni/ . g g
mode of datﬁigiﬂivo??:ith aéttgzé;geé I&Eﬁﬁremote
site. The only reason for the selection was cost, as
‘the voluﬁes to be transmitted did not justify the use of_
dedicated lines. This can be seen as one. of the.areas

of cost advantage over a centralised system (which requires

_leased lines).

When questioned on the use of SAPONET (South African Post
Office Network), all the businesses answered that it would
have been more expensive than their existing mode of

transmission. : ' _ -

Not one of the organisations allowed for inter-node

communication.  The primary reasons given were :
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- It would have added considerable complexity to the
system design invthe areas of file maintenance and

additional control facilities

~ The benefits that might have been derived from its
implementation were not considered sufficient to

offset the cost of development.

6.6 @ THE DEVELOPMENT PHASE

6.6.1 Stafflng

The UnlverS|ty of Cape Town

(a) Development Staff

. S iy ey s S o e v e Wk D oy W S W e g

Organisations A and B established central development
teams. These developed the systems at Head Office. On
completion of acceptance tests, the machine and systems

‘were installed at the user's premises.

Organisation C selected a team ffom the Head Office DP
staff who still reported to the DP manager but were moved
to the remote user's premises. They developed the

systems with very close concultation with the user.

Organisatioh D employed the hardware'supplier to develop

the systems.'_ Although the reason was not stated, the
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author beliéves it to have been a lack of confidenée by

D to instal the systems themselves, as the hardware had
~only recently been réleased. D established a central
team of'users:and DP personnel to liaise’with the suppliers

to handle queries concerning the system.

The author has not been able to find any evidence of the

concepts put forward by authors such as Brookes and Kelsch :

Brookes : ". . . most of the responsibility for
systems design and routine applications

programming will rest with the user
"3 -

departments., ",
‘The University of Cape Town
erlsCh' t "Since the end user has both the

application know-how and responsibility,
" he should also be responsible for ,

application selection (with established

guidelines) as well as the actual

programming of selected non-technically

complex local applications.""*

VAll the organisations surveyed, plus others that were
contacted, stated most strongly that the user should not
have the‘responsibility for the development of systems on

distributed computers. The reasons put forward were :

~ The user does not have the time to devote to be
vactively involved at a detailed level in the develop-

ment process (this is particularly true for the
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user management)

- The user does not have sufficient teéhniéal expertise
or systems training to develop a conceptual solution
to an application or to convert that solution to a

computerised system

= They felt that if the user were given total respoﬁsibility
and éontrol over the development of his computér
systems, thérerwould be a strong temptation to build
his own DP department.' This would lead to a
duplication of analytical and programming skills which

would invotys cthe ) Fﬁ??élrséﬁ‘)?no‘f“@é‘bcésglaé’wn

expenditure.

(b) User Staff

In the case of Organisations A, B and D the user was
,respbnsible for the on-going control of his mini-computer.
This included :

- Deciding the priority of running his systems

- Selecting the operating staff and training them

- Liaising with suppliers concerning machine malfunctions.

In the case of Organisation C, these'functions were all
handled by the Head Office's DP department on a Facilities

Management basis. It was admitted that this was only
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- possible because of the close proximity of the user to the
DP sectionf ‘It does seem logical that at a remote
locatioﬁ the uéér_should be able to.take his own decisions
cohcerning'the on-going running of his data processing
departﬁent.' Excessive dependence on the DP depértment
must be considered 'unhealthy' in the long term, leading
~to a breakdown in the level of service provided by the

central facility.

6.6.2 Data Base versus Files

In all caseym%swrﬁveﬁﬁiyeéﬁergbré fl.t&fv\?ﬁructure |
and accessing techniques - there was no evidence of data
base software being used at the remote sites, simply because
itvwés not available on the level of machine that was being
installed. Even if it had been available, all the

organisations stated that they would not have utilised it

for the following reasons :

- Contfary to what was expeéted by the author, they stated
that the use of a Data Base Management Systém (DBMS)
would have extended the development period of the
applications due to such factors as the training of
programmers and analysts and'the increased analytical

time to build the data relationships

- The use of DBMS software would have added complexities

to the systems which would have made it more difficult
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for the user to operate (for ‘instance, if the links in
the data base were to be destroyed the processes requiréd

to re-build them can be complek)

- The number of people required to support the locations
'would ﬁaVe to be increased. Individuals with the ~
necessary DB skills are in short supply in South Africa
and the training period is too long to justify the
expenso of expanding that aepartment (Data Baée

Administration).

In all cases the companies opted for an approach that kept

the file strIc_j'i‘!L%eLJ ry @J%ItxsopfosQ%Pe Town

Duplicate copies of the files were held at both the remote
locations and the central sites. The purpose of this was

twofold :

- The central site maintained its records of information

for corporate reporting

- In the case of data being lost or corrupted, the files
could be brought into line by matching thé data of one

file against the other.

The only exception to this was Organisation A. As was
shown in Section 5.2.4, copies of the files were held at

the regional centre rather than on the Head Office mainframe
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machine. When information is stored at twb sites, one of
the major problems is to determine which site had the
 _correct data when the two sites lose'synchrony. This was

solved in two different methbds by Organisations A and C.

