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ABSTRACT'

Q

This report exposes the corporate manager to a new field that, to the uninitiated, amounts
to nothing short of pure 'vision'.

It outlines the simplistic power.of IT, and how it can be applied to solve and simplify many
l.!'Iformation management problems, moves on to explain how this new technology has
only recently become available to the average concern on a single site scale, and how 'it is
well Within the reach of the non-technical manager.

The more technical aspects deal with the .low-tevel implementation complexities that are
often glossed over by system vendors, and attempts to expose the forward thinking
manager to the practical realities, whilst giffiqltaneously maintaining a.posltlve stance OM "-p

the feaslblltv of a working installation. ,;,'

Separate sections cover the managemen{1 of change that presupposes such advanced
thinking/, as well as general man~,gement applicable to the wide range of'skill levels
traversed by business systems ..
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Y,~------------------------------------------------------------------------
Each main section of the report contains a summary block (shaded) thai pr6vic;ies a non-
technical overview of the section. It is possible to gain an overview of the report by
reading these-aectlons alone, but they do not divMlge any technical details which appear in "
the text. This system pre-empts the need for an executive summary, which would

. . .."..... .". l).. . .

otherwise be a simple compilation of the~e blocks. "
'. ,_', ' "G

G, ,Thedi~a:~\yantage of roading the summaries, ~9ddigrassing into the text only when
q{~GlU~~tJ,i,sthat the text may contain reference t~,'ietalls divulged only in prevlous areas.
o Anotne,t' complication is that the highly technical nature of the subject means that industry
terms,and acronyms are used right from the word "go", yet may only be dealt with, in
detail, in a late!: section. In an attempt to overcome this, a glossary of terms is included at

_'_.therl~wdof the report, but the reader may still find that things only como together on the
ffc:",.".,d1n'd' read "'(( 6,??"'e.o "
wi( c , \-1
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The Prac!lc~1 loopiementatIon of InfQrma~I!rul!Rgy In a aeal.W~l!1Ml., .........~_

PROJECT Bf,UEF
o

OBJECTIVE

This study intends to preempt the problems
associated with implementing a full blown IT
system in a truly practical environment
encumbered with all the problems of complex
transactions, :1ume1l'OUSevents, a largely
unskilled labour force, irrefutable loss of
control, and se"ere financial restrtetlons, In
short, your typical South African
manufacturing environment ravag,ed by the
repression of 1992/3. "

The company within which the exercise is to
be conducted i~~ subsidiary 6f what can be
consldered to be one of the largest
multinationals world-wide, Unifever. Yet,
despite the large number of operating
companies encompassed, mostly ot a
manufacturing nature, no work in this direction
has yet been addressed and this project is
considered as being the pioneer to factory
level IT implementation within the group,
receiving focus from the European based
Unilever information centre (Technical
Information Services).

Due to the magnitude of IT implementation
within a business, coupled with the size of the
Unilever group, the project is mere'iy to
address factory level transaction recording
with the aim of attaining a daily mass balance
(described later) across site. IT strategles for
the business as a whole, commonly referred to
as levels one and two, are being addressed by an Information Systems Task Force at
group level, the current project being considered an essential factory interface component,
put one that had only been planed for three years hence.

PROBLEM STATEMENT

THE UNDERL 'fING A lack of any forward-thinking Information Systems department wlthlr: the Unil~ver South
CAUSE Africa group has resulted in a complete lack of appreciation of the power and simplicity. of

Information Technology in .11 manufacturing environment. Its potential to address a s~(lous
problemwithin one of the group's factories has been overlooked for the last couple of
years, recultlnq in wasted time attempting other approaches. The problem is ideally suited
to IT irrtplementejton, a fact that could only be illustrated by such a precarious venture
into the unknowh~ Such a venture had to be preceded by some serious forethought--the
purpose of this Irrformation Survey.
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THE REAL-WORLD
PROBLEM

Vandenbergh r=oods is a margari\(13and salad oil manufacturing and packaging concern,
and thus. it deals primarily W.ith f~ en mass, an.extremely costly c.o.mmodlty once
extracted from its raw seed state.~Over the last year, the site mass balance (a
reconciliation of all the raw materr~'s received to the product despatched) has been
showing increasingly alarming disparities from its zero datum. The magnitude of these has
peaked at 24.0 tons (R 550 .0.00) in a single month, with an average of R 1.00 •.0.0.0
becoming the norrn. With Vandenberqhs producing a characteristically econor:ny
dependent product, at annual pr<1;fitsin the region of twenty million Rands during the
1992/3 price war, these are losses that can be ill afforded,

It should be noted that even when one can be sure that a loss is not actually a physical
privation, the financial repercussiarts remalr- the same as the calculations of costs of
production are obviously based upon the more agreeable figures. Thus, ultimately, prices
are set below direct costs ex wor~l:!}(DCEW), an all too easy occurrence on low margin
commodity products, and huge IO~I;Sras,are incurred-In fact to tt;} magnitude of the
originally perceived rnlsplacementj'j Naturally cost of capital cslculatlons are also skewed,
and thus all business decisions (pfilt,~rJly the capital expenditure related ones) based on
this factor are erroneous. In 0

j) •

MASS BALANCE To digress, a mass balance involves c~lculating the difference between the inputs and
outputs, and adjusting for 'Opening an~1closing stocks within a specified time frame, which
should ideally equate to zero. A negative variance {loss} indicates that tosses have not
been correctly accotlnted, or that they are occurring outside of accounting controls (such
as shrinkage). Once one has eVrpAnat~:i.~,the possibility of large scale thef~,~~nd once one i,~
sure that the local lakes are not irl'l{l.e)"',ed in a tljree foot layer of oil havhi?nncredlllou~ly
escaped the airtight process systE:.rp!~,one has no choice but to query thf\ efficacy of .the
accounting control systems. Mass balances can be performed over an.eritlre factory, else C

over individual departments, and even over.slnqle vessels, However, for every area one
has to have a complete handle on eVery input (date and slze), every output (including in-
process losses) r ;;'Qdan accurate measurement of stocks at the beginning and end of each
time frame. ,.. / ,:

\ ,r
'...-,..-..,~,

Vandenberqhs stock takes span an entire non-working day (the last Sunday of the month),
and cover in excess of 133 tanks and vessels spread over four plants and totaling over
4700 tons of oil (51.0.0 lltresl, Naturally packaging materials and chemicals are also
stocked but these have been excluded as they do not affect the mass balance. Raw
rnaterlals take the form of oil in over 1.0.0 25 ton tankers per month, or seed in over 65.0
30 ton rail and road trucks per month. Naturally each has to be accounted tor, with a
total of 27 faots for each transaction being recorded. p, similar plet~~,:a of lntcrmatlon is
required for truck despatches. As product moves through the factorVin semi-continuous
batches ranging from 45 tons to 2.2 tons, each transfer has to be recorded and generates
at least 18 pieces of information (sometimes up to 31) r all of it being essential to controls.
With 11 0.0.0 fluid tons per month moving through as many as 11 accounted interfaces
(excluding rework), this amounts to a vast deluge of information. \'

, k .
When a mass balanca ()ver site, requiring the bare minimum of data for clrcurnferentlal
inputs and outputs, yields the aforementioned losses, the immediate approach to a
solution is the targeting of smaller areas in order to try and isolate the source of loss.
Naturally, each sub-area requires a similar amount of data as the site, and immediately the
scope of work doubles for a single split. When it is discovered that each area gives
inequitable balances, further splits are required. A Vandennerqhs site mass balance is
usually only available two to three weeks after a month-end stock take, the
aforementioned scenario hils dign~ssed to a stage where-three full-time Enginoers, and the
cooperation of an entire management team, cannot come up with a balance within a
month, even with full-time cumulative monitorir.~ during the month in question.
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The conclusion Is that manual control systems, despite recent and complete revamping,
are completely Inadeqtiateat identifying potential loss of control and erroneous inputs, but
more importantly are "n(.)tcapable of prov., ...management information and queries with
less than a significant amount of manual data. processing work-all of which is subject to
further e-::~~r. In short, a full blown data capture and manipulation system is required to
overcome these and many more problems.

II
Ii SCOPE The scope of this data is significant enough to qualify its capture as a complete handle on

factory level I!. Other, non-mass related, transactions may be added to the system as
confidencqescalates, but these typically represent far more manaqeable areas than does
mass cont(£I'I, and the proven implementation of the latter \Nould be assurance enough of
the ability to incorporate the remaining controls.

H . 1'~1

The converse also applvs: an IT system is capable of taking complete control of the data
capture and ~)andling.

INFORMATION SURVEY----------,--------...........(~>-- II ______,-~-.
One of the biggest obstacles in the path of such a new phiiosJ~PhYis not resistan~e to
change, but rather an inability to. cornprehertdjthe practical slrihplicity of IT, on the part of
manacernent, and thus a stron!~ resistance ari,sing from disl)eliet that time a~d effqrt
invested can be made to pay N~ritself." I ' ',-~,)

" H "
Ii Ii

The information survey attemp:;~sto address the conflictb~tween the need t(~state tlhings '
Simply so that it can be con1prlilhended by non-technical pa!rsons, and the n~bd 1:0 di1/~llge
details so that the more learned reader can be persuaded qf the practical re~iitie,!). It ls
imperative that the report conveys the vision of nl!, and hO~N the siml1~lebuilding 'blocks
can be used to provide very pdyvertul information centrols In a fractirm of ths time t.h~l.t
was possible in the days of mQ~nfr<llm~computing I,' , /' .

!, ': '.. I
The re.search, in '.ltself, was ne(.':IeSSi.t.at.e.dlOY ttl ') T.B.,.lbt. t. han ..he iItlPle.n../It:mtatcon of ;I.TIW ...lthoLlt
a long term plan, can only reSUlt lnresctnded wqX~ltat a later point .• The philosqphy o'!i
"Start small, think bifJ," abo!)O(-/s,<lInda~ in suc~"Jila!;ieS,the small ~/;tfapshave to be m"ilde
in the right direction, There is)a Ve.1fYd~finite p~htsiJ.Jilityof studyh"g a small portion or the
underlying principles" and thereafter feeling fair!y!ponfident that ();~~lknows all. there 'is to
know, other 1;r,anthat which Industrv venders !~~.;lll!£l,eable to cater Jar. In ather words,
the principia of "A tittle knowledge Ls dal.,gero~lf:'i also teatures, Ii i

;/1 r I
This arises trom wt!nd(.lr assurances thflt their ,i:i/I>du.ctcan addrel:Jsi/alithe firm's concerns,
using such phrase~ as "lntegratlon", "open sY~~faml~II,"commull'lc!~tion prot<;'II;oldrivers",
"distributed" and other esoteric adaptations ofirealLdefiniti<ms ti) reassure th/a uninitiated,
A closer examination will start to expose the (iifferences betw~er; lnteqratlon and
Interfacing, the extent of 'openness', the con1'~lexi'ty and downsldes of protocols, and the,
as yet, unattalnabliltv of truly distributed syst~ms., :

Ii '

Whilst the report concentrates on exposing: ~!II~esecornplloetlons, the bottom line is that
the technologies are moving in the ~ight direfption, ,'the IT philosophy has been enabled, and
lmplementetlon really is fairly simple~9rOvid€ld one avoids the pitfalls, and starts off on the
right platform. The weighting towardt the l~ol1trary arises from the vast array of critical
information that abounds, and from the fact that .Iit can be dane" can onlv be said in so
many ways before repetition kicks in.

The summaries throu'ghout the survey attempt to convev the more positive message in a
format that the ("ansgar can understand, the details digress into the technical acronyms
that abound in an industry where descriptions such as "Transmission Control
Protocolllnternet<erotocol" abound, and the bit size nature of information means that
manipulatlon rpiist involve a vast array of permutations, all of which need aligning.

(I
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-------The surv~~ has been approached from the point of view expressed by a manufacturing
concernJjEG descrlb~d later, implementing such a philosophy and attempting to reconoU~.
all the di,'Parit;~s. It Is not intended to address the levels that a programmer wout9 have·'~T"''''''.,
to be fa~liliar With, yet it is not so shallow that the concern would have to look further fpr
a comPl"lte understanding. This middle road has not been attained through the bulk text,
which wi~nde~s fr1>rnone extreme to the other, but hopefully throuqh the cernbinatlon of
the sum~lharies and the text.

I .
I

The repqrt does not attempt to layout the specifications for an IT system de'sign·-these
would bi~ specific to each site, nor does it attempt to document thl[r actual implementation
path-this falls within the scope of company reporting. These two phases have, however,
been completed subsequent to the successful implementation of the project.

c
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This report Was compiledilin mid 1993, and hence all absolute references to dates
\\throughout must be inde~~d from this period.
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tho practical Imploooantatloo or Information 'tochnolo9Y In !l Real.WO~)J)melllio,_t ___.___ ~,_,.

INFORMATION TECHNQLOGY (I'"')

THE VISiON Acceptance of IT requlres I;m understanding of
the 'vlslonv-the simplicity of the concept, and
the power of its establishment. It is important
to realise that all buslness control systems are
based on a database plattorrn-even if it is
some proprietary model not cOnforming to the
database definition, but storing records and
fields just the same. The database '
t:ompqnents include a file (table) containing
records (rows) and fields (columns), each cell
([tem) ccntainlnq data ill a pre-specified format
(date, integer, text, etc.).

DATABASE POWER AND SIMPLICITY~~c _

';1

In a bank, a table rrl<.lV represent all their
-current accounts. Each record could be a
transaction, with fields for account number,
date of transaction, place, amount involved, etc. Any report/query could quickly extract
all records for a given account number over a giVen period. Another table mc'Y,contain all
account details, with fields for account number, owner's name, date opened, credit limit,
etc. A relational reference between the two tables, on the account number, would allow
one to combine the account detail information with the account report, using running
totals and ~ome calculatlone for el';lch record, producing a statement that showed When \\
the account.balance dropped below the credltIlmlt, and what the interest charges were
tor-each period in the red. The simplicity of this lies in the table analogy, its practicality
arises from tho abilit~~,.tb link computers.and their database tables through a
rretwork/modem,» Suddenly ATMs become nothing more than dumb terminals sending and
receiving requests fer reports, In fact, the limited range of reports the bank is capable of
p(~uucrnQ, illustrates how simple their setup is.

Seemingly complex systems that draw money' from. one account to pay ,nother are merely
triggered procedures that occur on a given dQ,( (actually when all t!J_~",~(ocedut'esare
rUhhing that night in a batch [ob-tne reason il:-,:•.. ~ close ~o Elar~f;/that add a negative
record to the one table, and a positive to another, both eGjualtd the negative balance in
the second t81;\Ie on the specified prior date. All the information 'for this procedure is
stored in at'llirtNable that specifies the date the procedure should run, what account
tables it should look at, what dates to use, and any other required tntcrmatlcn. The
procedural batch job just runs through this third table every night looking for something to
do. All extremely 'simple jet stunningly powerful and beneflclal-ell those reduced man-
hours, and the wonder facilities now available to the man in the street-statements in a
flash, daily interest calculations, account paymants, the list goes on.

Ii

OBSTACLES This example also illustrates the downstda-secirrtty. With lines (usually messages are
passed through the telephone services rather than dedicated communlcation lines) to
ATMs and across banks throughout the country, what stops criminals tapping In and
sending credit messages to the database? Tfie answer is security at the database. The
database engine (controlling tables) must request a password for every instruction, yet
this password must not be readable off the communication lines else it may ba duplicated.

So, here we see the power of IT, yet the underlying awareness one must have of its
oompllcaticns, Many more lie In the communication protocols, and even more in the



hardware reqUiremJ~.ts, ...ut the Philo~oPhY is sound, proven, and can be f,lpplied to any
busjness~-f~w are as complioated as"oanks and even they are childishly slmRM~tic.

» ,/

!NFORMATION ·r~CHNQLOGY VS SYSTEMS ----~--::----

ii;

Tits distinction between IT and IS .(information systems) seems to lie in the software and
hardware. IT is a combination of the two, whilst IS is the soft\l\(are aspect only. Other
views point out that distinction of-the two is not possible, and that they"are too closely
interwoven to treat separately. In this report the latter view has been adopted/ but at the
risk of infringing on the company's long tern11T strategy (a 5 year pian), another
distinction has been ~dopted that ,!=lllowsthe factory level implementation to proceed
unhampered by company objectives, whilst still conforming to this ultlmete plan.

\!7

ITis considered to be a control and Information system governing the whole Unlle;ver
group, Threads are extended into th~ factories to glean relevant data, but bevond that the
system operates independently. IS, 011 the other hand, operates on a factory Jevel and
culmi'lates in the data that the IT system pulls cut. It also spans all other transaction

, syst",ITlS, where most may hot be applicable to the IT system but are essential to' factory
repottil1g and hence control.

"I'
The link lies in the threads applleable.to the IT system. An IS allows all data on site to be
checked 'and balanced, provide a high level of credibility to the IT data. Without IS the IT
data is compiled through unchecked systems and may be flawed, allowing;;(naecurate data
to extend into th~ group resUlts. An IS system links the IT bottom. end to the plant
Supervisory Control and Data Acquisition (SCADA) system~-,Jl!lowing data to be derived
from-the source reducing the number of manual error entrv-polnts. In addition, the IR
checks and ~t...raamllnes data throl,lgh algorithms that help red.uce any errors arising in the

-..., -. \
control systems, ''that )~~av~therwise have passed unnotlced through the manue] o

assimilations and into the IT system.· .

This analogy conforms to the various schematics on IT and elM (Computer Integrated
Manufacture) that show the IT/elM 'gop: between plant control systems and management
information.' The many varlatlons on this schematic can all be' align~ with that shown
below.

D

An MSI) Enn [llooerlofion SubmItted by C Bark~t
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Despite the comparison between IT and CIM gaps, the two should not be confused: The
gap refers to the flow of information through all organisation, theareas covered by the
two philosophies are quite different.2 The following diagram illustrates the scope of each,
where IT spans tile conceptual system, and CIM the physical systems. The acronyms
refer to the following: ..
.~CAM: Computer aided manufacture
• CAD: Computer aided design
• MIS: Management information system
• EIS: Executive information system

~ 10An MSQ Eng OJ$sertatlon Submitted bV r.Barker



Despite the distinction between IS and II, the rest of this report will refer to IS as IT; as
another acronym for Information Storage may result in complications. However, the

c report does address the lesser scope of IS'r'ather than corporattcn-wlde IT, yet is an IT
implementation in the true sense of the definition.

ENABLING TECHNOLOGIES o
IT has became a practical reality in the mrilufi;lcturing environment as recently as "1992.
Evidence of earlier installations (particularly in banks) arose frorri pro'prietary mainframe
systems-not a practical reality, in the manufacturing environment where an entire
department would have to be dedlcat~d to control and malr.enance of said computing
power, and transaction control does nOrtmerit such outlays Only recently, with
increasing (international) competition, shortening time frames, more complex plants, and a
general Inability to cope on gut feel anti manual systems, has the need for IS really arisen.

Actual installations are facilitated by reduced costs resulting from the client/server
architecture which provides a very high power to cost ratio. This, in turn, has arisen from
Increasing desktop computing power and decreasing costs, and server power that allows a
similar desktop machine, with a bit more memory, to deal with the network management
and database control that a mainframe would otherwise have to do.

SYSTEM File server architectures are standard network configurations where data is stored on a
ARCHI1'ECTURES centrally accessible place (the file server), and the server control routing of data from and

back to each workstation. Security is limited to ensuring that a flle.ls not opened for
change by more than one workstation at a time.

I}

')

When a database is used aeross the file server local Area Network (LAN)' the whole
database must be pulled to the workstation, used, and releaser! After results have been
obtained and changes made. Apart from network loading and several other dlsadvantaqes
that will be discussed later, this system severely restricts multiple use by different
workstations, who have to queue for access and use. From here a philosophy arose of
leaving the database engine on a single machine called the database server, which would

@l 11An MSe Eng Olssert~tlon Submitted bV C IlQrker
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then contr~flcces$ from multiple workstations (now called database clients) I and would
also process queries as they came in returning a minimum of data across the LAN. This
concept had been widely exploited in mainframe environments, where. clients were
typically 'dumb' terminals (little powArl!) and'the server WaS an all powerful, high
maintenance, and very unfriendly COBAL proprletarv package. Ne,w movements have
facilitated the mimioking of this architecture within a mini (PC) environment gleaning
numerous advantages over and above the typical client/server benefits.

Client/server computing has evolved from concept to reality ata surprising number of
I),. companies, mainly because of the convergence of three key technologies.

iLAN servers, Database-Management Systems (DBMSs) and high-speed' netwcrks-the
"client/server building blocks--have matured enough in the peat y~?'.t:Jo (live companies the'
confidence they need to erect new computing architectures, acci~,~"~ngto Industry
analysts." ,. r:ilt)!, ..

These technologies hav~Lconverged so quickly that even some analysts have been
surprised by the clientlserver wave. In a recent study, market researcher Forrester
Research (an orgal1isatiorf dedicated to gathering and marketing information on business
systems ana strategies) found that 69 percent of Fortune 1000 companies now use server
databases, «"Dmb.:aredwith only 26 percent a year ago.4

,/r

It's as if corporatlcns are rushing to embrace the technologies that will at last free them
;, from costly, proprietary computing structures." In the client/server world, the only

proprietary notion is that 9f rightsi,zing--all of tile enabling technologies fitting together in a
scalable, interoperable platform that allows e'aoh company to manage gfbwth at Its own
pace,

9 . I

Before jumlling headlong into the cilent/server market, however/ one should note the
continuing evolution of enabling technologies. LAN servers an~ relatively stable products,
but database-management svsternsand high-speed networking"technologies are expected
to change dramatically in the coming year.

After years of marginal growth, ~AN servers have become a lucrative' market. Ferrester
Research predicts that US LAN server sales will almost double in the next few years, from
US$ 700000 in 1992 to US$ 1.2 million in 1996.5 \)

'.:)

A couple of forces are driving this trend. First, companies are putting more PCs on
networks and may need additional servers t6 increase performance. Organisations are
also putting more network applications on-line, Rather than installing E-mail, fax and
database applications on a single server, companies are installing dedicated servers for
these types of applications,

DBMSs As the Forrester report indicates, ·1992 was the year that datebase-rrianaqernent systems
caught on. However, most client/server database aPRIir:ations are still in the pilot stage,
CAUSingsome reluctance among managers of information systems to rely on the hew
paradigm for mission-critical applications.

~art of the problem is the lack of admlnlstratlon t0615 available for cllent/server database
'systems. While some of the more established database engine vendors work on aelding
tools similar to those available on mainframes, many corporate customers are relying on a
two-pronged strategy of running mission-critical applications on mainframes and decision-
support applications on client/server databases,"

In addition to the lack of administration tools, database vendors have yet to perfect true
dlstrlbuted-database computing, in which databases on a LAN are ponstantlv updated to
reflect the latest changes, For now, administrators are skirting the problem by adding
redundancy to LAN servers in the form of Redundant Arrays of Inexpensive Disks (RAID)



devices (these provide on-line and constantly updated backups/mirrors of ad-lical
information) or uninterruptlble power supplies, " '. .~ "

Most analysts say the tools now lacking in client/server database syst'ms wjli be. added in
the next couple of years, and the Holy Grail of distributed databa~'es will be uncovered.:by7 . . n

1~~~••
!'''''c'

HIGH-SPEED Systems administrators in the tltroes of rightsizing must cpnstantly ti~awar,e of
NETWORKS ~qchnology beyond the horizon. Nowhere is this watch more promising-:"slld confuslnq-«

the""! in high-speed networking.
} ,

Clearly, the momentum in the market is toward 100Mbps (Mega bits per second)
':networking, The question is, how can corporations tap the power of emerging standards
such as Fiber Distributed Data Interface (FOOl) without sacrificing their existing
installations? One answer is COOt. for Copper Distributed Data Interface-san altentatlve to
fiber-optic networking that allows orgal"lisations to keep <thecopper wire they hav~ .
installed in their buildings.a

Even more promising Is F~st Ethernet--a proposal for increasing the sp~~ds of Ethernet "
networks from the current 10Mbps to 1OOMbps~ At the moment, however" Fast Ethernet
proponents are split Into two camps, One calls for extending Ethernet so that
corporations can switph between lOMbps and 100Mbps speeds, and ttle other, favors
replacement of ~ b~sic Ethernet layer ilo achieve the higher speed.

Many of the I~sues surrounding 100Mbps networking should be worked out wlthln.the
veer, Meanwhile, the existing s,f!te of the art~-1OMbps Ethernet and 16Mbps Token"Ring
networkingh.~i$ more than adequate for pilot client/server applications.

)\

MF~utS'~,1"
,.,1,'

An excellent example for the.need for the type of automation e~emplifled by IT was the "
realisation by theDBank of Amertca ln the 1950s that manual handling Of cheeks would
require, in the foreseeable future, {work forcEI(equivalent to the.total adult populatlon of
California.a Other recent implementations include systems to autoYnate corR:]rate "
operations (purchasing, inventory control, requirements planning, etc.l, automated
checkout systems, corporate information networks (marketing, products, payroll,
employees, etc.l, reservation systems (airlines, car rental, theaters, hotels, sports
functions, etc.), electronic mailing, electronic fund transfers in banks (about LJ$$ 9x" 09 in
electronic fund transfers were completed ill 1988 in the US, two thirds of the global
GNP)1Q, stock brokerage transactions, credit card verifications, and intel. corporate
networking to name a few.

The following merits are not those listed in a standard text book, but those that have been
realised, or thelr definite potential Identified, through the implementation of IT within
Vandenberqhs; THey may thus be lesser than those promised by vendors, but all are
realistic. '

The first .advantaqe of IT is undoubtedly reduced manning in maintaining outdated manual
systems. Reconciliation of said systems, adding tables in varying manner, and compiling
reports in different formats for various functions is resource intensive, slow, unreliable,
and uninspiring work.

Another advantage, though not the one yielding the fastest returns, is the availability of
information. lntormatlon Iglut' Should not be too much of a concern as reports and
queries can be easily configured to yield only the desired data. This data, being sourced
from the lowest possible level, is bound to be more reliable than reports previously
configured through manual systems.



Problem solving capabilities are.improved when a large, hjstorical, information base has
beer. compiled. Rapid reports and nested queries allow om~to delve to a level not possible
thr_QJ,Jghmanual systems, and tt'iggfJred reports can highlight new problems (outside of

---,.~".,.~

specml~edparameters). A competitive advantage can be gleaned through information
assist,hg decision making, but more realistically, rapid problem solving and identification
targets the reduction of losses that may otherwlsehave gone onnotlced-Ieadlnq to
reduced etficiencies. \,~/

Information stored in a 'open' IS is available to numerous desktop applications including
spreadsheets, dedicated information extractors (Management Inforrnatlon Systems--MISs),
and information diagnosis applications (Executive Information Systems--EISs)., Finally,
expert svstemsand deci.sion support systems',.9t.;Y;,bebrought into play to make use of this
information. This natural progression is iIIustre:~~'d'balow, showing the decreasing level of
inforroatlon specialrst support required, the increasing problem solving abilities, and the
tlecrea~ing user group size (i.e. the most advanced level is usable by a single user rather
than being requested by a departmental manager).

Ii
/)

I)
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The progressiQn_Qf Inmll:natjO;). Systelilli

The final culmination is 'groupware' where via a common data repository, managers get to
share Information, and pass it amongst themselves in the form of graphs, pictures and text
documents/reports for input from each lndlvldual. The first major vendor application to
make Its mark in this arena is Lotus' Notes for Windows. A simple database capable of
storing any type of information in a field (from a number to picture, or even multimedia
video), the data can be made available to other users for their augmentation or simply
distribution. '

;'-,)--------------------~-.~--------------1---------------------------------------
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Once IT has been embedded. in the company, its. expansion into othsr areas isvery easy to
Justify, further augm~nting. its capabllltles, and hence its power on an exponential scale.

Finally, extending the PhilOS}PhY, the linking of the:~S to plant control SCADA systems is
not at all impractical. SCADA systems typically hold a maximum of two day's worth of
data in their RAM. If this'}y~re (;tu~ped (through a gateway~-more later) to a database,
not only would all this lnfcrmatlon be immediately available to the IS, but it could be fed
back to the control system, through an algorithm, to keep the controls in lin~ with
desirable, historical, performances.

Numerous other benefits of iT are gleaned from the client/server architecture, but this is
covered uflder the section on architectures later. .

The d~merits of IT implementation are historically cost and security. The security aspect
arises from the new plethora of information relating to the business, that may become
available to competitors. This concern can be negated by the fact that Whatever form the
information is in, if it is available to management, then it is available to competitors

=othrough whatever means. Naturally, if it is unavailable, the entire benefit of IT is negated,

The former concern of cost is virtually eliminated by client/server architecture, doing away
with large mainframes and suppotting idepartments. Further, the cllent/ssrver components
are mainly pes which have to be procured for the company's day-to-day buslness
irrespective. On the other hand, client/server introduces some new complications of its

" own, but these are :discussed, in t~3later section on architectures.
(;::\

Other dlsadvantaqes relate not to the philosophy of IT, but to its failed implementation
when attempting to incorporate the advantages of advancing technology, and
concentrating on scaling down to existing resources." These are issues that the report will
address, and run as follows;
• The IBM PC,,)'1S utilised in many IT installation attempts, is inadequate for both hardware
and software requirements below the 386 level;

• Industry progression form Intel 286 machines to more advanced chip arehltectures has
still been tied to PC DOS, which is inadequate .without an overlaying operatll),9 system
such as Windows;

• The commercial failure of rSM's OS/2 has meant that compatibility and support was
overestimated, and cross-platform integration requirements severely underestimated;

• The ethos of network users sharing a common filing ~ystem is very well entrenched.
Only recently has 'groupware' (user group software) l~tarted to hvpe and illustrate. the
advantages of sharing a database rather than a file server, and thus client/server
architecture acceptance has been hard to instill; . ..

• Third generation client/server installations are badly served by DOS clients, which further
hampers their acceptance and development;

• peto mainframe connectivity is predominantly limited to terminal emulation software,
and file transfer procedures rather than 'open' and transparent integration;

• Software gateways that attempt to address conn~ctJyity issues operate on an application
rather than system level, thus bringing them into the realm of user computing where
they can confuse and thwart users.

L\

----~·------------~-----------A-n-Ms-·~-~-g-O-ISs-er-tat-lo-ns-u-bm-1t-ted-b-v-C-BD-rk-or--------------7~,T)----------~~~,-1~5



_
___ -'T.w;he'-'-'P'llll.tlll!luDJJ!I."'..... .'0 ljon of Information Technologv In ~ aegl.W. grid Envlronm~ntI~ .

\\,,-
~~,

,,,JJ-ANDENBEFlGH FOODS AND IT

An overview of the company's problem was
discussed in the above problem statement.
Following is some background into the concern
with respect to its IT strategy, its current
systems, and the cultural opposition to IT.

Vandenberghs has no fa\~tory level
Managemenl!~nformatio~) System (MIS),
despite haymg an 'ivory tower' like Business
Systems department responslble for
maintaining on-site systems such as MRPII,
Maintenance Scheduling, and line scheduling.
Non-of these systems are 'open' and non
provide information for general access and
use. In addition, as 'off-siW' controlled
applications, there is no berl'~!it to be claimed
through 'down-sizing', ~~~ci):t;Imonjustification
for introducing client/servefarchitectures with
their reduced costs. Thus the vision of IT is not evident to any (with tln,...-.'vt'~~nTI

senior managers, and thus its potential is not appreciated, as was merrnonec

'Islands of automation' abound in Vandenberqhs, and with a historically rapid management
turnover rate, these have been repeatedly rebullt. That is, until recently When the plant
complexity increased to a level that disallowed the luxury of time spent in ccnstructlnq
systems, gut feel no longer worked in a new plant with new rnanaqers, and high lossas
meant lots of time spent on fighting 'fires' rather than addressing the,.a~iove limitations.
Management computer literacy, while high compared to other organisations and any
company a a couple Qf years ago, does not extend beyond spreadsheets (except for
control engineers). A high level of automation has been attained, but this data is not
retained in a database, is not readily available to management through information
systems, and is thus used only by the control processes themselves, the proverbial black
box. Factory level data Is used for group results, potential losses are exorbitant, and a
Works Accounts department spends a great deal of time compiling data that should be
under the control of production management.

As with most companies, Vandenberghs assesses project viability on distributed cash flow
(OeFI and payback period calculations. The budgetary constraints outlined above mean
that any proposals have to meet more stringent requirements to overccme the company's
increasing cost of capital hurdle.

The problem that arises with IT, is that being totally unproved within Vandenberghs, there
are no cost benefits that one can be assured of achieving. IT is usually justified on the
grounds of decreased costs in migrating from a mainframe to a client/server environment--
nomalnframe exists within Vandenberqhs'factorles. The benefits of improved
competitiveness ace hard to quantify, and as such cannot yield a DCF--beside which,
competition in such an environment is currently being dealt with through a vicious price
war curtailing any further capital resources. Even .the simpler benefits of improved
control, reduced workload, and reduced manning requirements are unusable as no history,
within Vandenberghe, of such achievements exists. Ever, the team involved with
implementation had little confidence in the system's abllltles to yield such benefits, until
implementation began to prove that they did arise. .

In short, Vandenberghs is ripe for Ii implementation. yet is ~ncumbf;red by numerous
opposing forces.

-------_,-~~--------, .--..~:;-!l.-------~-



- >",<

"'--_'_c_"\,.... _,(J __ -"-"_ .......XbU!lI.ctlcal Imp)~:~"htatlQnttlntpr!!)a11qnTechnolQQYto.:.aeQI,Wydd Iialrpomeot

Dfie /',
-------e I) .,?__

To oJ~y.come the budgetary constraints, the entire project held to be based on the
addres~\ng of a critical issue, in this case mass balance. Without this 'fjre~, focus would
not have I:!~en given to the prqt~c~, and even with this focus it never went under the guise
'of esoteric iT, but rather the more establlshedlabe] of rcontrol systems'. The difficulty
here was keeping the project runri:hg. (jnce tl1~ fire .seemed to have subsided, focus and
resources were lost, only to be re-introduced at the next month-end crlsis,« The length of
time required for IT implementation (at least a vear-In the hands of, skilled experts), meant
thatthis 'focus had to be retained thr'Ough clandestine means--undli'r different guises and
as _:9vertime' work aside from othar projects during lulls. In addition, the IT 'solution' was
onl'/, comprehended a full year into the problem, and thus a year of credit time was lost
attempting other solutlons. As it happened, these approaches were in Hrla with the ideal
and classical IT implementation patti, as outlined In a later sactlon.,

o

(l

o

For a mass balance (as discussed earlier) tq be completed, f;'1verysingle plese of
information must be .asslrnnated for every transa'Mion. Any'bmmittnces will result in a
discrepancy, In addition, mass balance spans virtually all site transaction controls, and in
itself has Wide enougb, scope to constitute IT, c\

o

o
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NETWORKS"

TOPOLOGIES/GEOMETRIES

The following is a brief overview of network
topologies, and is not intended as technical
detail designed to assist in clarifying decision
making as is the. rest of the report, but is
provided simply to facilitate a rough
understanding of designs so that the rest of .'
the text may be ~eadllv understood. ,

Although there Is practically no limit to the
r.umber of combinations of datacom hardware
and ~oftware th~tcan be assembled to form a
network there :A(e>~mlytwo basic Jlfl~roaches
to computer processing in the net1i'J,ork. These
are time'sharing and distributed pri')pessing.12. ~

TII\IIF. SHARING A time-sharing network is one that consists of
a single computer shared by multiple users
who gain access by means of terminals.
Dumb terminals will suffice since all of the
processing is performed by the single
computer. This approach enjoyed 'its peak
popularity during the late 1960s and early
1970s when firms sought to maximise their
computing power by installing large computers
at their headquarters. The first users were
scientists and mathematicians who used the
:?l.Jntralcomputers to perform computations
that requlred large systems.

This configuration receives vast support today,
but by most it is considered a technology more
suited to the future (5 years hence) as current
networking speeds do 110treadfly support the
more pressing requirement for Intensive
graphical displays.

DISTRIBUTED When small eornputers became popular, the
DATA PROCESSING firms changed their strategy ,Md hegan

distributing the minis and micros throughout the organisation. When these systems are
interconnected, the technique is known as distributed proce~lsing or distributed data
processing {ODP)--not to be co ntused with a distributed server architecture, Even though
small computers stimulated the DDP 'approccth such networks IJar\ include computers of
all sizes.

When the network is used for distributed processing, the processors can be
interconnected in one of six typical patterns, The term topology is used to describe iii
particular network pattern:

srsa A star network includes a central computer as shown in the figure. The central
computer Is called the central node. A node is a point in the network where the circuits

---



~-~ •__ T.....h!.2.".wPrmac""llo""al,-"lmJ.U.OWlI"JJ.<mAuuo=tat"",locu.o"'-Lof..wlnfmnW)oo TechnolQgy 10 a Renl-World Envlr.Qlllll,Uill.. tI e ".,-
(Ire interconnected by one or more units. The other nodes of the network can be
computers of any size. Some nodes can be terminals.

~ When the network does not include a central node, the name ring network is used.

Il!.!.S. In addition, the workstations and network server can be attached to a bus-a Single
circuit of limited length.

Network Server

o

,')

o

\)
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PQI~l:r~TO-PQIN!Sometim.es referred to as peer-to-peer n~tworking, this hardly constitutes a
network until more than two computers ate introduced, yet it does raise the subject of
communication diffic~lIties. r> .'