The regional centrevheid compléte information concerning
customerLorders,‘i.e. the volumes and the finaﬁcial details
of the order (prices, diScounts, etc.), whereas the
distribution centre merely held the number of items 6rdered
by the customer broke? down Py'prdduct tfpe. Since the
regionél sil QeanOQJ\th£§ l:!:¥; QirQ@QPQeLI;Qth«IaS
consiaéréd that'the information stored at that site was
correct. = If é discrepancy occufred; the distribution
centre's files were brought into line with the regional

 files.

e S e - s .V — iy iy, S — D G o St S G

: Déta pertaininé to orders is captured at the Head Office
éite and transmitted_to the remote mini-computer, but
deliveries and receipts of stock are captured at the remote
sité and transmifted to the mainframe. There are thus two
sources of ‘information. Should the remdte site's data
not agree with that stored on thée mainframe, the site which
originally captures the.data is considered correct.  Thus,

if there is a discrepancy with orders, the mainframe updates
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the remote files, but if the deliveries or receipts
disagree, the mini's files are used to bring the mainframe

back into line. -

Since both metﬁods appear to function well, nd conclusion.
can pbe drawn as to which is‘preférable. A point to note,
however, is that both organisations stated that a large
amqunt of time wés required to bring the files into_line
when an error occurred and that this was one of the

disadvantages of DDP.

6.6.3 Securi

sity of Cape Town

It was found that the orgahisations all had similar security
arrangements, but that Organisation A's procedures were the
most comprehensive.  These will, therefore, be analysed in
detail.
(i) Physical Security
As with_the~other companies, A's physical security
was'generally lax. The mini-computers are housed
in open offices except for three sites where separate
rooms have been set aside for the hardware.

(ii) File Security

Their file security is excellent. Two backups of
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“the updated master files are taken during thevday.

- These are under program control and the operator

may not proceed with other tasks until it has been
perférmed. At the end of each working.day, the
daily transactions are secured to a specific.file.
This is on é 31—déy cycle so that any dafb
transactions in the last 31 may be restored.}  In .

addition, all files at the ehd of the day are

secured.

As the transactions are transmitted to the regional

centre on a daily basis, it is not considered

ecesk 1€ JOUYETSIEY Of. Cape: Lown. .,

off-site premises. ' They are, however, locked in

a fire-proof safe.

—— i o -y s o S oot s T, vy ——— ——

‘Nine levels of password control exist. Thea highest

‘level is used to access the program source code.

The organisation found that one of the major control
problems.in a DDP system was to prevent the users

fromvaccidentally or intentionally accessing and

'changing programs. To prevent this, a password

proceddre was implemented. It is under the control
of the DP department at Head Office in that the
algorithm for its generation is only known to

certain of the DP staff. It is changed daily.
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The hext'eight levels are all under the control of

the user in that he may access and change the pass-

words. It may only be changed or loaded from certain-
screens on a configuration. The first level may
access all functions in the system. The second

"level may only use certain functions (such as
enquiries, eliminating the use of updates, etc.).
As one moves higher in the level, so more and more

functions are barred to the user.

Screen access is also limited to specific systems.
Thus Screen 1 may only be used for entering order

informadfont) BUMETSIT Oy ARG QWi bution

functions, etc.

Passwords are used extensiVely in this Organisation
and have been found to work satisfactorily. The

users accept them as a method of system security.

6.7 IMPLEMENTATION

6.7.1 Training

Training of the users was, in all cases, carried out by
the Head Office staff iﬁitially. | However, each organisation

adopted different procedures.
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Members of the Head Office staff are seconded to the site
“that is installing a computer system. An intense training
session is held and the users are taught all aspects of the
system. The period of this is approx1mately two weeks.
After this time, if the users have any problems, they
contact the regional co~ordinator who has been given

specialist training in all aspects of the system.

‘The vethod ‘”Thsé“U?fl\?éféﬁy of C5pe TEVfie Peries

of training was longer (3 - 4 weeks). There were also no

' regional co~ordinators, so'that problems had to be

resolved telephonically, or if this did not suffice, members

~of the Head Office staff had to fly to the remote site.

The systems were developed at the user site and training
was performed while the systems were being developed. On
completion of the system, the user was thus in a position

to commence operation without any formal sessions.

In this company the users were brought to Head Office for
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training. - This was fairly extensive (3 - 4 weeks) and on
returning to the remote site, queries were handled on the

telephone.

6.7.2 Conversion

All the organisations converted to their DDP systems in the
same manner - by selecting a pilot site, devéloping the
systems for that site, installing and noting the problems.:

These were then corrected before installing the next site.

The selectlor of th lnltlaL loca% 83 needs_to be performed
nlver3|ty ape lown
with care. - If only some of the users w1ll be running the

same systems,vthen the pilOt site must have a representative
mix. It should also be relatively close to the central
’m§infrahe so.that teething problems can be resolved quickly.
If it is not then the development team should be moved to
the remote location. Organisation C choée this approach
even though the site was close to the Head Office
" (approximately 20 kilometres). Organisation B chose a
location that was approxiﬁatelvaSO kilometres distant,

but that had a repreéentativevmix.bf system requirements

of the other locations that were to be installed.

Apart from the above factors, the procedures for
implementing a DDP system are similar to any other computer

sYstem and do not warrant analysis in this study.
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6.8 ON~GOING CONTROL

One aspect relating to the on-going control of a DDP
. system that requires careful consideration is the decision
to computerise new branches or divisions. The questions

that need to be answered are :

= Is the site large enough to warrant linking into the.

x

'DDP network?
- Can it justify the cost of the machines?

- Does itvhave the resources requlréd to operate and

gstgmversﬂy of Cape Town

control the 's

- Should it have similar hardwaré to other sites, or is
. a subset sufficient? V(An example of this is Organisation
B, where a terminal was installed at Caledon, connected

to the node computer at Mossel Bay.) -

Organisation.A adopted the folloﬁing procedure. . A feasibility
sﬁudy’was performed by the DP staff. During this study

they ahalysed the size of equipment required and the costs

of the hardware and asséciated staff were defined

(1nclud1ng the assoc1ated costs such as statlonery, etc.).
Agalnst this the benefits to be derlved were weighed. A
report was then submitted to the user who was then
theoretically able to accept or reject the proposal. 1In

practice he would not reject it as the benefits of fast
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transmission of data for corporate reporting usually out-
weigh the costs of the data processing function. Having
decided, allowance for the costs was then made in his

budget.

With regard to other aséects of on-going control, only.
Organisations A and D have DDP systems that have beén
operational (or were operational, in the case of D) for
a sufficient'period of time to formulate conclusions.

The procédures for each is és_follows :

stsrea.l.éé’s.l.e.wae Unlver3|ty of Cape Town

Any errors in the system are reported by the regional co-
ordinators (who are trained to récognise hérdwarevand
séftwarevfaulfs) to the DP depértment. Steps are
imﬁediately‘taken to correct them and distribute the
updates fo all affected users (who may or may not havei

had difficulties with the same problem).

The regional‘céfordinator holds reéular meetings with the
IUSers in his region. If concehéus is reached on the
requirement.for ﬁew repofts or functions in the existing
systems, these aré sent. to the Head Office DP staff for

scheduling and implementation.

The DP staff visit the divisions in the Cape Region

frequently to gaih first-hand knowledge of the successes
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or failures of the systems.

Quértefly meetings are héld between the data procéssing
staff and the Head Office administration to discuss major
enhancementsAbr new systems. The minutes of these
meetings are sent to the users to gain their approvai for

any decisions reached.

Theii prbcedufes for monitoring the performance of -
installed systems were .less formal.than A's. Menbers of
‘the DP depaihifer University B CapecPown -
installations on an infrequent basis (depending on the
number. of calls for asSistance, in the event of system

failures, made by the users).

A schedule of which divisions were to be computériSed was
drawn up as part of the initial DDP study and this was
being followed up to the point when the decision was made

to centralise.

Informal meetings were held between the DP staff and the

regional management to discuss problems that had occurred

at user sites.
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6.9 CONCLUSIONS

In this chapter certain aspects relating to the field
studies were analysed to determine whether the findings of
the authors of various books and articles really reflected
the experiences of selected South African companies. In

general they did.

One impression was strong in every organisation visited :
the users were extremely happy with their systems. The

acceptance of, and association with, the computerised'
sotutions waFHE TMiverSity Bf*Cape Town

Another aspect was that all organisations processed both
centralised and decentrélised systems. Organiéation C'_
processed a batch system at its remote mini and Organisation
B had an on-line system at its Head Office as well as the
distributed system,'all'evidencé of the flexibilitf of

processing that can be provided through a DDP system.

The conclusions to be drawn concerning the implementation
of a DDP system are présented in the following final

chapter.
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CHAPTER 7

RECOMMENDATIONS FOR IMPLEMENTING A DDP SYSTEM

7.1 INTRODUCTION

The previousvchapter detailed the findings of thé field
study. - This,‘the final chapter, makes recommendations on
those aspects that might affect the organisation arising
from the decision'to distribute‘its data proceSsing |
function. | AELRWVAIGIERIGARE, AW nica1
aspects of file and nefwork design havebnét been included.
Previous chapteré have suggested that there has beeh no
evidence to indicate that distributed processing is an
aZternatibe to the centralised approach and that the‘one
excludes the other. All the organisations surveyed had
a centralised mainfréme on which central batch systems

were being processed and, in some cases, supported an on-

line network.

The question of which mode to choose would therefore only
arise when considering the requirements of remote users or,
perhaps, if there were a requirement to provide autonomy

over the processing of specialised appliéétions to local

users.
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The selection of either approach cannot be decided merely
on cost or security but must be based upon the policies of
the company concerning flexibility for fﬁture DP decisions
.and upon thé levél‘of autonomy to be given to the'rémote

users.

The recommendations put forward in this chapter concern
those aspects to be consideredvafter the decision has been
.made fo opt for DDP and which will, if not chrectly
plaﬁned and organised, séVerely prejudice the success of the

installation. o v
The University of Cape Town

7.2 PLANNING FOR DDP

Many authors are stressing an evolutionary approach to

- distributed processing.

Vickers : "An evolﬁtionary approach offers immediate
benefits and speeds the organisational
adjustment because people understand more
clearly when they see something rather
than only hear about it."!

James : "If it is done as an evolution of
' ‘computing techniques rather than a
revolution, the undoubted benefits
will be gained in a controlled manner
which will be to the benefit of both
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the users and the DP professionals."?

When referriné to evolution, these writers are implying that
the organisation should not attempt to instal all user sites
at once but to.start with-oﬁe user, resolve any problems and
then move on to the next site. This has the advantage of
visibility in that the‘users can see operational syétems,
and results can be obtaiﬁed in a.relatively short period.
The disadvantage is that the total system (with all users
computerised) will take that much longer to instal, and the

planning time-frame will extend over years rather than months.

mae] NSUDIVELSIY.OL.CARE TOWR,

 is that it usually takes several years to plan;
most users operating in a DDP mode today started

planning in the late 1960s."3?

The longer the time~framé, the more difficult it is to pian;
the likelihood increases Fhat factors such as competitors,.
envifonment,-change of strategy, etc. will affect the

: ofganisation, and therefore the plén. However, this doeé
not mean that oﬁe qhould then do away with planniﬁg, rather
the oppbsite. "The planning phase is vitally important
and must be exhaustive and informed."" - .
The importance of the plan can be seen by the amount of
time that OrgaﬁisationsA (nine months) and D (14 months)

devoted to the task. The time-frame for final implement-
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ation is confirmed by Organisation C, who estimate that the
full benefits of.the system will only be realised by 1985

(a total period of six years).

If the organisetion feels-ih any way diffident about
tackling the planning phase itself, then it should consider
employing outsiders to perform the task - as was dohe by
Organisation A, who used their auditors. It should be
.noted that the auditing firm themselves had to bring in
specialists from their overseas branches, 'such was the

importance they placed on the process.