(\

\\

~l3P<..1."~ Where several possible cotrtmuntcatlon paths Emist, networks have to have
the facility to determine the optimal routing taking distance, Ilnk 'capacity and load,
connection speed, and workstation speed into account. \\

'_I ,I c I) )\

fW..I.LGONNEC!ED The most fault tolerant of configurations, it is impractical for large
networks as there are N x fN211 links for N nodes. Each node requires N-1 ports for
connection to other machines, and routing alqorlthrns ~~~~take (anger to run than the least
optimal route would have taken. (t ¥ I(

Networks such as the star, ., ring are com~~~lv called W\f1.Ns, for wide area network
-. Smaller-scale. networks can exist within each of {Iiese three'VVAN topologles, or thrJy ca..

exist alone. Two of the smaller network desi!;lhs are local ftt.ea networks (LANs) and
private branch exchanges (PBXs). Although PBXs have achfeved wide acclaim for their
ability to handle both data and voices simultaneou$IY1,th~y arc not a favoured system of

;', . . . : ,,/r'~ .. _, _ 'jl

the future due to several limitations. and ~he abllity,.::),1::~,,,,,..t:'~~P9'09i~'1to (later for these
facilities and a great deal more. Both LAl\Js Gl"I~:'~ '-l' "'~'\6()I:ddnsiderable
compatlbllttv problems when it comes to ~ cory! f' ~tipn language, as is
discussed later. .r .... I [J "':"\ "i~

'.; '-'1- :,;_;';:: _~t,_r~'(Itt'~./"7':-

LOCALAREA LfoNs typically cater for the grotlbs of $oh".at~-th.Jrc;'nn;ctlviivshO;~1 below.
NETWORK~'r~··~~" ~·~~ ~~~_w~'~~Mm~~_~~.~~~~~

CLANs)

While there is no offlciall classification of LAN systems the nomenclature In the following
figure is a good refenHlce.13

.----------------------------
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First generation LANs p:;:(jvid~!dan image of a local disc on a common server. Today this
concept is only used for bootstrapping diskless workstatlcns, The second generation
networks, dominated by MS Net, Novel Netware and more recent products such as
tantastlc, map the basic PC DOS file and print facilities onto a communal, shared server.
This concept is fine tor multiple individual PC users since the shared file server can be
made more reliable and more manageable than multiple independent discs. Access control
can be imposed and archlvin9 and mirroring of discs provides a more robust service.
Sharing a 'logical' printer via a print spooler is also invaluable to multiple PC users as Is
access to communlcatlon gateways.

l!

The flaw Wi.th.second geMr~.it.ion networks Is that they only atta1k the m.',lIltIPle,single-
user concept and not a multi-user architecture as Is nowadays co'\\11mooin minis and
malnframes, Indeed it should be realised that early minicomputer operatmq.svstems such
as t)EC RSTS/E also failed tel provide shared data resources before version 6. The
dramatic improvement in qualltv that ensued should have been a lesson for today but the
PC industry Is too arrogant by far and never learns from past experience.

The requirements for a multl-user 1?'1~ternis to share the database, not the lower-level file
system. it must be recoqnised th~t1r DOS (or Unix, concurrent DOS, etc. for that matter)
file is simply a byte string. ,t is sub-divided into records and fields, with appropriate
indexing schemes by a data management system. The database management system can
range from a simple lndexec access method (ISAM) such acC-I$AM Or B-Trieve, through a
multi-keyed access method such as dBase or IOMS to a full relational database system
such as Sybase, Oracle, Ingres, etc. The requirement for a multl-user system is to share
the DBMS, as In the third gl~neration network configuration. With a shared file system
there is no security (or access control); once a DOS proqrarn Is granted access to a file it
can corrupt it. There is no 'roll-back'v-so essential to transaction processing, and there Is
no access control at the record level, l.e, one user being able to update a ,filed where
others can onlY read it or not even see it. Thus client/server Is essential to bring security
back, to PC networks a~ I~ found in mini and mainframe svst. is, "

This concept of a workstation executing the application with a graphical lnterface
connected to a shared database server in the most common (but not by any means the
only) example of client/server computing. It is also common to think of a Sun or H~
P/Apollo as a workstation and an Intel x86 ISA machine as a PC. This is not true. For a
workstation, connection to the LAN is a fundamental facility and must be part of the
system software, in contrast to a personal computer where communications is an
application option.
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PC 00$ is a killer in client/server systems. Since the client needs robust, flexible and
transparent connection to the server, a protected mode rnultl-taskinq workstation
operating system is needed. Thus OS/2.2, Wln32 or possibly Unix (but most unlikely on
PC platforms) ore the candidates. Windows 3. 1 Is an enigma; it is a DOS extension and
technically Inadequate so that its inherent limitations will be lnevltablv and painfully
exposed by client/server computing. Windows 3. 1 is not really a product, it Is creating a
market for a replacement product which Microsoft hope will be Win32 (the PC version of
Windows"NT) but, some say, is more likely to be OS/2.2 going on Microsoft's track record
for missing dfllive~y dates by wide margins. It doesn't matter' though whether Its OS/2-2
or Win32 as long as DOS and Windows can be replaced. The general recommendation is
that for users .starting with GUI interface and client/server computing, to bypass Windows
and go straight to OS/2.2 as it will be far cheaper in the long run.

()

COMMUNICP(flON PROTOCOLS

BACI<GROUNO If two devices are to successfully communicate with each other, their communication
must be coordinated so that one knows (or can learn) when to talk (transmit) and the
other knows (or can learn) when to listen (receive). No useful communication takes place
if both are only listening or only talking. (Data processors may IIsefully transmit and
receive at the same time, but techniques for doing so require coordlrtatlcnl.t+

/f

I

There must be adequate synchronisation of basic signal elements-for example, slnusoldal-
like wave forms for some types of communication and pulse strings for nthera-so the
recelver knows when to look for data. This involves clocking at the transmitter and clock
recovery at the receiver •. Signal elements must be processed to yield bit patterns, with the
transmitter knowing when to transmit and the receiver knowlnn when to look for then.
Next, bits must be assembled into characters, with the receiver able to determine when
complete characters are available. Characters must be assembled into frames or
messages, with techniques' to d~f~rrnine beginning and end of frames. Furthermore, it is
common for different types of information, such as conrrcl, address, data, and error
protectlon overhead, to be included in one frame so methods for locating dlfferent.tvpes
are needed,

Determining which device has access to, or control over, a communications medium at a
given time is another type of coordination. Initiation, use and termination of a connection,
or of a dialogue using a connection, must be synchronised. Connection establishment and
termination can be required at virtually any level of an architecture; it may include
establishment and termination of connections between data sources/sinks and
communication facilities, of connections over physical links, and of connections at the
data transfer level or at higher levels.

Another category of related problems occurs in error recovery, which often involves
putting both ends of a communication link back into a known state. Synchronisation
points established in some of the higher layers of protocol architectures ~re points at
which the states of both ends of a link are known (at least with high probability), so the
system can be restarted from these points if problems occur. Major problems for
coordinating sender and receiver arise from the fact that they must communicate OVer
communication links that are not perfectly reliable.

A classic problem in distributed communications illustrates the difficulties. Analogous
situations occur In compu.:er networks. The problem is known as'the three army
problem .15
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There are three armies, two orange and one black, positioned as shown in the fi9ur~. The
black army Is larger than either orange army but not as large as both combined. In this
simplistic model of a battlefield, the larger army always wins a battle. Hence, the orange
armies can be assured of victory i~iboth attack the black army simultaneously r but either
orange army is assured of defeat if only one attacks the black army. The only method of
communication between the orange armies available to them is via messengers who must
go across black army lines to reach the other army. This type of communication is t9r
from being perfectly reliable, since the black army will try to capture any messengers
paSSing through.

Assume that the commander of the two orange armies, with headquarters in the area
occupied by Orange Army 1, wants both orange armies to attack at 2:00pm on Saturday.
No attack will take place, however, unless each orange army is certain that the other will
attack at the same time. To ensure this, Orange Army 1 sends a messenger through the
lines to Orange Army 2. There is no guarantee this messenger will get through, however,
so neither army will attack until receipt is verified. Hence, after receiving the message,
Omnge Army 2 sends back a messenger to notify Orange Army 1 of receipt. If the
confirmation message gets through, both orange armies will know the schedule for an
attack, but neither attacks until it is absolutely sure thp, other will attack simultaneously.

The exchange of messages so far is not adequate, since Orange Army 2 is not sure its
confirmation message got through, and kl10WSOrange Army 1 will not attack if it did not,
Orange Army 1 can, of course, return still another massage to indicate the confirmation
got through, but it as no way of guaranteeing the confirmation of the confirmation will get
through. Without this, Orange Army 2 will not attack on schedule,

Although the two armies can continue indefinitely to send messengers back and forth,
there is no way to absolutely guarantee a simultaneous attack with this approach. This
can be deduced from the following reasoning. Assume a flnlte number of messages is
adequate and that the most recently sent (or received) message is the last essential one--
that Is, a simultaneous attack is guaranteed if and only if it has been received. If it is
known to have been received, no more messages need to be exchanged. However, the
army sending this last message will not attack unless it knows the message got through.
This lrnplles another (acknowledgment) message is also essential. This gives a
contradiction, so the assumption that a finite sequence of messages is adequate must be
false.
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There are techniques for guaral'lteeing a very. high probability of a simultaneous attack, but
no way of gaining an absolute guarantee. Similarly, there is often no way to absolutely
guarantee coordination in a network. However, this Is not a life-or-th:lath situation in
networks, and a high probability is satisfactory, a goal facilitated by protocols dictating
the simultaneous coordination of both machines, The uatacom devices follow the
protocols in communicating with one another. This has been called shaking hands.

A protocol is a set of mutually agreed upon rules of procedure stating how two Q; more
parties are to interact to exchantJe information. RelativelY intormal protocols may be
satisfactory for some, situations, such as the exchange of information between people, but
they need to be carefully defined for communication among machines. What is
communicated, how and when it is communicated must alf be speoified.16

One of the characteristics of the datacom field since its inception, has been the wide
variety of hardware and software r~roducts on the market. This variety has been a

G blessing for datacom users since i~has stimulated competition among the suppliers and
mads available a wide selection of~ odels, However, the variety has been a burden in
that it has made it difficult to interconnect the diff&rent suppllers' products.

With all the new possible client and.server operating systerns.. companies will soon gain an
unprecedented array of options. If the networking world were perfect, any combination of
these would work together and mesh smoothly with installed networks,

An analogy of data communication to a traffic pattern help in an understanding of
. protocols and where they fit in. If the road network (grid pattern, r!rlg roads as in UK,
cornpletelv random as in SA) can be thought of as the network topolc.lgy, then the cabling
means can be thought of as the road. "The communlcatlcn protocol can be thought of as
the cars, and the. destinations as peripherals funning in certain operating
environments/systems. The passengers would be the data, and a traffic) policeman the
network server. Finally, the management protocol would be the format <..'f the address
book for all destlnatlons. .'

To identify a peripheral (destination) and it's running state, the network management
protocol (address book) would provide the necessary information. Passengers (data)
would be loaded into a car (protocol) at the source (by the source peripheral), and either
directed (routed) by the police-man (server) to the destination (destination peripheral). else
would just drive around the roads in 'a flxed route until the destination was reached (as in
a token-rlng topology). Provided thJ! destination had a road and accepted car's, i'lr a
railway and accepted trains q:t-n.i~~Vada protocol dl-iver), the car would be unloaded and
the passengers (data) accepted. { (I

® 25An MSc Eng Dissertation Submitted by C aark~r
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CURRENT Luckily, some df the suppliers saw the problems coming before $he situation got out of
SITUATION hand. IBM was among, the first, In 1970 IBM was marketing 200 different datacom

products that could be interconnected fifteen different ways. ,IBM management decided
that a set of standards should be defined that could serve as a guide for future
developments.'?

IBM named its system of prototJols Systems Network Architecture, or SNA. In designing '.\
SNA, IBM considered all of the activities necessary in transmitting data through a network
with a user at one end (called the user node), the host computer at the other (called the
host node), and several intermediate nodes that consist of such other devices as the front-
end processor and cluster control/anits. laM separated the physical activities that
transmit the data from the logical activities that control the physical transmission. SNA
was almed at the logical activities. SNA classified the logical activities into layers. The
purpose of the layers was to insulate the user from changes in the datacom hardware and
software. For example, the firm could convert from a network of dial-up lines to a LAN
and the change would not affect the user or the user's 'software. .

(1

SNA was received so well that other computer manufacturers developed their own
standards. For example, Burroughs announced its Burroughs Network Architecture (BNA),
and Honeywell developed its Distributed System En\(ironmant (DSE). However, users did
not regard the large number of manufacturers 'standards' as the solution to their problem.
For example, 113M'sSNA made it easy to interface IBM hardware and software, but it did
not help the user who wanted to mix IBM products with those of other datacom suppliers.

Di'~JlSLMoD.EI. The problem of incompatibility among datacom products affected users on
a worldwide basis, so in 1978 the International Standards Organisation (ISO) announced a
system of network protocols and named it the OSI model. OSI stands for Open Systems
Interconnection. like SNA, the OSI model uses layers to d.efine the logical and physical
activities. Because of 113M'slarge customer base, SNA quickly became an unofficial
standard, especially among users of IBM mainframes. However, DEC's network
architecture, called DECnet, also has achieved a large following, primarily among users of
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sm. .r scale systems. ~The OSI model has picked up support rather slowly. One reason is
th,,~ protocols for all o~)the layers have evolved gradually~·level by level. Protocols for tho
first three layers wer~:rannounced II) 1978 but did not rscelve widespread use until the
mid*1980~. By all rights, the 051 model should become the true datacom architecture
standard. In the meantime, many users will continue to support the computer
manufacturers' architectures, which may incorporate gateways to make them compatible
with the OSI model.

The basic idea of a layered architecture is to divide the architecture into small pieces.
Each layer adds to the services provided by lower layers in such a manner that the highest
layer is provided a full set of servlces to manage communications and run distributed
applications. A basic principle is to ensure independence of layers by defining services
provided by each layer to the next higher layer without defining how ssrvlces.are
performed. This permits changes in a layer without ~ffecting other lavere. Pri(.'r to the
use of layered protocol architectures, simple changes such as addirlg one terminal type to
the list of those supported by an architecture often required changea to essentially all
communications software at site. .

The figurf'! illustrates the' 051 mOddl.18

Ib.e...Q,SI Layered Architectum

The host node is at the right, the user node is at the left, and the Intermediate nodes,
-vhlch include the front-and processor and the cluster control unit, are in between. The
bottom three layers appear in all nodes, but the upper four layers appear in only the host
Cll1duser nodes. The brackets at the right of the figure indicate which hardware units are
used in performing the functions of the various layers. the brackets at the [eft indicate
whether the functions are performed by user actions, terminal software, routines in the
terminal ROM, or by protocols. The arrows linking the nodes at each layer are labeled to
indicate the form of the linrmge-~application programs, system programs, and protocols
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(Pl. A layer in Me ~Iode 'talks' to the corresponding layer in another node. Each of the
layers is describer! briefly below. The numbers below match th~Jayer numbers in the
figure.

1. Phvslcal layer:
2. Data link layer:

3. Network layer;

4. Transport layer:

5. Session layer:

6. Presentation layer:

o

7. Application layer:

Transmits the data from one node to another.
Formats the data into a record called a frame and performs error
detection.
Causes the physical layer to transfer the frames from node to oj

node.
Enables the user and host nodes to communicate with each other.
It also synchronises fast and slow speed equipment as well as
overburdened and idle units. c

Initiates, maintains, and terminates each session. A session
consists of all the frames that comprise a particular aI, \liVity, plus
~ignals that identify the beginning and the end. A session is like a
telephone call that begins with 'hello' and ends with 'good bye.'
Standard log "on and user identification routlnes ,us used to initiate
datacom sessions. ,: .
Formats the data so that it can be presented to the user or the
host. For example, information to be displayed on the user's
screen is formatted into the proper number of lines and number of

, p,)

characters per line. "
Controls user input from the terminal and executes th~,use(~'s
application program in the host. I,)

\,'j

Let's assume that the user wants to use a mathematical model located in the host to "
select the best pricing strategy. The user indicates that the pricing model is to be used by
entering instructions in the terminal/ under control of layer seven (the application layer).
Layer six (the presentation layer) changes the input data into the format used for
transmission, and layer five (the session layer) initiates the session. Layer four (the
transport layer) selects the route the message will follow in traveling from the user to the
host node, and layers three and two (the network layer and data link layer respeotlvelv)
cause the data to be transmitted through layer one (the physical layer). When the
message reaches the host node, control moves up the layers to the application progral11
(the model) in the host. Communication from the host back to the user follows the same
pattern-down the layers in the. host node, across to the 4:"ftrnode, and up the layers in
the user node. - ,) ,

OtHER MOQM Several other layered stalttdards exlst, as-mentioned above. The primary
ones are OSI (covered), ISDN (Integrated Servidi,):;;Digit,,.'{"'''ltY.ilork), 000 (US Department
of DefEmse)I DNA {Pigital Network Architecture). '~tJA. \<;l ,Network Architecture), am;!
IEEE802. These Me compared to the OSI.;rnodel i~'rh),_ . ling figure, but it must be
emphasised that the figurE>should be int~rpreted witA 'ca~~f\irias the, architecture differ
considerably enough that it is impossible to give a c:omple\~ly valid.comparison in this
manner, and any more detail is beyond the scope of this rep('rt.

There are significant differences in the general orientation of the archit~ctures, in flexibility
for interfacing with different layers, in bypassing layers, in approaches to network control,
and so fOlth.HI

/i
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Forthe purposes of the following discussion, an illustration of some of the components
tyllically found in each layer follows. Whilst a certain amount of component
interchangeability is supposed to exist by virture of the layered architecture, the diagram
shows how there are some limitations with protocol suites being limited to the vertical
stacks. These acronyms abound in the text and it helps to be able to place a few.
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STOP-GAP I.l.1.N.Nall'llY. Vendors now provide thrnecessary hooks f...:i linking todav's network ()
operating systems with other envirohments (though often at extra cost): Tht:l most
common approach is to enable a client or server to communicate over muitipl'e network
protocols simultaneously. A NetWare server, for example, can speak SPX/IPX or TCP/IP
(middle layer communication protocols) with equal fluency to other servers. Someone
sitting at a PC lugged on to the network, for exam ole, can see a NetWare server as the F:
drive and a LAN Manager server as the G: drive.

The key to this capability lies in the device driver specifications espoused by Microsoft and
Novell: Microsoft and 3Com's Network Driver Interface Specification (NOIS) and Novell's
Open Datallnk Interface (001).20 'C-

Device driver specifications also free hardware developers from the need to write separate
drivers for each protocol stack. They can write one driver to (I given specification, and
the driver will work, at least theoretlcallv, with every protocol stack supported by that
specification. ..

(:

Some systems use IP tunneling to c'tlmlJ)ui1lcate With others. Networking software in the.
client takes packets with the n~tiv6"_ph~p~::E\taryprotocol of the operating sY~lem, ei~r~r
Novell's SPX/IPX or Banyan's Vmes Inte~\1et Protocol (VIP), and wraps the ti~ckets lnslde
II' packets, The networking software then moves the encapsulated packets across a
TCP/IP backbone for delivery to a node that can strip away the outer envelope and use the
iPXor VIP packet. Alternatively, some use another type o:f tunri\)ling to move l\:1;P/IP
traffic across networks by encapsulating IP Packets within native packets. Tunneling
allows Tep/lt' applications and devices to use the standard IPX or native routers and other
network services.21

Unfortunately, not alf protocols have standard headers, IPX being partlculairv troublesome,
<;lpd this form of WAN lnterconnectlvlty faU~,over. .

!1,llITLI"pRQtQ.QQl...B.Q.u.IEBS ke..Nswere never desiqned to be interconnected: there is no
mechanism for floW control. They can t~;::>oridgedtogether (a join where all traffic passes
between both networks) but the lack of flow control causes unpredictable responses and
often otal block-out. Bridging is also inflexible. Thus routers are becoming the norm,
providing store and forward facilities to ali individual packets to ..be dlreoted to various
destinations (like bridging but with a intelligent filtering and routing allowing)t to pass only
the desired packets across the gap).22 C" .

Routing Is relatively straight forward if only one protocol is ;'71 use but with multiple
protocols they have either different network layer protocols or, with some LANs, no
routing protocol at all.

Multiple independent networks, one for each protocol, is prohibitively expensive, so that
organisations need to lay in a single, common, backbone network and to use this to carry
the multiple protocols. Encapsulating protocols inti) the protocol of the backbone e.g. XI
routes X.25 over an SNA backbone or OLe routes SI\lA over a X.25 backbone, is practical
but inefficient, particularly in handling polling and end-to-end flow. control and pacing.
This is very much a lowest common denomlnator appr('"~~~ with ~rotocol-$pecific
enhancements being lost in most casas.

.. The current answer is to install multi-protocol routers. These dominantly use an SNMP
managed IP network and translate various inbound protocols, fully enabling the routing of
the originating protocols (there are ;-;'''blems with protocols with a limited network: layer .
such as IPX--thus eliminating the possibility of connecting Novell LANs in this manner).
Unfortunately multi-protocol routing does not offer any Inter-operation between the
different svstems and thus merely perpetuates the basic interconnection problems. BV
replacing all the different protocols with TCP/IP then only one protosor needs routing. In
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practice SNA is the most viable suite, though ()ECnot will have to continue .for current
users so that two protocols will have to be supported, but not numerous options as at
present,

THE RIGHT TRAcn Multi-protoc(ll routers aim to create a common wide area backbone network which can
handle the connection of SNA to SNA, IPX to IPX, etc. They do not provide any
interconnect.en between the conflicting systems. This is not a solution, it is another short
term step geJ)t the Open Systems concept is the only way forward. Fortunately the
solution I. ao; hand due to the unprecedented universal acceptance of the TCP/lf>
protocols. Thls older protocol has come to the fore on the back of Unix systems, but is
now available on all systems from PC to mainframe. It has achieved the interconnection
and inter-operation of heterogeneous systems promised by OSI.

The reasons that TCPIlP has succeeded were OSI failed' are twofold::!:!
• it is common and not plagued by endless options;
* It provldsu a common set of user related services, telnet (a virtual terrnlnal), ftp (file
transfer) and smtp (a mail service). 10 this the Sun j\j).:S (file server) and RPC/XDR
(rel'l).Qteprocedure call) have now been added and so at last we are addressing the real
issue$ of interccnnectlvltv as seen from a users viewpoint.

The basic theme then is that TCP/IP should become the dominant system, replacing aU
others wherever possible. It is not satisfactory that TCP/I~ should be added alongside
other protocols. Clearly this cannot be achieved over-nlqht, if ever. It is unrealistic to
expect larue SNA users to a' andon SNA in favour of TCP/IP, even though this option Is
available. DECnet and possibly APPN/AS400 users are more likely to change, but still
slowly. Unix systems are no problem and so the practical focus must centre on LANs.
Here also there is a huge installed base but these are n9t very satisfactory systems
(despite the 'religious' fevour that they attract as with any immature technology) end the
time is ripo for replacement. The magic difference between the LAN and mini/mainframe
systems is that the latter can run multiple concurrent protocols but this is a major .)
headache with LANs because of PC DOS limitations.

Since PCs have faster screen-fill rates than ASCII VDUs they have a better user interface.
However they also encourage 'playing' rather than working and present a high cost of
ownership due to the complexities of networks comparee, to minicomputers. Thus LANs
are the better solution for 'work groups', all doing similar activities, in a corporate
environment with MIS support, while time-shared systems with VDUs are better for
general purpose business computing. It is almost immoral to inflict a PC LAN on small
business system user when multi-user pes are readily available.

The problem with replacing existing tAN software, still using the same hardware, Is quite
simply, the scale of the Installed bass but it can and probably should be done. The method
adopted must be to build pilot systems first in order to establish preferenc,~ for
applications and development tools and to filter out those DOS progr.mjWhich are so
hardware dependent that they must be ,~liminated. It is a matter of balfnce.

The opportunity to replace LAN software is ripe new, although some would prefer the
focus to be on pilots until the end of the year witl} major replacement programs the
fqJlowing year. The winds of change are fanned b~' two major events: one is the eventual
arrival of 0$/2.2 and possible competitors to replace PC DOS while the second is the
general roallsatlon that client/server computing Is the way forward.

SOLUTIONThe solution seems to Hewith IBM's new outlook on life-·the realisation that they are no
lon99r the only suppliers and that trying to force their proprietary systems on ~'"Iemarket
place is rtO longer acceptable.

A comtnnatlon of a new protocol suite, as well as a networking sturcture combine in what
seema to be a v,9ry likely working combination. Both are discussed separately.

------ .....----,--------------~.----------------~----------------------------An MSn Eha Dissortatlon Submlttod by C !lorkor lD 31
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IHE IBM NETWORKING \1WEl?BlNI24 It is difficult for specific divisions of IBM to create a
personality of their own. ?Cs and peripherals such as printers and disc drives are
relatively easy, but the other dlvlslons.are more tightly coupled, And they are strongly
centered on mainframe computing. Thls of course is the key problem IBM have to face up
to, that the mainframe is no longer the major centre of the computer world, but one
element (albeit a very significant one still) Distributed systems, both midrange systems
and PC networks are ~qually common. rhus there is a general trend from 'malnframe-
centric' to 'network-centrlc' concepts, Properly controlled, this now focus encourages
'rightsizing' as opposed to 'downsizing', with systems being built around the most
appropriat~l teqhnology. This is a far cry from the current 'Islands a Technology' which
now eXistnwith little to no integration.

It follows then that IBM Network Systems division must playa ever increasing role in
113M'sfuture. Further they must establish an individual identity since they must continue
to support the huge eXisting IBM custome: base but they must also establish themselves
as 'open connectivity solution' vendors, without detriment to their SNA users.
Establishing an identity not tied to the old IBM will be more difficult than supplying open
produets. Indeed IBM Network Systems already provide as wide, if not a wider range, of
conneo:iivity products than any other supplier. The range of TCP/IP product? is amazingly
comprehensive and support for Ethernet (as well as token-ring) is good, which is more
than can be said for Ethernet specialists in supporting token-rlnq. The 6611 for example
is a general purpose multi-protocol router aimed af ncmlBM as well as IBM customers,
although the latter are naturally favoured. IBM Network systems even support OSlon
mainframe systems since some users still exist; this is a thankless task with all the various
options and profiles to support.

The key to creating a unique identity for the Network System division lies in the Network
Blueprint. This model, produced about a year ago, is in fact quite revolutionary, because
while it starts from an existing SNA model, it is directly almee at providing a flexlJ:;1e
method for providing all existing services such as CICS, across the dominant protocols of
SNA and TCP/IP. It is also clearly defined to liincompass APPN as an upgrade for SI\lA
users and provides support, where possible, for the troublesome LAN protocols Netheul
and IPX. ' (')

It is very easy ~~'miss the significance of the Blueprint, particularly for the mass of SN;~
users, in that it Integrates the communication models in one architecture. Thus both SNA
and TCP/IP protocols are embedded in new releases of VTAM in contrast tothe separate
SNA (VTAM) and rep/IP protocol stacks in current use. ','The concept of separate stacks
means that extra'"$oft\l\~are products are needed to provide access to applications and
services which normaJ(y reside with an alternative communications system. As an
example, an lnterface product is required to provide a tel net session from tile TCP/IP
address space into VTAM in order to run CICS applications; access to enhanced CICS
functions is not normally available. However with TCP/IP now implemented in VTAM
alongside SNA protocols, a common API Is presented (CPFC) to all the normal VTAM
supported systems.

The open concept does not stop here, however, because, normal TCP/IP applications are
now supported on the SNA protocols because the Berkeley Sockets API (the common one
in TCP/IP networks) Is implemented alongside OPI·C. This is referred to as Multl-protocol
Transport Network (MPTN). Clearly when APPN is established for VTAM it too will be
integrated alonfjside , rePIlP with the same consistent APls.

Integrating existlnq systems With open standards has been a goal of many sUPJ)tlersfor
years with little success, now IBM have a much more satisfactory product for their
customers. They key to thls rather startling success by IBty'! (apart from'ithe

i

new
commitment by Network Systems) is the three tier architecture of t.l1eBlueprint. The
seven iayer model of the ISO Open System Interconnect (OSI) contept has been too
complex to lnteqrate with eXistil19" incompatible systems. IBM now conceive(} model
with applications interfacing with communications via the common API of CPlwC,Sockets
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and MQI as the top layer (Applicatiol1 Support) alternative protocol stacks (roughly the
network and some tranf~port layerins, from the OSI mod~1) at the middle layer (Transport
Network), with a variet~'of datallnk services such as Token-ring, Ethernet, Frame Relay,
$DLC/HDLC, etc, (Subr.etwqrks). This model is achievable in practical environments and
both support exisi:lng systems and 113 open to adding new technologies.

IBM have often made claim to 'openness' which has equally often beeri challenged in the
past because they did not integrate systems. Now it will be very difficult to provide a
more open communications environment th~,(\ that ottered to mainframe users. It now
remains to see what is implemented for other systems along the same lines.

Ii'

Att'l8N.CED pEIiR TO PEER l\!e!wQRKINQPROTOCQI.26 Advanced Peer to Pee't Networking (APPN)
is IBM's strategic communication protocol for the future. It will eventually replace the
current hierarchical form of SNA but it remains to be seen whether it can ever gain the
market dominance achieved by the older protocols. This is not related to quality but to
IBM's less than dominant position today.

)(

Superficially (and in most peoples minds) APPN is the AS/400 communlcstion protocol;
the fact that it is strategic and far more all-embracing is not yet accepted. Indeed some
current SNA users may well be thinking ill terms of stl'.lying with their current products and
switching to alternatives other than APPN via the downsizing route.

Initially APPN was introdur v" on :System/36 machines (in d much reduced form to the
current products), as'a reL.. lIbni),o DECnet. Hlstorlcallv IBM made mainframes and DEC
minicomputers so that it followed naturally that SNA. was hierarchical (focusing on the
central mainframe) while DECnet was .peer-to-peer (creating a big system from a set of
smaller ones). Thus as fi~st minis and then PCs became more attractive, so the demand
for peer-to-peer communlcatlons grew.

The first majofAPPN products were embedded in 0:~/400 to enable networks of AS/400s
to compete with networked VAXNMS systems, All these mid-range machines could still
connect Into an SNA network by emulating end-nodes such as 32705 (PU2/LU2) and the
key conversation protocol LU6. 2 via a PU2. 1 node, Here however APPN has a big
advantage over DECnat for SNA users slnce while the SI\lA and APPN networking
protocols are different, the same LL16. 2 user protocol is employed in both network types
,(not so however for terminals. .>

\'hile the battle raged between AS/400 and APPN versus VAX/VMS and DECnet, PC
networks grew apace, With much simpler protocols inspired by the old Xerox XNS;
domlnantiy Netware IPX/SPX and IBM/Microsoft Netbeul, Neither IPX nor Netbeui are
suitable for corporate networks, which WO\Jld in theory be much better served by APPN or
DECnet. DEC do use DECnet in their Digital Patchworks PC LAN products but APPN Is yet
to make an appearance outside the AS/400 for IBM; neither has won any market share,
despite the serious current problems with Inter-networking PCA.ANs. But probably the
most significant impact on communications has come from the Unix worlc;i. They adopted
the old Arpanet Tep/lp· protccola-older than either SNA or DECnet--which then lead to
inter working of. equipment from various Unix Vendors Including IBM anc;i DEC. 'rhis then
had the kpock-on effect of support for TC,P/IP on most other ~1'Pducts, .inclu'j,ing the .
existing rnatntrdme an.d midrange systems, but probably of mqie long term significance in
the PC LAN arena. Thus it is TCP/IP that"has become the ch~\lenge to SNA and not
DECn6t. lndeed both SNA and DECnet must be usurp,ed by TCp/lP which i~more. of a
problem for PEC than IBM. The relative failure of OSI is a further blow to DEC since With
DECnet phase V they backed the loser (OSI) and missed the w.l.nner (Tcp/iP). Today IBM
are well ahead with a very ccmprehenslve TCP/IP product set, With the latest release of
VTAM TCP/IP now available EllS a direct alternative to SNA for .1311major S/390 services.

" TCP/IP is thus IBM's ally. Now they can cdhtinl.l.e'to enhance the traditional SNA systems
by replacing the old hlerarchlcal networking with APPN~ In other words making tutdre
releases of SNA based on AI'PN, makin~ mainframes a pear member of distrlbut(:ld
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networked. APPN could even have a significant impact on PC networks yet, which need
the peer-to-peer networkin~for simplicity and stand-alone subsystems. raM made some,
early mistakes in positioning APPN by refusing to publish tlte protocols but now they are
licensing them out, encouraging other vendorsto fully implement APPN. Note then that
whole networks could be running on APPN without any IBM kit in the network since the
central host is no longer mandatory, in direct competition to Tep/IP. 113Mcan exploit this
concept to keep their existing 8/390 customers happy. Full APPN on a mainframe, in
VTAM, will appear sometime In 1994, integrated with the TeP/IP networking; interim
products may well appear before the fully multi-protocol integrated version is released.

Currently the IP routing protocol, RIP, has been adopted for the backbone of rnultl-protocol
routers, including the IBM 661 L. However APPN is also used as a backbone by the 6611
and tumour has it that IBM have High Performance Routing (HPR) lntegrated with next
releases of APPN (APPN +) which significantly outperforms RIP as a backbone.

MANAGEMENT PROTOCOLS
,_-f\..

PltOSLEM ev~~5when the clients and servers can communicate, share data and work togethet;' one
challenge remains: network m~nagement. The need to rnanaqe a variety of client and
server systems introduces complexity at every level. Ii"

In the traditional network management approach, a network comprises many instances of
many types of managed objects, There are physically managep objects, such as modems,
multiplexes, bridges, and routers, and logically managed objects, such as tpe IP eode that
runs in the routers Of in the host nodes. .

Administrators of-such heterogeneous networks also face the problem of m8'naging an
assortment of user directories, If all servers cannot, for example, share the same set of
user names and passwords and automatically propagate user ch~nges across all servers,
then every new user' or even new password will send administrators scurrying to change
directory databases.

, Users also w!ll pay if the different types of servers cannot share directory lnfcrrnatlon, A
user who wants \~ work both with files 011 a NetWare server and with data in a database
server on a Unix system might have to remember and roaintain different fog"in IDs and
passwords 'for each environment. i.,)

F=inally,administrators who have to deal With & variety of servers face the usual range of
server management problems. Such fundamental procedures as backup and periodic
maintenance will be necessary on every server. If each server provides different tools-and
procedures for those tasks, administrators will soon yearn for simpler days whet'! options
were fewer.

For most network managers, tile PC)emaii13 a tantali~inQ but unreachable source of
cruciannformatiorl, that W0uld help solve manynetwgrking prob\e\ns. Without this
information, the network data gathered from a sundry ~:t.device~)~tidges, routers, UPSs
(l.tnint.erruptibIS:;power supplies), 'apt.} wiring t;'ubs, to narl1'e"a feV~"·I'em(lins' decidadly

,; incomplete. /""\: . . .'
i)
L 0Proprietary methods are avaltable for managing the desktop, but no proprietary method

adequately integrates desktop information with data collected from other network devices.
Without the ability to correlate information from ali network devices, a manager's view or
the network is Imperfect at best.

At the simplest level, all the systems should support some baslc network-rnanaqement
protocol [the upper layers of the layered prctoccl archlteeture), such as Simple Network
Management Protocol (SNMP). This is necessarv to allow administrators to spot and
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handle such basic problems as which servers are down, which clients or servers are
placing unreasonably large loads on the network, and So on.

CURRENTThe management problem is solved by a combination of managers and agents. An object
SITUATION is managed by aSSOCiatingagent code with it. Agent code consists of management

instrumentation (such as status variables, counters, timers, and test routines) that lets the
managed object be monitored and controlled, plus an implementation of some
management protocol (such an SNMP and CMIP Common Management Information
Protocoll. The management lnat-umentatlcn typically conforms to a particular Structure of
Management Information (SMI). ,\n SMI specifies the rules used to define the information
in a managed object so it can be monitored and manipulated through the management
protocol. The SMI is analogous to a programming language that a programmer uses to
declare data structures and to permit operations that dan be performed 011 those data
structures (such as the functions and procedures).

The combination of a particular protocol with an SMI forms what ls called a network
management framework. The Internet community has defined the Internet Standard
Network Management Framework (lSNMF), which is used by nearly everyone in the SNMP
community. The Network Management Forum (NMF) has also defined a rnanaqernent
framework with the !\IMF Release 1 specifications. This framework uses CMIP, and it has
been implemented by several vendors (AT&T, BT, HP, IBM, DEC, Tlmeplex, Unisys, France
Telecom, and STET). Th15 broad support allows lnteroperabllltv among the different
vendors' network management systems.~6

SNMP and CM1P define three components; an agent, a console, and a protocol. The agent
is code developed by the vendor that resides in a particular device. It gathers network
information from the product and stores that data in a database. The format for this
database, called the Management Information Base (MIB) in SNMP parlance, is specified
by the SNMP specltlcation. The console is where network managers request and display
information from the agent. Connecting the oonsole and the agent is the protocol, or the
language for requesting networking information from and returning it back to the console.

Although SNMP and CMII='let network manage~'$'gather information across the enterprtse
from a range of devices, neither have been sufficiently implemented at the desktop, partly
because they consume too much space.

These competing standards are each designed to manage network devices from a single
application or console. Although the most widely used, SNMP lacks many of the
advanced features offered by the US government-endorsed, CMIP. However, new SNMP
standards under development should help it catch up with CrvllP.

\.)

Coming to terms with network management systems means understanding these
eoronvms. Manufacturers tout support for a sta\~.dard as a major feature of their products,
but the question Of which standards will dominate the market remains to be answered. if
one plans to base buying decisions solely on standards support, one, runs the risk of not
getting the best tool for/iJhe job. , <;;. ;"

.s.NMe SNMP dominates. todav's market. In its survl;ly of 400 network managers at:\
Fortune 1000 and government sites, the Business Research Group (BRG), found that 34
percent of the sites ~\tere using SNMP.27 Only 14 percent were using CMIP.

Developed in 1987 to manage routers 011 the Internet, SNMP was used In cornmorclal
products before CMIP hit the US market, SNMP was built on TCPIIP" a transport protocol
that is still widely ussd in heterogeneous networks,

Jeff Case, president I')f SNMP Research, and one of the original authors of SNMP, says Its
continued pcpularltvsis no accident-~It)'s easier to implement than CMI?
"Right now, there are at least nine di~~erent profiles for implementing CMIP. With SNMP
there's one way to do things-no oPti6flS, no alternatives." As a result, buyers otSNMP~

\\
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based consoles, agents, and management information bases (MISs) can be certain these
components will be capable of exchanging Infnrmatlon.t" .