The University of Cape Town

7.3 THE SYSTEMS ARCHITECTURE

7.3.1 Vendor Selection

As wes.mentioned previously, a major factor in the failure
of the DDP system at Organisation D was (in the author's
:opinion) their choicevof hardware. The first reason that
Doouss and Collins state when examining why DDP fails-in

an organlsatlon is "The use of relatively untried equipment
which was 1nsuff1c1ently evaluated before a’ dec151on to |
proceed was taken».r At the time of D's dec181on the
Burroughs B/80 was new on the market. Through perseverence
‘all the problems were eventually. resolved, but the efforts

to reach that state reduced the moralevand enthu51asm of
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‘all the personnal involved. Thus, when an alternative
solution was recommended, it was adopted with eagerness

as 'a way out of a mess'.

vThe folloWing éhecklist indicates some of the more important
questions that should be askéd when evaluating hardware.
Whilst the author considers that all the factors are of
consequence, the organisation should attach its own
‘weightings prior to seléction‘(for instance, it'might

consider'reliability more important than price).

Criteria [rarddbgiesitiennf Cape Town
Hardware
1. Is the supplier stable and likely to be able to

provide the necessary support over a number of years?

2. Is there a sufficient range of peripherals available

'tO'facilitate_future_expansion?v

3. Are incremental increases possible and reasonably

priced, and can they be field-installed?

4. - Are the mean-time-to-failure and mean-time-to-repair

at acceptable levels?

5. Can hardware failures be readily detected by a

‘relatively inexperienced user?
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6. Does. an adequate growth path exist to more powerful,

compatible computers?

7. Does a common I/0 mechanism exist between all nodes
so that, if necessary, data and programs can be

~transported?

8. TIs the product acceptable in terms of its heat and

noise .output and power requirements?

9. Is the hardware compatible with that installed at the

Central‘site and/or,other procéssing centres or nodes?

10, 18 therpaasrais prabiati st GHFSA frchﬁtm to

similar offerings by other suppliers?

§9_f.’9£§£§
1. 1Is a uniform programming languagé available. across all
‘nodes assuming that different models will be

installed?

2. Is the software cost effective in terms of its
resource usage (memory required, disk space usage,

etc.)?

3. Are utilities available for normal system support

functions, such as sorts, copies, etc.?

4., Does the software have proven data communications

,capab111ty°
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5. Is the software eady to use and designed to interface

with the user rather than DP professionals?

1. Does the hardware and software have a proven record.

at other user installations?

2. Does the‘hardware and software perform to the levels

required by the user?®

In the author's view, the only two'suppliers that are able
o satsty khCabdDIYELAIN QL GARSG L W oy (ehe

former through their 2200 and 5500 systems, and the latter

.with the S/34 and 8100).

An important factor in the buying decision is made by

Doouss and Collins :

"In deciding the policy. it is worth remembering
the cost benefits which can come from the
buying power resulting from standardization of
hardware across the company, to only a few
types of equipment. 'Suppliers are often more
willing to give bulk discounts, performance
guarantees, and to provide extra services. like

training and provision of spares."’

In this respect, two points'emerge :
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- IEM is the only éupplier who will definitely ﬁét give
.discounts.r The hardWare shduld not, therefore, be
'evaiuated on the price of a single machine, but on the
price of the total hardware fequirement at all.user

sites.

- There seems to be no rationale for ﬁixing suppliers of
equipment within the same application or group of
appZic&tions. ' The benefits are to be derived in many
waysy such as decreased training time, standard systems
and hardware leading to the easier movement of personnel,
quicker development timé through better familiarity'of
equiprend RYCekd BIVELSIY Of CaRE..L QWN /mscros
are to be‘installed that are to process applications
with differing fequireménts (e.g. accounting functions
on one andvprocess qontrbl on another), different

suppliers may certainly be considered.

;7.3.2” Network Selection

The organisation has a choice of three modes of trans-

mission :
- Dial-up
- Leased line

- Use of SAPONET.



207

i

- Since one of the objectives Qf a DDP syétem is to process
the data at the user's site and only transmit summarised
data.to a regional or central site at the ehd'of a period,
there is nb advantage to be gained from installing a

costly léased—line network.. One has therefore to choose
between the use of dial-up transmission or SAPONET. Under
the‘curreht rate structure dial-up is certainly favourable
and is,the_recommended‘mode_(this is substantiated by the
fact that all organisations in the field study made use

- of dial-up facilities).

‘The desionTq She STURTSIY OF CEFPTERN
instance, a hierarchical system (as was adopted by
Organisation A) or a star netwo:k (as is used by_

Organisation C) is dependent on the reporting requirements

at each of the nodes.

7.3.3 Software

At the time of writing there are no universal packages
available thatispecifidaliy address distributed processing.
Asrwas étated in Chapter'6, attempts are being made by
software houses and suppliers to fill this -gap. In South
Africa, iﬁ parﬁicular, no suppliers are offerihg a

comprehensive hardware and software solution.

The organisation is therefore reguired to devote a large
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proportion‘of its budget to the development of appropriate

software. There are two factors that are of particular

importance, both arising out of the field study':

(1)

(ii)

The application software should cater for the :

'untreined, undisciplined user. Controls will have

to be built in, which may possibly be overlooked in

the system design phase. All the organisations

surveyed under-budgeted for the development of

application programs. . This was mainly'due to 'last
minute' modifications to protect the system from

PTHS BiHTersity- ofiCupe Tewfr-e © ot

a very lenient budget or to ensure that these controls

. are incorporated in the design stage of the system.

The file structure and generai system functions

~should be kept as simple as poSsible. If this

poliey is adopted, the organisation will avoid the
problem of maintaining eemplex systems (with a

high staff turnover the re-education time of
replacement programmers can be costly). In eddition,
ehanging_user requirements can be more easily
implemented if the structure is simple. As

Vickers states :

"A manager should insist on simplicity. The

source data processing (or DDP) system is,
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or should be, a tool. IMore like a
personal computer than some faraway
-mainframe, it is important that it be
simple because so many people in the
organisation need to understand it -
the'bigger the organisation, the
greater the need for simplicity. Top
management and additors need to
understand it. And, most importantly, .
~ line managers must understand it at a

more superficial level."®

7.4 STAFF ORGANISATION . ' :

“The University of Cape Town

There are three considerations of importance when deciding

on staff functions and organisation in a DDP environment.

(i) To centralise or decentralise the systems develop-

- ment function;

(ii) The role:of the user in the design, development

and implementation phases; and

(iii) The need for bverallvcontrol of the DDP system.

7.4;1 The System's Development Function -

An organisation has two alternatives : to disperse its
systems-and programming expertise to the user ‘departments,

or to centralise it at the Head Office. There is a third
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choice, that of allowing the user to'develop his own
system, but, as was stated in Chapters 4 and 6, this is
excluded from the analysis as there is no evidence of its

being a practical solution.

This option was partially adopted by Organisation C in that
~ the programmers and analysts were moved to the usér site

during development. It is also advocated by Withington :

"Spread the programmers,'éystems analysts, and
other [ihgertdiioy aestiigiats (Bama. [xuyveige
for them to work with the increasing numbers
of 'interested amateurs' among professional,
supervisory,‘and middle management ranks. The
amateurs will learn some technical aspects and
‘be able to do increasing functions of the work,
thereby making wider use of the technicians’ _
.expertise. The technicians, in turn, will learn

more about the organisation and its people."?

This approach has two major disadvantages. Firstly, the
organisation is at'risk of duplicating expertise if the
talents aré distributed too widely (which obviously has
cost implications). Secdndiy, control over the
development function will be exceedingly diffiéult-if

systems are being developed at multiple remote sites.
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All systems and programming are located at one central
point in thevorganisation and the develépment and
maihfenance of systehs is'performed under the control of
Head Office managemént.' This approach was adopﬁed by
"Organisations A, B and D and is.recommended by a number of

authorsv;

Doouss and : ". . . maintenance and enhancement of
Collins

the systems needs to be centrally

administered. In this way, best use

Theoiﬁﬁlmfsﬂyo@q‘c%pes tan\Be)
made and co—ordlnatlon of maintenance
of systems and enhancement of the

systems can be accomplished.."'10

James : "All'applications development work for

~ the transition to distributed
processing should remain the

responsibility of the central DP
wll '

department.
A number of writers are, however, divided as to how the
systems development should be organised. In the author's
opinion, the centralised approach is the safer option in
terms of‘greater control and is therefore the one to be

selected.

However, as Vickers states :
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"Computer knowledge, and programming knowledge

in particular, is much more widespread than it

was 10 years ago; students are taught programming
in most high schools and colleges.. Also, the
computer'has_trained a lot of people, and thus
there is much less fear of computers and a

willingness to use them to solve problems."!?

There can be little doubt that when computer knowledge
becomes more generally widespread, there will be more
pressure from the users to develop their own systems. When

this happens a good case may be made for allowing them to

do so.

"The Uhiveréity of Cape Town

.‘7.4.2 The Role of the User

If one accepts, then, that the user is not responsible for
systems development, there must be other functions for him
to perform as he cannot be excluded entirely from the

development process. These can be categorised as follows :

_The user'shéuld, through a user committee, be able'to
select which applications should be computerised and the
order of development. Once this has been set} the
propoéed schedule will be handed to the central DP staff.
This does not signify‘that there will be a lack of control

over the development of systems. This will be examined
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in the next section.

—— S —— — ———— o Sy - S

It is vital that the user perform a project management
during systems developmént., This will achieve two

important benefits.

- The user will be involved in the system from the outset
thus reducing the education and training time prior to

_installation.'

- The vser FHE iRt S Of CapE Totkrite: **
is 'his' system being developed under his control.

This will contribute to his enthusiasm for, and

'acceptance of, the system.

. —— - ——— - ——— —— v e Hy e ——— Y a—— -

Thé user will continue in his role of project manager,
’énsuring that interest in the system'does not flag during

this period.

This will be analysed in Section 7.7 under "On-Going Control

of the DDP System".
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:if the development team moves to the user site during
development, then the role of project manadger is easily
filled by the user. If, however, the system is being
deVeloped'at the.Head Office, and the divisional manager
is situated sbﬁe distance away, difficulties may be
encoﬁntered in his role. In this case regular progress
reports shoﬁld‘be sent to the manager and meetings |
between him and the development team shoula be held as
frequently as is possible.  Above all, it must be

represented as 'his' system.

ome aspect Ty Ashdt Aaresity aofe Ciop dniFes pire develop-
ment phaée is the morale of the user. It is important to |
maintaiﬁ it throughdut.' A réduction,of motivation should
be detected as early as possible and the necessary steps

~taken. This could be due to :
- A lack of'involvement in the system.

- A lack of confidence by the user in his ability to
perform the project management function because of

insufficient training in the necessary techniques.
- A lack of confidence through an inadequate understanding

of the system or the hardware.

The first can be solved by involving the user through

frequent meetings (assuming he is not the project manager).
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The last two points can be rectified through an

education programme.

7.4.3 The Need for Management Control

.There can be little doubt that as in all computer systems,
there is a need for management control. The problem in a
'DDP system is that the controlling function would be
centralised yet the resources that require controlling may
be situated at remote locations. Woods suggests the
organisational structure detailed overleaf in Figure 7.1.
The University of Cape Town
-In the author s opinion the structure is weak unless the
‘Distributed Processing Manager has regionalvcontrollers
reporting to him. Orgahisation C, with its regional co-
ordinators, would tend to offer greater control than the
structure in Figure 7.1. A more favoured layout is

'illustrated in Figure 7.2 (page 217).

The responsibilities of the Distributed Systems (DS)
manager‘would be :

- To monitor the hardware and software of all nodes.

- To check on the standards of development and-operations.