Simplicity can also be a drawback, because it Invites elaboration, Even when standards
are created, they are violated as soon as a new feature is added by a vendor.29 In SNMP,
the violation takes the form of private extensions to MISs and incomplete standard MISs.
A MIS is an object-specific database that defines what can be monitored or controlled on
a device such as a router or a server. SNMP dotlnes a standard MIS that, in theory, lets
any network management console work with any agent and MIB. But vendors routinely
omit parts of the standard MIS or use extensions that other consoles can't support.s?

Perhaps the biggest strike against SNMP is its lack of security. Passwords for configuring
routers, hubs, and servers are passed across the network in a single unprotected packet.
That means anyone with a mischievous or malicious bent could gain access to those
passwords and wreak havoc with the network devices. Another limitation of SNMP is
that it currently includes support only for TCP/IP networks, although vendors have
tweaked SNMP to run on other network transports, notably Novell's Internetwork Packet
Exchange (lPX) and Apple's AppleTalk.

Analysts,:vendofs, and users agree, therefore, that it is unrealistic to dismiss CMI?
"I think the reality of the market is that both of these protocols will exist," says Sanjiv
Ahuja, manager of netwotk-rnanaqement services for IBM. "It's not an either/or
question. "31

.Q.MJ.f Established by the International Standards Organisation. US government approved
CMIP is part of that group's Open Systems Interconnection (OSI) suite of communications
protocols.

eMIP offers many:;!features. that SNMP lacks: One version called CMOT, for CMIP over
Tep/IP, runs on rCP/I?, and a transport-lndependent version called CMOL, for eMI? over
Logical L'nk Control, runs at the Logical Link Control la\''lrt freeing the protocol to run on
any ne .work, tegardles~ of transport.34:

t:i)
A security feature is also included inCMIP I but 'it is tied 'to the OSI general security model,
which is still 'Incomplete.

..:~ /,
I"~

ACMIP console also can establish a session with a device and download many different
pieces of lntorrnatlon-ell error statistlcs, for example-with one command, In contrast,
SNMP must query for each piece of information.

Despite the appeal of Its,features and the backing of the federal 9qvernment-~which
specifies that all contractors must eventually support oSI--eMIP has found little
acceptance among vendors and users. One reason is that the speclflcatlon is very broad
find leaves lots of room for interpreta\~iol1 wh~,n it comes time to implement the protocol.

'""»
Stil!., CMIP is likely to become popular in at least one area: the integration of network and
telecommunications management. Telecommunications equipment makers will probablv
standardlse 011 CMIP because of the federal government's involvement iii telaphorie
regulation. (,

Part of SNI\~P·s.continued dominance overCMIP and other protocols is its flexibility.
Missing featurs\~ can be added to SNMP through a standards process that typically takes a
year or two. nChanges to the core CMIP spec'ifications, on the other hand, must wait on
OSt's approval cycles, which take a minimum of seYI.J1lyears.(~,

(r

In fact, the Internet Engjn~ering Task Force (IETF), which oversees SNMP, is currently
formulating two additions to SNMP: the Remote Monitoring (RMON) MIB and SNMP
version 2 (SNMPII).~3, . .

-\\.
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RI'JIONdefines a Mia that lets active network monitors continuously feed information
about network health and tr~ffic into an SNMP~based console without waiting for a
request.

SNMPII, now pending before IETF, adds securltv through encryption and authentication,
can run on multiple network-transport protocols, and adds bulk data retrieval and features
for hierarchical management, but isn't expected before late 1994.

SOLUTIOI\I··DMI SNMP now manages mostly network devices, such as routers and hubs. But there Is
increasing interest in managing pes and the applications running on them. As a result
several vendors, headed by Digital Equipment, IBM, Intel, Microsoft, Novell, Sun
Microsystems, SynoPtic Communications, and nearly 200 other vendors, a consortium
which may just have the clout to turn out an industry standard, formed the Desktop
Management Task Force (OMTF) last year. The charter of OMTF is to define a standard
way for PC hardware, operating systems, and applications to share information with LAN
management programs, whether those programs are proprietary or based on SNMP':~4

Dubbed the Desktop Management lnterfase (OMI), the specification aims at creating a
standard management agent that can gather from data any DOS~based PC. At a
minimum, OMI wili identify the manufacturer, name, version, serial number (if appropriate),
and installation date and time of a component. More extensive implementations will
extend these entries and provide a host of information such as the amount of memory
installed and problems with the device.

With this information, network managers can. be smarter about the way they troubleshoot
and maintain PG-centric LANs. By combining this information with data gathered from
bridges, routers, and wiring hubs, network managers can for the first time begin to
diagnose enterprise-wide problems without leaving their desks. They will, for example, be
able to determine why two users on separate networks can't communicate.

The current draft of OMI (released in March '93) defines a management agent for DOS
and ODS/Windows workstations. Drafts for Macintosh, OS/2, Unix, and other
environments will follow. The"final speotflcation is expected later this year.

The potential benefits are enormous but not without cost. Though managers won't have
to pay to gain OMI functionality, they will need to upgrade their existing clients, which will
be a substantial investment. What's more, buyers must be careful about the level of OMI
support they purchase. Some OMI implementations will gather more data than others.

".J

Vendors will also find that even proficient assembler programmers may have difficulty
writing the code necessary for building the agent. This could further delay DMI's
acceptance, though with DMI's potentia! benefits, most vendors expect to support OMI by
year's end. I',\

iJ
ii
/1

OMI hopes to change that. Like SNMP and CM1P, OMI presupposes three elements: an
agent collecting network management lnformatlon inside the user's PC, a manaqement
console where the data is displayed and requests are issued, and a communications
protocol that allows the management station to query the agent. .

Unlike SN...il~1i1P and eMIP, howeve.r, OMI only define.s the arc.hltecture of the agent. And,
different/tram SNMP or eMIP agents, the OMI agent consists of a main component, a
TSR, and overlays. The main. component resides permanently In memory and consumes
about 6Kb. Overlays are individual modules that are called by the main agent for
managing the dlfferent componente In 'he PC. These components may be hardware (such
as a hard disk) or even software (such'as a specific application}. When a LAN
administrator issues a OMI command, the main agent in the PC autcmatlcaily loads the
overlay for the specific component.w ~,
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remain the prime candidates for LAN management software. Thts is primarily because
most client problern-solvlnq begins 'With determining whether the PC is connected to the
LAN. With DM:, LAN administrators will be able to query the general health of all network
adapters on the LAN, as well as query their traffic. statistics.

There are three portions of a main agent. First are the files storing information about each
component. The specification for the way in which this information is formatted is called
the Management Information Form~t (MIF). This is roughly equivalent to SNMP's MIB
definition. Below the MIF files is. the second component, the Component Interface (CI),
which defines how the main 0lgent can issue commands to query, reset, or control
components. And above the MIF files is the Management Interface (MIL which lets a LAN
product vendor query, control access, and be notified when a threshold is exceeded (this
is called an Event Notification in OMI parlance and an Alert in SNMP lingo).

A management console can use three commands to query an agent: List, Get', ":nd Set. A
management application will use one or more of the List commands to query a PC's MIF
files to determine what components are installed in that machine. Other List commands
let the management application discover the functions of a particular component. Get
allows the management station to request individual statistics from a component, and Set
allows the management station to alter that statistic.

While OMI deals with MIF files and component-management commands in great detail, it
doesn't specify how the information and the commends cross the LAN. Information and
commands will cross the LAN in any number of ways: via SNMP or CMIP, or even by
writing directly tc " network layer protocol such a; I? or NetWare's IPX. Many users will
want some kind Of mapping between SNMP and OMI so they can query OMI ag~rts with
their existing SNMP ..based management stations. This will then allow network rTlanagers
to integrate data collected from the PC With data collected from other network devices.
To date, this layer ha~ not been defined, tho~!gh it is expected to be-completed by year's
eno 36

THEDRAWBACKS As one would expect, LAN management software wW need add,i,l;lonalR,AM over and~; "
i, OF OMI above the 6K used by the TSR in order to send and receive management requests and r

responses. EVen then, frugal designers a\'td skilled assembler programmers will be needed
to keep the size of the MIF transport software to a minimum.

Even a Skilled assembler programmer, though, will find the TSR overlav management
scheme a tricky envlronrnent in which to implement the processing of MIF language
commands, although the OMTF will supply program templates and sample source code.
DMTF's TSR specification may present problems. The TSR, for example, will have to
serlallse access to the program's overlay area, which is where the agent loads and unloads
modules for managing individual components. This is important to prevent two requests
for component module information from colliding" with each other. Programmers aren't
perfect ahd neither arethe software modules-thevwrtte. After LAN vendors iron out the "
Initial wrinkles and finEl~tune their DMI software/ however, one'Il mos't likely finct OMI-
aware LAN products the rltllJ rather thaI) the excep[iion in most orqanlsatlons.s"

What's ~Iol'e, not all the information in the MIF files will be generatM completely by the
cbmp~tir. And the amount of work It will take for one to enter manually the reams of
infofmation about the networked PCs is daullting, to say the least; I.AN vendors will be
tibia to supply component-specific MiF·file data when one buys new products, but the PCs
will have to be upgraded, as will network adapters, hard disks, and other components the
oornpanv already owns. Moreover, the company will need to design and implement a plan
for gathering and enterlnq MIF data If it wants to take full advantaqe of OM!. A remote-
control text editor would be helpful, but such a product has not been defined by the
specification.
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The success of the OMTF'~ efforts will depend on two factors. Suppliers of LAN products
will need to update LAN driY13rsand perhaps redesign hardware so that they are DM!-
aware. LAN management software vendors will need to add MIF langl!CJgeprocesslnqto
their products. .

Both criteria will be met if the OMTF vendors support the specification.

Cc(~CI.USION OMI fills a large, gaping hole in network manapement: the administration and control oKPC
workstations. All LAN vendors will eventually have to support OMI it they expect to sell
hardware and software to companies with PC-based LANs.

With those sentiments and the backing of the leading networking vendors, OMI w:n almost
certainly catch on as a standard. A better alternative doesn't exist.

In order for DMl to succeed fully, however, NT, OSI2, Unix, and Windows clients must be
supported. With these environments, as with DOS, one can expect to find the OMI rSIR
functions included in the p .....rating system.

Not every device and oori.ponerrt will be instantly DMI-compfiant and DMI-aware, of
course. At first, the PC will load the DMTF-supplied TSR and only a single component
module, perhaps one for the PC itself. Later, one will install a new driver for the network
adapter that is OMI·compliant. Eventually, if OMI catches on, one will have component
modules that DMI management stations can use to gather information on every device fin
the PC. When that day arrives, the LAN administrator will spend less time walking around
the office and more time actually solving problems.

NETWORK G oERATING SYSTEM (NOS)

BACKGROUND The extent of the r.etwork operating system's control over the network has.progressed
over time. Initl'ally starting as a central file storage point accessed by workstations
(typified by ':'he Novell NetWare LAN), it has now progressed to facilitate client/server
computing as well as terminal/host computing as initially typified by mainframes. These
capabilities are a functlon of the NOS and are illustrated below.

Clientl
Serv~r

'lOU!
Host

THE NOS VS THF. Network operating systems, as we know them today, are in the midst of a fundamental
PC OS change. Instead of two distinct products-the network operating system and the operating

system-the next ..generation operating systems will offer built-in networking hooks. The
network operating system may become a server solution only I while one will get the client
PC hooks from the PC OS. Microsoft reportedly will include intrinsic networking
capabilities in a future ver:;lon of Windows, tal<ing advantage of a Windows feature-called
Service Provided Interfaces to create dynamic link libraries 'lOLLs) that support the
directory services of various network operating systems. ..
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"today, fully integrating the LAN Manager, NetWare, or Vines client PC software into a PC
running Windows involves loading patches, usin9' thlrd-parw products, and many other
work-arounds. The Idea of a universal Windows client, perhaps integrated into the server
software with a special software option, as in the Macintosh today, certainly appeals to
Microsoft, and it presents no problems for Banyan Systems with its unique enterpri:!>El
architecture. To Novell, however, this approach means iosing allY presence in the client
PC. w'

NOSs FOR While the client may undergo a radical face-lift, server software will likely undergo its own
DATABASE changes. MOst radical of these will probably be the introduction of network operating

SERVERS systems, that can take advantage of multiple processors.

Today a network operating system's file and print server functions typically do not stress
the server's CPU. Instead, servers are limited by the time needed to access the hard disk
and move the data to and from the adapter cards. But when one adds network
management functions and database management software to the server, the CPU can
become the site o~~!he bottleneck.

One approach to the problem is to develop faster CPUs. Intel's 586 (their latest advance
on the x86 chip-set) is surely a step in this direction. Another approach is to move the
network operating system onto a computer with rnultlple CPUs, such as one of Compaq's
Systempro line. But the developers of LAN Manager and NetWare have almost Ignored
this hardware capability; only Vines can balance the processing load between two CfiU*f,
on specific hardware platforms. Microsoft states that its planned Windows NT operating
system is designecj for symmetrical multiprocessing.

Another area of performance improvement consideration is that of 32·bit operating
systems versus older 16-bit. the former provides more power, sp(')ed, process control and
data acc1s;sibility. .. ,.I

(..

While both NetWare and OS/2 2.0 support 32-bit operatlons, most OS/,'2-hosted SOL
databases are currently based on the 16-bit OS/2 r.x API (Application Programming
Interrace). Most NetWare-hosted SOL databases are true 32-bit applications. Thet~ are
other fundamental differences between the two platforms. SOL databases designedz't.ls
NetWare Loadable Modules (NLMs) 'tend to be faster than those that run under OS/2. One
reason is that they me dynamically linked to and become part of the operating system;
there is no layer of software between t['9 application and the hardware.. But a
misbehavihg NLM (NetWare Loadable L,odule) can crash the entire system, On the OS/2
platform, the operating system sits between the hardware and applications, servicing
requests for resources. The mediation of the operating system adds overhead and so
e#acts a speed penalty, but it does protect against ill-behaved application$.38

Another reason NlMs are faster is that NetWare is non-preemptive; each process is
allowed to. run to cornptetlon, unlnterrupted. It is the responsibility of the NlM to release
control of system resources at convenient times to give other processes access to those
resources. In fact, this is a 'formal requirement for Novell certification of NLMs. OS/2, on
the other hand, is a preemptive operating system; OS/2 has responsibility for managing
system resources, there is nothing to prevent OS/2 from interrupting a process at an
Inconvenlent time, thereby slowing the completion of the process. The difference
between the two approaches boils down to speed versus safety.

Unix ls a 32-l:Iit operating system that's been available on PCs for nearly a decade. Highly
scalable, there is a version of Unix available for almost any processor one can imagine,
from a desktO't:>computer to a room-fllllnq mainframe. In addition to maturity and
scalability, Unix also boasts the unique advantages of multiple-user and multiple-processor
support.

The ubiquitousness of Unix on computers of all sizes makes the move to a bigger box
relatively painless, since virtually all the same tools and procedures can be retained. ,Just
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about every major SOL datr'::lasp. vendor I including Gupta Technologies" intermix, Ingres,
Oracle, and Sybase, has a version of its product that runs on Unix. In many cases, Unix
was the SOL database's first plattorrr» versions for NetWare ..and OS/2 were later
additions, In fact, vendors often update tho Unix versions of their products before other
versions, with the result that the Unix product supports a more advanced feature set.

Multiple~processor support is the main key advantage offered by many versions of Unix.
For a well-tuned SOL database, the processing power of the server is often the last
remaining constraint. On OS/2 and NetWare systems, one can add more disk drives and
more RAM, but one can't add more CPU power: Unix-doesn't suffer from this limitation.
Some Unix boxes can support as many as 30 processors. Microso'ft's NT operating
system, released in the second half of 'i9f . ( also supports multiple processors and
multiple platforms. But until NT proves its Viability, Unix is the only PC operating system
with these capabilities. ..

Like OS/2, Unix is a preemptive, multitasking oD~r.:lti!1g system. (NetVVare is not
preemptive; the NLMs thernseives are respo!1~lble for relinquishing system resources so
other applications can have access). But unlike either OS/2 or NetWare, Unix is also a
multi-user operating system. With Unix, one can store both the 'back end' and the 'front
end' on the same machine, and access both Via a dumb terminal. This can be a v_ery
efficient o:mfiguration when a user must connect remotely and the client applicatlon is
passing a lot of data back and forth to the server. When multiple processors are used on
the server I the increased load can be handled easily.

While there are advantanes to Unix, they come at a price, Unix hardware and software is
usually more expensive thsn systems destined for either 0$/2 or NetWare. Because of
the complexity of Uni~; and the arcane {by todav's standards} administrative facilities, the
same can be said for ~he adminlstratlve and trail,ing resources necessarv to run a Unix
system at peak performance. However t for state-of-the-art SOL d{~tabasb systems, Unix
warrants a serious look.

CRITERIA The .Mjor criteria are listed below. Several lesser features are illustrated in the 'Reviews'
sectiOh.39

FAULT TOI.fRAWJ; GOing global means that resources must be available when a user needs
them. It also entails ensuring that the network can function with the reliability of a phone
service. At the heart of that servlce is server reliability. Fault.tolerance is an emerging
feature for all three network operatlnq systems.

Safety features range from monitoring the operational status of an unlnterruptlble power
supply attached to the server I to mirroring disk drives or drive controllers to ensure
continued operation if one fails, to server duplexlnq, where one runs a.separate computer
as a constant hot standby for fail~safe operation.

NI,;TWQRK MANAQI;M.ENI. With networks growing In size and com(l'Iexity, network managers
need a way to control and monitor an enterprise-wid~tetwork b.~tter, One 0l\' the
developments during the past year i,n netwo:k. m~na~r'{'~~~t wasl\~o"~JI's ~1~blJ i!
Management Interface (I-IMO, _HMI1S,a specl~lcatlo~:>thaL-I~~~gra,t\'s.tI1~)'lV:.l~!~hub, the
center of many Ethernet and Token-Blnq cabling ~r..l':)efTle,:};tlnc! tn51file $~l'\i'er mto a
common device. ",;;:' :', .<_ 'ccc !.,j

if', " I{

"·!"li.'-I . <, . ';>"
Putting the wiring hub inside the Server red0bs$ cd~,tsbeCfll.J$f.Uhel'eis no cabinet or
power supply and the server's CPU runs ttVfo hul';!m~'pag~I'her\ttJoftware. Wiring hubs also
make it easier for vendors to ship ready-t~;run netwo'rlts, complete with pre configured file
servers. "

Depending on the configuration, however, there may be drawbacks to integrating the hub
and server: The hub/server can create a central point of failure. Nevertheless; Wiring hubs
enable the correlation of network operating system Information with information about the
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physical Infrastructure. If the network is faillT;g, a management application will be able to
determine whether it is the server or the network itself that is causing the error.

ReLIABILIty & RESILIEiY.QX 0$1 (Open Systems Interconnection) is a set of standards for
(" communication of data. It is often better if one can standardise Of) one protocol such as
\ J.F=(CP/IP (Transmission COntrol Protocol/Internet Protocol) and IP~ (Internex Packet
1.« Exchange), but there is often a need for DEenet and SNA (Simple Network Architecture)

protocols. In connecting any data station with ,any other; it is vital that It is secured
against fajlures or problems. This could be caused by line congestion and it is necessary
to re[l'1ute without any interference by users. II ();, '

NETWORK DeSIGN It is vital to adopt a well thought eut strategy for the network. This
should involve decisions at four levels. The first is the access level, the level at which
users gain access to the system. The second level ilS tljat of thd:1work group, how users
who work toqether' share data and resources, and how\tLW arei linked for this purpose.
Thirdly the distribution level, which is how th~)various work. groups, perhaps downsized
divisions of the new orgllr.lsation, connect With each other, possibly across remote
geOgraphic areas.

// "0:::':"//.-;

Finally, the core systems, that support the basis on ~,rbh all the neiworking .ta~:,;~"plaoe.
It is like the vision of a tot;~lIy automated country in which any inclividuaLaLh~il):i! can get
into a local suburban system, tl1€ln into a cltv-wlde system, therLl:::\t~~"::Wational
communications grid, and finally into t\t}e world grid. At each level th~re are dlffereut
communication needs, in terms of speed of transfer and the amount of traffic that can be
supported. '

a(i.!.ttING ALGQ.:RITI:IMS With the growth of networks and their interconnections at the
dlstrtbutlort level, there are often many alternative paths for a messaga to move from one
user tO~l1other. the mechanism for chooS!'9 which path is.best is called the royting
algorithm and should be based upon the choice of the basic carrier, the number of
alternative paths, the congesti~1l on the lines, and the speed of the different paths
available.

MIGRATION To move from main frame communications to the networked environment
means planning carefully. Often it Is required to integrate the SNA mainframe network
into the LAN through multi-protocol converters and routers. And it is generally advisable

. to plan for parallel operations as far as is possible. c>

ReVIEWS 85% of the LAN (Local Area Network) market is dominated by Novell's NetWare.
Microsoft's LAN manager, and Banyan's Vines. Digital's Pathworks is fast becoming:",
force capable of uniting NOS disparities, and is also a strong contender for future market
dornlnance.s? This limited range, the import of the NOS to a system's functioning;
maintenance, and power; and the fact that NOSs are widely divergent, makes it easier to
provide a comprehensive review of each product, than to compile a feature chart that
would be able to convey the meanings of the complex terminologies. Hence the following
is a list of the more widely reviewed features found in each system, followed by a chart
tfiat is possibly over-simplistic when read alone, but summarizes what is stated in the
main text.41

NeTWAl31= v4,Q' Introduced by Novell in 1983, the first version of NetWare offend basic
file and print services for small departments. Several years and revisions later, NetWare
v2.x and v3.11 domlnated the market with improved security; high reliability; support for
many workstations/ inc..:lIding DOS( OS/2~ Macintosh and Unix machines; and support for
many protocols, including SPX/IPX,TCP/IP, OSI and AppleTalk. NetWare v3.11 provided
the highest performance of any comparable network, but It lacked server domains,
directory services, efficient Wi'-" support and protection against server applications.
Novell also faced strong cornpe . "on from such vendors as Digital( Microsoft ami Banyan.
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With NetWare v4}.O, Novell is attempting to address the concerns of corporate users and
ensure its market dominance.

" .. ~lervs,~Architecture~ At .the heart of NgtW~)~/v4.0 is thl;} NetWare QperS,ting .'
System, wh:r:11provides a dedicated servenorwir<mmipnt, 11113 NetWare"OS performs baSI'.;
operating system tunctrons such as allocating rnempry for processes, scheduling tasks a; rd
providing access to the file system. One oT the i2i~hlight$ of the WetWare OS is Its
modular design. '~3"hisarchitecture allows the dyn::'lmic loading of software moduleu called
NLMs (discussed eartlerl.

file Service Protocols: NetWare v4.0 supports DOS, Windows and OS/2 clients by
using the Internet Packet Exchange (IPX) protocol and the NetWare Core Protocol (NCP).
NC functions at the upper lavers of the OS( model and is used to establish, mail'tain and
terml9ate network sessions. NC messages are routed by IPX, which uses a dati:l'gr~m
delivery system. IPX does not contain error-checklnq functions, Applications car,.Il'1Jethe
Sequenced Packet Exchange (SPX) protocol, Which provides virtual session and error-
checking functions.

NetW'are servers use the Service Advertising Protocol (SAP) and the Rdutirig Information
Protocol (RIP) fot service armour, iernents and server-to-server routing updates. NetWare
also supports the Open Datalink Interface (001), Which enables multiple protocols to
functlon over any netvt.,';lrk card that supports 001.

Novell provides NLMs for supporting Macintosh clients over AppleTalk, Urtlx workstations
over NFS and TCPJIP, and OSI systems using FTAM. NetWare v4.0 provides an integrated
envirorjme~t for all these client$, enabling them to share filef'i and print services.

NetWare Directory Services (NOS): NetWare v4.0 cal) treat multi-server networks
es a single entity. This enables users to log onto the network oros rather than onto
individual servers and lets supervisors manage one logical network rather than separate 'file
servers.

WAN Support: Novell has improved WAN support in NetWare v4.0. The packet
burst feature of NetWare enables server and clients to exchange .:;~veral data packets" r .. .... "
before sending verification. Also implemented in this release is the Larg~ Internet Protocol
(LIP), which enables servers and clients communicating over a WAN to negotiate the
packet size rather than use the Q'ilfaJl!~-iize of 512 bytes. Both featureslrnprove NetWare
performance over a WAN. Howflvert IPX still is not as efficient in a WAN environment as
some ot the other protocols, such as DECnet and iCP/IP. Many ctlst{mers arc asking
Novell to incorporate file and print services using TCP/IP rather than flmneling IPX packets
through TCPIIP.

~.2Il.6.& One of NetWare's major competitors is Banyan's virtual Network Solution
(Vines). Vines is a NOS that runs as a dedicated file server on an x86 platform. The
Symmetric Multi-processing (SMP) Version of Vines can provld, . superior performance by
taking advantage of SMP machines ruch as the Compaq S'lstempro,. However; Vines' real
strength is its ability to sirhplify the task of using and managing a network of multiple
servers by integrating them into a single logical network.~.

Vines v5.5 Architac;ture' t;,e Vires server runs on to of a Unix operating system
shipped with the product, Users, however, needn't be familiar with Unix t,1 set u::>and
manage a Vines network. All network services on a Vines server run as prd~~~ses
performing various tasks. The Vines server service executes on every server and handles
internal communications; monitors the status of services and synchronises time with other
servers. The Vines Vanguard service implements network security. Vanguard
authenticates user names and passwords before allowing access to the network.



Protocol Support: Vines uses the LAN Manager protocol for file. /and print services.
Messages are exchanged between clients and servers using the Vinas Sequenced Packet
Protocol (SPP), which provides virtual connection services. 'vines also provides the

, Network Remote Procedure.Call (NetRPC). interface for developing network applications.
Streetralk and other Vines services, such as mail, use NetRPC for ecmmunlcattons. Like

,NetWare, a limitation lif Vines is the use of proprietary protocols for file and print services.
However, Vines supports such protocols as TCP/IP, Net alOS and X,25 for other
functions. Vines can also tunnel the Vinas protocols in TCP/IP packets.

StreetTalk Oh'e~t{ fl'e <t;ervice$: Vine~provjdes basic file and print services sirrl{jar to
those of other NOSs. Wr,d't separates it from the rest is that integrated into the Vine,$ OS
is StreetTalk, B~nyanrs h1b ,'{ acclaimed distributed global dlrectorv service. Streef(a\~
cliiows resources to be uniquely identified on the network, making them easier to access
and manage. All resources, ,jnt;:luding file services, .rsers and printers, are defined as
objects, Each object has a StreetTalk nama assoelated with It.

i/ ,
W.LNttQWs...NIJJiN...MA~'l.a...Q. Microsoft's LAN Manager server is available on the OS/~
platform, provi!~in9 file and print services to DOS, OS/2 an.dWihd~ws clients. The PS/2- \\,
based l'>'P,rvel'received limited acceptance because of low~r performance and just b::;~ause "
it was OS/2. "However, LAN Manager will ~oon be avallabte In the base Windows NT
product and in the WindoWS N"r Advanced Server, which will ma'l{e it a viable. option.

Networking' Capl'.lllilities: Windows NT features built-in peer-to-peer net~orklngt
whic:h allows file and. printer sharing among work groups. Windows NT uses LAN
Manager technology for file and print services and can function as a server and client.
Windows NT offers LAN Mansger services, using the proprietary NetBEUI protocol for LAN
access or TCP/IP for WAN access, Windows NT Testures built-in support for DOS/OS/2,
\Njndows and Windows NT clients. Applications support is provided using a Variety of
standards.

Mahy vendors are v~orking to intf;\grate their 1\I0Ss with Windows NT. Digital has
developed Pathworks JbfWindows NT, which enables a Windows NT system to function
as a Pathworks clienlior server over DEenet. Novell and Banyan are also developing client
shells for Windows NT, which will make Windows NT one of the most connected NOSs in
the industry.

One feature lacking in LAN Manager is a global direr-tory service such as StreetTalk or
NDS.

,I\.
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W!i1dQWS NT Advanced Server: The basic networking features in Windows NT are
sLlU!cient for small work-groups. For 1f,ll'gernetworks, Microsoft recommends the
Wit,dows NT Advanced Server, which offers DOS, Windows, Macintosh and NetWare
conr~!3ctivity, SMP support, advanced sequrit\f, and server domains for enterprise n

netwerks. Domains can be used to groOp a logical collectlan of servers, Users can then
log onto the domain once aM'have aCCeSSto all the authorised resources. Trust
relaticnshlps allow domains to share user and gro'!p llsts to enable U~0'r$ to access
resources across ali dom~lns in the network. Domains also provide n:.~tw(jrk;\admlnistl'ators
with C€),,:r.ralisedmanagement capability. '~

One can access the Windows NT Adve, .ced Berver fro'l". a remote &ffice via "-Jodem, using
;the.Remot6>Access Service)RAS) module. Macintosl;l support is expected to be Included
in the final release, with the WindGWs NT Services tor Maclntosh !SFM). Fhe Advsnced .
Server also offers extensive fault-tolerance features, providing enhanced data reliability
using the NT 'File System (NTFS), disk mirroring, disk duplexing and disk striping (RAID5).
The user"account database il.i automatlcellv repllcatsd, thereby eliminating any Single point
0'( failure.

"~

]

fA!~ WflHe Microsoft and Novell battle it out with NetWare and LAN Manager,
Digi'ial has cho$'\:ma different phllt)sophy for desktop domlnancp. Digital's strategy is that
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whether users choose NetWare or LAN ManagEl'r/ Digital will provide the software tools
necessary to Integrate and manage their networks on one of the fastest hardware
platforms in the industry.'~ c

This phllosephv'is evident in the availGlbility of Windows NT on Alpha AX? (a hardware
platform for whose acronym the author could not find a translation). Digital also has
announced that native NetWare v4.0 will be available on the AXP platform. Furth~r, th(:l
upcoming Pathworks product line for OpenVMS will offer one 'Of the best choices for
integrating and managing the various network technologies. Future Pathworks releases
will enable a single OpenVMS system to support NetWEiI\':-_,J:_ANManager and Macintosh
clients. And Pathworks servers are also avallable 0'1 the OCTR, IX, seo Unix (various
flavours of Unix) and OS/2 platforms.

Client Support: Digital offers software to enable DOS, Windows and OS/2 systems
to function as LAN Manager-based clients. and access the services of the Pathworks
servers. In addition to standard file and print services, the software includes applications

" for terrnlnal ernulatlon, mail and th\~ X Windows System. For file and print services, no
additional software is required on the Macintosh clients, since they have built-In
AppJ,eShare. ,The Pathworks,,!or rv1aclntosh clie~t soft.~are includes software that provides
Macll1tosh ollents with DECMt, terrntnal emulation, mall and X support.

OpenVMS Server Ar,~hit~cture: Unlike N~tWare and Vines, ~which run In a dedicated
server environment, Pathworks servers run as OpenVMS detachedprocesses, An
OpenYMS system running Patt~works can simultaneously support networked clients and
interactive Op~nVMS users.. ~.~hisdesign provides a rich environment in which PC,
MaciQtosh 'and OpenVMS users can share data, mall, prihtefis and other' resources.

\~. Servers and Protocols: The Pathworks for OpanVMS:;LAN Manager server offers file
a'nd print services over DECnet and TCP/IP to DOS, Windows, Windows NT and OS/2 it

clients. The TCP/I'P option allows the server to support not only Pafhwcrks clients but
also any LAN Manager client that can use TCP/IP. 86th the DEenet and TCP/IP transports
provide efficient LAN and WAN capability.

The Pathworks for Macintosh server is compatible with the APpleT~lk Filing Protocol (AFP)
v2.0 and supports Maclntosh clients over ApplpTalk. Included With the product is an
AppleTalk.to-DECnet gateway that enables Apple'Ialk-onlv Macintosh systems to
communicate with DECnet systems.

Future.Bnhancements: One of the most impressive Pathworks v5.0 components is
unoffict"1.IlY,called FrameWorks, This multi-vendor integrated management console system
enables dtlJ to simultaneously manage all the LAN Manager and NetWare servers on the
network from any Pathworks PC. FrameWorks uses a slick Windows Interface to perform
all the management tasks, such as adding users, creating services, setting up printing and
managing security for both network envlronments. F~ture enhancements wlllsupport
manaqernent of OpenVMS ' ld Windows NT servers. Hooks are provided to allow
developers to add management interfaces. A key design focus of FrameWorks is to keep
the terminology intact when one is managing a particular environment, t:=orexample,
when one adds users, the same screen will show the appropriate fields, depending on the
server-Netware or LAN Manager··being managed.

The Pathworks vS.O client software Is also undergoing a face-llft, i) The software will be
available as separate products for the DOS and WindowG platforms. The DOS platform
will support a command-line and a character-based Windows interface. The Windows
product offers all utilities and applications with a Windows interface.

Pathworks v5.0 clients \'Vill be able to lise NDIS or 001 drivers for commun!catir,g with the
network cards. The clients will also be able to use DECnet, TCP/lP, NotBEUl, IFX, LAT
and;.t.AST simultaneously, and load and unload the protocolsdynamically, all without
having to reboot. Digital i'q rewriting the TCP/IP stack, whicH' Is expected to be smaller

,---------------------~,.-------------~------------------
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and faster than in the previous versions. The combin~tjon will help relieve the RAM cram
in DQ.Sworkstations as mentioned earlier.

o

o

C0!'lClUSION Outside of PC based applications, the LAN operating system becomes a choice of thrae:~2.
Novell Netware is the current P~ LAN leader, but the Netware server operating system
only runs on PC hardware and since it is not a general OS relies. on Netware Loadable
Modules {NLMs} for servers. This is obsolete technology. Microsoft Lan Manager
(~$IL.M) uses OS/2 for the server, which is general purpose ant.: offers mote scope,
particularly for transaction processing with stored procedures. Further MS/LM includes
multiple protcco! optiogs, including Tep/IP, which should be the primary choice. since it Is
sU~I~orted on all systems. Unix can also be used in MS/~M networks with NCR'$ LMJX
version 2 server product. Novell may yet produce an acceptable Unix server product,

"o ll? The third choice is Sun ONe, effectively taking pes to t~e established engineering LAN
world. Hers there is only one protocol, TCP/IP, and it is supported by all systems from
mainframe through mini to pC. .The NFS file server is not as efficient as Netware (nothing
is when it comes to pure file serving) but the range of choice of server operating systems
makes it way ahead for client/server systi:nns. ,

\~
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NETWORK INSTALLATION t :
"

In concldslon the following strategy should be adopted today for totally new tnstallatlons
or for pilots. readying to upgrade current LANs. " <}

S1'AQe 2

Install a Unix server with TCP/IP and NFS. This can be a 486 PC with SCO 01' interactive
Unix, an RS/6000 with AiIX, a VAX with UI...TAIX, ClSun SparcServer, etc. Its a flexible
ehoice: all support the NFS, as standard. Just as skills have been acquired to install and
setup NetWare, etc, then hew Skills are"needed for Tep/Ip, etc. Install, in a 'PC DOS 0

workstation a TCP/IP plus NFS requE,lpterpackage e.g. Sun PC/NFSc ftp Software,
Woolongong, etc. Install standard PC packages e.g. Lotus 1-n-3,L}ord Perfect (DOS
versions) on the Unix server and test them. All standard singlt'ti'(Jser DOS programs will
work. However many PC programs are extensions to DOS and thus won't'work. The
current developments in PC TCP/IP products are to add Netbios compt}'cibllity (similar to
the f'Jetbios extensions in Netware): this will be essential cover furtIWf DOS programs. 0

Any 'DOS' programs, no mind how popular, that-won't run must b'.1banned.
"·;1

. , .. _;;? I:

Choose a database supplier and install the server on the Uni~9tiachine. Then.choose a "
development tool to write programs In the PC tp work with the So.L requester. Note that
all Sal tools don't work'with all sal databases; make sure favourite 4Gl applications
work with the chosen database.

STAGE 1

o

STAGE 3 lrnplsment one or more Unix programs on the server which can be run using th~ te'lnet
feature In the PC or a multl-pcrt.comms card and ASCII VDUs canbe added,

STAG~ 4 Implement a gateway to any host computer or wide area network. If at the same th~feas.
this development TCP/1P has been added to the host computer then a gateway lsn't
needed. '

(.< At any stage look for packages as well as developing programs and wl1enever they are
available introduce OS/2, 2, Windows-NT, etc. workstations, At any stage existing Unix
workstations can be simply connected to the same network. The choice of Ethernet or
Token-ring is relarlvelv unimportant although historically there is more support for
Ethernet. c<

o o

" " '. .. . . \\

Networking is never simple and .JCP/I? is no easier than t\I~tware. But the vast Increase in
facilities enabled e.g. RISy hardware and the int,erope<rabllity without.gatelJ)(ays IS well
worth the effort. \\ < .. \\ ,

\i

\\
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OPERATING. SYSTEMS (~"OS)
sz ... . .... ~ .... CIl &lIi"'a..__,

CBACKGf\OUND
c\
.\ '

An operatUlg system provides a basic set of
instructions and functions that make the
process easier for the application programmer
and .the user. The operating system also
Serves as an interface to tt underlying
hardware, providing a 'levs. tllayin9J,field' for
everyone who wants to Use the computer
system.4$

Most operating svsterrts (OSs) are divided into
two basic layers, the 'kernel,' which interacts
directly with, and is specific to, the underlying
hardware, and the 'services,' the functions
that the operating system performs, which
mayor may not be hardware-specific.

Strictly speaking, computers do not need operating systems to work. If 8n application is
coded directly for the' lying hardware and then loaded into memory In some fashion,
the computer can be " .ted to 'jump' to the first memorf'address ot the application
and execute from the .rviouslv, this is not a terribly e.ffJ,Gientway of running software ..;-

~:;.'