- To liaise'with the users (via their user committee) -

concerning application developments.
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Figure 7.1 : Organisational Structure at John Deere for

Controlling the DDP Function!?3
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Figure 7.2 : Proposed Structure to Ensure Effective Control

of the DDP System
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- To liaise with suppliers concerning the acquisition of

~new equipment and the performance of installed hardware.

- To forecast the projected work-loads at each node and

thus the requirements for future upgrades of hardware.

- To co-ordinate the training and education of all personnel

involved with the computers at each node.

- To monitor and control the activities of the regional

co~ordinator.

The regidnal co-ordinators woﬁld, intér‘alia :

The University of Cape Town

- Provide support to the nodes in such areas as operating

problems, data communications, errors, etc.

- Log all hardware and system software failures in their
regions and report these on a regular basis to the DS

manager.

- Monitor application program failures and report these

"to the DS mahager.

- Assist in the education of new users or the training of

new operators.

- Assist the users in the hiring of personnel (data

capture clerks, operators, etc.)

- - Check on the use of standards laid down concerning
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environment control, password usage, etc.

An area.that-requires special attention by the DS manager
is requests for éomputer staff by the nodal sites or the
regional co—ordinators.A The motive could be based on
'empire building'. Any requests should therefore be
justified by increased volumes or the installation df

additional systems.

With the structure detailed in Figuré 7.2 there is both a
central and remote controlling'function-which will ensufe
concinuoudTinersdriv et sity BF-Cape PowWrE=
While the titles and locations may change (the user
‘training group and regdional co-ordinators may be situated
atlﬁead Office), the recommendation is that the functions

and reporfing lines should be adopted by every company

installing DDP.

Thefe Should'still.be the'normal corporate'steering

- committee which would review and approve the DP budgets,
approve major projects and expenditure decisions. It
would review the progress of major projects and decide

when to terminate them. !
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7.5 SYSTEM DESIGN CRITERIA

7.5.1 Design Objectives

When designin§ sys£ems in a DDP environment, the objectives
that the organiéation éxpects tb achiéve should be clearly
'defiﬁed. This is so of any computer system or, indeed,
any project. However, in DDPvit has special siénificance
when systems are being developed by multiple teams that
willlbé installed in many lbcations but have a common foéal
point, at Head Office.’

~The University of Cape Town
Whilst a large number of these objectives are implied and
may relate only to pafticular'systems (e.g. an objective
of a stock system may be to reduée the level of ihventories
heid by that division), there are objectivés‘that may be

generally applied, such as :

(i) Performance. The system should be able to process
transactions within a specified time limit. This
should be set at such a level as to cater for the.

required growth of the organisation.

(ii) Economy. The cost of the total DDP system and any
one of its nodes should be acceptable in terms of
the organisationb DP budget. The cost can be

expressed in terms of the data transmission links,
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the support personnel, the cost of hardware and

software.

(1ii) Implementability. The system should be designed
| in such:a way that it is as easy to implement as
possible. Specific aspects to consider are the
use of prompté and menus and the use of traiﬁing
manuals.

(iv) geggyeggglliﬁy. The design should be such that the
prqcedures to recoVer files, in the event of system
fai : i i i udes such

THe UnitRetsity"of CHe“ToWwet =

factors as the detection of errors, the‘mean time

to recovery from failures, etc.

(v) Flexibility. In this context, flexibility refers

to the ability of the system to
- Cater for future increases in volumes.
~ Incorporate new application areas.

- Allow for changes in the organisational structure
(the changing of responsibilities, changed
- reporting lines, etc.).?’
Although a number of writers have stressed that performance
'and‘economy are the overriding objectives, the author .

believes that the others are as impertant, in particular.
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the ability to be easily implemented, and the recovery

capability.

7.5.2 The Need for Standards

One of the most important'aspects that could contribute to
the success or failure of a DDP system is the use of

standards.

Foy '~ : "One experienced user points out that

' ‘ - you can't decentralize until you've
centralized - to establish the common

Thelhmwer&ltyw@fanp@s kaavN

information structure which enable
different parts of the company to
keep in touch and use each other's
~data.  Without strong attention to
such standards, distributed. systems
could turn into a nightmare for the
computer department, and perhaps for

general management as well."!®

Van Rensselaar : "As our use of computers has evolved,

we have faced a number of continuing
challenges, some of the most important
of which are . . . establishing,

. maintaining, and promoting the use of"
standards.for hardware, software,
documentation, project management,
data, and auditability and control as
a foundation for well-coordinated

worldwide applications systems."!'’
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As the above quotations suggest, it is extremely important
when developing systems'that are to be used in many sites,
to develop standards before the DDP project begins. These

should relate to i

- The use of common Programming languages to facilitate
the movement of programs from one hardware system to

\
another.

-. The use of standard coding techniques. This will ease

the maintenance load after installation.

- The writing and.usg-of doéumentation such as procedure
nanvats, LIRSS OLGARE.T QU ..
»réfefence manuals, etc. If théy are in a standard
formét and their use is encoufaged, the tfaining time

of operators and programmers will be vastly reduced.

- Project management and repdrting techniques.. This will
aid the steering committee in evaluating project progress

on a common basis.

- Dataxstorage, access and security (through back-ups,
passwords, etc.). If common methods are in use, the
‘diagnosis of errors will be more rapid than if each node

has its own, non-standard procedures.

- Operating procedures relating to such areas as report

shredding, data flow, etc.
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One problem is highlighted by Byles : "How can the groupis
DP standards be gently enforced on the enthusiastic users?"
He offets no solution but they can be easily implemented

if decided on prior to the commencement of the DDP project.
It they_are left until sbme time after the systems have
been installed, the user will develop his own standards

and will be reluctant to change.

7.6 TRAINING

‘Training ST peHEiversity 'of CaperPown
distributed than in a centralised system. Not only do
programmers have to be trained but many users have'to>

learn both the systems and the operational aspects of

the computer.

7.6.1 Programmer Training:

Designing and writing prbgramé for mini-computers requires
different_skilis from those for a mainframe installation.
.Organisatioh C, in fact, found it necessary.to screen their
staff very carefully when selecting the team for DDP
system devélopment. They were forced to emplby additional
"staff when insufficient talents were found in the company.

The reasons for this are :
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- The progfammer has to be more aware of the skill level
of the u§er'and has to build in qontrols that may not
bé in the spécification. He has to be able to place
himself in the position of an untrained user and say
"What will happen if I do A instead of (the correct
procedufe) B?"} AS'aVDDP system will have more hardware
£han, say, é terminal based network, the programs'will
need to'HaVe more cbntrols in such areas as checking of
‘disks or diskettes and the recognition of the latest

files.

- The analysts énd programmeré will have a closer liaison
with the bddE duliHY GLSIBEGE (AP Ged QMR in a
¢entraliSed system. They will thus have to be more
people—orientéted and be aware of the users' shortcomings,

their fears, and so on.

Organisation C is in the process of establishing two distinct
development teams, one that programs only on the mainframe

and another to develop systems on the minis.

Whichever way the development teém is structured the
trainiﬁg of the prbgrammer should embrace more than merely
the hafdware and ﬁhe prograﬁming languages (as is éo often
the case in a.centralised system);. His training should

be extended to such areas as :

- Thé_requirement'for, and use of, controls and how to
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implemént them,

- How to handle requests for changes during development

(in all the organisations sﬁrveyed, the programmers were

c0ntinually'being‘requested to include changes, both

major and minor).

Note

- In mini-computer systems it is not unusual for the

programmer to perform analytical work as well.
However, if the functions are split and systems
analysts are utilised, then the factors mentioned

in 7.6.1 would apply to them as well.

2.6.2_meTh@MIversity of Cape Town

User training should consist of :

- Informal user groups.

- Courses run by the suppliers.

- Seséions internally designed and handled by the central

DP staff.!®

(1)

User groﬁps. A valuable interchange of ideas is

-achieved by establishing user group meetings. . The

purpose is to allow them to meet on an informal
basis to exchange their experiences in running the
systems, the problems they have encountered, or

suggestions for enhancements. = The groups should
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consist of ueers from multiple sites and could be
held on a regional or national level. This is for
each organisation to decide, as a nationai group
meeting may be too costly. The author therefore'
cdnsiders that regional meetings would aehieve the

-required purpose.

(ii) Sppplier courses. These are given to any new users
to familiarise them with the equipment and the systems

software.

| (iri), Inte.rrﬁl rrisﬁf/serSI{l Ofxrcélven -Toousers , from

. the operators to user managers. The objective is
to teach them the details of thevnew system. The
emphasis will Vary from the operator ﬁo.maﬁager with
the'former being taugh£ at a very detailed level.
The manager will have been shown the systems at a'
more conceptual ievel, With the emphasis on control

and the interface to other systems.

Some of the topicsacovered in the operator course

would be :

.~ System eecurity and recoVery
- Data communications
-~ System start—up and shut-down
- Application operation

-~ Error detection and recovery.
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Hands-on training is vital for the operator
during this phase.

If possible, the organisation should establish a central
training division whose job it would be to handle all the

education of new users.

7.7 ON-GOING CONTROL OF THE DDP SYSTEM

A DDP sysﬁem»will only bperate effectively for asvlong as
.Ithe.re is CSFﬁ@meﬁyow#@aﬁeuTegmon This
applies as much to contfol of the total network by ﬁhe Head
Office staff as it does tb that provided by the remote user
management. The success éf the system ié as much
dependent on the skills of the developers and users as it
is on the structure and reporting linés that are established

.to monitor its progress.

7.7.1 The Structure

This should be established in the way recommended in

' Secﬁibn 7.4.3 so that there is both central co-ordination
bf the total hetwork»and regional control of fhe user
sités" The former will provide the direction for future
developments and act as the liaison point witﬁ the user

committee. The latter will provide the day-to-day control
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‘needed to support the users. They will also perform a
quality control function to ensure that standards of

operating are. being maintained by the users.

The user committee will perform a vital function in ensuring
that they have a voice in the development of new systems
and can point out weaknesses in the existing ones.

7.7.2 The Skills of Involved Personnel

.Only.through continuing education and tfaining programmes
can the ordfifyentiby iqpes| hab fHE stamateguser skills
is maintainedvat a high level. There is certainly a '
gféater need than in a centralised syétem, since the
,functions performed in aYDDP éystem.are:more Varied and

complex (such as machine operation, etc.).

7.8 A SUMMARY OF THE RECOMMENDATIONS

This section summarises the recommendations made, and
conclusions reached, in Chapters 6 and 7. A reference
is made, after each, to the relevant section(s) in the

thesis.  They are listed under four main headings, viz.:

- Hardware and software

-~ Systems design
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- Staffing

- Management considerations.

7.8.1

(1)

Hardware and Software

A single manufacturer should be chosen to supply

all the processing units to be installed at user

locations (where those sites are to implement.

common systems). = Sections 6.4.1 and 7.3.1

(ii)

(1ii) -

(iv)

The hardware should be'piovén. Section 7.3.1.
The University of Cape Town
All sites must be compatible in terms of

programming languages and operating procedures.

Section 7.3.1.

The use of data base software packages'should be

- aqvoided until such time as a universal, proven

package is available. When it is, the organisation

should ensure that it has sufficient skills, at

regional and central levels, to implement and

maintain it. Sections 6.6.2 and 7.3.3.

(v)

The dial-up mode of transmission should be used.

Section 7.3.2.



231

The need for inter—node-communication should be

examined and justified very carefully. Section 6.5.

"The major design objectives of the system should be

performance, economy, implementability, recoverability

‘and flexibility.  Section 7.5.1.