There ....,'e several rY:?dels around Which an operating system might be based.44

MON6uTtllC MODEl, The rnonollthio operating system- model is a structure wherein all the
'functions of the operating system are allowed to communicate directly with one another,
With no particular hierarchy or sequence. DOS uses this model, and it j~ a part of what
makes DOl:) so hard to modify significantly. ./,"

/::i.,(;::'7;C::'--

Because the individual elements are interrelated, modifying on~, like the file structure,
means modification qf others, and maintaining cornpatlblllty with earlier verslons is that
much mere dlfffcult. \\,

\'

l.AYEBED Mo~ In this structure, each functio{{ m,~y only communicate with the function
directly beneath '1 in th,e;hier.ar,O,h,Y; \'\(ith~, \g~rd to adaotablllty, ~his model has an .
advantage over the mOliol , model m that each layer communicates only with a slnqle
other layer, whlc!1\essentt ~!- .,.~j-'}l~testhe lrl~lviduallayers. Modification of any layer,
then, can be accomplished;'o/\Ii.:i~j(jf\changi~f(l the entire structure Of the operating system.

qUENr-$EBVJ;B MODEL Yhe(~ol?t m~nIilDJ"ap~roach to the d~slgn of'\kn .qperating system is
the cllent-ssrver model. ':'9 this model, 6acl1p:m· kernel OS function is treated as a server
to the application 'behind' it. These servers communicate1:with the client and the kernel
independently. The client-sarver model also combines/.the 'best features of the other
models, in that each function is independent, for eas~: of modlflcatlon, yet each is directly
linked to the kernel fQr speed. '. ~,
I b
The Jauate,j;nat now arises is what OS to choose tor I~ach workstation.

~ h

)

)

,';
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Unlike an application, an operating system is not chosen for the features it offers.
Operating systems are chosen, or designed, for factors like portability, adaptability,
robustness, speed, security, and their development environment. All of these elements
are in one way or another affected by the 0$ <Jesign model, which changes from system
to system.

The criteria operating system deslpners deem most Important determines, to a large
extent, how the as is coded.4s Assembly language is the fastest, but the least portable.
Portability is enabled by using iii high-level language, like C. Adaptability is the ability of
an operating system to accommodate new developments in hardware, and is enhanced by
the coding of the OS in 'modules' that are relatively independent of one another.

Robustness is also affected by rnodularltv, and is the ability of the operating system to
survive hardware and application failures. Security and development environments are
also a matter of design, though not so related to the actual structyre of the" OS.

(:""

COMPATII3lLlTY Cooperative work requires either thaJ the same applications be available on all the systems
or that th,e different applications on those systems read a common document format.

E~eD true client/server applications face similar problems. ~faWindow~ NT-based
database server is to serve Unix and OS/2 clients, for example, front ends for that server
must be available on both Unix and OS/2. Without such front ends, those ellents would
be cut offfrom the server. ..

The OS that the server runs on can be quite independent of the oper~ting systems each of
the workstations runs on·-esRecially when non-dumb desktops cite used. In fac,t, It is quite
desirable to run on different O~,s as this Is often a function of the computer chip set, arid
hence its power T and one rarelv'requlres the same power on the desktops as on the
server.

Protocols, as discussed earlier, can be made avallable from any OS, and are the tactors
enabling disparate OSs to communicate. Thus, the server OS receives calls from client
stations on other 0$.$ through a common protocol, and returns information in a similar

11
manner. o

GRAPHICAL USF.R
INTERFAce (GUll

A lot of the advantages associated with Windows (DOS, Unix, Mac:\ntosh or whatever)
based applications, are those associated with Wir.dows itself; namely a common look and
ft.'el across applications, quick access to other applications, Dynamic Data ExchangG
(DOE), Object Linking and Embedding (OLE), etc. Many companies are now standardising
on Windows, as this appears to be the direction that the ship is headed. Apart from these
general advantages, Windows databases offer two other distinct advantages over their
DOS counterparts, The first is their ease of use--thev make excellerrt use of GUls and
vari8us tools and utilities to provide a highly visible and easy method of developing
sophisticated applications. The second advantaqe is their ability to store graphic images
directly in tables. Moving to. a Windows database product is not without disadvantages •

. These products are generally slower than their DOS counterparts. Also the fact that staff
may have to be retrained to use the new application on a Wimj.qws platform also presents
Its own special breed of problems. \-_~i

These pros and cons are all good and well, but what about those users with existing
applications developed under DOS based databases who choose to migrde'? Porting')
existing data to Windows presents no problem as most databases support a data import
command (or in fact may be able to access the eXisting data directly). The problem lies in
the underlying application. Here users will have to face a hard fact. If one wants to move
to Windows, existing DOS applications will generally have to be re written. Thls may hot
he as daunting as it first appears. Developing applications on a Windows based database

A S
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data entry/query basls, then the move should not prove too troublesome, and in fact a
number of applications can be ported without any programming what-so-ever. Also a
number of Xbase applications can be easily ported to FoxPro which ihafPowerful cross
platform application facilities. There is no simple solution to the pro'ble~ that is essentially
a trade off between the advan~",oes of Windows and the difficulties involved in porting the
application. For simpler applications ,"Gal benefits can be derived in moving to WindowS:.;
Highly complex applications may have to be completely re-enqlneered and t.t may be best
to let working applications lie.

The development of DAS (Data Acquisition Systems) and MIS (Management Information
Systems) under Windows is discussed in more detail under those sections.

G' ~

CLIENT as REV!EWS

There are only five main operating system worth considering for client applications, Apple,
DOS (aM Widows), Windows NT, OS/2, and Unix.49 These options are discussed below.47u ' "

ApPLE In the micro world, Apple was the first to introduce a computer operating system that was
really for the non-technical user-an OS that incorporated a graphical screen Which enabled
users to perform, many system functions without reverting to keyboard commands.
Sighificar;tlg, Apple also required application developers to maintain the conventions, with
regard to function, that Apple had established. The result was computer hardware that
was easy to use, consistent in appearance and function throughout its suite of
applications, and relatively bug-free ~!Jd seamless in operation. 11

Apple has maintained this high standard throughout the development of its computer line,
to the point that even the 010st powerful Macintosh available today has an ease of use
that is generally unparalleled in the technlcal marketplace.

Every operating system rnanages system memory, the sum total of which is called the
heap. This is a fundamental reason for the existence of an operating system. How that
memory is made available to applications, though, varies. Most systems LIse pointers to
assign a given block to an application. In the Macintosh, when an application makes a
system call for a memory block, the as allocates the required amount (if it'!:I available) and
assigns a handle to the block.

Essentially, a handle is a pointer to a pointer, This allows the Mac OS to construct blocks
of sufficient size where no contiguous block existed. Separate memory pointers are all
linked to a single handle, and the application never knows the difference. In practice, this
allows more efficient use .nf available memory, because individual pointers can be
allocated and deallocated from a handle as needs dictate.

Resources are another concept that originated with the Macintosh. What they do is allow
software tO~manipulate many different types of Code and data structures in a consistent
fashion, Re~~urces are data identified by tvpes-tvpes the operating system recognizes
and uses in t\\Plate fashion.

Although reso~~lrcescan be created by the system programmer, care must be taken not to
duplicate any 'Ixisting standard resource types. Unfortunately, resources may make for
efficiency In 0 ~~rating system handHng of data structures, but they don't translate well to
other types of operating systems' classiflcatlcns. The potential for rough translation
makes portability to' OpS, Windows, or Unix extremely difficult. '

)\ ' \1

Since the Macintosh ~~a graphically oriented system, all screen and printer output (with
the exception of direct PostScript code) is handled by OulckDraw routlnes--the official
Macintosh method for handling graphicS output. Under System 7 (Apple's latest offering),

-----.----------------.-------~--------.------~---------~~----------------~----~--------------~-----------~~Ll 52An MSe !rng DIssertation Bubrnlttod by C Barker
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all OuickDraw functlons are reduced to a set of 13 routines (which var~ by device) known
as the QuickDraw b~lttlei1edk procedures. This feature allows an application; programmer
to write code that is essentially non-copnlsarrt of the display or printer type, greatly
simplifying their task. At the same time, peripheral manufacturer .. ,only have to make their
devices recognize the.CUickDI'aw routines.

Finally, events are trigger functions in the Macintosh environment. An event is call sed by
a mouse click, a key being depressed'; or a disk being inserted i(1a drive. Events tend to
change the entire f13elingof the Macintosh interface, by transferring apparent control to
the user. Appllcatlons are" rent-based, so that the user guides the application in its
processes.

The main obstacle to System 7'8 dominance of the desktop is its lack of portability to
other platform types. It isn't so much that System 7 isn't portable (anything is, with
enough effci'rt) but that it seems to be specific not only to the Motorola 68000 family of
processors, but to the Macintosh as well, and Apple shows no signs of changing that
stance. In other words, Apple isn't trying to be all things to all people, bu~'~o be
everything that some people want.

t)

DOS AND When IBM introduced the PC in 1981, with Microsoft DOS as the operating system,
WINDOWS application consistency was not the standard. Because DOS was a more 'open' system

than Apple's proprietary OS, appltcatlons Were developed in a free-for-all fashion that
resulted in a tremendous number of programs to choose from, each with their own
standards of operation and methods of handling memory, display, and file functions.

While this was ultimately of benefit to 113M and it~ competitors, and.to those who chose
the PC or its 'compatibles' as their system of choice, it also had the result of producing
very little consl8tency. There was no ,guarantee of how an application might 'behave'
with respect to the undl:trlying operatl 19 system.

··OriginaUy, Windows wa~ .klri attempt to bring some of the features that the Macintosh had
made so popular into the PC environment. But because of the way software had been
developed for the Intel/IBM and DOS architecture, there were nurr{tV0us difficulties, not
the least of which was an Inability of the underlying hardware to pfovide the kind of
memory addressil'1g and processing power needed fur a multitasking graphical
e.wironrnent. However, the 386 and 496 has changed that, and now DQS and Windows
can be seriously considered as a suitable environment for future migration to Windows NT.

WINDOWS NT Todav's micros have sufficient processor power to handle the demands of a complex and
powerful operatlnq system, and Microsoft is rushing to fill the gap. Windows NT (l\lew
Technology) is Microsoft's first stab at providing a user interface as a part of the operating
system, not as an add-on layer, and as such i~brings several new features to the
environment.

Windows NT will bring together support for several different processors and hardware
platforms, and provide an operating system environment for application pr~grams that
nominally rununder pas, Windows, OS/2, and certain Unix Implementations. In addition
to this, it offers security, built-in network and distributed processing support, hardware
and software failure protection, and symmetric multiprocessor capabilities.

The client-server architecture of NT Is divided into an NT Executive (the kernel) and
several subsystem modules (the 'user' modes) which handle the various compatibility
components of the operating system. The executive is further divided into system
services (memory manager, 110 manager and file systems, process manager, etc.), the
kernel, and the Hardware Abstraction Layer {HAL)I which interfaces with the underlying
hardware. .

Because NT is written in a high-level language (ANSI C and some C++), with only some
hardware-specific modules written in assembly for speed and efficiency, It is portable to
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practically any type of 32-iJlt processor with a minimum of modification. Microsoft's
target processors include Intel's 386 and 486 processors, along with the Pentium, the
MIPS R4000 RISC CPU, and DEC's fo:ipha.

Another important element of Window,; Ni is the POSIX subsystem. POSIX (the Portable
Operating System Interface extensions) is a group of standards that define how an
operating system interacts with its hardware and applications. Key attractions of
standard, open systems, 'from either the developer or system purchaser side, include
vendor independence, protection from technological obsolescence, preservation of
software investment, availability of off-the-shelf applications software from independent
suppliers, availability of software engineers familiar with standard environments, and
connectivity between various dissimilar computers within the user organization. All l:1
these are in line with the design goals of Windows NT.

OS/2 When IBM moved away from DOS and brou~ht out OS/2, it represented a chance for IBM
to predominate the PC industry, and to coo~dinate system activities vis--vis the application
software. Unfortunately, by that time, ove~L50.m.lIIion IBM PCs and compatibles were
merrily motoring along under DOS, and osArz didn't offer enough new functionality for
most people to switch over, so they dldn't.]

\:
II

But IBM has been on a bit 01' a comeback e~\ersince it rolled out OS/2 2.0, andnow, 2.1.
The'verv latest release of this operating system offers many of the functions we have
defined as important to the next generation. Version 2.1 is the 32-bit version of tile
original OS/2 desin:: qoals, and in this napacltv OS/2 has achieved its intent.

OS/2 is composed of ri ';ernel, device drivers (similar to DOS), and dynamic link libraries.
Version 2.1 provides At'ls (Application Program Interfaces) for DOS applications, OS/2 1.x
programs, and 16~bit Windows software. There is also an OS/2 2, 1 32~blt API, and many
programs have alreadv been developed for this environment.

Most of the APls in OS/2 are located in the kernel, but SOIT,a derive support from the
dvnarnle link libraries, which are shared libraries of module-based functions that allow for
ex~~nsibility of the operating system.

'qn creating the compa{n:.,;jty standards between 32·bit and 16·bit applications, the OS/2
design team developed two unique procssses, LDT (Local Descriptor Table) Tiling, and
'Thunks'. These procedures allow an application based on 16-bit memory addresses to
run in a 32·bit environment, though they handle different portions of the process.
sfxteen-btt memory addressing in DOS extenders limits applications to 641<of address
space in each block, or page, of extended memory, whlch means that an application
running in either real or virtual memory needs to swap as aach 64K boundary is crossed.

OS/2 contains both 32-bit and 16·bit code, enabling compatibility of cooxlstlnq flat and
segmented memory models. LOT Tiling enables an application to have up to 512Mb of
virtual address space, and physica! swapping only occurs as the application passes
whatever limits exist in rea! RAM. Every process, whether 16·bit or 32~bit, has a looal
descrlrtor table to map the virtual address space. If an application is using 16·bit code, It
maps using the LOT salectcrs: If the program is using 32·bit addressee', it uses the flat
model.

Thunks are the technology that allows the 16~ or 32 ..bit API functions to map one to
another. LOT 'Tiling enables Thunks to make the architecture conversion efficient. As tar
as the application knows, the underlying ~!)fv!ce structure is transparent, regardless of the
direction of translation. .j!'

OS/2 is also an integral part of IBM's SNA (Systems Application Architecture), 19M's plan
for the Integration and migration of applications across thelr entire line of hardware
systems.

----------------------------------------~--.~--~------------.------~------------
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Currently, OS/2 runs on 80386 and 80486 processors, but is slated to be ported to other
architectures. One problem that exists in this area, though, is that the RiSe engines of
most wnrkstatlon-class systems are unable to efficiently emulate 808S compatibility, the
basis for every DOS application developed to date. Like System 7 for the Mtlcintosh,
then, this makes OS/2 a less-than-ideal choice for any corporate environment with a wide
variety of pl!:1tform types, except as one element in a network.

,~;)

UNIX All the operating systems discussed thus far have originated with personal computer
systems. On the other end of the hardware spectrum, that is, in the nQ1micr.'0 world,
some varlatlon of Unix had been the 'open-standard' operating system fclquite some
time. AT&T's Unix was developed asa time-sharing, multitq"'~ing, multi-user OS with the
idea of giving as many people a's possible access to expensive processing time and system
resources.

AT&T licensed Unix to a wide variety of vendors ancl universities, and because the
hardware platforms on which this system ran were expensive, it was viable to customize
the operating system code to the underlying hardware. The result of this individualism is
that today there are more flavours of Unix than there are Aylesbury Yoqhurts,

Yet Unix, in one variation or another, does hold the promise of providing all the features in
the wish list. The problem is, which version. Today, two major variants of the original
Unix structure seem to have dominance in the mtorocornputrnq world (they recelvs the
most reviews and press coverage): SVR4 and OSF/1.

'~

System V Release 4, or SVR4, is AT&T's version of the complete operating system.
SVR4 brings together most of the functions and systems of AT&T, Berkeley BSD, and Sun
OS releases into a single package standardized under the SVID (System V l.rterface
Definition) suite of benchmarks. The development of this operating system is now the
responsibility of a non-profit organization, Unix Software Laboratories, or USL, for
commercialization and standards development. This 'standard' has been widely touted as
Unix's scvlour in that it will help eliminate the weakness of this platform arising from Its
non-standard array of standards.

The second major flavor of Unix is OSF/1. OSF, the Open Software Foundatlon, is a
consortium of vendors led bV IBM, DEC, and HP. OSF was founded in protest to AT&T's
agreements with Sun Microsystems concerning the direction and development of Unlx\,
OSF members banded together to push OSF/1, a version of Unix based on the Mach
kernel developed at Carnegie-Mellon Universltv,

The driving forces behind SVFM-·AT&T, Microsoft, and S··n Mloro-have been largely
responsible for the expansion in popularity of Unix from the restricted worlds of high-end
technology and university environments to commercial high-volume use in the business
world. On the other hand, IBM, HP, and DEC are the traditional high-volume vendors of
commercial business computing solutions. Market share, then, will be determined by
which combination of operating system and hardware platform offers the most flexible,
functional, and friendly environment.

Compatibility is a serious issue, and is probably the primary reason that 'the Ulllx market
has stayed so fragmented for so many years. The SV1D and SVVS (System V Verification
Suites) are one means ot determining compatibility, though they are limited to
compatibility within System V standards and guidelines. Another set of standards that are
experiencing increased Impact are the POSIX standards. {discussed earlier), though these
are not universally accepted, or even, in many cases, firmly established.

POSI)( compliance does not specify a certain type of Unix. It specifies an API, so that ~ny
operating system Which compiles with a standardised test suite should be able to run any
application with only a recompile. If appllcetlons are produced to .:In ASI (Application

...~inary interface), as they are in the DOS w",rld, then shrink-wrapped software for
liisparate system types becomes possible, Unfortunately, there Is no way for a standard
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ABI to be established fo!'~UI1!*i'Qf<~ny other oP~~ti.l1g system, until consumers agreil on
the underlying hardware that they will use. ,,""< ;1

!i

One benefit of Unix, whatever flavour one chooses, is that it can be {(HId has beenllported
to just about any platform. ,All of the major vendors have some versiol,!.,of Unix (or 'a
workalike) running on their hardware platform. And One of the ~Elrsiste'l'lt cornplain'rs .j

about Unh:~-its difficult command-line lntertaca-has been largely eliminated by 9ra~lhica!
front ends that can make Unix as friendly as t~,e Macintosh. ;\ "

Unix uses ·'8 combination of a layered and monolithic approach to operating system
management, and considers the ~ntire computer, from applications to hardware al~(j
network connections, part of the Unix, environment. The highest layer (of flvel.Is ~he
Application Environment layer, where the graphical user interface was made Poputi~r by
Sun. :/

/
The next layer do.wn, Laye:.~Four, is the System Seftware layer, which includes th.] shell,
the file system, editors and utilities, E-mail and communications functlons, and soi1tware
develepment tools and libraries. Layer Three is the kernel, which suppe~ts the $y$~ern call
interf(ice, kernel functions, network and other extensions, and the hardware lntsrtace,
Layers Two and One are both hardware, Layer r,!wo is the individual computer SVlftem
that is running Unix~,an'J'kayer One is the network connectlons that enable it to ,i "
communlcate an;<i,process with other computer systems. :1

• !, .. , c. ,i

Th~! ~uitability of Unix as a corpor~te"wide operatlng system comes down to a c~bice, as
with other operating systems, of Ie 'n types of appllcatlons that are>available. Thi.l used to
be a stumbling block fer Unix vei'lL.llrS, because there were so many different vet; ~ions of
the operating system that c.:reatilJ,9an application thl"~ WO_IJI'.:l tl'lork consistently a'iross
mul~iple releases was a software vendor's nig~~tma('l'",'H?W~Vilrr the consolldatlo] of
fl:'atures and futll>dOnS that has allowed programmers lb cr~ete code for an ~PI Hiashad a
ballooning effect QOthe prollfaratlon of crose-platfcrm appjl,.;;ations. ,I

',J '\
, •. <0,,. ,'_" " .'

CONCLUSION In short, there r~'ver)~ little 0116 need concern oneself with as far as interoperabiliiy goes,
Oracle's new C~()perative Development Environment (CDE) is a platfq_rm in whiC{! an ..
application i~designed, and then generated for either the DOS WinddWs, WlI1dQ\VSMotif,
or the Apple Macintosh envlronment-an augmentation on 4GL$ (4th Generntion 1.

Languages). The decision as to wh\~t OS to,I/f'e rests purely with the power reqll\lred (high
enougH\ to cater for future applications, yet low enough to be economically viable), the
necessity for a Graphical User Interface (GUI), and the desired frcnt-endapplica\li)ns
which may well be platform spec.:ific.411 \

II

SERVER OS
\
\. il,__ __-----i
I

The. server is a,n altogether different storv to. workslation operating systems. The. pCs
have coped,,'1')th simple file serving, but they won't cope with running f RDBMS G~cept
for smell networks, Thus th~ options for the server operating, system must be m~lre open.
Netware-386 is the first possibility with the ROBJ)IlSt ?Iemented as a Netw.").reLO'~dable
Module (NLM). This, however, is totally in<1r.le'lll~te for two reasons: ,\
• transaction precessing applications need 'stored procedures' on the DBMS sarver] which
are load able modules created With the application; ;l

• a much faster, wider range of hardware must be supported. \
l

The industry will not accept Netware as a standard OS in competition with Unix, a·p.. ,(

Thus the choice of se,rver operating systems is OS/2 (,Dotacceptable because of thl! PC
only limitation), Unix or an existing mini (VAXNMS, {!k$/400) or mainframe. Unix i~\ the
clear winner on three grounds: ' \

1

\
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• Virtually all hardware platforms are available, A RiSe machlne is much Better value for
money than a PC, except for small systems;

• All the ROaMS vendors have a server version implemented and highlrtested for the
common Unix systems; "

• Unlike N~twal'e or OS/2, Unix can run local applications accessed bv 'dumb ASCII
terminals (or telnet in workstations).

The latter point is the clinching fJctor since now the application $ystem designer can mix
dumb terminal applications with Simple DOS workstations or fancy workstations with
OS/2.2,Windows-NT, Unix or the Mac as. 'I'his breaks the 'terminals versus PC'
argument of older mini versus DOS LANs.

(,

Unix can be introduced into PC networks by exploiting the H~Pdeveloped LM/X server
Within Microsoft Lan Manager. This, however, would be a foolish move. Why take Unix
to the immature PC networking, why not take the PCs to the robust and established
TCP/IP networks? ay using the Sun Open Network Computing (ONe) architecture, with
the Nr=Sserver replacing the MS-Net 5MB or Netware servers, the LAN is now fully
compatible with all other systems. ONe is supported by IBM VMS, DEC VMS, etc. as weH
as Unix. ,."

It now remains to provide the TCP/IP protocol.stack, NFS requester and SQL requesters
for the workstations. These must be use~ instead of PC network protocols, not alongside.
there are a number of suppllara of such workstation soft-ware for PC DOS, OSi2, and
Mac. Windows-3 can also qe used but an intelligent network card is needed to achieve
reliability as a hardware level to SUbstitute the precarious low level calls in such hybrid
!?ystems.

"
o With the TCP/IP system the PC will also get telnet, which will enable access to the Unix

programs on the 'server', and ftp transfer files for private PC applications.

) (\

)

('
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The IS system can be broken down into three
modules, each residing on a common network
backbone.
" The Data Acquisition System (DAS) collects
data, screens in a posts it to the central data
repository;

• The data repository, or Information Storage (IS) module, structures and organises the
data, accepting and answering requests from the information presentation module;

• The Management Information System (MIS) module draws the datafrom the [5, and
presents it in a format acceptable to the user--a graph, report, or summed figure.

INFORMA nON SYSTEM (IS) BUILDING BLOCKS

The Information System MQdules

The simplicity of the 17 arcnltecture is illustrated through these three modules.

INFORMATION The DAS may gather information from the plant through a computerised svstern linked
FLOW directly to the plant control systems, else it may accept information through a terminal

punched by an operator who copies data from manual transaction reporting systems, else
from the plant control system reports. The MIS feeds information into *'1e company-wide
IT system for group results. reed back to plant control and operations is generated by the
reporting system and passed through management personnel.

TIMEFAAMes Time frames for each area help to identify their position in the IS. Pl~nt control is
charactenised by milli second to second long time 'frames fc~ informa~lon cycling. The
DAS system accepts information with an indication of its occurrence'to the minute, the IS
stores information referring to hours or days, the MIS presents summaries spanning days
to months, and the IT system is usually only concerned with weekly to annual results.

USERS The lower echelons of the ISare used primarily by the plant operators, whilst the higher
modules are deSigned to cater for plant management through to company management.
The environments in which each module reside and operate can vary, except for the DAS
and MIS which are usually the same system/package.

IDl 58An MSo Eng Dlssortatlon Submitted bYi'C13stkor



o

418
o. (f

________ ~_~_TL1Jb"_'l p,-"ra""CIw.lc""I!I","lro""D""lem"",pn.t~llfgmI{jIIQQ TeehnQloay 10 a Rqal.wQrl!ilo.\(""lcQ!illomll.lletLllnt 4) _ e
e_

ADVANTAGES

This modularity, which typifies client/server architecture, as'dlsoussed later, has several
advantages. f)

Firstly, there is a high level of su~port for each speclflc function found in vendor
pall}Ktlges. A complete system may welf have limitations. in certain areas in which the
vendor did not specialize. Thl1 issue of compatibility is discussed later. Modularity allows
any single area to be upgraded without having to affect any other •. Further, several
instances of each module can occur, q?terlng for divergent needs and cultural
requirements across the concern. Finally, modularity allows for the concurrent testing of
any package for anv module, and the discarding of antiquated modules with few (if any)
repercussions on the system -ilS,;:l whole. With a singla dedicated platform, it's replace
everything or nothing,

All these Issues are dealt with in more detail throughout the follOWing text, which delves
jnto each rnodule separately. ."
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FILE SERVER DATABASE MANAGEMENT SYSTEMS
(OaMSs)

This is the traditional PC architecture,
pioneered by Borland's dBase and initially
intended as a single user flat file storage
environment, Progressive expansion of this
package has allowed it to migrate to a full
blown multi-user and somewhat relational
package, yet still only designed to operate on
a file server.

The database management software resides
on the workstation (once loaded), with data
files residing on the server. Utilising the
networking principle of storing files on a file
server, where they may be accessed by any
workstation, the file server database program
attempts to implement locking on the file so
that rnultlple users can access it. The crux,
however, is that management is covered by
tit- Instance of the DBMS running on the
workstation, and there may be several
instances attempting (to access a single file,

This system reduces the efficiency of locking,
or ens security ~~ hacking (a data file may be accessed by any other instance unless the
file is encrypted, but this key may be surpassable), and also places all the computing
power requirements on the desktop. The server merely passes the whole file backwards
and forwards, which also results in network loading.

It is important to note that this architecture is an extension of the stand-alone database
system which resided entirely on a single PC, and whose data has been transferred to a
centrally accessible storage unit. Thus the philosophy is encumbered by the
disadvantages of layered modifications being built upon an unsuitable foundation.

File server DBMSs do, however, serve a large user base interested only in stand-alone
applications, unconcerned with corporate-wide information access, and .not looking for
mission critical rnultt-user access.

CLIENT ISERVER DBMSS
i! ,~_--~ __ ----------------------------------~-------

ORIGIN As was covered earlier, ~~nt/server. computing Brose from a background of mainframe
co.mputing, and migrated tlt~ough several enabling technologies, to the PC.environment.
It~structure in this environrrwnt varies somewhat from mainframe computing in that one

, of the.enabllnq factors was desktop PC power, and this is put to Its best possible
adV9nteJ9\:1.~9

DeFINITION Client/server computing means a computing environment where the presentation,
application proce~sing, and data storage and retrieval are (potentially) performed on
.dlfferent computers, possibly in different locations. .

o [@) 60An MSc EnQplssertatlon Submltt$d by,C i!atker
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on the same computer, while still preserving the client-server idea. For instance, In LANs,
Itls common to let 'the workstation perform the data entry, application, and display
pror.essing,while a server manages the file or database system (including security
aspects) and print queues.

Previously. the desktop terminals were 'dumb' and did no work, with applications residing
and running 0[1 the server along with the database engine, now the iaciilty exists to
spread the load a little and pass some work off onto the station chenrs, thus ai' .;wing the
server to cope with more tasks. The dlstlnction between the server 01\, \ diant .., qan
become fuzzv, but the philosophies remain sound until one starts to mig ,Jte t} I;\'j ..strlbuted
computing (discussed later). ,"-

If the right distributed computing infrastructure is used, the client can run on or.e machine
and the server can run on a different machine that may be geographically distant from
where the client program is running. Furthermore, the server can provide services to
multiple clients. A classic example is where multiple appljsatlons:heed the services of a
database management system. Another client-server can9idate: has applications use the
services of multiple servers, and for more complex appllcatlons, the application itself rnav
be divided into m.ultlple serve,r components--.e..ach with the. ability to run on diffe),)'{lt
machlnes-true distributed computing. /.,/

\\ /f''''Often distributed or client.s~r.ver.comp~1ing is ~ssOciated with an objecrc.oriei\ ted,.
programming style that partlt'Qns the software Into modules. Each moduts pt\ isents
boundaries or weH-defined interfaces to the other modules. In the objeqt-oriel'ited
approach, each module Implements an abstraction, or a model of some aspect of the
problem domain. A module's user only needs to understand the semantics of the
interfaces and the module's essential characteristics, and not how the module is
constructed. In essence, the object-oriented. module hldesthe details of how the module
is implemented from the users !;If the module. Intelligent enospsulatlcn, therefore,
attempts to include within a module those design decisions that are likely to change. If
change can be kept inside a module without affecting the wetl-detlned interfaces to the
module, then application reliability can be reasonably assured.

A relational database management system (RDBMS) is an example of a jnodule that
presents a well-defined interface, such as the Structured Query Language (SOL), to its
clients, and where the Internals of how the RDBMS is implemented ate not relevant to the
rest of the application.

In object-oriented terminology, and terrninology that is used by the Open Systems
;:I.)undation (OSF), an instantiation (a running Instance in a computer; of the program code
and data structures that implements an object-oriented module is sometimes generically
called an 'object server'. Note that a client is any module that uses .the resources or

\\

services of an object server. So it's possible, even de~l{able, for ollEf'object server to be a
client to another object server.. For example, the RDBMS may be a cV~nt to the operatinq»

,',system, which provides basic file services to the RDBMS. )1

'I',

The client/server concept grew out of the competitive ~0r>td of open systems. ,~When
people say client/server now, one can almost substltuts-the phraec open systf,lhs, "'Jsays
Roger Sippi, a founder of database vendor lnforrnix, ~
"Open systems gave entrepreneurs the opening 'to solve partiqular problems, which
benefits the users. Client/server's openness means that one can choose from various II
vendors' products. "60 \ \)

If an enterprise moves 10 client/servej computlnq, itwill change forever the way it
accesses, distributes, and uses data. With this approach data Is no longer" under tJM
tutelage of the MIS (management Information Systems) department; it is reagily a!~ailable
to users through the network. Conser{uent~7. users don't have to wari~for the M'S st~ff to
run their report. They can grab the data themselves and run it through a spreadsheet from

--------------.~------~---....,----'------~.,------
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i.i their de~I4Wp P,C using the brand of computer and th~ software tools that they're most

. comfort~;'~e .with and that get the job dOM their way. "
(;/ '

ADVANTAGES A recent survey of 200 companies conducted by Work Group Technologies, a market-
research firm, showed that the three points respondents considered most important in a
client/server environment are better access to information, .co~t savings and overall,
price/per,formance beneflts.61

NflYYQRK TSAEF!cJ::rom a hardware standpoint, many of the benefits of client/server
technology come from the proce$~jng power of desktop pes. When most of the (j

processing power resides on a host mainframe, there is a great deal of communic~tion
between the mainframe and users' terminals, In a client/server model; much of the
mainframe traffic is unloaded by transferring appropriate tasks to client PCs. Managers
originally bought PCs to give themselves some power on the desktop, independent of a
mainframe, client/server PC LANs give onevthe best of both worlds as users can. get at 'the
processing power of the server" and if something goes wrong they still have the autonomy
of the PC.52

The smarter the database, the less the front-end programmer has to worry about..
Intelligence on the database server,.the so-called 'back end', is what distinguishes the
client/server model from the file server model. In the file server model, the network file
server makes the database files available to each workstation, but its participation ends
there. For example, If one used a fUe server database J 'strleve the records ot all people
living In Cape Town, th!:! file SEII"Ver would transmit the entire database table across,Jhe
network and it would be left to the workstation to determine which records satisfied the
query. This can burden the network tremendously.

o

In the ollent/server model, the server plays a more active role: there ..is intelligenc~)in~tte
back-end software. Network,traffic is reduced because the server processes qUS?:esand
then'se~?s the clie~t wh~t it needs and noth~n~ mor?, The server can. ?Iso, contr.;;.,{access
to sensltlve data With a high degree of granUlarity (discussed later), which pjov\~es better
security than the file server architecture can. Moreover, Sal databases provide myriad
features, for protecting the integrity of data,

~'
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MODULARITY What may best define client/server computing is that it lets one pick and
choose among platforms. Anyone looking tor the client or server is missing the 'point of
client/server, which it the ability to easily and rapidly customise relatively low cost
platforms for specific appllcatlons.s" Because of the ability to specialise ones platforms,
one can get exactly the type of software one needs to satisfy ones req Jrements.

)

This modularity al[ows the system to expand to meet growing n~ed!~. Growth can be
facilitated by adding capacity to the servers or by adding mq[!;fseniers to the network,
one can add more clients, or segment the network if it starts to become a bottleneck,
Thera's 110 upward limit to the scalability.54 As new computing platforms emerge, new
environments and system components can be evaluated in a modular fashion. Fat'
example, when debating future server platforms for Intel architectures, one may look at
Windows NT, sunsoft's Safaris, and Next Computer's Next Step. Some people believe in
Unix, which wi'll probably remain their cholce for large database servers. Some
consultants who focus on LANs, however, find difficulties with Unix databases.

~ENTRAlIZAII.QN Many of the benefits of client/server teohnology are achieved through
centrallsed network resources, allowing for better management and deployment of those

()
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resources. All users on a LAN C<Z(1access tnl'l s::ff"Nare that resides on the server, for
example, and LAN managers can update the server software rather than having to update
each PC.

Placing facilities such as fax gateways on the server can also prove more efficient than"
placing a fax machine in each department of a corporation. Users Save time by avoiding
..Iong waits at the fax machine, and benefit from a log tit transmissions and receipts that
help them track lost or incomplete faxes. A direct result of shorter appllcatlon-
development cycles is a more streamlined and responsive organisation that can deliver
information to customers quick~y and effectively.

i)

RpeUS! INFPRMATIPN ACCESS Previously, manaqernenr computing was characterised by
'islands of automation' where each manager had some form of spreadsheetcontrol system
that he was 'familiar with but that on-one else could understand. This would fall over
when the situation chang'Jd and the spreadsheet COUldn't, or when the manager moved on
leaving a new person to Jreate a new system. All 'this was extremely counter productive. ;

Integrating database applications with desktop applications increases productivity I a major
benefit of incorporating oilent/server technologv.55 One can do a database query and paste
the results into a spreadsheet, and continue to work with it. Being able to take the data
one step further has n9~ ,fl1waY5been so easy.

Client/server architecture provides as many access points to data as their are workstations
))on the network. it also brings to the enterprise more tools to Tanipulate data. Not only is
. data more available to users, but it's available through a system that can grow and change
with. the company as user needs evolve, User generated reports could not previously be
generated on the mainframe, as this limited access to computing resources,

Further, because client/server systems are open and modular one can tailor the system for
ones own particular applications, picking and choosing the most cost-effective hardware
and software components for users tasks •.

~
Forrester Research analyst Weintraut, sees client/server technology becoming more
versatile in the future. He envlslona a new breed of 'tactical' client/server applications,
which he describes as applications that one can dynamic~j'lly modify to meet rapidly
changing business situations. '
"Previously, changes would queue up for months or years in the MIS backlog," he says,
"ppecluding any consideration of modifying applications in a pedestrian manner, 1166

C()BPQ6Are~WIDESIMPLlflEP INtEGRATION Finally, client/server architecture provides true
integration to the business systems. Often vendors cite interfacing as lnteqratlon-wlthout
the promised results. Interfacing involves transferring .information from one system to
another, on a regular basis. Thls may be every night, or more frequently if possible. The
process will usually tie up both systems, may take some time, and will load the
transmission media (network/modem) for that period. Information is not available in 'real-
time,' (up-to-date) in this method. Integration is Where both systems access (read and
write to} the same data pool, and save for queued lnstnsctlonsro the d'a1'6baseserver,
information is avallableln real-time. Client/server is inherently integrated in that all
systems use a common data reposttorv, thus allowinQ mission critical and real-time
applications to/im together, and to share information.,

The greatest advantage, is that as a system is added to the r.ompal)Y environment, it Can
be readily integrated into the whole architecture With only, as much work as would
otherwise have been required to integrate it to a single other system. This concept is
Illustrated below where the left column sh(~,wshow io,\ff non-client/server setup, two '\
applications require the same amount of v.Jbrkto .inte~\'ate as two in a client/server
environment on the right. But as one increases the number of clients (say to slxl, the
number of potential links, and hence work, increases dram!~ticClIiY,Whilst the client/server
yields an increasing integration to work ratio as the system expands,
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In the diagram, 'Apps' refers to the number of clients ('C') on the system (Ihtegratable
applications), 'R/W' to the number of read and write gateways that would have to be
written, and' Joins' to the number of links created. Naturally, the Industry standardisation
on client/server communications means that, hopefully, in a client/server architecture, no
gateways would have to be written as the client would come with the facility to talk to
and read from and industry standard database.

DISADVANTAGES A dilemma many corporations face when considering a transition to client/server systems
is the fate of 'legacy' applications (applications built on proprietary platforms in a 3GL (3rd
Generation Language) such as COBOL, and that form a significant part of the company's
business), which must be re-engineered to function in a client/server environment. Re-
engineering is not a complicated process in a client/server environment, however, and
m~ragers, application developers and users alike glean the advantages of the shorter
~~velopment cycles. In contrast, mainframe application-development lead time can be
t\~O years or mO,re. Additionally, re-enqlneerlnq can be superseded by re-building, often
desirable in situations where a system has been in place for so Icng that it must surely
need bringing up to speed with advancing company operations and new modes of
competitive operation.

Other problems are illustrated by the followlnq anecdote:

@) 65An MSc Eng Dissertation SubmIU.d. by C Baiker
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Jim Daley at the House .of Representatives considers the IBM ES/9000 htl runs to be an
excellent rnachlne. and he knows exactly how to keep it running. But when there's a
problem in his client/server system, there is a long list of things he has to check. "If
you're sitting at a Mac;ntosh, a database query g08S tram there to the Sybase database
on Unix. From tbeia, it could go to an IBM RS/6000, which then runs it up to the
mainframe. The mainframe turns around and sends it all back. It's gone through several
different prouucts that haven't been mentioned. They all come from several different
vendors. Then again, it may be a hardware problem. "57

"This typifies,;what might be the biggest challenge to successful client/server computing:
One\'!las, tp'put together a complex system of hardware: and sof~W2te from multiple
vendors. And when snarls develop, one has to determine which piece caused the
problem, For many, this can be a rude awakening. One no longer has one dominant
vendor holding ones hand, IBM is not there saying, "Don't worry." JUst as personal
computer users learned to get out :' .elr screw drivers and plug in components, so too,
must cHent/server network managers learn how all the pieces fit together rather than
relying on installation support experts. This gives rise to another problem in that
J;lient/server systems require about one. maintenance person per 50 workstations."

But the biggest obstacle in bringing up a client/server system is that one must relearn and
retrain. Client/server computing Is relatively new, and its development tools are different
from those that large enterprises are accustomed to. Many corporate developers have
been writing big, batch-oriented COBOL programs or interactive, character-based C
programs.

Such connerns may be an indication that client/server computing has left its pioneering
phase and is in an early stage of maturity. Bob Epstein (Sybase's CEO) notes that
prospective customers now evaluate products with questions about system management,
not with a feature list in hand. Thus one can expect vendors to respond to market
demands by offering maintenance and ~·!evelopment tools, and reduci~g this problem in the
immediate future.59 (,_,

DISTRIBUTED (SOCIAL) SYSTEMS

Vendors love to solve problems by declaring them solved. Declarations don't require
rnuclrresearch and development, don't take much time to produce and don't cost much to
make. Unfortunately, simply saying something is so doesn't make it so. Client/server
database systems, for example, are npt necessarily distributed database systems. No
matter what their vendors might say,;~\

Spotting a cllent/server database system is pretty easy. A server machine runs database
server software. Some machines networked to that server run client software that uses
the data-management services of the server database software. End of storv,

,.' I,

)

Now the logic of some vendors goes: Put a few such database servers on a network,
possibly a WAN, and the database servers are distributed. The mere presence of two or
more gE.'lographically distributed database servers does not create a distributed database
system. First, a true DDBMS must be able to work with logically related data that is
spread across multiple databases on multiple machines. The 'Ioglr.ally related' part of this
definitlon is vital.

Inine database server on a network, for example, holds employee information and another
database server on that network contains unrelated data on items for sale, one doesn't
have a OlJBMS. One just has two database servers on the same network.

But, if the database server software lets one work With related data on both servers-eav,
employee data on one machine and insured dependent data 01'1 the other--then this is a

An MSc tng Dls$~rt~tlonSubmltt~d by C Barker @l66



-----0_
DDBMS; Slightl'Z'i'l'jJ?r~l1ech"icaIlY, if o'~e can run single database transactions that
manipulate data on1multiple machines, and if the database servers give those transactions
the same consistency and integrity support as single-server transactions, this is a DDBMS.

Th. Practical ImplemeQ!~UQnof Information T!lchnology In a Beal-l/Ill!rldEnylroomoOl

d.

This architecture means, that a company may have data stored at e~ch 9f its source sites,
yet accessed from 1';1 central head-office. Each site, in turn, may be given access to the
other sources for their own use. The advantages include assimilation of data where it
counts, reduced unnecessary movement of data to a central repository and thus minimised

I network traffic and increased access times, shared loading on workstations, and the
facility to heave varying servers for varying situations. This would include mission-critical
real-time servers in manufacturing envlronments, and slower queued servers for c)

acc~~nting control.

A-~bre sophisticated distributed environ~~'Qt would include the ability to spread
prcoesslnq tasks across multiple stations. Symm~~rical multiprocessing evenly splits tho
load between multiple processors on a first-come, first-served basis. Asymmetrical
processing sends specific tasks, such as printing, to each processor" But so far network
planners are not clamoring for rnultlprccesslnq capability.

As client PCs load multiple protocol stacks and we see the rlsa of md je universal clients
such as Maclntoshes and PCs running Windows, all servers will look and act alike to the
people who are using the resources. The developers of server software will focus on '
comprehensive management capabilities, the ability to add database and communications
services inter networking between network environments, and the system reliability
features that are necessary for mission-critical applications.

Distributed database systems face some problems that plain database servers don't. Two
such problems are particularly tough.60

I)

The first is dealing with storing data on multiple servers. In the example above, all the
employee i[lformaticm was on one machine, and all the dependent data was on the other.
No piece of data appeared in more than one place. That's a 'partitioned' database, and
it's conceptually easy: for anyone piece of data one goes go to only one place to get it.

Partitioned distributed databases, however, can be expensive to USeprecisely because one
always has to send requests to where the data is located. That process can take a lot of
time Over a network, and it can also turn any server that holds frequently used data into a
bottleneck. .

To avoid those problems, one can duplicate parts of the database on different servers and
create a distributed database system with 'replicated' data. The cost here is that every
time a data item changes anywhere, the database system must make sure every copv of
that item changes.

The other especially difficult problem fQr distributed database systems is a related one:
how to support rnultl-server updates and maintain database integrity.

To remove an employee entirely in the example, one must delete both the record of the
employee and the records of all that employee's dependents. Deleting only one 0,' the
other makes the overall database corrupt. (The right answer here is to support two-phase
ccmrnit-dlscussed later),

Truly distributed systems are in their pioneering phase, and are encumbered by the
increased sophistication of required security controls and data flow control. Further,
joining multiple relational tables on a single machine can be a very slow process, joining
multiple tables over a distributed network t even when working with fast lines, can be
impossibly slow.
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Protocols, allowing communication between disparate operating systems and networks,
becomes increasingly complex as the range of variations increases. As is discussed
further on, standards are being worked towards, but over WANe:; (Wide Ar~tf Networks) as
opposed to -[ANs, the problems augment significantly. .

Plain cllent/ssrver database systems don't have answers. No matter what the vendors
say.

NETWARE LOADABlE MODULES (NlM'S)----__-------------------_----------------------
One of the most important developments for LAN users is the recent appearance of
database server engines which load and run on a NetWare 386 file server. The new
products are called Netwara Loadable Modules (NLMsl\

With surveys indicating that 75 % of all installe~ LANs are Novell cased, this opens up
many posslbllltles." ~\_~

1,\ ~c.,o''''

Because most file servers are far too large·-especially in new LANs where vendors over
speclfv ~r,_~.~?tomersbuy for anticipated future needs- ..uslnqthls power for database
enqmes IS 14eAI. J

Historically there have been a variety of database server products on Unix and OS/2
pfatforms, which need substantia' :1AM and a protected mode operating system--
requirements 110tmet by DOS.

Novell users face several. problems with database engJnes, such as the foregoing, which
demand expensive hardware including a second la'ge server and disk sroraae,

Such database systems also introduce a fOh~jgn operating system which requires skilled
staff and a communications protocol to allow the database server to communicate with
the workstations.

Unfortunately these communication interfaces arebulkv, unreliable and slow. In addition,
database server vendors often lack. the expertise to handle other operating systems,
leading to all the problems associated with multi-vendor installations.

',)

Against this background there is an impending flood of database server products beIng
ported to the NLM ntattorm,

NLMs offer a pragmatic solution which protects investment. They run-In protected mode
in a full 32-bit environment, making the most at NetWare. This strong operating system is
largely unrecognised and often neglected, but offers users a proper multitasking operating
system which is optimised for particular tasks. Its track record is tmpresslvewlth
thousands of installed sites, it is stable and mature.62

)

Peripheral benefits are 169:on. Most users have fast 386 or 486 machines installed, but
the file server spends mol,t of the time waiting for LAN traffic. In some busv sites with
70 to 100 users, real-world (OP processing loads typically use 100/0,.20% of CPU, leaving
plenty of surplus power for the database engine. '

The file server is usually isolated with a UPS (Unlnterruptlble Power Supplyl--an ideal
situation for a vital database enqlne, In addition, NLMs offer all the client-server benefits.
For users who already have important file based applications on LANl'l, the integrity
provided by the new product is a boon. .

II

In tr~ditional\~~atabase applications, file servers are treated as mere boxes with no
intelligence, ~,nddata integrity is spread very thinly across the entire LAN. If o~.e
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workstation is faulty, th(\ resulb-almost without excepttcn-Is corruption. So to provide a
reliable file based database operation, users have had to stabilise the entire LAN, a major
management exercise consuming money and resources.63

The server maintains the database integrity centrally so workstation faults are immaterial,
with the database rejecting incomplete or corrupt actions. Relational integrity is another
benefit, because the server understands rules and relational data-In line with true
client/server RDBMS (Relational Database Managerl~ent System) architecture.

NLMs, beyond the database 'architecture concept, provide virtually all network services,
including file, print, comrrurntcatlons, and messaging in addition to database services. A
key feature is the ability for the system manager to load and unload NLMs while the 0$ is
funning -. Some NLMs, such as rile, print and database services, are provided with the
base product. Others, such as Macintosh, NFS and IBM connectivity, can be purchased
as options from Novell and other thlrd-partv vendors. NetWare v4.0 allows one to run
NLMs in ring 0 (oPQrating syst!wrnmode) for better performance Of ring 1, 2 or 3
(protected environment) for r(;l~J~bllityand srotectlon.v'

'. ~~ .
1('"\'

STANDALONE DBMSS
, '~
I

"A hybrid of client/server and file server architectures is tha'standalorie DBMS. Being
suitable for single workstatlon im~Jementation, or on a standard network server, it is more
readily justified for development work With the intention of migrating dii~abases to a
client/server platform. More recent application (MIS} packages, however, include a
standalone engine for sllch"clf;lVelqtiment or full Lililisation, and thus this.architecture tl1!ay
be justified in aiming for the H!..~atl!!~ges accruable from these recent releases.55

/'} ! .1, ,
Sal database systems built on the client/server model are ganeral"? used on networks,
but while ai(retwork is the perfect environment fOl",a system that's up and running, it pan
be less than 'Ideal for development work. A standalone engine can spell relief during the
development.crocess on a number of-fronts, '

,,/ )
Many thi~~._A~ango wrong during the development process. At the very ii3as!, as tables
are being normalised and optimised there is heavy access to the server, which can
compete with other client applications. Under the worst Circumstances, bad queries
generated during development could tie up the server and cause work disruptions
elsewhere on the network.

Another consideration is the mobility of the development process. It is inconvenient for
programmers to be tied to a network for development. With a standalone el1gin6,
development can also take place at home Of on the road.

)

Standalone engines are not strtctlv for' development; they can provide a powerful vehicle
for local data access. Even ,when the data is not shared by multiple users, there are data
management and integrity benefits to be gained by accessing data via an engine rather
than accessing thefiles directly. With tt!e advent of multitasking on slnqle-user machines,
it is possible to h~\\'frl1Jore than one apr'Jication accessing the same data at once.
Concurrency (disctrc:se(f later) is handlE"j better by a central processing engine than by
competing appllcatlons.w

There is also a scalability benefit to standalone So.L engines. In some situations, it is
Useful to be able to run a networked database application on a local PC; standalone
engines can provide this scalabllltv. For example, a salesperson might need to download
contact data to a notebook computer and access the data on the road. The ability to run
the same application on the network and on a notebook can be a major time convenience.
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Finally, although they ~reca,l,lod'standalone engines', these products can usually support
multiple users over a network using the f:l_" s':3fver rather than the client/server , ,,'
archltectura, Although it is inefficient, it Cil•.' 'e an inexpensive way to get a networked ,/
database up and running before investing in more expenslve client/server hardware. Mote
importanh~ their ability to be migrated from the file server platform to the cllentJserver.
Thus a company restricted by inexperience and limited budgets, can operate in a file /
server envir&nment, until an application has proved itself and merits migration to a m:bre
robust platform. Naturally the juatification would fall away if the application failed,jaRd
would only be necessitated once its use started to overload the file server or multi/.£Jser
security b'5,,)amea critical issue. ;.

Standalone engines can take three different forms.57

II /,S " ,
• One common form is as a set of static link libraries of which versions for both DOS and:c)
Windows e~lst, This method has the advantage of Iirniting the number of files that must
be distributed with the application. Also, because the linker extracts only those I1'h,rlules
needed by the program, the total memory required is mlnlmlsed,

Ii Another possibility is to use a POS-hosted engine that runs as a TSR (Terminate but Stay
Resident application) on th(;;:lient workstation and is accessible via lnterruprs, This .
method more closely mimics the networked architecture found in 'legacy' mainframe
environments, In these products, the developer is shielded) from direct interrupt ealls via
a library of alias functions that-rnetch those found in the client/server version of.,:tj1e
engine. The primary benefit of this approach is smaller executables. '.....:.')

• Finally, under Windows, standalone engines are shipped in the form of PLLs (dynamic
link libraries). This offers several advantages, lncl\lding" simultaneous rr~.dti~appiicatign
support and asynchronous queries.

The standalone SOL engine chosen depends largely on Whether one needs to develop an
application that will ultimately run on a network in a client/server configuration, or OJIS
which will be used to access local data on a PC.

If one plans to m,pve an application to a netwo !{, then upward scalability will be the prime ,
consideration; the AF'I (Application Programers Interface) for thril standalone engine should
be as similar as possible to the API for the netvvorked version.! To this end, a gr'owing
number of SOL back-end vendors now sell standalone v-erslo¢s of their database engines
for DOS and Windows development. 1/'

Third-party products are a good choice ii' development for/~lIltlp(e database formats and
back-end engines, or if one doesn't need 'the power of thp cnent/server architecture.
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DATA AOiQUISITION Sc¥STEM (DAS)

As the front end to the entire IT system, the
DAS is extremely important. It is often
perceived ,as a very small module of the IT
schematic, but it can represent the most work
during the system compilation, and any errors
introduced at this stage can impact throughout
and be very cumbersome to emend at a later
stage.

Rt;QUIREMENTS

GIGO, garbage in, garbage out, was already a
watchword of systems analysis in.the '60s.
The word of the '90s is NINO:' nothing in, nothing out. Anyone who builds
strength applications on microcomputers in the 1990$ should know both terms.S8

Those who attempt to build nn information system Without knowing GIGO and NINO are
bound to fall prey to what is often termed the 'shrink-wrap fallacy': the assumption' that
serious, large-scale applications can be developed without requisite IS experience.

When applications are straightforward, the amount of data is small, and the data structure
is uncomplicated, GIGO and NINO are seldom a problem. But they beqome dangerous
when integration gets complex, the collection of data grows large, and the data structure
is convoluted,

GIGO GIGO seems simple enough. Even a novice user of a basic spreadsheet program knO\~iSo
that if'the data he enters isn't accurate and reliable, the information he gets out won't be
accurate and reliable, Each data item needs to be scrutinised on Input to be sure it is
accurate and consistent, it conforms to established code tables or descriptions, it-rnatches
valid account numbers, and $0 forth. Audit trails, rollback and recovery procedures,
account sum validations, cross-footed totals, and similar measures must bel built into the
svstern to ensure data integrity. Less obvious, are the small lnaccuracles that, alone,
seem inconsequential, yet When compiled into report totals result in inexplicable
variations. Ii

NINO NI,NO is an even simpler principle. One cannot get information based on certain data if
one doesn't put that data into the system in the first place. However, NINO poses more
"flYficult problems, because the 'nothings' in NINO involve both the appllcatlon's data
content and structure. If '(hat structure does not provide a place for data-or provides a
place in which that data doesn't fit adequately--nothing will get in.

All applications require some sort of structured collection of data. Whether it is as simple
as an array of cells in a spreadsheet or as complex as a distributed, fully normalised,
relational database spread over multiple servers, some data structure must exist for an
apullcatlon to be possible.
!;lt~,Ii . .. "
In the extremely simple case, the database specification may not include a field that is '..
essential for all forms of recording, but simply did not come to the attention of the IS
person due to all the other data he was aligning.

More subtly, consider a plethora of information assimilated about a series of cash flow
transactions. Should the date field be left out of the database specltlcatlon, seemingly
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justifiably because In this case date was not seen to be of any import, then a later attempt
to reconcile a report over a small time slice, against another figure, will be impossible.
Less qbviously, if a field for the time a record was inputted by the user is not included, it
will never be possible to determine what the lag between data generation and input is.
Also, if a critical field that may not represent a part of the transaction is not verified to
ensure that it has been completed, this fact may not become evident until such a time as
someone attempts to generAte a report grouped or sorted on this field, Such grouping or
sortlngOc~mbe the be-all and end-all of a result, if one is attempting to kleotify the source
of any problems, and can render the entire system, as well as all the data punching effort,
wasted when needed.

Speciftcqtion of a database revolves around the OAS input screen and algorithms, and the
time and effort that should be put into this task should be given as much emphasis as the
other [~odules. " .,

FUNCTIONS
c

The functions of}he DAS can be clearly itemised:

• Collect data, Eljt~\r though man-machine interface (MMI), els~ gatew~y to con1rol
systems; . ~c . .

• Assist user in i(!putting data accurately through prompts,c:;amillar/logical layouts, clear
requlrements, and possibly on-line check calculations/totals for gUidarfbe and
coriflrmation:

• Check integrity of data 'against predefined parameters;
• Process/manipulate data a bit to conform to storaqe data type ip IS module;
• Pass data to IS module, possibly confirming its receipt.

CRITERIA

GRAPHICAL USER A data-entry screen, being the informatlon gat. way into a program, can make or break an
INTERFACE (GUI) application. A data entry screen should encouraqe quick, accurate input of inform, .ion, n

with the option of reducing errors by verifying the data-net letting a user leave an
important field blank, or insisting that the contents of a particular field must be unique
(such as a batch number) or must fall Within a certain range. Creating data-entry forms
can be painless or palnstsklnq, and a GUI can usu~lly make this all a lot easier.

'J Freed from the limits of a text interface, the design tools in Windows databases encourage
creation of better screens. Standard equipment for screen designs include radio buttons,
check boxes, and scroll able pick llste that drop down from a field as one moves into it.
List boxes, toggle buttons, text zoom facilities, help messages. in status bars, on-screen
graphics, titles and context-sensitive help all make input far more accurate and reliable.
With colours, sizable fonts, customised input formats to force desired inputs, gone are the
days where the limited number of characters that could fit on a screen meant that
messages were usually ambiguous, and users COUldn't see where to place their Input, and
why It wasn't being accepted.

Most packages let one create customised menus to help automate tasks, but an
increasingly popular option is to rely on the mouse and assign a macro or progrilmming
module to an on screen push button. The mouse itself helps users to jump to input boxes
Without having to tab through numerous screens as was prevalent in the days of HP
systems.

\\

Sophisticated packages read a V@h,U3 as Goon as it has been entered, rather than when the
entire f·rm is complete, alloWing'the value to be used in other inputs (to grey out an area
if it no longer applies under the chosen selection}, allowing the value to be verified
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immediately so that the.user knows exactly where he wen~ wrong, displaying things like
running totals and calculated figures bas6q on the input, arid even incorporating sub-forms
linked to a value on the main form to]estritt dlspla!{ed data. These packages also have
event triggers tor when a.user enters a field, changes. it, exits it, or even double-clicks it
with a mousa-facilltatlnq all sort of assistance options.

\; )/

?'

o

n

Multiple forms on the screen at the same time help eliminate errors, help screens that can
sit beside the main form, cue-cards (guide through help), and various layouts such as
spreadsheet like rows, or p'ilge like forms all assist in clarifying layout. '

In all, few applications are more suited to the GUI environment than PAS interfaces,
;;

PROGMMM For sophisticated form screens that provide all the features listed above, one requires
ABilITY" either a high level 3GL (3rd oGeneration Ltmguage) with an excellent command list, else a

4GL that takes all the work .out of screen gene,·atlon. There are probably very few,ar~as
in which the productivity increases of a GUI feature more than In screen building.

';:". ," .,

0.

NJost other required features are listed under the GUI discussion. It is fair to. say th~t most
QUI packages feature these abilities, and most character based ones don't. However, a
package should be evaluated for the rncre subtle items discussed. '

ReVIEWS DAS packages usua\) come with the .•MIS (Management Information System) front end,
and thus th,~ rev~,ewin this fortl~coming section would apply. One should note that whilst
PASs are nearly alway~ eubs\!)t~ of the MISt .an MIS will not always have PAS facilities,
typically an Ela (Executive Information System) wouldn't.

,'I) (1
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DATABASE MANAGEMENT SYSTEMS (DBMS)

A typical database would centaln-the following
components,S9

STRUCTURE

DATA The-data description language (DOL) processor
DescRIPTION transforms the data dictionary into the

LANGUAGE database schema. AU DBMSs have a DOL.
Paocassoa which defines the (lata type in each field. This

could tvpically consist of the field name, the
type 'J1data (text, number, etc.), the size of
the data (text length, nUfl\~ral byte size), and
the rnrmber.of decimal plffu(3sfor nu'meric
data, It is here that Binary'bata (BLQSs··
discussed :aterl specifications start to cause
complications in ROI3MSs (Re!ational Database
Management Syst~ms). ,)

PERFOFlMANCE The performance statistics processor maintains
STATISTICS statistics that identify what data is being used,
PROCESSOR who is using it, when it Is ,peing used, and so

forth. The manager in the information services
unit named the database administrator use the
statistics to monitor database use.
Microcomputer q§sed DBMSs typically do not
include the performance statistics processor.

BACKUP! The backup/recovery module is used to recover from a disaster that makes the database c

RECOVERY unusable. The transaction log enables the reconstructlcn of the database from said
MODULE disaster, and is essential in fra~Jmenting architectures where any PC may g6:\,down

unexpectedly for any reason.

DATAIilASE All DBMSs include a database manager. The most important of the DBMS software, It
MANAGER handles the users data requests, The 'query language and the DMI (Desktop Managemel"lt

Interface) are a part of the database manager. The database manager also produces the
'performance statistics processed by the performance statistics processor, and the
-transactlon log processed by the backup/recovery module. The database manager is the
only DBMS component that is main memory resident. The others are transient routines.
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STRUCTURAL TYPE

ORIGINAtiON At the dawn of computing, data was stored in a sequential manner on punch cards, ticker
tape, and later magnetic tapes media. Access to this data was cumbersome in that every
record had to be read, from the beginning, until the required point was reached. Later the
magnetic disk, a direct access storage device (DASD) I allowed the read/write mechanism
to be directed to a particular record without a sequential search.

ORGANISATION This opened the way to information retrieval as characterised by databases today, the
problem that remained was one a relating records In computers that people would do
naturally.

The constraint was imposed by the way the data was physically arranged in secondary
storage. Information specialists sought ways to solve this physical organisation problem,
and their efforts led to something that became known as logical organisation. Logical
organisation integrates data 'from several different physical locations. It is how the user
sees the data. For example, the credit manager sees the report Information as fitting
together logically·~all of the fields relate to a past-due-receivable. The physical
organisation, on the other hand, is how the computer sees the data- -as separate meso
Techniques were developed to achieve a logical integration of data within a single file, and
also a logical integration between multiple files.70

.l.&GLqAr..JN.IEG.BATIQN WITHIN A SINGLE F!I,£ Two approaches were del, ...:.:-.pedthat enabled the
selection of certain records from a single file without the need to search the entire file.
The two approaches were called Inverted flies and linked lists." .

(\

An inverted file is a file maintained in a certain sequence, but an index has been prepared
that enables records from the file to be selected in some other sequence. The type of
problem that the inverted file was deSigned to solve was the request by a manager for a
report listing only certain records in a file. Fer example, a sales manager might want to
see a listing of the sales made by Salesperson 23. Each record in the table had to be
examined by the computer to determine if it has a Salesperson 23 record. if so, it was
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selected and used to print the report. A file containirlg thousands of records might include
only a dozen or so records for Salesperson 23, but every record in the file had to be
scanned. it was very inefficient. The lntorrnatlon specialists realised they could create an
index for the Salesperson master file that listed all of the records for each salesperson.
When the index is needed, it is read into primary storage and the program scans the
salesperson number column looking for Salesperson 23. When that row is found the
program can scan across to the right and pick up the needed recon, numbers. If the
Salesperson master file is DASD based, the needed records can be selected without
searching the entire file.

In linked lists, another technique was used to achieve the same results. Assume that the
same manager wants the same report. A separate field, the salesperson link, is added to
each record in the file. The field contains a link, or pointer, that serves to tie together all
of the records for each salesperson. The program selects the records by scanning each
record in the file until the first record for Salesperson 23 is found. The link field in the
first record is called the head, and it identif,ies the next record for Salesperson 23. The
next record is retrieved (again assuming a DASD capability), and its link field identlires the
third record. This process is continued until the last record is retrieved. The link field in
the last record contains a special code that identifies it es the tail.

lniernally Linked list
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J....QGICALINTE~~..E.U.Es. Inverted files and linked lists provide a way to logically
integrate records that are physicallv'soattered.thrcughout. a single file, but there is also a
need to achieve the same results between multiple files.

c'

In the mid-1960s General Electric modified COBOL to allow data to be retrieved from
multiple files, Links were used to interconnect the records in one.flie to ~he logically
related recants in other tiles. GE's system was named IDS (for Integrated Data Store),
and it was the first step toward an integrated database of multiple files.,/"

E~PLICIT'i]he logical integration of files can be established explicitly or implicitly. The inverted
STRUCTURESindexes and link fields establish explicit relationships between logically' integrated data,

The indexes and fields exist physically and must be Incorporated into the files when they
are created, If they are not, the manager's request for logically il1}EtQ.ratedinformation ,\
cannot easily be met. 'i. ',' \ '

'-''I ,':;'. , ...~

i;';';-, ~-\-:~'-'
HfI;RABCHICAL~ For several files I,Jsingexplicit relationships;'lelationships can be
defined across the files, (In the figure, each salesperson has a single salesperson record
that contains data sucf as .:that listed in the figure.Ii~

Sach salesperson has multiple sales statistics recorda-one record for each sale. Each
salesperson also has multiple customer records. that provide Information about each
customer ill the salesperson's territory. Finally, each of the salesperson's customers can

)iave multiple accounts receivable records-one for each unpaid purchase.

The records in the figure ate ~rr~nged in a hierarohy. Each record on one level can be
related to multiple records on the next-lower level. When such a logical relationship exists
between the records in different files it is called a hierarchical. structure. A record on one
level that has subsidiary records is called. the parent. The records on the next lower level
are called children. In a hierarchical structure, a child can have only a single parent.
Another important feature is the link' :fields establishing the explicit relationships. Once

"
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one retrieves a salesperson record (say for salesperson 23), theUnkS"oan lead one to the
other records in otherflies that are logioally related to that salesperson. '.'

~.E The other popular database structure that uses :~rs~cit relation~hips
is the network structure. The main differenoe between the nefwork and hierarchical
structures is that in the network structure a child carr-have more than one parent.

It:1E LIMITATION Of EXPLICIT REI,.ATIONSHIPS While the hierarchical and net\work structures are
,J giant step toward eliminating physical constraints, the approach of using explic:t
relc;1;ionshipsdoes not offer a complete solution. It is necessary to identify the grcups of
fill$ that must be logically integrated before the database is created. This restricts the
rr'·anager from making spacial ad hoc requests for combinations of information not
previollsly speclfled,

IMPLICIT In the early 19705 Edgar F.Codd and C.J.Date, working separately, developed an
STRUCTURES approach to establishing relationships between records that do not have to he stat",d

explicitly. In other words, special link fields do not have to be included in the records.
Thei.,rapproach has been named the relational structure, and it uses implicit relatiMships--
relationships that can 'be implied' from the existing record data"

.tire RELATIONAl, QATAI3ASE MANAGEMENT SYSTEM(RDBMID Assume we want 'to use two data
tables to prepare a report. The dataln a relational database is in the fOrtT)' of tables called
flat files. A flat file is a two-dimensional arrangement of data in columns and rows. We
want the repcrtto list the salespersoris'In Territory 1, showing their salesperson nYlnbers
and their names, Both tables are needed; Table A provides the means of identifying the
records for Lerritory 1, and the salesperson names come from Table B. If a person were
told to prepare such a report, he would need no special instruction, and would logically

v lnteqrate the d~ta, even though no explicit relationship exists. .
, ~

>,'. . - - - - -_ -' \

The implicit relationship is estsbllshed by the salesperson number field in both tables. The
salesperson number field ties together the territory numbers in Table A and the
salesperson names in Table B. Thls is the way the contents of multiple files a.ra logically
integrated in a relational database, .

fi

A relational database is characterised by conformance to 12 basic rules as postulated py
E F Codd, the founder of database theory." This test base has since been ex.";landed into
hundreds of rules, but for the context of this report, the 12 suffice.

• All information is represented explicitly at the logical level and in exactly the same way-·
by values in tables; .

• Each and every atdmic value in a database is guaranteed to be logically accessible by
resor~ing to a combination of table name, primary key value, and column mime;

• Null values are supported for representing missing and inapplicable information in a
systematic way, independent of data tvpe:

• The database description is represented at the logical level in the same way as ordinary
data, so that authorised users can apply the same relational language to its Interrogation
as they apply to the regular data;

• Whilst several languages and modes of terminal use may be supported, there is one
language that can express all of the following Items:
• Data definitions;
• View definitions;
• Data manipulation (interactive and through ptograms);
• Integrity constraints:
• Authorisation;
• Transaction boundaries {begin, commit and rollback};

• All views that are theoretically updateable are also be updateable by the system;
• The capability of handling a relation as a single operand applies not only to the retrieval
of data, but also to the insertion, update and deletion of data;
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if
• Application proglams remain logically unimpaired whenever any chanqesare made in
either storage representations or access methods;

• APPliCf)\ tlon programs remain loglc611yunimpaired when information-preserving changes
of any,\kind that theoretically permit unimpairment are made to the base tables (on-line
database/table repair and modification is facilitated):

• IntegritY constraints specific to a particular relational database-are definable in the
relational sub language and storable in the engine, not in the application programs;

• The data manipulation sub language enables applications and inquiries to remain logically
the same whether data is physically centralised or distributed;

• If a low-level (single record at a time) sub-sub language is used, that level cannot be
used to subvert or bypass the integrity rules or constraints expressed in the higher-level
relational language (multiple records at a timtl)./i"

o!·· . ,"")

"'., - ....,~~,-

As cal) be seen, all these rules are geared towards supporting a client/server environment
with co\nplete control being in the engine, and queries and answers simply being accepted
and passed back.

~TED MANA.G.EMENTSYSTEM lOODBM$) The big argument in todav's
databas-e market is not which is the best database management system (DBMS), but
OBMS gurus are busywitp another question: Does the future of databases Ire with the

_relational model or. the object-oriented OBMS (OODBMS) model?
,: .. ,.'\"

"I.~'~ I',

While the deb~t~ l'iltry have little meaning for the average database user, it Will eventually
lead to fundam6j~tai changos in how database programmers work with information. Most
of todilY'S OBMSs use .a tabular range based on the relational view of data. The relational
model works well with the common ingredient of databases: text strings, numbers, and
Boolean logic operators. lAS we move through the '90s, however', DBMSs are being
required to pack CAD/CAM files, scanned and bit ma~ped graphic images, sound and
video clips, and other pieces of multimedia. Working With this kind of data, often called
binary large objects (BLOBs), is difficult. it1 the relational model, because a RDBMS must
include a special set of rules that govern each kind of new data. It doesn't take many of
these before the ROBMS's application programming interface (APi) departs from the
essential simplicity of the RDBMS design. That's where object-oriented evangelists. see
their window of opportunity.

In an OOOBMS, data presentation is encapsulated within an object. An object is a
variable that contains both the data and the code that tells how that data is to be handled.
The object Is then used as EI discrete item. Instead of struggling to develop links between
the data and the user Interface, the object contains the hooks for direct user viewing a.nd
interaction. One can't beat the 00013MS approach for displaying and working with
difficult data types such as graphics, but there may be serious problems when it comes to
searching an OOOSMS and working with alphanumeric data.

In the AOBMS world, Structured Query language (SQl) has established itself as a
powerful and easy-to-use language for data query and manipulation. There's no such
standard in the OODBMS world. Some DBMS designers have suggested that object-
oriented languages might fit the bill. Other DBMS designers believe that this misses the
boat, since the object-oriented languages are far more difficult to use than Sal 'for
database work. Also, since sal. is designed from the ground up for database queries, it's
highly questionable that a generic object-oriente'! programming language could handle
database work as smoothly as today's SOL-based solutlons.P

Today I ~bere are only a few companies with true OODBMSs, and none of them are
shipping products that work on the Intel x86 platform. When and if PC versions df,\
00013MSs appear, they may find their path to the market blocked by RDBMS-orient~d (
products with strong user bases, that include object-oriented extensions. The most likely
evolution of the database model is toward a DBMS that, just as todav's programs mix flat-
file and relational concepts, cornblnes influences from both the RDBMS and OODI3MS
models. '
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An illustration of the imigression from sequential storage through to ..,,1
object-oriented database is shown.

NON-RELATIONAL Not all firms have achieved the degree of logical int6gration of their
STRUCTURES computer data described here. Such an ability is not necessary when

either of two conditions e~il,"t. First, if the firm uses the computer
solely for data processing, il pre date-base hierarchy with fileS as the
hlghest level can produce the desired results. Second, if there is no
requirement to integrate the contents of multiple flles, there is no need
to adopt the database concept.

,":,~

'(
1\

PRQPRIETARY DATA STORAGS There are many firms using the computer in
a very s9Phisticated way without a logically integrated database. In
some cases these firms have purchased prewritten software systems
tv process their daily transactions. This is common in the life
insurance industry. The prewritten systems perform all of the
nscess ry file maintenance, reducing the need for an integrated
database and DBMS. While the integrated database and the DBMS are
not an absolute necessltv, there is no doubt that the trend is in that
direction. This is most evident at the microcomputer level where a
DBMS, an electronic spreadsheet, and a word processor are considered the foundation for
end-user computing.

fLAT FILE DATABASES Another alternative is flat file databases. These are a subset of
relational models in that they represent a single table with no relationships. They are
simple and they assume that each set of information can be represe,rted on one line. The
most common example is the telephone book. Each person has one address, one name
and one telephone number, which qt"il all be included in one record for that person. In
database terminology, each elel1)ont'6f data in an instance (record) has a one to one
relationship with each other element of data in that instance.

Relational database systems are often large and complex while flat 'file systems, can be
lean and efficient for simple .applications. Thus, one should consider the necessity of a
true relational structure before moving into this field.

\\
SPREADSHEETS. Not to be laughed off, the spreadsheet is\\)robably the most familiar
computing tool to management today. It is far easier to get managers to use a
spreadsheet than to move towards a database system, especially if the latter restricts
them ftpm doing things that a spreadsheet was otherwise designed for.

Many p~\ople who need to keep track of data do so with a spreadsheet program rather
than a database, One reason is Lotus 1~2~3,which for years dominated the business
software market as no s1ngle program ever will again. Another reason is that, at least at
first glance, a spreadsheet-especlallv a three-dlmenslonal spreadsheet-Iooks like a great
database, The rows and columns cojrespond to the fields and records of a flat-file
database, and a 3~D spreadsheet's pages resemble the tables of a relational database.

Still, the real value of a database is in data manipulation and retrieval, and it's here--In
sorting and organising information and formulating elaborate queries for retrieving selected
parts of the data-that most spreadsheets, at least without help from third-party query
applications, fall behind dedicated databases. Even so, its possible that a spreadsheet
with enough built in database power can satisfy many record-keeping needs,

,') Almost all spreadsheets can sort data by row or column, letting one specify key fields.
Some allow the design of custom screens for data entry; and some Windows worksheets
provide fot joining two or more database tables, giving at least a modicum of relational
functionality. In short, if ones database needs don't go much beyond kee;Jing records of

\'; clients or customers, almost any spreadsheet can do the job.
'Co
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Whilst a.database query and reporrcannot readily handle amortizations, financial return

" calculations, and more importantly, rapid graph compilation an&'!amendment, there are
very definite. reasons for using them over spreadsheets.

For any level of sophistication and where relationships have any bearing, the above starts
to fall down. More relevant are the limitations on spreadsheet size. A database, can be
virtually unlimited in size as it is stored on the DASD media:' and read from there.
Spread~heets have to be loaded into PC memory-end even when this is possible, the
system will.slow down at high loads {high h~ing consiqerably less that a.database~ limits} ..
Single user limitations to access become desirable When one consldars how easily a
spreadsheet can be irrevocably destroyed byq:ge rernpval of a single column by an:
ignorant user, hidden formulas also rnaan that di,ly the original deSigner will ever
understand h~ it wcrzs-readtnq-sorneone else's complex sheet is a nightmare,'tmlike
structured 1a,Kd'Uageprograms. Moreover, spreadsheets, while exportable, are not
accessible lhfQUgh other applications and remain islands of automation bucking the ethos
of open systems and data dis~ribution~ In all, they are defiantly a step backwards unless
dealing with a situation that cai1not warrant a true DBMS.

Spreadsheet vendors don't surrender that easily; the current trend is to bundle a
spreadsheet with a fairly complex data query facility. Ouattro Pro for Wind~ws has its
OataTable"DeskTop, Excel ha~ OPBC, and GAM$uperCalc has Silverado, to name afew,
Allowing read access to,(f9m~ databases, these do not address the storage,~~pects listed
above. ' 0 c' )'2\ ,.~).7<~.?'"~-,..~,.......' ~ ,"!"< /' ":)

In sum, while there are several ways to-use a good spreadsheet as a d~t(i'oii~;, when it "
comes t(I serious 'data handlingl a powerful relational database will always win the day.:1· . (\ ~,

OVERVIEW A declston tree for deterfnining the type of database required is illustrated below.
Seemingly simplistic, this is all that is really required to make this decision, whereafter the
actual vendor application will have to be given considerably, more thought. The
spreadsheet application leg does not refer to SOL hooking as will be discussed later, but
simply lndlcates that, as prevails in desktop systems, a spreadsheet Cqr'i be used to store
limited data-as discussed above.
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The main functions Q)' a DBMS are listed be(tj'w. These are notto be contused with the
criteria one would apply in assessing a DBMS as are listed in the following section.