Standards should be set for programming,'opérating

and documentation prior to the commencement of

VeI i VST STE GPT BB

- enforced. Section 7.5.2,

The systems should cater for unskilled operators
and should be rigorous in their edit/validation
checks. They should be easy to.implement:and

self-explanatory (through prompts and menus).

~

(vi)
7.8.2 Systems Design

(1)

(ii)

(iii)
Section 7.3.3.

(iv)

(v)

System security should be enforced through the use

of -passwords. Section 6.6.4.

Users should not be given the ability to modify their
files ekcept through normal transaction procedures.
Any modifications. required (after program, hardware

or power failures) should be handled by the regional
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- co-ordinators after express permission from the

DS manager. Section 6.6.4.

Staff .

W

(ii)

(iii)

(iv)

The structure (as shown in Figure 7.2) should be
established with regional co-ordinators situated

in their respective regions and a user training

‘group at Head Office. Section 7.4.3.

The systems development staff should be located at

the figpad dfenrer B iapecit{c agzm shavldpe

' establishead which is not connected in any way with

- the development staff for centralised systems.

Section 7.4.1.

A user training group should be established at Head

Office. Their responsibility will be to instal

" the system and provide initial and on-going training

at all user locations. Section 7.4.3.

A user manager should be appointed as project

manager, and, if necessary, be given special

training in project management techniques to allow

him to fulfil this role.  Section 7.4.2.
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A user committee, consisting of senior user
personnel, should be formed to recommend enhance-

ments and future developments of the DDP system

‘to the DS manager.  Section 7.4.3.

A user group (consisting of node manager and

operators) should meet at least quarterly on a

regional or national level to discuss problems and

improvements to the systems. = Section 7.4.3.

" The University of Cape Town

"The dectistion to centralise or distribute should not

be based solely on hardware or the requirements of
the users but on the philosophy of management and

its policies towards such aspects as security and

The plan for DDP must be an integral part of the

(vi)
7.8.4 Managemeht Considerations
(i)
autonomy . Section 6.3.1.
(ii)
corporate plan. . Section 6.3.3.
(iidi)

The'planning of the system must be thorough at all
levels (equipment seléction, systems- design and -
development, and implementation). It is likely

to take man-~years rather than man-months.

~Section 7.2.
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(v)_

(vi) .
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The budget for systems development must be lentient.
Due allowance must be made for unplanned program

changes. Section 7.3.3.

The organisation should opt for quick viéibilify of.

the systems. This can be achieved by phasing the
. development and installing at a pilot site.

“Section 7.2.

The pilot site should be representative of both the

systems to be installed and the skills of the

- rerfPhe Urivetdityrof Cape Totwir o7

(vii)

(viii)

The organisation must be prepared to invest

considerable amounts of time and money in the

training of its systems development staff, the user

training group, the user managers and operators.

Sections 7.6.2 and 7.7.2.

The user should not be responsible for equipment
selection or systems development but should decide

the priorities of rﬁnning his own systems.

'Section 6.6.1.

'Special attention should be given. by the DS manager

to requests for staff by the regional co-ordinators

or the node computer managers. Section 7.4.3.
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(x) The morale of the users should bz watched very
carefully during the evolution of the system.

Section 7.4.2.

7.9 THE FUTURE OF DDP

As was stated in the Introduction, no analysis of computer
trends and the future direction of DP can be complete

without examining the role of IBM and its development path :

"IBM has beén slow to epdorée distributed
procestA@, LlBdMersity-ef. Capelawn

computer room and its high capacity but high
priced large central mainframes, mass '

storage devices, and the like.

IBM hasn't really 'blessed' the distributed
processing concept - but it may be adopting

it wl9

That staﬁement was made in 1977 and since that-time IBM has
announced the 8100 system, billed as its distributed
proéessing solution. Even thqugh they, in the past, have
SO obviously‘favoured the centralised approach, the
vannouncement.of their low priced 4300 series and 8100s may
indicate a move away from the central computer systeﬁ.
Although the new Synchrondus Déta Link Control (SDLC)

protocol for data transmission has improved the reliability
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of,communications networks, it has not removed the high
cost of the attendant products (NCP, VTAM, etc.). SNA
(Systems Network Architecture) which, for a few years now, -
has been IBM's offering in the data communications area,

has a high cost overhead. As Sherwood states :

", . . the user must evaluate the conversion

costs, increased capital costs, personnel
costs, and equipment resources demanded by

a conversion to the SNA environment."2°

As well as being expensive the centralised offering of IBM
does not offer the flexibility 6f DDP. However, through
its vast ra-l;;leofuTQciM@rﬁLté/sQﬁ C@@e LOWRY seitn
has the capacity to offer many different hardware solutions
to the organisation considering DDP (as adopted‘by
Organisations C and D). It would seem then, that despite
IBM's slow acceptance of DDP principles, tﬁe mode will

continue to find favour in the marketplace.

7.10 CONCLUSION

This study has aﬂalysed'the‘implications of installing a
DDP system. It has.described the components of the system
and why it has only recently become a viable alternative'
to be considered by the organisation. Factors to be.

considered in the centralisation versus decentralisation
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issue were then exémined - thesé would be taken into
consideration by an organisation when considering the
proceséing mode. The study then proceeded_to examine,
thfough field studies, the.aspects that must be planned
for and controlléd when plaﬁhing and implementing a DDP

system.

‘Aécepting the cdmputer maturity of an organisation and its
management, the success of a DDP system will ultimately
depend on the piannihg, the attention that is paid to the
requirements ofithe users during development, and thé
control ovef [me |sksisrea sty i apeichOWTy this
exfent, this study has attempted to highlight the major
areas likely to affect the business. 'Only through being
 aware of them may the organisation plan'effecﬁiVely and

thus ensure a successful installation.

Q0 e ¥
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