• Multi-user access control ~:~curity
..Multi-user Integrity control through file/record/field locking
• The organisation of data which tacilita.es a reduction lndata redundancy (duplications)
• The integration Of data from multiple sources I:>'

o The retrleval of data, often in a specified format, anq the processing of queries (in a
client/set ,ft r environment)

_C_R_IT_E_R_IA__ ~ ~, ~n~ ,_~~ _
;1
\'

Choosing the right database server, can be a painful process. Database servers are
complex and bristle with high-tech features, and evaluating them can become a full-time
job. Selecting a database server is a process whose results will affect all those who need
access to the data the server wili manage.

Fortunately, by recognislng't'~e different criteria a database server should meet, buvers
can Simplify and speed the database-server selection process.

it
Database servers are part of an overall environment that includes a network, a server
system, and one or more tvpes of clients. Most organisations evaluating database servers
will already have 1'11£·leastpart of this environment in place. Thus, how well each database

( I

/
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server mashes with the existing hardware server and network em/ironment is a key
consideration. "

CLIENTS Because the data in a database server is usa:plp only when it is available to client
applications, the compatibility of each data~ase server with tile client front ends being
considered is another key issue. In addii:ior~( as with any product set, a feature-based
comparison is an important part 6¥ the seled\~ion process.

II

Buyers should also consider the type of front-end database software the clients will run.
Ti18 client software Must be compatible with the server's database system. l'his can lead
to a chicken-anc.·egg dilemma: Should buyers choose the database server or the front-end
packages first?

For many buyers, it makes sense to choose the front-end pro,t,lucts first. Users might
,already be familiar with a particular PC stand-alone database system, so using that system
as a front end to the new database server--assuming that is possible, of cou,'se··could
save user training costs. Choosing the front end first also makes sense because most
users will be more, concerned with the software they see and use thrn with the database
server, which operates, to them, largely behind the scenes.

Another sensible option is to pick a small number of front ends so the] different users can
use the software they like best. Hard-core developers, for example, ~ay want powerful
front ends such as 3 & 4GLs (3rd & 4th Generation Languagl3s)., other users may want the
slrnpllcitv and ease-of use of such tools such as hooks frqm spreadsheets to the database.

Ne'rWORK A typical network environment will contain one or !)'lela servers and ono or more types of o
networks. Any database server that blends searniessly with the exlstlnq setup will thus
have a cost advantage over those that do not.

c.

Of course, If ::I database sarver's performance or features on a particular platform are so
compellil1g that they make the cost of adopting the new platform worth bearing, then the
type of the existing servers need not matter. For most buyers, however, the first step in
the database-server selection process will be to identify which products can run on
exlstinq servers.

SomEi'database servers may/h(~.o be able to run under different operating-system software,
but on the same hardware. r. database server that runs on X86·based Unix or OS/2
servers and supports NetWare's SPX/lPX (Sequenced Packet Exchange/Internet Packet
Exchnage) network protocol, for example, may work just as well as a NetWare Loadable
Module server in a NetWare environment. The more a database server can 'speak' th ...
same network protocols as its clients, the less work it will take to get that Server running.

The reverse is also true: If a database server cannot use the same network protocols as
the existing clients, adopting that server meani~ changing all the clients. If, for example, a
database server works only with TCP/IP (Transmission Control Protocol/Internet Protocol),
then either that server will not work in a NetWare environment or it w,i11 require the clients
to be changed so that they, too, can work with TCPIIP.

Such changes can be expensive because they affect mUltiple clients and can create a
great deal of setup and configuration work for network administrators.

FEA1URES The third area to consider when selecting a database server is the most obvious one: the
features of tho different candidates. With database servers, features that may sound like
mere technical widgets can prove to be critical for certain applications. ror this reason,
the m ire prominently featured ones (featured in vender blurbs/seminars, and featured in
lndustrv reviews) are listed below, though several more can be seen in the review table in
the reviews sectlon.P
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BACKVP\ & p~~, Thi,~ can often sound high-tech but can translate into bottom-line
beneflts when somethii'g goes wrong and ri dt 'aba;se gets cOlfupted by a svstern failure.
When such disasters strike, the ability of the database server to roll back, or undo, all
incomplete transactions is vital. Incremental backups are also vital for databases too large
to back up fuHy on a regular basis. (,

rvtany Sal-databases provide rollback capability so that if both transactfons are not ~.T'

committed, neither will be=the partial changes will be undone. For example, when moving
monev between accounts, data integrity may demand that a t,.\ebit in on,,, place be
balanced by a credit in another. Both transactions must be cornrnltted'jo the database or
the data will no longer be consistent.

Recovery should not have to be facilitated through the network operating system
providing mirrored disks or copied databeses-facilltles designed to cover a hardware
breakdown,

!Wo-pJ-IMe COMMIT· This ensures data integrity When updates are. being made in a 1/

distributed database environment. With two-phase cornmlt.cthe update to the database
takes place in two steps: a prepare-to-commlt step, and then--if all the relevant engines
respond with a 'ready' sJgnal--the actual commitment step. An inability to serve this
function can lead to incompatibility with other databases if more that one server is
combined in the system. The result is a necessitated API to bridge this gap"·an'
unnecessary complication.

QONCURRENCY Any organisation that has multiple users simultaneously updating a database
will want to examine each database server's concurrencv controls. These controls
manage the locks needed to let many users work with database data at cnce, The levels
of locking toe server supports are lmportant because they r'etermina at what level users
can share a database, If a server locks entire tables, then only one user can be updating
any given table at a time. The lower level at which a table -.is locked during updates--
whether at the page level or the record level-can greatly Influence access speed. IdeEj.lly,
only the particularrecord being updated is locked, since that gives other users access to
as much of the data as possible.

When updates am being processed for many records, it's more efficient to coarsen the
\1\';I1/e' of granularity and lock the entire page, rather than locking multiple records. This
conserves the number of locks available to the system as a whole. Most SQL databases
provide automatic lock escalation, which ci1anges the level of granularity of the lock
depending on the amount of data being updated.

DEl\QLOCK CONtROL As applications become heavily USE:i~,the weakness of a Simplistic
record-locking scheme becomes apparent: If the first user doesn't release the record in
short order, other users are made to wait. When two or more users have their requests in,
the threat of a deadlock exists, and everyone waits for one of the others to release a lock .

.QUEIWlANGUAOE Each database server provides one Of more languageS for manipulating
its data. Structured Query Language (Sal) Is the modern .stendard for servers, but there
are many varieties of SOL. The completeness of a server's SOL implementation and its
level of adherence to the ANSI SOL standard can be an issue for organisations that
already use mini or mainframe Sal-based database systems.

As covered later, Sal has taken on many enhancements through varlous vendors. The
compatlbllltv of the final outcome. with other applications, and the advantages of each
enhancement need to be considered.

so.c QETIMISATIQN SCHEMeS Aside from the DBMSs ability to use SOL.queries, is the more
subtle, vet more important feature of how well this works, The goal of optimisation is to
ensure that an ~OL query returns results as quicklV as possible With the fewest number of
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hits cgainst the database. There are two types of SOL optimisation: svntax-based
optimisation and the newer, more effective cost-based optimisation.

u
Syntax-based optimisation exploits thetact that in Sal, the way one specifies a query
cap?drastically alter its efficiency. With syntax-based optimisation (also called rule-based
optimisation) a set of rules based on the physic~) position of expressions in the WHERE
clause lets the programmer know exactly how a query will be implemented. It takes skill
on the part of the programmer to derive benefit from this knowledge. The advantage of
placing the onus on the programmer rather than the database software is low overhead on
the server. However, if an SOL code generator is being utilised, or if the programmer is
not experienced, there will be no (;In.

Wl~h cost-based optimisation, statistics are gathered about the database-number of
tables, numberoftows, types of data in each row, availability of indexing for a particular
column, and so orr-and the optlmlse]' makes USe of this ktlowiedge to determine the best
plan for query executlon, If the optimiser determines that a full table scan would be more
efficient than using an Index to process a particular SOL statement, then the index would
not be used no matter 'lOW the SOL statement was worded, Tho advantage of the cost-
based rriethod is obvious: The expertise for determining the best way to implement a
query is transferred from the user to the database engine.

The disadvantage is that fin'iing. an optimal solution can take a 10l"g time. ,!~~fact, there
can be so many ways to implement a query that a complete evaluation of all of them
could take longer than the longest-executing solution would take. The search can be
aborted by setting a time limit or the optimiser can be programmed to accept a 'good
enough' solution.

SIZE QONstRAINIS. Wqlle most modGrn database servers have more than enough capacity
for most needs, it's l')till wise to verify that each potential database server can hold all the
tables and records an organisation is likely to need., (:.

Qm..1YF~ One particular type of data ls'worth noting ~,eparately: binary unformatted
data, Most datapase servers are designed expressly to manage record-oriented data.
More and more organisations, however, need to store and manage such large chunks of
data as text files, graphic images, sound filas and even full-motion video. Many database
servers attempt to meet this need by ~torin9 these files as unformatted obj~cts commonly
known as(BLOBs{Binar~'Large Objects). jl

/~"

ill
\

.eruc..e No matter how technlcally ~~orrecta product. may bl;l~for most organisations that
product's price will remain a factor. Different database vendors use. different pricing
schemes, so accurate comparisons demand care 'and attention. Or.e server's pricing, for
example, might be based 01:) the maxin:.dln number of active users possible, while

"another's might be based on system type. Another unexpected suprlse may come in the
additional pharges imposed for gateways/protocols required to access eXldJl;l9 svstarns, as
some svsterns don't automatically incorporate the varlatlons, Is

!lQNSISTENCX conslstencv refers to data integrity. Databases organise information by
breaking it dQwn into related data elements. A database with intel:)rity upholds rules that
govern the.rellations~ips betweanr~ data elements: for example, "all (employees must
have a social securit'v number"; "IIHtclce amounts must be greater than 0"; or "whenever
an amount is postea to a journal, a correspondlsp entry must be posted to the geneffll
ladger,"

Databases are consistent when all of the data conform to the rules. Unless the DBMS has
a way to enforce the rules, a database may become inconsistent after it is updated.
Sometimes a complex change torcos th~ database tobe inconsistent temporarily, but in
the end, order must prevall, The unit of wo'rk that takes the datab ..se from one conslstant
state to another is called a transaction.
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.REFERENTIAL.INTEGRny Om Relational databases are made up ot'separete tables that can be
joined on the basis of cornrnon information. If a parent record is deleted but the related
child records are not, the child records the orphaned.' FU Simply/means that no orphans are
permitted in any table, There are three ways that a record can become orphaned: the
parent record is deleted, the parent record is somehow changed so the relationship is lost,
or a child record is entered without a parent record.

'.'
Without RI built into the DBMS, the front end has to maintain c()ntr"bl. This means that
simple front ends are not allowed, arW changes have to be carefully vetted, and future
migration to new appllcatlona is compounded. This is the wa~ old mainframe applications
work, and is the largest disadvantage of legacy apPUcatlons--i~~\;J()esnot conform to the
ethos of .client/server. .' c: "II
Most SOL databases today include RI features as part r f the datall.\qse angine but ..ll
implement them In different ways •• Declarative Rl, la.Implernented through keys that are .
stored Within the database tables themselves. Parent tables contstn primary kevs that are
composed of foreign keys fou.l1d within each of the chlld tables. ":'This is the preferred
method, following the ANSI Level 2 Integrity Enhancement. ~ddentdllm.

Another way to implement RI is throughthe usa <:>t'tty, /,,; '{ --";I\'f)!I~tr~r~Ce(iUral RI.
Trig8ers ensure RI by automatically executiP(.lf'.lkH;lt1.· p.,\ '~)pE!nfs wfienever an
UPDATE, DELETE, or INSERT command fs encountet. rr,ext~h"'h ,A&lit'never a parent
record is deleted, either afl the assocleted child Il;)cor(. //~!so dui~~~g(cascadlng
delst(;)so)or the deletion is dlsallownd, \-A
./ ~

Procedural RI, does not fully comply with the ideal rd ;"'H referer:tial modal for data
stor~ge--st6i;lmJ all information about the tables withi!:' ~lle tanles themaelvea-bur-does
give the database developer a front-end-Independent mf,~l1od of safeguarding RI.

®.N.NEQTIVITY ANPPQIU.A!!tl..11YThis tletermmes the product's suitability for distributed
database environments. For connectivity, the breadth of support for gataways to
minicomputer and mainfrarne systems Is considered, along with the presence of teaturss,
such as two-phase commit, distributed renovary and distributed deadlock detection.
Portability is measured bV the number of platforms supported by the package and the
consistency of features across platforms.

STORAGE AaCH!nCTUR~ The basic storagu architecture of the system Includes features such
as disk spanning and striping, hashed index support, and asynchronous I/O capability. The
number of import and exaort formats supperted should also bo considered, along with
image data support and distributed pro,.assing capabilities such as cross-device table joins
and the ability of the server to send queries to another server, Naturally the server
architecture that the DBMS runs on also features here. II

's.fl;El.1 Reading, writing and indexing speeds will affect the organisation, and bacomo more
Important as the number of users is increased. This is aside of query speeds.

fjJ;CUBII:l. All elient/server based DBMSs provide log in securi~y to control user access. On
file server based applications a limited amount of control is facilitated through database
encryption and locally stored password tables. These, however, are often simplistic and
can be bypassed through separate instances of front end tools, they also present some
risk in that encrypted data-cannot be recovered In the event of a hardware disaster. and
hooks from other front ends cannot readily deal with the encrypted formats. In short, a
client/server is necessltatec when data security is required.

ror these secured databases, the engine should minimise the inconvenience of logging In,
allowing the passwords and user names to be built into queries and passed with the
query. In addition, any convergence with the network operating system security, and 'that
of any other databases on the system, is highly desirable where this does not compromise
security.
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MIGRATAlillJI.'l This is covered in more detail under the management information system
(MIS) module section. It refers to the ability of the database to be transported onto a
client/server architecture server without front-end applications and the database engine
and built-in procedures having to be re-written. "

.o..s..eL~ The OS that the database is required to run in must meet with the criteria
specified in the NOS (Network Operating Systenl) section of this report. As was
mentioned, should the benefits of the particular DBMS outweigh the complications of
int~grating a new as into the network ~ystem, then this factor is overridden.

REVlEWS

The following tabular comparison of the current leading IS servers is orlenteo towards the
scope of this report in that it primarily addresses servercarchltectures suitable for
client/server implementation. Many PC based multl-user packages with adequate database
engines exist, most of the MIS packages featured later support these capabilities, but only
dedicated servers conforming to the ROBMS rules have been reviewed.

These packages represent the industry standards in SOL Server installations in that th;y
dominate the market.
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There are three main types of Sal front-end
development tools: the new crop of dedicated
SOL front-end building 4GLs~ Sal connectivity
libraries for use with traditional programming
languages such as BASIC, C, or COBOli and
Sal hooks from other desktop sppllcatlons to
the databasa.P

OPTIONS

FOURTH
GENERATION
U'NGUAGES

(4GlS)

Most dedicated Sal front-end development
tools employ an event-driven procedural
language. Forms are designed graphically
usirg visual objects and non-object-orlented
code attached to these objects to handle various events. All the tools support simple
events like entering a field or clicking a b~tton, but the tools differ in the quantity of
events they support and the degree to w~)ich they can be expanded.

4Gls compile these objects into a code that operates completely transparently to the
developer, with the developers augmented input being through a 3Gl module that gets
incorporated into the code. This type of programming is very object'orlented, and gleans
all the advantages of such a philosophy including reusable modules, simplified upgrading,
expedited programming, and simplified logic.
/ ...."

1r:e largest advantage of 4Gl is their useability to non-programmers. This may be very
important in any Industry dominated by Accountants and Engineers, and where the
resources of a full-time programmer are not always available. With a limited. knowledge of
databases and their operation, any Intelligent person can make full use of a 4Gl to create
sophisticated applications.

THIRD The chief strength of dedicated Sal development environments is their hioh-ievei support
GENEFIATION for database operations; this can also be their most serious drawback. For example, if
LANGUAGES part of the application involved non-database activity such as communications support, a

(3GLs) hlqh-lsvel tool might not provide the functionality required. A 3Gl such as BASIC, C, or
Pascal is sometimes necessary to accomplish the task.

All 01 the SQL engine vendors provide aCCeSSlibraries for use by 3Gl programmers,
although support may not be available for both DOS and Windows. These libraries usually
Include functions that enable one to connect to a database over a network and functions
for accesslnq data.

Most Sal access libraries are written to be callable from the C programming language.
Developers working in other languages or in a high-level development environment can use
wrapper libraries, which are provided either by back-end vendors or by a third party.
Wrapper libraries provide translation of unsupported data types and supply high-level
alternatives to functions that cannot be used directly.

SQL HOOKS In addition to dedicated Sal access libraries, there are many products designed to
connect local databases to sal ..databases. SOL add-oris are available from the vendors of
many database systems. These products provide a means for translating record-oriented
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operations into SQL operations so that a 4GL (fourth-generation language) application can
be ported to a client/server configuration with ease. They also provide pass-through
functionality for access to engine features without parallels in 4GL

For some products, there is also a healthy third-party add-on market. These products
attempt some translation of record-oriented functtons, but they are not nearly as
transparent as access tools provided by the vendors: they are primarily used for in-tine
SaL, similar to 3GL saL aCCElSs.

As was mentioned under the server architecture discussion above, tl:1emany libraries and
add-ens let one connect to saL databases from almost arw application. A surprlslnq
number of products provide a way of hooking into SaL.

FUNCTIONS

The MISs main functions include:

",Generation of the query in a format that the IS engine will understand. This generation
can be facilitated through Query By Example (OBI:) and Graphical aBE (GaBEl I through
tabular assistance, else just through an error checking text editor;

• The processing of the query in a non-client/server environment;
• Data manipulation to convert the data into information (summations, avoraqes,
groupings, etc.):

• The presentation of results in a usable format (tables/graphs).

The following is a list of the more important criteria used when assessing an MIS product,
several less important ones appear in the review table in the review section belQw.75

SERVER SUPPORTThe single most important consideration when choosing a front-end tool is which back-end
engines it supports. There has been .8 race among vendors to have their tools support as
many SQL databases as possible. At/the same time, there has been a movement within
the industry to adopt a standard so as to make the form of the data irrelevant (see the
section on transparency). This approach, however, risks falling prey to the lowest-
cornmon-denomlrtator pitfall. Back-end vendors are constantly striving to distinguish their
products by adding features that go beyond existing standards. The 'real test of the
emerging API (application programming interface) standards will be their ability to take
advantage or the unique features of specific back-end engines.

Even today, wlth no standards In place, an important conslderatlcn when aelectlng an SQL
front end is its 'awareness' of the back-end ongine--the depth of its support for an saL
engine's unique features. For example, Sybase'e SaL database engine includes a '
COMPUTE BY syntax. Many front-end tools cannot generate this statement or provide
syntax checking for it. Also, some engines have unique data types, such as the SLOB
data type for image data. When the front-end tool presents one with a list of data types,
are special data types such as this on the list?

QUERY TOOLS Query and report tools provide a 91ljek and easy way to g&nerate queries and formatted
reports. A key criterion when evaluating query and report-writing tools is their
accessibility to the end user. How difficult is it for the average user (without any
knowledge of SaL) to construct a query or report? Is the interface intuitive? Are the
output options flexible? If certain saL statements cannot be generated by the menu
system (such as nested queries), does the user have the option of going In and al):tually
writing SaL statements? Can the generated SQL code be tweaked to improve
performance?
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Desirable', 'pis include ouer~\ by Example (aBE), an 'ntultlve way of compiling Sal code
graphic" :,;,,' This type of int~rface allows applications to be written that can be passed
ontp managers with no progtf:lmrning experience for them to extract their own data-part
of the whole rr ethos. J o c,

-:

ANALYSIS TOOLS Analysis tools go beyond the bare minimum of retrieving raw data for viewing on-screen or
on a printout, They massage raw data into useful information. The typical manifestation
of such tools is an Executive Information System (EIS), Data is retrieved and then
represented in an easy-to-understand format such as a graph or surnmarv table, Very
often there is some way 10 'drill down' from a more general display to a more specific
one.

For example, if a pie chart is displayed with the elements Products, Services, and ..,
Investments, the user might be able to click on Products to see a graphical represeritatlon
of the dlstrlbutlon of sales by product. This hierarchical analysis of data 1$ the haurnerk of
most EIS systems.

Another strength of some analysis tools is their ability to update the currently displayed
data periodically via timed or event-driven queries. $.o01ecan set 'alarms' that are
triggered when certain conditions are met in the data. For example, if one needs to know
when a stock price drops below a certain cutoff, one could set an alarm that would color-
code the data in red.

'iMost anaivsls tools have the ability to access and integrate information from a variety of
sources-various Sal engines and different file torrnats-for analysis and presentation as a
single unit. . ,

"
REPORTTOOLS Although database output has evolved aver the years, most packages follow the same

basic outline for creating a report. The most popular format is the columnar report, with
fields listed side by side and information printed in columns.

When more than one line is required to display a record, a free-form report format is
necessitated. To produce mailings, reports that fit data into predefined formats for labels,
envelopes, or other media are desirable. Some packages can create cross tabs, a variable
report option that spreads field information Into a spreadsheet format for easier analysis.
Using one field in the table 'for row values, and one for column values, the packoge
summarises or counts a third numeric field, adding the values where the rows and column
values intersect. For example, one can list products as rows, months as columns, and
generate a list of sales by product by month.

Most packages save some time creating a basic report format, and the more sophisticated
ones use cue cards and 'wizards' to guide one through the process asking pertinent
questions in familiar terminology--al! moving towards assisting non-programmers in report
generation.

Another desirable feature is 'double pass' report geheration where totals can be used
before the end of the report is reached. Thus, in any record, a value can be shown as a
percentage of the total for that field. Older packages do not know the denominator until
the report has flnlshed printing. '

Repo....~\are one area in which Windows databases surpass those on the DOS platform by
far. instead of menus, Windows packages use one or more dialog boxes to help define
the H.;..ort. Using ~ mouse, one can quickly move flelds and column headings around.
Q~,)ecan add graphics the headers or even for each field, and some packages allow one to
add a graphic if a certain condition is met (e.g. sales exceed target for that record). Fonts
\;drt t.'a applied easily, and the report CeaJ1 be easily previewed before printing.

DBMS ABILITIES For a product that may be developed in a file server environment, and for purely file server
databases which come in the same package as the MIS, certain DBMS (Database

-~---~---.........-------------~...----
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Management System) abilities are important. A comprehensive list of these can be seen
under the IS section, but two stand out.

The first is the ability to cater for multiple users of a single database. Whilst conditions
may exist such as the database must be accessed from the same MIS, Or one with
compliance with the database format, the package should be able to control file, record
and field locking, though perhaps without any varying levels of granularity.

Secondly, a certain amount of security should be established to prevent the casual user
from entering restricted areas and wrecking havoc, Whilst the degree of controlled access
is severely limited, facilities such as data encryption should help to restrict access.

REVIEWS

The following tabular comparison of the current leading MIS packages is oriented towards
the~scope of this report in that it primarily addresses PC based packages, and :'cwours
those providing a graphical lnterface=deslrable for management usage, The favoured
choice is not given here, but will be elaborated upon in the forthcoming; section on
implementation of the IT system,
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DISTINCTROW table1.field1,
table 1.field2, table2.field1
FROM tablet, ta.6le2 INNER JOIN ON
table 1.field 1, table2. fie/d2
WHERE table1.tield1 BETWEEN vetuet AND
value2
GROUP BY table1.fi:~/d1/:'!able2.fleld2,
table 1.field3

SERVERS

OVERVIEW SOL is a terse, specialised language. With just
a few c\7;rnmands, it lets one accomplish what
would tl!lke dozens of lines of code in Xbase
(the programming language designed to
address the first PC based-and industry
accepted-database engine, dBase). This alorie
makes SOL a '~ood choice for a networked
environment, since it means less network
traffic. But Sel.l is also especially well suited
for e~~ractil1g data from a relational database,
sinco( that is what it was designed to do; it
was developed in conjunction with the
relational database paradigm. One key feature
of SOL i,s that one asks the database for what
one wants; how to get it is left to the
database software. Thl~ insulates users from
changes in the database design which may
occur over time.

A typical SOL statement, easily
understa follows;

)

STRUCTUt1ED SOL (Structured au~ry Language--PronoLlnced Sequel) has been the standard data
QUERY LANGUAGE description and aecess language for relational databases for almost a decade, making it a

(SQl) linchpin technology for client/server computing. The only problem with the Sal standard
is that there are too many of them. No fewer than eight efforts are under way to create a
standard based on SQL. ANSI alone is responsible for three standards, either published or
In progress. Other efforts involve industry consortia, such as SAG (the SOL Access
Group) and X/Opent and companies such as IBM, Microsoft, and Borland. Considering
that every database speaks its own SOL dialect and has Its own set of unique extensions
to the language, it's not surprising that client/server installations were, until recently, the
exception rather than the rule. The lack of one widely accepted standard drives up the
cost of databases and related tools and makes maintaining a cllant/server environment
complex and difficult. There is little difference between too many standards and no
standards at all.76

THESTANDARDS the American National Standards Institute (ANSI) took the first crack at creating an Sal
PLETHORA standard in 1989 (SOL '89) and followed up with a revision in October ot last year (SOL

'921. aut because ANSI standards are vague about the ?etails of thefr lmplernentatlcji,
products that claim to be SQl compliant often fail to work with.one another. The
proliferation of different SOL implementations by vendors led to the formation of The SOL
Access Group (SAG). A consortium of hundreds of companies in the database field, SAG
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was formed to generate SQl standards based on a subset of ANSI S.Ol '89 and to deal
with issues of connectivity and programming interfaces for SQl clients and servers. In
conjunction with the industry group X/open, SAG is constructing a standard based on the
current state of the art in client/server implementations. Many major companies are not
waiting for the efforts of standards-setting bodies to bear fruit but are launching their own
attempts to create de facto standards. Last year, SAG member Microsoft introduced
008C (Open Database Connectivity), an SOL database API (Application Programming
Interface) standard based in part on a draft of the SAG standard. Elorland, also a member
of SAG, is readying its own SQl API standard, called IDAPI (Integrated Database
Application Programming Interface), which is based on the SAG verslon, Both companies
are lining un support for their standards. In addition, ANSI is working on its next-
generation SOL standard, called SQL3. Not expected until the latter part of the decade,
SQl3 will add structure, branching, flow control, error handling, and object-oriented
capabilities to an already groaning SQl standard. Finally, IBM is developlnq its own
standard for database access, ORDA (Distributed Relational Database Access), which
includes yet another version of SOL.77
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THE IMPORTANCE The reasons for the proliferations of SOL standards are many, one is that standards are'

OF STANDARDS designed to serve only as guides, this leaves-a lot of room for interpretation as a vendor
takes a lanouage specification and implements it in software.

((

This assumes a vendor Is trying to conform to a standard. More often than not, vendors
are trying to do more. The problem is that each vendor has probably made excellent, but
different, decisions about how to extend the $,QL standard.

Wr,.lting standards-compliant code means that developers are using 3-5 year old
technology. If one wants the benefits of the latest technology, one can't conform to
standards: For example, Sybase has had flow-control statements, stored procedures, and
triggers in Sybase's Sal dialect since 1987. SOL '92 doesn't have those features which
are the type of thing found in the SOl3 standard. In the absence of an acceptable
standard, database vendors have invented their own.

ENHANCING THE The current ANSI standard for SOL specifies two levels of compatibility: ANSI Sal Level 1
POWEROF Sal a~~ANSI Sal Level 2, which is a superset of Level 1. Additionally, the standard,J.pecif!es

a.beparate integrity enhancement addendum. The most robust ANSI compatibility claim a
vendor can make for its product is with ANSI SOL Level 2 with the Integrity Enhancement
addendum.7a

Vendors are starting to provide enhanced versions of standard SOL that support
extensions such as stored procedures, trigg':1rs, and execution control through branching
and looping. Transact SOL (the dialect provided with Microsoft SOL Server anld Sybase
SOL Server) and PL/SOL (provided with Oracle Server) are examples of enhanced sm.
dialects. . ,. i1
Stored procedures are precompiled SOL statements that are stored on the Sal database
server. A client executes a stored procedure by issuing an EXECUTe PROCEDURE_NAME
statement. This vvay, two words cross the network rather than the hundreds that could
be in the procedure. And since the procedure is already optimised and compiled, the
server does not need to spend additional time on these tasks. Frequently executed
qUeries art) prime candidates for stored procedures.

\; . y\
\

Triggers are similar to stored procedures and execut=, in response to a database event.
When a trigger is associated with an SOL staternent.ja set of commands is executed every
time the SOL statement is executed,

As SOL grows larger and more complex, the standards' bodies are taking longer to ratify
them. In fact, the glacial pace of ANSI is largely responsible for the Involvement of
industry consortia like SAG and X/Open in the SOL standards business.

CLIENTS

PROBLEM
'. (i. \\ . . .. _..- ',_

t!1 most firms,. lmpertsnt data is' ~pattered. among muiliple com,mterll, fr.om..PCs to
mainframes;'·",lnd among more then one a~plication or~t:l8MS. },

"/~\
\1 _ __ _ _ _ -__ _ _- __ __ _ ''0'

With the grO'iNing popularity of SOL databases on virtually every platform imaginable, the
use of proprietary APls (application programming interfaces) for data access and \.
manipulation presents more and more of a problem. A front-end program developed for
use With one vender's back-end engine cannot be used with another's, and application
developers must spend costly time learning many Variants of the same thing.

Users, however, are more interested in the ends (acq!Jlring the data they need) than the
means (navig!3tlng network directories to locate the data). That's because end users need
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true cormectlvltv=transparent access to data so that one can find what one needs as
quickly and easily as if it were stored on the desktop computer.

CURRENT Even if the market's competitive pressures forever deter the universal adoption of a single
StTUATIO!\J SOL standard, database and tool vendors are looking at other ways of nlaking life easier in

the client/server environment.
"I do not see the SQL standards as too lmpcrtant," says Ron Wolf, product marketing
director for sal database vendor Gutpa, "The next step down-the programming interface-
iJ3 where significant things are happening. Those standards are quite a bit more useful."

The programming interface-ref! '~d to as the API or the eLi (call-level interface I lets
prograrr.s communicate with a database using function calls instead of SQL statements.
Where SQL standards address data access and manipulation, API standards deal largely
with connectivity issues: connecting th~ client to the database and exchanging SOL
messages and data. A common APt for SOL would make it less expensive for developers
to support several different databases, making their tools more affordable. However, a
common API may prove elusive, given market realities,

While individual vendors have always provided these kinds of connectivity solutions for
their own products, these 'solutions' have typically been proprtsterv and not 'open', so
they could not be used with products from other vendors. One could not, for example,
searnlesslv build a report based all data stored in databases from two different vendors.

To provide that seamless lnteropereblllty, one program must support another's APts
(application programming interfaces), routines that can be 'called' to perform some task in
a standard, predictable fashion.

tHJ; COMPQNt;I')lTS OF AN API An API is nothing more than a syntax (a standard set of
functions) that is used by developers for a particular task. An API used to access Sal
enginas is a set of functions that standardise ocmmurrloatlon with SaL back ends. With
the exception of preco'mpiling, jhe API has little or nothing to do whh a particular sal
dialect, but rather the manner in which SOL is passed to the engine and results are
~~~ - .

,;...,i) . '>. "
For example, one engine might have a three-parameter function called dbEXr:C for sending
SOL commands to the engine. Another engine might have a function with a similar
purpose called SQLRequest that takes two parameters. In the case of the function with
the third parameter, results (perhaps only partial) will be retrieved as part of the call to
send the SQL statements. With the other function, though, a separate call is required to
retrieve results. These seemingly minor differences can cause a great deal ot frustration
for a developer attempting to build a back end-Independent appllcatlort.s?

The simplest road to transparent data access is to connect to the same vendor's SOL
engine 011,different platforms. This is relatively simp.!e because the. A?I remains t)"le same
and onlv the platform ,changes.>Vendors thatiprovide versions of their products fbr
multiple platforms (and most do) generally"provide communications software for accessing
data stored on other/platforms. A. company that uses one vendor's SOL engine on all of
its computers will h$ve an easier time integrating) its databases than Will a company which
uses products from multiple back-end vendors ...

The ra'aIlW, howr,ver, is that most companies use' software from more than one (~'endpr. A
company's database software Is usually purchased piecemeal over time rather than With
an overarching grand plan, and most companies do not have the luxury of throwing out
their existing software to adopt a new, standardised system on nil platforms. In general,
transitions to new database software are made incrementally, if they ,are made at all.

SERVER A.Pls::::GAI~ Gateways, software that provides transparent access to the
databese englne$1of many vendors, are semetirnes developed by database vendors
themselves in an"effort to bring ~roredevelopers into their fold. While such libraries are

------------------'~ !)
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Technologies builds gateway features into its engines that enable developers to write to
Gupta's SOLBase API but specify that these calls should be 'passed through' to another
Sal engine.

c
Most gateways, though, are provided by third-party vendors. Using a DB2/Gateway, it is
possible to move an appllcationto D132or anot~,er format without even recompiling the
code It operates by intercepting calls to dbLIB and translating them to calls to the host
system.

Like users, vendors like transparency. The fact is, no matter what DBMS being accessed,
there are certain common taska-such as opening database files and retrieving or updating
data-that every client program neitls to do. Standardising on an eXisting API is a good
approach because then at least one engine's features will be fully accessible. But there
are cross-format advantages to using a non dedicated API.

SOlUTION APls, just like their underlying programs, are evolvlnq-eand Windows perhaps is the best
example of this. Its API is so complex that Microsoft has divided it and named each part:
there's ODSe (Open Database corrnectlvttv) and MAPI (Microsoft's Mail API), for example.
MicrO:Joft has even coined a new term, WOSA (Windows Open Systems Architecture),
Which refers to all of the individual Windows APls.s1 (.

The solution? A common API for database access. And this is where Microsoft and
Borland's open database APls enter the picture. Based 011 a common subset of the ANSI
standard. these havebeen criticised for taking the IOW6s~-common"danominator
approach, wh!9h doesn't exploit the features of a databas'e, other than perhaps the
developer's own.

Rather than evolving from an actual product, these committee-designed standards
originated from.paper. It will be the responsibility of each vendor to create compliant
software. Microsoft's new standard is called ODBC; the Borland version is called ODAPI
(Open ,Database Application Programming Interface). OD13Chas been completed whilst
the .iore ambitious CDAPI standard is.further off but Intended to support non-relational
data access and object-oriented datablpse technology. Both standards provide the
following:a2. \"

• A set of standard tunctlon calls··ialAPI) to al\~w applications to connect to a database
management system, execute SOL statements, and retrieve results. It would be the
responsib!lity of each engine vendor to release a driver that complies with the standard,
The drivers will take the form of 'wrapper' libraries that translate the vendor-specific

;) calls into the standard API. This will preserve the utility of existing applications that call
the old API.

• A speelflcatlon of sm. syntax and supported data types. One. of the major requlrernents
for successful cross-engine interoperability Is the standardisation of SOL langu~ge
components, This Wi.1I probably~be the greatest stumbling block t() transparent data
access because of the need to ~reserve ~xisting functionality .

.; • A standardised set of error codes and stat~i1atdised error-handling procedures and
behavior.

If the computer industry as a whole accepts one of the standards, the number \:r,'f
applications supporting access to Sal databases will mushroom. Providing access to sc
many different standards is a developer's nightmare; a single API would greatly ease the
task. In m,id '93 Oracle announced ltssupport for ODBC, providing a good indication that
this may \I\I~Il(ibethe race.winner. II

II ..- ../
The differences between client APls and server APls is llluettated below. The common
API allows for the replacement of the server API, as well.as gateways and third party
connectivity packages where the client supports this commonalty •

.~.
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The RQleQfAel$.

.Q.J.lB.Q The core component of ooae is a generic 'driver manager' that rides herd over one
or more drivers for the specific data sources to which ODSe gives access. A Windows
program called the OOBe Administrator registers and configures data sources.

SAG Speci!ications: opsc follows closely the recommendations of the SAG (SOL
Access Group). That consortium has specified both a standard Sal grammar and an API
(or call level interface) that clients use to connect to and Interact with servers. CDBC ;::<:.,
drivers can and do differ in their degree of support for the SAG specifications. In terms of
SaL grammar, for example, ttl~ ODaC specification defines three ccntormltv levels:
minimum, core, and extended. With respect tc,)the APi, the specification defines core,
level 1, and level 2 conformity \, In both cases, the term core denotes SAG cornpllance,

While the drivers fall tall short of the SAG core in terms of SOL grammar, they exceed it
with respect to the API··both conform to level 'I. The core API provides only basic
connection, query, and commit/rollback semantics,' level 1 addu data dictionary APls,
options for controlling connections and statements, and driver specific connection dialog
boxes.lIs .
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Driver Closses: ODSt drivers belong to two general classes. Single-tier drivers
(e.g., the dSase driver) process API calls and implement SOL directly. Multi-tier drivers
(a.q., the SOL Server driver) process API calls but pass Sal statements to a server, To
programs and users, though, the data sources these drivers present look and act just the
same.

The dBase driver is, literally, a dBase engine driven by an Sal syntax. An instance of the
driver points to a local or network directory that contains one pr more dBase files. These
files appear as Sal tables that can be joined and updated. That gives ODSC programs
more control over d8ase data than some full-blown Xbase products offer.

While ODSC is being billed primarily as a means of connecting to enterprise data, its flat-
file support will also greatly benefit applications that create and manage private data. It's
a trivial matter to create an Xbase table, insert values into it, and run queries against it. A
communications program that might otherwise implement its own proprietary database of
modems or phone numbers can now use what will be, in effect, a Windows API for
persistent storage. If the program later needs to migrate that storage to a qifferent flat-
file format or to a server, it's no problem. Multi-tier drivers connect ODSC cuents to
servers directly or indirectly through gateways. The driver might involve itself in low-level
cllent-to-server communication, but it's not required to do so, The Sal Server driver, tal'
example, leans on the same named-pipes driver and under lying NetSEUI or IPX transports
that other Windows-to-SOl Sery-ef agents use. The proprietary SOL Server API can be
discarded since the ODSt API replaces it. That's irrelevant if only using SOL Server, buta
huge advantage if there are plans to migrate to Oracle, NetWare SOL, or some other
server.

How does OO~C handle features that are specific to individual serveis? First, there's a
notation for sM. dard SOL extensions such as date/time literals and outer joins. Most
servers offer these features using a proptletarv syntax; ODBC's 'escape calluses' enable
programs to use them portably. "Second, ODaC will pass statements that don't conform
to lts notion of SOL grammar straight through to the server" Use of sOch grammar is then
110 longer portable, but applications can exploit vendor-specific extensions through OOBC.

I(ey ODSC Objects: From a programmer's perspective, the. key OOSC handl~-based
objectives are environments, connections, ahd statements, ThereIs one environrr(e'n,t per
application instance; The envlrortment maintains state {br one or more connections, SQ a
program can talk to dBase on connectlon handle 1 while it talkS to Sal Server on -
connection handle 2,. (Connections can't be mixed, though; there's no way to join a
dSase table to an Sal Server table.) With a level 1 driver, one can control options such as
the auto-commit mode and the transaction isolation level on a per-connectlon basis.
Given a va;·..j connection, one can allocate a statement handle that is then used to submit
Sal text and retrieve results. Options one can control at the statement level Include
asynchronous processing, query time-out, and size (In rows) of the maximum result set.

As connections and submit statements are negotiated, the driver manager track!" state
translttons. It will report an appropriate error lf, for example a program tries to call
SQLFetch before "executing a query, (Because the drlver-rnanaqer.handles this chore,
specific ODSC drivers don't have to=a benefit ofthe layered drivei- architecture). One can
execute a one-Off q\!ery ulrectly, or prepare a query for deferred (possibly rep'~titive, .'
possibly paiaru ...... .sed) use. One can also choose to bind application storage to result

;; columns in advance of a query or to transfer data after the fact. With a level 2 driver, one
can use a scrollable cursor and can control its sensitivity to change in the underlying
tables. Most flexible is a keyset-driven cursor. ln-thls case, the driver stores keys for an
entire result set and uses the cached keys to detect deleted or changed rows. A mixed
cursor extends this treatment to huge result sets by maintaining a virtual kevset,

'>'~:"

_QQMPLICA1'IQI\I.s. As expecte~ upon ODBC's inception, other major vendors, notably ~orland
With IDAPI (Integrated Dat~)aseAPl) and IBM with DRDA (Distributed Relational Database
Architecture), proposed alternate APls. Then software publishers started choosing sides.
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Only time will teH which database application supports which API. While a handful of
major APls is better than having different ones for every DBMS, it takes time to w_rite code
and test the driver that links a product to all the supported OBMSs through a given API,
ODSe drivers have appeared in products such as Access, Visual Basic 2.0, and DataF.ase
Express for Windows 1.1 .

~,

One of the emerging problems with ODSe is that it's confusing: There are just too many
levels at which a program must be complaint with oose. Not only are there two separate
areas of cornpllance-Baslo ODaC S(lL GrE!mmar and the OOBC API--but each has its-own
additional levels as well. The other problem with ooae is more. straightforward: The'\~nitial
drivers just don't deliver acceptable perfonriance.

While Borland's IDAPI specification has attracted .key vendors like 113Mand NC.\Iell., neither
the specification nor any IDAPI drivers were generally available by mid 'e3. l3or-!:;lndclaims
IDAPI will be more 'robust' than ODBe and that it won't be limited to Windows "front

.:::::~ ends. Microsoft counters that ODBe is being extended to include Macintosh alid other
platforms. Borland also claims that iDAPj will offer a better interface to non-SOL data
than OOBt does.84 .

It's top early to tell which API will prevail, or how the two will coexist. Market
momentum seems to be on Microsoft's side. ODBe got off to an earner start than IDAPI,
and more vendors-Includtnq Apple, Lotus Development, Gupta, and Ploneer-vare
committed to creating OOI3C drivers. But early OOBe 'drivers are beginning to make
people wonder if ODae can ever ftllly deliver. -"

Mlcrosoft's products-Access, Visual Basic for. Windows, FoxPro for Windows, and SOL
Serv43r~~el~heralreadr1have or will soon have ODBC driversr as does Oracle--arguably the
industry serve.r leader, Borlqnd's products-Paradox for Windows, dSase for Windows,
Int6rBasa, and Quattro Pro for Windows--will all inter-operate With IDAPVdrivers. That's
about all, that is known know for sure, butthe success and capabilities of all Microsoft
products \"bver all others, and its impressive marketing muscle, provide .{;?- certain degree of
confidence In ODBC--it'll survive even if it's not optimal, '

NETWORKS

Network transparency Is facilitated through protocols as were discussed extensively
above. t!o~,

if

o

An MSc EI'iQOlsserlallon Submitted by C Barker @l 104 ,.



o

An MSc Eng bl$sarta~on Submitted by C Barker ~ 105



--<_........,,..-- .J.!ThWl8.r;.f'/I./lapl<lJ!!!laCal/..Jl!!!llIIlJJJ;p!Q!I!I!DlltODUltajIJJtlJJJ;onUc:Lf 'I!!JOflQJo'i!!lmlllatlll/JQo[!_Tutec!illh!!llQolllllp!llloy,-,iOLUa..,B:utQa"","",WjlJQTjJ.Iicl ... e'UlIWmITQ.wnmW;eO!JoJ...t -_ ..... , ..... _. _ ,e I)e_
1/

METHODOLOGY

In hindsight, the author do/.esnot necessarily
support the following guidelines, but rather teH~'itthClt in politically volatile environments
like international concerns, a 'play·it~by·ear· or more intuitive approach is necessitated,
and that the flexibWty must exist to be able to adapt ones strategies as required.

o

The following section is not an overview of
how the implementation of IT within
Vandenberghs progressed, nor how it should
have progressed, but rather what the industry
has to say about how IT should be
implemented in a typical environment. How
this method was adapted, what guidelines
were fpllowed, and what political stances
were adopted Is covered in the torthcomlrm
section on the implementation--the ourrer ••
section simply being a literature survey.

However, some. lmderlying principles do hold true, and an atterript has been made to
concentrate on these below, whilst also highlighting those that would apply in a:jarge,
somewhat bureaucratic, concern like Vandenberqhs.

NOLAN'S IT IMPLEMENTATION LillI; CYCLE

One of the most widely known theoretical constructs in the IS field is Nolan's stage
theory. In 1974 Richard L.Nolan and Cyrus F.Gibson, both Harvard professors, described
how a firm's computing activity evolves through four stages ....inltlatiort, expansion,
formalisation, and rnaturity. In 1979 Nolan elaborated on the model, expanding it to six
st..:gElS.8SThe table shows these stages in terms of the applications portfolio, the IT
department organisational structure, planning and control. and user awareness. A
movement from the bottom (eft hand corner, to the top right hand corner represents how
the firm spends all increasing amount of money for the computer installation as US!;)
evolves through the follOWing phases

Growth Initiation Contagion Control Integration Data Ad- Maturity
Process ministration= RetiofltiIi1gApplications Functional PrOliferation Upgrade OrgQnisatlon Application
Portfolio cost reduo- documen- existing ap- & integration integration

tlon appllca- taticn and pllcatlons of appllca- 'mirroring' In-
nons (2, restructul'lng using data- tions formation

of existing base tech- flows
applications nology ~ ....

Organisation spectallea- Ussr-orlanted Middle man- EstaJ:tllsn Data admlnk- Data re-
tlon for programmers agemtnt computer '\ stratton source man-
technological utility a\1d agement
learning ,J$<'t acc(lui\~

!~earr~ \\-J-.::.:,,- ({
Planning &. I Lax More it'x F,",,,",,' J"I'iI!!!!n\ S,,'jed, d!'la Dot' re-
Control planning _Ill?,u plar!!::!J19an'~1 ft~d'br~b,'ol\ ,.'~-l!rce stra-

00,.,,/ <>in"", -"'''', 'Y:"m~ q""'" "",, - >/ I taml1 '. L olng r

User Awar~. Hands off Superficially Aff,$;ri,r fAO;;;;~"""", 'A'''m'"''nll!ss enthusiastic h9td ~c. lty I~lm)i\'\g acr.:ountabla of Joint user
jfountable '\, and data
/( \ ' processing1 I accountabll-

H ~ -
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--eee--The computer"'iS\~sualt~ ...istalled for the purpose 'Of reducing costs. It is frequently

located inr,t© aC&~i~UIJ!tingdepartment since data processlnq apPlica#;ons dbmiQate, In
some cases a sepa'r'a'tecomputing unit is established.

'-,<,

'I)

INITIATION

CONTAGION WOld quickly spreads throughout the organisation of t~e advantages of using the
computer. New applications are added without any overall plan, and the size of the
computer staff grows to meet the demand." .',

,,,\~~r~')~~5lManagement becomes alarmed at increasing computer costs a,nc!institutes cont~ols. In
. addition, management decides that some of the lnvestrrrent should go, into decision

support.

INTEGRATION Systut11Sthat were :jmplemented separately dYring the SElCOrt9"stf.lg~ are integrated so that
data flows from one to another,

DATA Management becomes aware of the irhp,ortance of the database to both data pro.cessing
ADMINISTRATION and decision support. DBMS software is implemented to mani)ge the data resource.

_ /;

MATURITY At this point, all .of the major IS component# are in place. :An executive committee
()exercises overall control; information servid~s is a majo~(fu~,ctional area of the firm, user
areas exhibit both a computer and an information Iit,(\1racy,terminals and micros are
installed throughout the company, and end-user cqmputing is a reality. ,;-} f-:

"~,:J ;';:, (»)-/,J
1) -; ' "/,;: f"

In addition to descrlbinQ the stages in this manner/Nolan also !1lovided~.I_!l~..:';lE!1(~.mentwith
some benchmarks so that it could determine the stage that th:e,Jir~il:a'!ffeached.

\\

THE MODifiED LIFE CYCLE

While stage theory is intuitively appealing, not everyone bought the concept. In 1983,
o H Drury, a professor at McGiIi University, subjected Nolan's model to a field studv of
144 companies.a6 A mathematical analvs.s of the data failed to support the collectlve use
of the benchmarks as useful indicators. However, Drury recognised that "there is
evidence that the benchmarKs are of interest individually in splte of their collective
difficulties." Other criticism carne from professors John L Kinb and Kenneth L Kraemer of
•.the UniversitY' of California.(17They addressed Nolan's basic assumptions and concluded
that the theory failed to explain why computer installations evolve as they do. However,
they did credit the theory for making two theoretical contributions:

~ It recognises that growth,.of cornputlnq is influenceq_;,by forces both inside and outside
the organisation. :

• It recognises that management alternately follows policies of tight and lause control in
an effort to maintain equilibrium. When allowed to grow, the computing resourcf
expands rapidly and is brought back into line by tight control.

Nolan's model most likely Is not a precise instrument that a firm's managers can use to
gauge the progress of their particular is. However, it recognises two simple facts, that
computer use becomes marc sophisticated over time and that the firm must attain a
certain level of sophlstloatlon in the areas of control, integration, and data administration
before it can consider its computer use as mature. With this understanding of the long-
term evolution, the adapted life cycle model emerges.

(/

We can define the svsterr. life cycle as the evolutionary process that is followed in
il"Qplementing a computer-based information system or subsystem. The letters sLC are
often used, as are the letters SOLO, for system development life cycle. There is general
agreement among t.(~mputer systems ~xperts that the system life cycle is an accurate
description of the implementation tasks that must be accomplished. The only
disagreement comes in the number of steps and their names. Each authority tends to

(g) 107An MSo EllS Dlssertetlon Submitted by C Barker



Q

--_______ ---';.,._,... __ Twhe"-'P:Jj;ra""C!llilleQu.;!lu.umll1lplo".,mll!ll:entl1l.l,Qo..l!fJn!QlJl)aUoQ;rechnologvJn.ll.~~l!lJnm"",oncu.t_~ e e c-oe
describe the process ~)a sligptly different rnanner- A close inspection reveals, however,
that all of the descri[;ions foll~w the s~me gener~1 pattern. T.~~ ~attel'n is based o~ the
systems approach-unoerstandtna that It has to b~ done, cOr\sltl\)rmg alternate solutions,
seleGtlng the bsst, implementing itt and following up.BBThe more favoured lntsrpretettor
of the system life cycle is summarised In the following fipwe.

'iI'
if
U.. .: ·.'

I..·,.tJ~~nlll~l

Control i;~""::>1
~ __~ I f

:~ll"m"'Pa-I~"'i~""~'*IIn;'ll\lt-"'.[CQrt~ "~j~,"":>1

AnalysJs
J~tdesign"

It is the responsibility of the manager in the planning phase to define the problem to be
solved 01' the objectives to be :...:hleved, and information specialists provide support.
During the remaining three phases, the manager provides control oyer the processes that
are performed by the information specialists.' Analysis arid design cdnslsts of a system
study that is conducted by the systems analyst. Implementation involves all of the
information specialists who assemble the necessary resources, Finally, the information
. speclallets, primarily the operators, make the resources available to the users. This is a
'traditional Interpretation of the system life cycle, which Is characteristic of a malnframe-
based installation where most of the work is done by the information specialists. The
trend to end-user computing blurs, and in some cases completely erases, the dwindling
Hne between the manager and the specialists. The manager :;>er7ormsail of the activity
wh8n end-user computing is implemented to its fullest. The sequential life-cycle process
is also presently undergoing change. as the result of other influences, First, prototvplnq
dictates that certain of the steps M repeated in an interactive fashion for each prototype.
Second, CASE tools are shifting some of the workload from the implementation phase to
the planning and the analvsrs and design phases. These trends are covered later.

RESPONSIBILITIES

Some person or persons within the organisation must have overall responsibility for the IS
project. This should not be the CIO (Chief Information Officer) who is responsible for the
firm's computing resources, but rather one or more executives who represent the potential
users of the new system.tI9 When the new system is broad in scope, such as a company-
wide commitment to MIS, OA (Office Automation), or E1S(Executive Information System),
the president may decide tc 'I"!ad the project. As the project scope narrows, the likelihood
increases that lower level executives and managers will provide the leadership.w

,I{

THE MIS Most firms like to lise comrrdtteos as a means of pooling knowledge for solving problem'}
COMMITTEE or carrying out projects, and for improving ccrnrrnmicatlons. When the purpose of a

committee is to provide ongoing guidance, direction, and control, it is called a steering
((
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committee. When 'a firOl establishes a steering committee for the purpose of directing the
use of the firm's computing resources, the nam~ MIS committee is frequently used. The
MIS committee is ongC"ing~- its membership is relatively stable, wit.h members serving
until tme president decides that a change is in order. Permanent members usually Include
the presidel1,t and the vlce-presldents, including the e::O. Temporary members in,clude
lower level managers and oonsultants who are involved with current systems projects.

". -

(,"

MIS COMMIIIEE EUNCTIQNS. The MIS committee establishes policies that ensure computer
support for the objectives of the firm. The committee also provides fiscal control by
serving as the approval authority for aUrequest~iJor computer related funds. In addition,
the committee resolves co, .Hlct$ that arise withl!) the film concerning priorlties'for
computer use,l11

liTEeRINGQOMMITIEE ADYANTl\Ga~ A number of advantages accrue from the steering
committee approach. It centrallses authontv over computer use where it should be--at the
top management level, Top management is actively involved in tfte computer effort, This
lnvolvernent InCreaSE)~the likelihood that the computer will be used to support users
throughout the firm ~nd that computer projects wiH be characterised by good Illanning and:
control. ! '

...;The $teering committee serves as an information conduit connecting the executives, the
" users, and the information specialists. The committee enables each group 1:0 better

understand the needs of the others.

PROJECTT~AMS The MIS committee seldom gets directly involved with the details of the systems being
implemented. instead, that responsibility is given to project teams that implement specific
systems to meet the needs of Individuals or groups within the organisation. Project team
rnernbers Include both managers and non-managers who will use the system, as well as
information specialists. The team leader provides the leadership throughout the life of the
project. Unlike the MIS committee, the project team is rernporarv, it is disbanded When
implementation is completed, ,)

The follOWing discussion assumes that the cycle is controlled by an MIS committee
working in conjunction with project teams. Whilst recognising that such an arrangement
does net exist In all firms, this practice is prevalent in the company subject to this report's
investigation.

Pl,ii\NNING FUNDAMENTALS~-U __ ~ ~~ • ~ ~~ ~~" _

(J

Implementation of a IS or a major subsystem is 'a large-scale activity involving many
people and facilities, much money and equipment, and considerable time. The IS project
can require as many resources as the development of a new product or the construction
of a new plant, and it should recelve the same degree of planning.92

" ;!

BENEFITS FROM The MIS committee and the proj~~t teams anticipate that planning will yield the following
PLANNING THE IS benefits:93

PROJECT
.IlWN1U'.I:m~a.ru:....rtiEl!.fl9..1.ECI Which organisational untts.oacnvltles or systems eta
involved? Which are not? This information provides an initial estimate of the scale of
resources required. ':, ,~ I,

Y: ',i

ReCOGNISE eQTENlr.8hfa~ Planning will point out things that might go wrong<so
that t~!3Ymight be prevented.

AJ Mal'Y separate tasks will be necessary to ,implement the IS.
These tasks are arranged in a logical sequence based on information priorities and the
need for efficiency.

-------_._._--.----- ........--
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should be specified in advance, Each project team should define what needs to be done,
who will do it, and when it will be accomplished. The team should make these specifics
available to the MIS committee so that the committee can exercise eontrol throughout the
project.

Management invests time in planning with the anticipation that it will pay dividends later
in the life cycle.

ALTERNATE There are two basic ways to approach a IS project. One is RIOobjective orientation where
P[,·~NNING the firm uses its objectives as the starting point. The other is \.. ;'lroblem orientation where

ApPRQA(N-I~S the firm designs an IS to address specific problerns.s+

\\
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If the firm does not have good objectives, they must be defined before proceedlnq, thart
the firm must determine whether it is meeting its objectives: If so, there is no need to
alter the IS?, If the firrn is not meeting its objectives, it must choose between the two
planning approaches. The choice depends on how well the IS is handling the major
problems. If the IS is doing an overall good job, the existitlg system need only be modified
to better address specific problems. If, on the other hand, the IS has serious faults, the
firrn needs a fresh approach and should follow an objective orientation.

PLANNING PHASE

RECO~~isE tHE
PROBLEM

o

The need for a IS project can be recognised by the firm's environment, the firm's
executives, lower le.vel managers, non-managers, and the firm's information services staff,
l'ldivlduals and grollps in the environment will often be the first to recognise a need to
iMprove the IS. Customers, suppliers, the government, the financial community, and
stockholders call weaknesses, and often strengths, to the attention of persons within 'the
flrm-ottan top managers. IS projects initiated by the executive's have two
characteristics. First, they tend to be broad in scope, affecting the entire organisation.
Second, they result in svstems that Influence the long-term performance of the firm.96
Most requests fOI IS projects probably originate With lower line managers. Being in dailY
contact with their systems, these managers are quick to notice both difficulties and
opportunities.

Non-rnananers, such as secretaries and factory workers, knoIA 'he details of their systems
better than ~nyone. When these employees do not.take their systems as given and look
for improven1ent :apportunities, they can be a str0ng' force in initiating system change. In
only rare cases will information sneclallsts initiate a 1$ project. The main reason is that
information specialists are seldor{{ on the scene to notice the problem symptoms.
Someone else recognises a problem or potential problem and asks for help.

DEFINE THE Once the manager realises that a problem exists, he or she must understand It well
PROBLEM enough to pursue a solution. However, the manager does'rrot attempt t) tHIther all of the

information at this point, That would require a full-scale svstem study. Instead, the
manager seeks only to identify where the problem exists and\,what the general difficulty is.
If the manager do~'s not Wish to engage in end-user computir.g, then she or he SOlicits the
assistance of the\\information specialists.

SET SYSTEM A logical relatlonshlp exists between the company objectives and the expected
QaJECTIVI:S performance of the IS. The company's objectives determine the objectives that each

functional area, and the lPnaqera in those f::'hctional areas, should attain. The manager's
objectives, in turn, determine their information needs. Finally, the manager's information
needs determine the IS performance criteria-Its standards of performance. For example, a
firm might have an objective of realising 12% return on investment during the coming
year. To hel~ 1chieve this objective, the marketir,9 function might have an objective of
R25 million in :'9Ie$ revenue with operating expenses under R1.2 million. In order to meet
these marketing objectives, the vice-president of marketing might require periodic sales
and expense reports. Later In the life cycle, the report requirements will be made more
specific. At this paint, however, the criteria are stated in only general terms, such as
"Provide a monthly expense report that compares actual expenses with budgeted
expenses for each operating unit." Similar statementa establish the general performance
criteria for each IS subsystem.

IDENTIFY SYSTEM The new IS will operate under marly constraints. Some are imposed by the environment,
CONstRAINTS such as the government's demand for tax reports and the customers' demand for billing

information. Other constraints are imposed by the firm's management, such as limits on
computer cost or response times. It is important that these constraints be identified
before work on the IS actually begins. In this way, the IS design will fall within the
oonstralnts. 96
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CONDUCT A The systems analyst takes the tnformatlon fmm the first four steps and uses it as a
fEASIBILlTV guideline for conducting a feasibility study. A feasibility/study is a brief look at the major

STUDY 'factors Influencing a system, which will enable the manager to solve the defined problem
or achieve the desired Objectives. It is not a full-scale study effort: this study will come
later, after the project's feasibility has been demonstrated.

There are five dimensions of project feasibility study:97 tJ
TECHNICAl. Are hardware and software available to perform the necessary pro~essil1g?

~ Can the proposed system be jiJstified on an economic basis?

~ Will the proposed system operate within leqal and ethical boundaries?

QPERATIONP.il. Is the svstem-deslqn such that it can and will receive the $UPPtHt of the
people who must make it wo.rk? .

~ WiI! it be possible to implement the system Within the imposed time constraints?

The systems analyst gathers the information necessary to ansv....er these questions.
Personal interviews of key employees provide most of the information. In some cases
additional information can be c,htaine.d by searching through records, The intent: is to
gather the needed information in the shortest time and at the least cost.

PREPARE A. STUDY The systems analyst summarises the findings up to this pqint in a study project proposal.
PROJECT If the feasibility study indicates that the IS project should contlnue; It will be necessary to

PROPOSAL conduct a full-blown system studv, The system study will provide the detailed basis for
the design of the new system in terms of what it should do and how it should do it. The
system study will be conducted by the analyst or a team of analysts and will span several
weeks or months. The study will therefore represent a considerable expense. The
systems analyst prepares a study project proposal to provide the manager with a basis for
the decision to incur this expense.

ApPROVE OR The MIS committee weighs the pros and cons of the proposed project and system design,
DISAPPROVE THE and takes one of three. actions as shown. First the committee asks, "Is there enough
STUDY PROJECT information upon whien to base a decision?" If the, answer is "no", the committee

specifies that the analyst gather additional information. Once the committee feels that
sufficient information is available, the golno go decision is made. If the decision is go, the
project continues to. the study phase. If the decision is no gel both the committee and the
systems analyst turn their attention to other matters.

As the committee considers approving the project, two key questions are asked:sa
• Will the proposed system solve the identified problems or etlable the firm to meet its
objectives? ·;jl \,

• 1$the proposed study project the best way \\0 determine the design of the proposed IS?

It is usually easier for the committee to answer the first question than the second. Even
though committee members may be both computer and information literate, they may not
have a good understanding of the system life cycle. In that case, the committee must
have confidence in the ablllties of the information specialists to recommend the best study
approach. It Is here that the political credibility of the manager selling the IS proposal
must be sound, and all the politics of selling come into play.

ESTABLISH A Before the study begins, the MIS committee must take steps to establish control over the
CONTROL project. Whereas the objective of the IS is to satisfy the information needs ef

MECHANISM management, the objective of a IS project Is to. produce the desired IS within both cost
and time constraints. Project control assures that the cost and time ebjectives are met.
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Project control involves the specification of what needs to be done, who will do it, and
when will it be done. .

"WHAT NEEDS TO BE DQ~E The MIS committee uses the feasibility study to identify the jobs
that the IS will perform, For example, in the marketing information system the jobs could
include:
• Product subsystem
• New product evaluation model
• Product deletion model
• Place subsystem war~t~ouse location model
• Promotion subsvstera territory
• assignment model
• Pricing subsystem
• Pricing model

WHO WILL Do If The CIO, representing the MIS committee, next decide" who will perform
each of th¢' subsystem tasks. The general design specifications identify the types of
employees needed, for example, if the warehouse model will use linear programming, the.
persons given that resp,c;lhsibility must possess LP skills.

WHEN WILL IT BE DONE The knowledge of the tasks to be performed and who w;U do them
enables the CIO to estimate how long each task will take.

The specification of the project in terms of what, who; and when a reincorporated Into a
project schedule. The amount of time required for each task Is listed in person days. "A
person day is the time required for ana person to do the job. By assigning multiple
persons to a task, it is possible to reduce the number of calendar days, although not
necessarily in a linear fashion. At this stage of the project, these figures are only
approximations. They are based on the combined experience of the cto and other
information services managers in develqping similar systems.

r, /~.F
V ~

MONITO~\ING Once the project schedule has been established, It is next necessary 1 documef1t it in a
PROJECT form that will facilitate control. There are a number of documentation I.dchniques that

PROGRESS range from simple graphs',to network dlaqrams,

A network diagram uses arrows to represent the tasks and ltne-arrows to show '1.1.. ..
lnterrelatlonshlps, Sometitnes the terms CPM diagram and PERT chart are used to
'rdesttlt;>ethe network dlaqrarn. Prewritten project management software Is available to

/' help tHe manager control the project-not a subject of this report

IMPLEMENTATION PHASE
I'i' . ,

At this point the design exists only on paper; V/1s a model of th~ p~anned system. It is
now necessary to convert the model into a P~lyslcal system. Implementation is the
acquisition and integration of the physical resources that produce a. working system.
Many separate tasks, involving practically everyone in the firm, make up the
implementation effort. 99

PLAN THE A control mechanism established at the end of the planning phase in the form of a chart or
IMPLEMENTATION network diagram should be updated and made more detailed. The managers and

informatlon specialists have a specific knowledge of the system design, and they can use
this knowledge to develop ,~very detailed implementation plan.

ANNOUNCE THE The implementation project is announced to the employees in much the same way as the
IMPLEMENTATION system study. The main objective of both announcements is to ll1eviate employee fears.

The implementation announcement has an additional objective () '!)pealing to the
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SOFTWARE
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PREPARE THE
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employees for support, Many employees will be involved with the implementation, and
their cooperation is is needed.

The svstems-analvsls group has completed the bulk of its work in designing the new
system. Specialists in data communications and database administration also partlolpated
when needed. As the design evolved, recruiting and training efforts were'launched
bring the programming staff up to the heeded level in terms of nurnbets and skill. [Jaw
the programmers are added t(\. the project teams:,

Over the years a well-detailed process has evolved for requestIng bids from suppliers of
computing equipment and then evaluating the proposals. In large cornpenles this process
is very clearly documented and the penalties for non-conformance very!!~vere '; Thus,
once a decision has been made as to what should be installed (the d,etatls of which were
covered in the bulk of the literature survey), tenders should be handed over to the
designated functions.

j/

When a firm decides to create its own application. software, the prOgraml)l~r uses the
documentation prepared by the systems analyst as the starting point. 'Fhe programmer
might prepare more detailed documentation such as data dictionary d~~~riptjons .. The
coding is performed and the programs are tested. The end produc~ the software library
of appHcation programs. Thi!3 sequence of first selecting the hardware and then preparing
the software library fits the situation where the firm prepares its own software. When
prewrltten application software is purchased, the software aslectlon comes first, followed
by the hardware. '.)

Preparation of the database can be difficult when 1'\l, the firm is conv('Irting from a system
of manual files to computer media, (2) the files are large, (3) the files contain very old
data, and (4) some of the data has not been rnalntalned in the. past. The degree to which
any of these conditions exist determines the difflculty of the task. The database
administrator (DBA) should interface with the users during the analysis and design phase,
gaining an lHlderstanding of data needs. When the database schema has been defined,
and a decision has been.made concerhing which computer to use, the DBA can guide the
selection of the DBMS. The DBA advlses the MIS committee which DBMS appears to be
the best, and the committee makes the decision. Once the decision has been made, the
DBA directs the database preparation and-the user training. ')

()

J::DUCATE The IS wJII affect many people. Some will make the system work and others will use lts
PAR'nCIPANTS output. All must be educated concerning (1) their role in the system, and (2) how th,~(

AND USERS system will benefit them. The education program is alrned not only at members of the
firm but also at elements qfthe environment. The education can be p'rovided by' systelr\~
analysts, personnel In other departments, or outsiders such as consultants, Y:

1N.tERNAL l;OtlcAIIQN> Employees on the operatloaal level, such as clerical personnel, factor,1
workers, and salespersons, must learn how to do specific tasks. These tasks Include:
filling out forms, operating terminals, and using output. Managers also must know how to
use the system interpret the output, and perhaps operate terminals. But, more
importantly, the managers must understand the role of their departments In the new
system. They must understand the flow of data and lnfounatlon that links the'
departments.

ENVIRQNMeNTAI. EDUCATION Suppliers and customers generally need more Information on
the new system than do other members of the environment. Representatives c'f the firm's
purchasing and sales departments often communicate this Information in person, stressing
the need for the companies to work together. If any of the firm's employees belong to
labor unions, union officials should be included in the educatlon effort. The sessions can
be conducted by members of the firm's industrial relations department, assisted by the
information services staff. The people who need education and the types of educatlon
that are needed should be identified early in the life cycle. Then, the eduoatlonal
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programs can be scheduled at t~,e appropriate time-lust before the learned material IS
applied. - -

li;

PREPARE The work required to prepare the physical facilities to house the computer depends on the
PHYSICAL amount and type of hardware needed. If only a few additional units are to be installed,
FACILITIES they likely can be housed in existing areas. Microcomputers and smalfniln!computers also

pose no real challenge, If, on the other hand, a new rnalnfrarne or lar~:·:;-t,kli is needed, a
comple.:\'~constructlon project may benecessaey, . -

,,' \:~

A project to C61\$truct computer facilities requires the regular construction skills plus
special technical knowledge. Representatives of .zchltectural and contractor firms, along
with those of the computer manufacturer, can provide the needed expertise. The manager
of computer operations usually has the responsibility for representing the firm to these
outside groups.

CUTOVER TO THE The process of halting use of the old system and starting use of the ne\(\:~I::lneis called
NEWSYSTEM cutover, There are three basic spproachea: immediate, phased, and parallel.10o

" . ;1

i
i.'1. \ .

I~ The simplest apPi:.'\~ch"is to.. ... the old system to the'new one on a
given day. Thi.s Is the least expensive and timeaoilsurnlng bU~\~Sfeaslble only for small
firms or small svstems. As the scale of the operation increases) the timing problems
become too great.

" I(
P.J:!A.'iEtl. If "';,~,~W,1:1'.' :::yztf';''!';cannot-as converted at once, It can be divided into
subsystt:,ms and c(Jl"wcrt~d' a subsystem at a time, A phascJ~cutover nan be followed
within a Single geographic location or among severallocatl{~ns. For example, at the firm's
headquarters the order entry subsvstem can be lmplernented first, followed by the
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inventory subsystem, and so on. Or if the firm has sub-offices located across the country,
each can convert to the new system in succession.

J:ABALLEL. A parallel cutover requires that the old system be maintained until the new one
is fully checked out. This approach offers the greatest security against failure but is the
most expensive since two sets of resources must.be maintained. A big advantage is the
ability to fully debug the new system, using live daJa, before the old system is scrapped.

Once the cutover has been .uccassfully completed, the operations phase begins,

OPERA l'IO~S p,HASE

Shortly after cutover, when the new system has had a chance to settle down, a post
implementation review is conducted to evaluate how weil the system is satisfying the
performance criteria. This review is repeated, perhaps on a yearly basis, throughout the
operational life of the system. Ideally, the reviews are made by an unbiased third party
such as an auditor or consultant.

During the time a manager uses the system, minor modificatiqns are made to keep the
system current. For example, a tax rate it) a payroll system is updated to reflect a change
in a tax law. 'Such activit'l is called system maintenance and can account for a large
portion of the information services staff time. At some point, the system will need major
repair Or even replacement. When that happens, the life cycle m repeated \0 produce the
improved or new system.

INt:lUENCES ON THE LIFE CYCLE
r- -,

Two Innovations in system development are currently exerting influences on the tradi1~io;nal
life cycle approach. These Influences are prototvplnq and CASE.

PflorOTVPING This is useful when lmplemantlru; expert systems and executive information systems. A
prototype provides the developers and the potential users with an idea of how the system
in Its. completed form will function. The process of producing a prototype is celled
prototyplng, and it Is best suited for those situations where the user is not completely
certain what he or she wants. @yproviding a prototype, the user is better able to see \I

what the possibilities are, and this better understanding can trigger more exact
speclflcatlorrs,

{\
Prototyping steps run as follows:
• Id(m~if'f user needs: This is accomplished by the systems analyst, primarily by means of
personal interviews.

• Develop a prototype: The systems analyst and the programmer use prototyping tools
such as 4GLs (4th Generation Languages), DBMSs, electronic spreadsheets, and
modeli,"lg languages. The strength of prototyping lies in ensuring that the initial attempts
are on a much smaller scale (less work to be redone/expanded upon), yet must cover all
of the system's potential.

• Evaluate the prototype: The analyst and programmer educate the user in prototype use
and give the user an opportunity to become familiar With the system .

• Determine if the prototype is acceptable: The user advises the al\<~vst and programmer
whether the prototype is satisfactory. If so, the next step is skipp~d.

• Revise the prototype: The analyst and programmer make changes to the prototype as
recommended by the user. The revised prototype is made available to the user, and the
previous two steps repeated •

• Use the prototype and replace with operational system: In those cases where the
prototype contains all of the desired elements, the prototype becomes 1.1- e tj:)eratlonal
system. In those cases Where the prototype is only a shell of the needed system,

"
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lacking certain elements, the prototype will serve as the blueprint of the operetlonal
system.
I',

THE AURACTl.QJi..QE paOIOTVP.IN.G. In 1S89 consultants J M careyand and J D Curr~y
surveyed over ninety flrms.of all types to learn their experiences with prototyping, They
identified six attractions, listed below in order of their frequehcy of mentlonr'?'
• Better USer involvement "
• Define requirements better
• Get it working quickly
• Design on-line processes
~Determine project f3asibiUty
• Test new technologies and tools

o

\)

In explaining the difference between prototyping and the traditional life-cycle approach,
most responcents mentioned the user, along with words like see, feel, and touch.

tHE PIIFAllS OF PROIOIYPING Carey and Currey also identified the difficulties in taking a
prototyping approach are listed below, in rank order.

• Keeping the scope of the project under control
• Managing alterations to the system
• Lack of established guidelines
• madequate development controls
• Inadequate ePRlicati(m controls II
• Lack of dooumentatlon
• Inability to use as an operational system
,0 No standard task list .
• End-user drift

/)

it
The term quick and dirty is efts: used In conjunction with prototyping. It appears that
such use is justified in those cases when a system is produced that includes inadequate
controls and documentation, However, those deficiencies are due to lack of discipline
rather than to wE;aknesses in ..prototyping. The persons doing the prototvplnq-the ..
information specialists and perhaps the manager working alone-can be disciplined to;j
include controls and provide documentation before the system becomes operational. Such
discipline is established through the firm's policies.

eruu.QJ_~ tHe SYSTEM LIfE cvr~ Some disagreement ~ists concerning whether
rototyping can coexist with the system life cycle. Some autht.:.tities believe that the life
cycle is completely replaced. One position is that prototyping can replace the shorter term
life cycles of individual subsystems within the IS, such as DSSs (Decision Support
Systems) and expert systems but that it does not replace the !lfe cycle for the IS as a
whole. The prototyplng activity comes during analvsla and deslqn, and, to a lesser extent,
during planning and Implernentatlon.w-

CASE--------.-----~------.---------------------~~-----------------------------------
~\

Computer Aided~oftware Engineering (CASE) has grown from a tentative exploration of
assisting program~, to full blown packages that interface with 4GLs to the point. where the
distinction becom~s blurred.

A prevalent exemp~ of this Is Oracle'. aew Cooperative Development Environment (COE),
released In August ;·;1993,where a case tool is used to define the application through
management orientdd schematlcs, and the application is th~n generated through the 4GL.
The 4GL level can be use~ as the starting polnt for more spe))ifiC tasks and jf the CASE
module is considered too+: for the concern. Oth~~,:(jbject oriented programming

Ii---_. -------
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4GLs also take on the appearance of a CASE tool when modules are laid out as flow
diagrams, wltn conditional modules being placed on each branch option.103

CASE tools are a subject fn the~;elves, and it suffices to say that they have (~ fairly
significant effect on the' life e\,cle in that they make many steps redundant, and render
other superfluous due to the GI'lSeof being able to jump forwards with row repercussions
should any mistakes be made. CASE tools are becoming a practical reality, and further
bring closer the holy grail of cross-platform applications that can be designed once, and
compiled for several different operating environments (as with CDE).

DOWNSIZING SPECIFICS

IT lmplerrrentetlohs are often involved with the migration of mainframe systems to PC
based client/server archltecturea-downslzlnq. Whilst this was not the approach applicable
to the subject of this lmplementatlon project in Vandenberghs, it does represent a
significant portion of the. industry literature into IT and its implementation, and downsizing
savings is the single largest contributor to IT justification in irJustry. For completeness,
some guidelines/considerations are discussed below. .r-

Reviews of downsizing scenarios, both locally ard internationally, reveal certain common
threads, some positive and some negative. Perhaps the most significant of these involve
management issues rather than technical rules. Four general rules crop. up repeatedly in
the literature related specifically to downsizing.104

MANAGEM!=NT ,Make sure to have top management support. Downsizing essentially entails downsizing
SUPPORT the IS culture -thls.Is a management issue, not a technical one. Therefore the need to

secure the co-operatlon of c"Ith technical \.lnd management staff. is crucial. Gaining top
management support where 'top' is defined as company president should be no problem.
After all, what top executlvs :s going to reject a plan that promises budgetary savings in
addition to a data processlng'rnovernent toward commodity and away from cult status?

IS DEPARTMENT
RESTRUCTURING

Reorganise, distribute, refocus and downsize the IS department. The nature of an
organisation is likely to change substantially as dlstrlbuted network basefl computing takes
hold. Changes will occur in the business units using new systems as we}( as in the IS
department that is developing (at least partially) the new environment. The concept of
business process re engineeting concerns what happens in the business units as new
communications and computer systems take hold, tvplcallv, the end result is an
organisation thafhas fewer management layers in the organisation hierarchy.

Data processinq techniques are now coming full circle and changh1g the culture,
organisation and approaches used by is professlonals, OVer time, the size of the typical
corporate IS department will shrink as users become more intimately involved with
computer-based systems. In addition, the focus of the IS department has to change--
away from applications and towards networks and databases. In other words, the
successful data processing department of the future will focus on databases, connectivity
and standards. The development of most of the client side work will be left to the
consumers of these new. systems.

In the past, the IS professional was concerned with the main frame. That concern will be
replaced by the management of shared data and networks. Previously, the typical user
department was concerned with a dedicated mlnlcomputer that ran the department
applications. Now the user department will be dealing with a series of applications that
lUtl on the client workstations and are, in turn, supported by data accessed locally over a
LAN server or remotely through wide area net works, distributed data bases, information
warehouses or ot~er appropriate technologies.

lU 11 aAn MSc I:n.9Ol$~erlation Subnliltlld by C Barkar
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dealing with something very different. Depending on the,,,user's background, he/she will
be accustomed to working with mainframe (slave terminal\.";or independent PCs). That
user will now have non-personal computers that sport graphical interfaces and run client
side appllcations against shared databases or sources, very different to the clerical-like
controlled environment of dumb terminals. .

r,

s~;:~~DIVERSITIES Staff carefully, include both PC and mainframe people on the implementation team. A
downsized system includes important elements from both main frame and PC
technologles. Downsizing means the use of networked workstation and PC technology to
build enterprtse-orlented, transaction processing types of applications. Such applications
must be supported by robust systems. Robust means that data integrity and security are
built in features. A robust system has recovery techniques to insure that no transactions
are lost or half completed; transactions are to be either fully completed or all interim
changes should be backed out. The essen co of main frame systems t <:IS been robustness.
PC systems have focused more on useability and immediate responclveness. And now

" with Windows and Macintosh GUls (Graphical User Interfaces) predominating, PC systems
provide ease of learning and adaptability as the user interface remains similar across
applications.

In many IS departments there has been a wall separating the PC support staff and the
mainframe systems people. However, successful downsizing requires skill sets from both
Bamps,. The mainframe group can bring expertise in large scale systems) they understand
the requirements for applications that must support large numbers of people or must
operate in a 7 day 24 hour mode. PC people bring experience with GUls, DOS,Windows,
NetWare etc, Those on.lf~nisatjons that build development teams out at both groups will
do better when downsi2tnCJ· It Is important to do the necessary to make sure there are
communications going bfltWt en the PC and mainframe people.

OUTSQURCE Use outside help, including conferences, consultants and integrators. It should be obvious
IMPLEMENTATIOIll that any move to a new technology requires major investments in learning and training,

SKILLS and yet it is something that is frequently underestimated by even the most experienced
people. . '.I

M:~ch <\f-·thetechnology in this field char.i!~s so rapidly that it should all be considered
current events. conterence .....and industry literature are a good way to keep current, and
it's essential to keep CUrreilt,If downsizing investments ate to make any sense •. .Thi;;

.•..approach is tempered by other organisational philosophies of investment followed t)y a
period of stagnation untll reinvestment is aghin warranted by a .sufficiently large
progression in technology.

Probably the most frequently cited regret following downsizing implementation Is that
consultants or systems integrators were not used more freqUli'ntly than they were. In
dealing with ne~ technologies. and bringing in knowledgeable '~dvlce is usually cheaper in
time and mori~::;ihan trial and error discovery approaches. The general advice is to
identify the technologically tough areas and have consultants available who can help when
thGY ale needed.

,~/
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CHANGE MANAGEMENT

The implementation of IT is encumbered,
primarily, by the ehanqe it wrecks throughout
any organisatlo(7) Thus, any difficulties and
considerations are largely those assoctated
with managing change, the differences being
the practical aspects outlined above.

r')

Managing change is a massive subject of its own. It is also ~.hig!)y debated topic as
implementations vary considerably between cultures (company and ;'''lce), group sizes,
intellectual levels; and a myriad of other factors. An atcernpt will not be made here to lay
out any Sl rlct rules on to how to mstlage this, but rather the mqre global considerations
will be laid out as things would vary for each envirQome"'''. A discussion on actual
problems encountered falls under the scope of in-house company reports and rathes than
the this Information survey. .

_C_O_S_T"_O-F_F_A_IL_U_R_E ~ ~ ~ ------ _4~~~-c-.)_1'_

In order to understand the import of carefully managing change, the repercussions of not
doing so need to be clarified. lOS Some are as follows:

SHORT Tr:RrJI .I2im1
• Wasted resources (money, time and people): 'c\
• BUsiness objective not achleyed (hence all assoclated repercussions)
Indirect
• Morale suffers;
• Job security is threatened.

LONG 1"fRM .llirrutl ,
• Strategies are not completed •
.!ru:1ir.!la1
• Lowered confidence in leadership;
• Resistance to change increases;
• Consequently next change project is likely to fail:
• Organisation survival is threatened.

MANAGING BARRIERS-----------------~-----------~~-
Some typical human barriers to technological change (the more commonly documented
ones), anc the more recent ideas as to how to manage them are outlined below:

An MSc Eng Olsserlallon Sutinlttod bV C Barker
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Excessive expectations II u Manage transition period
(covered later)

,f• Overselling of results
• Bad understartdinq of how

~ __ ~ ~ __ ~~I~p~e~oP~I~~change
Excessive action • C;'isesJi'!res
orientation • Historical record of crisis

management
• Short term frame of refer'9nce

High personal risk for • Short term reward systems in ",Modify reward/appratsal 'p ~
II~s~p~o~n~s~o~ts~,~__ ,~ __ ~~~c~om~p~a~ny~~--~-- ~~s~y,~s~te~m~s~ ~~ __"~

Lack of collaboration • Territorial Irnperative • Generate common goals in
• Insecurity of peosle leadership and reward

1-.,..--b...,.I--·-----l~-.,..L---f-----d.,----·-f-~~S~y..::;s..:.:~e~~~ls::... d'" ,~
.tr ...vlta e raslstence to • oSS0 ' status an power or • Antlotpate an , minimise I
'\ change r,! persons affected reslstancereassure people '!
')'i" , Inertia required to implement • appoint project champion al'):1
~ ~ ~I~c~ha~n~g~e~~ha~r..::;d~t~Q~g~e~.n~e~ra~t..::;e~~s~t..::;en~_~..:.:il~,g~co~m..:.:~m..::;it..:.:'t..::;se..::;..::;s~y~st..:.:e..:.:m~~I_
Uncertainty " Lack of skills in people to be • COffil11unication/training &nol

using system involvement
• Manage lmplementstlon l

~, I ',~, (covered later) "';1~-----"------~~~---------------.------~----~~~~---~-------~r-I

• Establish long t~rmobjecti~ I c

• Define fn:•.ne 01' reference, ' ,

l\_,,:.

These $' Jtegies vary somewhat between various literature sources, but the basic
approach to each remains sound-eacf requires expansion for each neVI{ problem.

I

!
r, !I,-j, (i I,') ~r---

With an understanding,of where one« strength and weiknesSf;js/{lie in the following I
categories, one is b~ttef,eql.lipped to deal with the InEwltab(e reslstarice to change: !

ii'- '\~, 1
I

• lmplementatlon hi~!tory: Success and failure of past implementations; \
• Sponsors: :1 Level and type of commitment of key stakeholders:
• Change agent: 81-..1IIsand motivation of transition managers;
• Change impetus: The profile 0,1' main motivator for char:gei
• Target re~istance: Inevitable resistance Trom all groups affected:
• Culture: Values, behaviours and 'unwritten rules' that support or

oppose change.

)i

,-------~,~\,SUCCESS FACTORS

TRANSITION MANAGEMENT
!

/;::";i i 1

Most change models presented in the literature have three distinct phases. Typicaliy tqesEi
are unfreezing tb'} organisation, transition where one is 'working and moving, towards I

.:change, and finally refreezing the organisation.106 The motivators, stratcqles and main 1
players involved for each are shown below: \

I
Pl1iMARY PRIMARY S"i'...,T...iiA-T-e-G-V ..... p-Il-IM-A...R...Y...·-RO...L....E-P-l-A-Y-J~~

MOTIVATORS I~=====-~F=~~~~~=F=====-====~======-=-======#~~F
t

I-U:;.;N;.;;.;F;.,;R~E;;;E,:;;Z;,;..IN;,;.;,G,:;-I~N;.;;.;e;;..;e;..;;d;.;../d;;..;!.;;sc~o~m;;.;.f:..;:o;.:.;rt:.:./c~r.:.;;is;;;:is~Q~.::.ua~••~;;;;;.~:..;:io..:.:n.:.;.ln;.;:g'-w~,.:.:.hY:t.-__ -4.::.s!:.po:::.:n:.:.:s:::::o;.:.;r.;__~,~ h
I-::T~R::-::A:=N:=S:=I=T~IO~N~n~S-:-.u:-7p..:.p-:-o.;.r"t;_+,.l~m~p;.;..le;;..:.m.;.;.e;;..;I.:.;1t:_;.s;..;;t;;.;ru;..;;c~tu~r..::;e_4.:...;A:.2g.:.en;;.;.t:.:./t;;;:;.8rgetpebple , :_ }
~R_E~F_R_E_E_Z~IN_G~~S~o_'lu_t_io_n_.Q~ue~s_t_io_n~tn~g~h_o_w~~T~~r~g~e~t~p~eo~p~!e_/~a~g_en~t._~I~f
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Some tactics that can be adopted in each of theoe phases are as follows:

COMMUNICATION REINfORCEMENT

UNFREEZING • Explain objectives and rationale
• Emphasise cost of not cHanging
" Focus on external drives for
change rather than internal
deficiencies

o Describe personal belief in change
• Be specific about what is and is
not changing for each group

• Utilise the language and frame of
reference of the target grou~

••Repeat change messages ofl,)en
• Change medium and word&'10
impact various frames of reference

• Focus attention ahead toward
achie",ing change rather than on
returning to the past

• Provide as much information as
poasible

• Encourage overt resistance
~Provide training in change
.. Communicate things that won't
change

TRANSITION

• Demonstrate sponsorship rationale
• Illustrate arguments practically
('Walk the talk')

• Emphasise reinforcement
management (rewards,
punishrnern, level of effort)

,

• Create an atmosphere in I,\vtl!ch it
is safe to surface reslstanca '

" Involve targets in lmplernentlnq the
change

• Provide resourcea-tlme, energy
and rnonev to achieve change

• Make symbolic actions to
demonstrate commitment

• Reword supporters and motivate
resisters with reinforcement

• Celebrate small victories

REFRl:EZING • Communicate progress
• Acknowledge the costs that

I targets have paid
., Be honest about problems that still
remain or new problems that were
not anticipated~------~--------~------------~----~--------------~

MANAGING RESISTANCE MANAGEMENT

• Demonstrate sponsor commitment
• Maintain reinforcement
management

• Reward champions
• Celebrate victories

REASONS FOR • Maintenance of the status quo and avoidance of the transltlon period;
RESISTANce • Protection of individual and organisational values" .emotions and modus operandi.

ReSISTANCE Resistance to change increases when there is:
AUGMENTATION

FACTORS • A low perceived need for chanqe:
·,·An implication of poor past perfOrm8l,1ce;
• A high level of disruption;
• A low reward structure for high costs/input;
• Resulting negative consequences;
• An lrreverslble outcome;
• Doubt about the project success;
• Fear of the unknown,
• Unclear expectations;
• Low target Involvement.

METHODS OF • Can't do it: Skills inadequate;
RESISTANCE • Won't do it: Motlvatlcn lacking:

• Overt: Voiced objectlons-ofsen founded;
• Covert: Clandestine attempts to thwart project.

.~n MSc. Eng Dl$sort~tlon Submitted by C Barkor tJ 122
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CHANG!: Two resistance curves are followed by the targets when change is being implemented.
REACTION The first is desirable and expected for positive change, the second is adverse and
PATtERN accompanies negative change'01•

REACTION The first reaction pattern above is very similar to that followed by the Situational
MANAGEMENT Management model proposed by the Ohio State University (covered later) ,106 Management

of each stage follows the guidelines proposed in this model, but modified to cater for
change,. The. second conforms more closely to adult-child transactional analysis and
should be dealt with in only the first two quadrants/sectors outlined in the aforementioned
model.

REACTION MANAGEMENT RESPONSE

Unlnfot~d • Surface all pot'Wtial unintended consequences of the chanqa-
Certaintv~,,- r~ElPognisewhat could possibly go wrong while at the same time

'--=::c= ='maintalning enthusiasm:
• Communicate that this is panacea-there were problems before the
lmplernentarlon-thera will be problems after it:

• Gather the frames of reference tor targets for the implementation.
Informed Doubt • Acknowledge both the negative and positive <'ata;

• Mobilise resources to anticipate resistance. \,1

Overt Resistance • Develop a problem solVing cllmate-surface issues and utilise targets
to help with implementation; >

• Demon~trate that attention .ias bean paid to feedback:
• Allocate specific resources to deal with resistance.

Covert • Continuously create is safe an atmosphere as posslble-reslstance
Resistance will not surface initiC\IIYX~I' Provi.qe different forums\for resistance (surveys, focus groups and

suggestion schemes): (I
• Separate the content of the content of the resistance from the
process--provlde recognition and reward for btlnging resistance
forward, even It the content is unfounded.

Realistic Concern • Build target confidence by acknowledging progress;
• Identify barriers that still exist and continue to deal with both the
negative and positive data;

" Increase focus on 'follow-through' al!d the nearness of completion.

------------------------ __----An MS~Eng tilss~rtatlnn Submitted by C Barkor [iJ 123
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Informed
Certainty

• Rev'(i'lrd achlevement:
• Identify what was learned for use' on following implementations;
• Identity new tasks to be accomplished;
• Prepare for next change. ;,:

Denial

\~

Atlger

• Strengthen relationships;
• Divide change into small steps and focus on first steps;
• Avoid confrontation.I·Legitimise the arige';.;r----ta-r-g-e-ts-.":-h-a-ve-,-a-r.,..ig-:h-t-t....o--be-'-a-n-g-ry-a-s-t':""h-ey--d-o-n-o-t-,-I

I have control:
, Do not take things personally.

Bargaining • Do not bargain as this changes the definition of the change and will
generate a new reeponse:

• Confrontatlon=and 'no-deal' stance.~------------~~~~.Fear • Provide support;
• lntorm targets that resources will be provided to essistthem:
• Increase two-way communication tactics.

Depression • Encourage responsibility; .;..._---------------I
• Reform the change to test for opportunities;
• Provide support.

Exploration n Test new options in the new situation;
• A<;:ltnowledge progress;
• Build confldence.

Acceptance • Reward and acknowledge progress;
• Identify what was learned to use on folloWing implementations;
• Prepare for next change.

MANAGEMENT As is outlined in the discussion on situational rnanaqernent, the role of the manager and
QUALITIES change agent is important. This implies that the right choice of person is critical to

success. Some characteristics of effective change agents, above those of normal
managers, are listed below:

• Successful personal and organisational history:
• Credibility with key sponsors;
.i'1"rust with key targets;
• Awareness of cultures (company and racial);
• Project champion responslbllltles:
• Ability to develop teamwork among sponsors, agents and targets through common goals
and interdependence for success:

• Communication skills;
• Valu!;) differences;
• The ability to integrate diversity;
• Implementation/action orientation.

THF; ApPROACH All the aforementioned qualities need to be aligned to help in the adoption of a transition
POLICY management approach rather than a hammer policy, the differences beir'l~ outlined below:

all : I TRAN§1TI0N MANAGEMENT
I

HAMMER -
J Inve strnent

,

High afterwards High early
Maintenance High Low
Time Frame Fast Slow
Motivatio(, 'Do it(' - 'Do it right'
Commitment Organisational: 'Theirs' lndlvldual: 'Ours' ,

The method adopted is crucial if the change implemented does not meet LIP to
e.~pectations. It is hei e that the repercussions of bad manaqement rnanifest themselves
and what achievements were obtained start to crurrible-fallure,

,--~-----------------------------------------~~~-----1m 124All MSc eng Di$sort9tion$ubmlttod by C aarkor
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and that a certain degree of failure is inevitable. It is this deficiency that needs to be
carefully managed and anticipated through the above approach. The reasons for failure, in
this lesser degree, are numerous.

It one considers Why change is so difficult for people to cope with, one will conclude that
it is invariably the magnitude and severity of the change. Even with the most brilliant
chal~~e msnagement program some Implementations will be doomed as they attempt to
achieve too much, too soon and too radically. Often these extremities are adopted
deliberately in the belief that the magnitude of change is required to justify the c.

lmplementatlon, and that a project would not obtain approval with any h:'Jsscrscope.

Other failings arise from the setting of unrealistic goals. Managers, being of a somewhat
higher order, tend to set goals that they themselves are capable of achieving, invariably
more than that Which the targets are capable of ,109 Thus, very feW systems are
implemehted within the specified time, span the originally perceived scope, and fall with
projected budgets, This problem is further exasperated by the widening skills gap in South
Africa, wlth white collar skills deoreasrnq andthe blue collar wprk force size increasing.

Another reason for 'failure', is the desire to implement the latest, 0 ;i.qll un~riea,
technologies, In more phllosophtcal fields (JIT r ()Pi r FrylS, etc.) this, "Tten amounts to
atteUlPting an implement(iltion that cannot fit into the combanv/natlona! environment,
rather than a modified system utilising some desirable aspects of the philosophy. FeW
managers seek credit fo'( implementing tried and. tested systems when the opportunity
exists to instali an entil'!3ly new concept along with all its academic recoqnlucn.

In short, complete success is highly unlikely in at;\y change implementation, and careful
management of the shortfall reql)ires, due consideration. ',/'

()
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GENERAL MANAGEMENT

A little more attention is dedicated to this
aspect of management than to that of
managing change, as the author has adopted
an approach that is somewhat fixed yet quite
substantiated; The system is one taught
through the Unllever Menagement
Development Program, by external experts,
and as the text will show is extreme1y robust,
aligns several other rnanaqernertt theories
taught through typical institutions, and has
been fairly extenslvelv researched and tested
by the author before its acceptarice.

"'''' '.Modern approaches to motivation tend to incorporate a (;t;ltajn amount of Vroom's
expectancy model, a strong aversion to the classical a~foach to performance appraisal
systems, and a .leanh\9 t0w.arcls reward syste.ms to..r.<re p.ertormance, The. latter is
gaining momentern ~ased on the world-wide recessjo~l of the 90's, wherein it is not
ecenornlcallv viable-to support employees who are ho~lperforming, and performance is the
essence of survival, and the rest does refer strongly to all the motivational concepts
discu$$Etd thus far. '

The whole approach can be summed up under a model developea by the Ohio State
Unlversltv in the USA, and augmented to encompass Vroom's thinking a,S recently as
1988.~~oThe, model not only encornpasses motlvatlon and its inexorable link to
management styles, but also addresses the complex issue of management versus
leadership and employee development, as well as being applicable to all levels of
management from unskilled labor.sthrouqh to personal/social transactions (these being
considered more complex than the management of highly skilled labor). -In short,
managing through this model, in the author's humble opinion, can address all the relevant
issues of management today in one fell swoop.

Little llterature is available on this model, save for a couple of articles and references in
recent Engineering publications and Unilever course work notes, and thus what follows is
a brief outline of its working as gleaned from the aforementioned training program. It
suffices to say that of all the theory taught in University undergraduate and postgraduate
Engineering' courses, this seems to be the only theory that sufficiently compounds all the
current theories and presents n truly systom1etic approach that can realistically be
implemented rather than beir1a,a mere observation of human behavior.

~ . '/ 0

THE OHIO BEHAVIOURAL MANAGE.MENT MODEL I.~}I ~~J:~I-----------X~--'--~~--------------~------
\' i<'~·.. _ '_, I) ,,_' ~ir', \\

BACKGROUND The model is built up from the beliM thae-anv attempt; to' obtain an action from a
subordlnste (motivate him) is a two stage process, arid that) the tlltinwte task may only be
obtained if both stages are managed parreNI\,. ..

,.., '
\3
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.'--v----"
Relationship
, Behaviour
'"

'"

"""{'~n~lJcceSS!MlJ
" .... yO ...l

• 0 Task c

'.~ehaviour .

i

Ib.e OhiQ StatQ University Subordinate Eebavjoral Path

As the above picture depicts: any instruction/request from the manager has a resultant
behavior in the subordinate. Ti outccrne of this behavior (successful means he moved to
'attempt the task presented) is dependent upon the first management input stage, called
relationship behavior. This is the extent to which the manager engages in providing'
support by two-way or multi-way communication. This includes listening, encouraging,
facilitating, providing clarification, praising, and is often termed 'stroking: the subordinate, "
Thus, whether a subordinate will respond to a request is ~'ependent upon the nature t(f
this behavior--largely related to Maslow's social need (and)\also addressing safew--job-wise
that Is-and esteem to a lesser extent), Relationship be~~Aor has its foundation 10
transactional analysis (covered above) which is also the~hasis for human behavior. Thus
human behavior is linked to the model. "

The second step .is the result of the subordinate'S attempt. If he is competent he may
well succeed, if not he will fail. This 'competency' is derived from the manager's second
input called task behavior,.detined as the extent to which the leader engag~s in spelling
out the duties and responsibilities of an individual. This includes telling people What to do"
how to do it, when to do it,(,,:'Vhereto do it, and who's to do it.

,. • Empioyee centered
• Showing consideration
• People concern
• 'Stroking' subordinate

• Job centered
• Initiating structure
• Production concern
• What, where, when, why, who; how

RELATIONS..-IP BEHAVIOR TASK BEHAVIOR

THE BeHAVIOR Naturally, the amount of each type of behavior that is exercised must vary for each
RSlATIONSHIP individual, and, in fact, it must vary for a single individual as he progresses through his

career, A highl\~ competent employee will not take well to being told how to do a job, yet
the same employee required explicit direction when he started. Another employee may
get 'too friendly' and thereafter disrespectful if too much social interaction is entered into,
whilst the same emplovee will later require lots of praise and encouragement whilst
tackling new areas of responsibility.

This all sounds extremely complex if one pauses to conslder some more implications, but
the beauty of the model i~fl'at the indulgence into each behavior can be graphed to
.indicate one 9f four clas~ic'l,.~:)rlesof management ". At this point the graph i'1 the figure
below may be referred to, th~\ areas not explained thereafter will be dealt with when the
subordinate side is addressed.
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MANAGEMt:Nl' The graph of support (relationship behavior) and direction (task behavior) as imposed by
STYLES the manager upon the subordinate gives rise to tourquadrants each depicting a

management style, The quadrants are not distinct with hard boundaries, and merely
represent the area in which a manager does/should operate.

Starting with style 1 (S1~~bottom right hand quadrant), the management style is one of
telling In which the manager makes the decision and provides a lot of direction with little
.support. This is considered as autocratic management and is particularly suitable for
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incompetent (newt 1)I1I.),l\",'·;:', It is typified by one-way ccmmunloatlon in which the
manager gives speciflc lnstructlens and supervises closely. \\

Style 2 (Quadrant S2) is often referred to as 'sellinq', in which the manager explains his
-declsiou thus providing the subordinate with more impetus to perform. Tfte process of
explanation requires an increase in relationship behavior, and it is desirable to curtail
direction somewhat-the reasoning for this follows later

Style 3, (83) involves reaching a joint decision in Which the subordinate and manager both
have irri'petus, and is termed participating. Relationship behavior remains high but
direction is dramatically cut down a~:the subordinates ideas are indulged. This style is
desirable where the subordinate may have valuable experience that would aid the
manager. The relationship input is necessitated by the high level of cornmunlcatlon and
trust required to prevent classical conflict situations (an entlrelv.seperate Paper
qf!ugether). ,',

Style 4 (S4) is the classic delegation in which a job is handed to the subordinate w~t" no
recornrnendatlon on how to go about it, and little need for encouragement. Responsibility
and the decision lie entirely. with the subordinate, and the manager merely appraises
thereafter. This is a stvle-whlch managers have great difficulty dealing with and is often
the reason they do not ever perform at their optimum.

Ji
If

liNKS TO OTHER All of theSe' styles are addressed from different angles in Harris' One Minute Management,
THEORIES MOQkey Management, Arnold Mohl's Productlvltv Management and many other highly

recognised motivation works. This model simply puts them in a model that can be easily
remembered and readily referred to unlike the other lists of do's and don'ts. The
importance of selecting the correct style will become more apparent as we move onto the
lower half of the model (the subordinate readiness), and the fuzziness of the bcundarles
will become more apparent. ;,

STYLE SELECTION To give a rough idea of the consequences of an incorrectly applied style, let's look at a
couple of examples, Bear in mind that most managers implement one style most of the
tlrna, and are completely unaware of the need to adapt and change,

, ;

If a new subordinate is lncornpetsnt, and We delegate (S4 instead of S1), he will eum out
a result that may cripple the business. If, on the other hand, the suborct:'nate is highly,_<
competent and we use a telling style (is1 instead of S4) we get a very dernotlvated ;:;/
employee With no self-esteem -. Here we can start to see the linK to Maslow, the
previously mentioned task. outcome resulting from two types of management behavlor,
and the link between management style and motivation. Both the above could have fairly
severe consequences and,S1 &4 are considered to be the high-risk high-reward styles of
management, Styles S2&3 aM considered lower risk due to the 'manager's presence in
the decision making, yet lower return due, again, to the managerC'having to include his
time in the task and the possibility of lowered subordinate motlvatlor .

Finally, we tie leadership into the Model when we conslder the fact that moving from 81
to S4 must include development of the subordinate (the definition of leadership} in that (-'
reliance on both direction and support are tempered. In addition, the process of forward
movement has been shown to instill a high level' of trust leading to enhanced future
efficacy. A movement from $4 to S3 is considered a regression, is highlV undesirable, and
is usually a function of the subordinate's 'readiness'. It is this readiness that also allows-
one to determine which style of management would be most suitable. .,

SUBORDINAtE The Ohio model augmentation of j 988 stemmed from extensive research into the _,
READINESS subordinate side I~fthe mode]; 'This led to the bar below the graph that depicts the stat~

of the subordinate's mind and abilities, and relates it directly to the'management style.
The researchers found that all sabordlnate states could be categorised as conforming to
one of the four combinations of WIlling, able, unwilling and unable. Readiness varies from
person to person, and for a s~n!lle personfrom task to task,

-~~! ' "';"--~------..---
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--~ ~~ __ t~heue~ra~cjI~Oa~Ilmmp~,e~m~enmtat~IQillnQ~!~ln!~Qrmma~II~QnuTh~chwn~QIQ~gy~lilloauR~ea~'~~Q~r!~drmnV~ir~qn~me~n~! ~ ~ ~--Ability is defined as the "knowledge, experience and, skill that the individual has towards
the task. Willingness is his confidence, commitment, and motivition to accomplish the
task. It is important to realise that wlllingness is actually a measure of security and the
word unwilling can be replaced With insecure (or unconfident). The four states are as
follows.

;-\

Level 1 (8,1) Unwilling and unable:The individual is neither able to do the task, nor willing--
he is insecure and requires encouragement (relationship
behavior) if he is to progress to another state.

Level :2 (R:2l Willing and unable: The indivIdual have received enough encouragement to
continue, but is actually incf>mpetent for the task. This
is an extremely dangerous stage as he may be liable to
rush i{ntQ.sol'Vlething and mess it up, Subordinate
confidence if often reliant upon the mana!?e,'s
involvement and hence there is a.dual requirement for
the manager's relationship behavior.

Level 3 (R3) Unwilling and able: The individual has the necessary skill but is not confident
about the new task presented to him. This is classic in
development when a person is promoted to a position in
which he feels out of his depth and lacks the confidence
to go it alone. Management relationship behavior is
necessary to provide this impetus, though direction is not
very necessary.

Level 4 (R4) Willing and able: The subordinate is both competent and confldent-vhe
may be delegated to, in fact, he must be delegated to
erse he will start to lose faith in his ability (if his manager
doesn't seem to trust him enough to leave him alone),
and will regress to R3.

1he strong link between Styles and Readiness is quite apparent, and the import of
matching the two is self-evident. These readiness levels are quite comparable to the '8'
states expounded by Vroom in his expectancy model.

REGRESSION & As mentioned earlier, the aim of the leader is to ensure progression along the path as
PROGRESSION indicated by the '+' in the graph. This is considered as developmental and is highly

desirable as staff then become more capable in their competence, are suited to promotion
to positions that may be vacated, and in general are capable :\of taking work away from
the manager. .

In forward proqresslon along the curve, unwillingness is characterised by insecurity. But
the word 'secure' was not used as in backward regression (where 'c subordinate's
readiness decreases, and so too must the applied management style) unwillingness is
considered more as reluctance. Thus, a subordinate may move from R4 (willirl(l and able)
to R3 (unwilling but able) if he make a severe mistake, and though perteetlv confident that
he won't make it again, may be extremely reluctant to take the risk. A regression from R2
(willing but unable) to R1 (unwilling and unable) usually occurs when the task content is
increased beyond the employees capabilities. The employee needs more S1 management
to bring him up to a readiness level of R2 for 52. The R3 (unwilling but able) to R2
(willing but unable) regression is somewhat unusual in that is seems unlikely to occur.
This can happen when a mistake shatters the subordinate's confidence to the extent that
he is actually unable to perform. His willingness will stern simply from an inability to
comprehend the possibility of a recurrence.

IMPl£;MENTATION
I

The implementation of the model is somewhat unorthodox. Rather than keeping the
. theories 'in-house' as with most ssrategles, .the developers advocate teaching subordinates
about the model being used on them. The idea is that they will then be able to recognise
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~~~c --- --"how they are being manaqed, and request a change in style it it can be warranted. This
helps prevent the usual management traits that make lt so hard for sorne rnanaqets to
,adapt. .

This kind of approach is often reterre, to in topics on 'feedback' in which the subordinate
is advised to request appraisals of performance where these are not readily given.
Further, in understanding the importance pf progression, the system can be used as an
unbiased behavior modification technique when the subordinate fails to perform. Here, a
manager may hay,e to regress. his style and the subordinate would appreciate the subtle,
yet highly effective, reprimand. ~\

Naturally the converse is also true in that progression will feed the employee's esteem
resulting in increased rnotlvatlon;

CONCLUSION

The topic could beet considerable more elaboration at the risk of changing the emphasis ofo
this report, but tl~js is left for individual contemplation. It suffices to say that the mode!
encompasses most of the standard motivational theories such as:
• Skinner's Behavior Modification (through a change in styles);
• Thomas Han}!?' Transactional Analysis and defense mechanisms (the foundation of the

\-~ .~

model's research);
~Vroom's Valence Modal (adapted to readiness levels);
• McGregor's TheoryXIY Management (covered in S1/$2-4 with both systems being
allowed their merits);

• Maslow's Hierarchy of Needs (social, esteem and self-actuallsatlon fed, whilst safety and
-phvsloloqlcal needs are supported);
• Hertzberg's Hygiene Factors and McClelland's Achiovement Motivation (as an extension
to Maslow); . (~y

• Participation Motivation (in S3&4 managem(nt",but only applied where applicable-not
indiscriminately); " \> ~- '.

• Taylor's Authorltarlan Versus Human Resource manaqernent styles (as for TheorY.XlYi;

Hence the authors selection as the model for general implementation in an environment
where management style is all imperative, yet the time to contemplate each new decision
is not available and an easily referenced model is necessitated.

"~~',.131
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According to the guruo, the PC industry is:111

• About to experience the'biggest battle in its hlstorv-one that will decide which of the
growing number of 32~bit operating systems will dominate the market for the next 10
years.

• Aboutrto enter a new, more fragmented era in which no single operating system wm be
dominant in more than a few segments of the market •

• About to enter Phase II of the Windows era, because the operating systems war is over,
Windows has won, and ail this talk about Unix, OS/2 and so forth is just hot air.

/1
I.,

There will be a struggle for dominance among network operating systems, as, new kinds of
PC operating systems and applications place new demands on local and wide area
netW\1>rk$.There will be a skirmish in the application-server arena, as the migration to
ollent/eetver architecture and downslzlng.of mission-critical applications turns the spotlight
on the database server locked in the bac~':J;pom.

Systems will vie for the mind share of corporate developers, who are looking for answers
to their client/server needs. And finally, there wiil be a vicious fight for dominance on the
desktop-the final criterion by which success has long been measured in the PC industry.

No one kndl~s yet whether a single 3?-bit operating system will capture all three server,
development, and desktop client areas or whether several operating &ystems will co-exist.

The latter outcome' holds considerable merit, because it \iVould allow organisations to apply
the best technical solution, 01 pick the best price/performance option, for a particular
situation. But it also raises substantial questions about lnteroperabllltv,

Moreover, despite all the hoopla, no one knows for certain which operating systems will
engage in these battles.

Microsoft, for instance, is entering the fray armed with Windows NT and the venerable
Windows 3.1/00S combination, but claims to have significant reserves In Chicago, a
scaled-down 32-bit Windows-based operating system for desktop use, and the Cairo
project, a fully object-oriented Windows-based operating system.

IBM, meanwhile, is betting on OS/2 as its PC operating sy~tem for all purposes-but that
\ i

could change when Tallqerrt, IBM's joint venture with Apple Computer, delivers the object-
oriented operating system that it has in development.

Apple, not wanting to be the only one with all its eg9s in one basket, is working With
Novell to develop an Intel-based PC version of the Macintosh operating system running on
tot) of Novell's DR-DOS.

F:'1allv, while SunSoft's Solaris and Next'S NextStep have the spotlight at the moment, it's
anybody's guess which, if any, of the Unlv-based operating systems will achieve enough
prominence to avoid getting lrrnped in t )all phrases such as "and other Unix-based
systems."

The requirements of application servers, development environments and desktops vary
considerably, as do the abilities of the 32-bit contenders.

On the desktop, for example, many factors come into play: hardware requirements,
appftcan.in availabilitY, compatibility with current applications and user-interface
considerations. A different set of factors emerges in the realm of the appllcatlon server,
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where performance and,'stability are tha keys to success. The development envlronment
requires dependable to~ls and off-the-shelt software. " !

Despite their different requirements, ,the divisions between these rilchesare anything but
clear. Security and performance are important to end users, just as application availability
and interoperability are important on application servers. By the time one gets halfway
down anyone's list one will have hit nearly all of the factors discussed above. In the end,

o one thing is clear: 32-bit op~ratjng systems are about to present ,PCbuyers with the
touqhest de9isicns that they~ve ever l\\3d to make. On the one hand, it is possible to make
a goc,d case for applying nearly any ot!)the available or forthCOming 32-bit operating
systertilS to nearly any task. It one's ~UeS$eSare correct, it is also possible to achieve
gr,eat successes.

On th~,bther hand, corporate buyers who make the wrong leap of faith could find that
they\!l:l made cntlcal, career-threatening mistakes.

" ! 0 c-

It is a:,hh1o of enormous opportunity and enormous peril. Wise buyefs willwaish thes~
decisil':i!~~l~a.refully" allowing netther-eromlses nor partisanship to any cempanv or product
to .sw .1}(,thelr declslons, ' " '
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ARCHITECTURES- .

Client/server computing as most organisations use it is a temporary stopping point, a rest
area on the road to the rea~~~~l:distributed computing. Today, a relatively few
specialised machines--servers--p16~tde a relatively few services-database, electronic rnall-.
to networked clients. '\,

Tha1:'s fine for the moment, but much 1Yl},e is possible. True distributed computing, in
which each piece of {,computing work can run on a system well-suited to perform that
work, is not just a dream. Achieving it, however, will be a nightmare without standards.
Chief among tile necessary standards are those that govern the management and
interaction of distributed objects.

Imagille the following: You need to mail to your boss a numerlcsl analysis of the last
decade of financial data for each division of your company. Your desktop system is a
relatively under powered machine, but you're part of a distributed computing network, so
you're in luck. You tell the analysis program to run the job, and it handles the test.

First, it casts about for the data by shouting onto thc'>~twork the equivalent of, "Hey,
who can get me the complete flrtanclals for the last decade? A database server responds
and ships the data to your system. Your system knows it's not a fast number crunoher,

c' so it shouts a request, this time for a serious compute engine. A system ansyvers, your
, system ships the data to that system and gets back the answer. Your system adds a note

you wrote and hands the whole shebang to an E~mail server, which delivers the mail to
your boss,

This scenario is obviously extremely complicated to implement, because it assumes a lot
of underlying abili\:as. Each system must know its capabilities and be able to talk to other
svstems about those capabilities. The network must contend with many simultaneous
interactions just like the ones the client system needed.

The answer lies in distributed objects and-distributed object management. These
technologies will give systems on a network the ability to treat different services and
forms of data all simply as objects available for LIse.

If this technology seems too far fetched, think again: One can see precursors to it on PCs?
today. The most common one is the Object Linking and Embedding (OLE) standard of «
Windows. OLE admittedly runs just on a single PC and is nowhere neat' as flexible as th~1
-above scenario, but it still has the idea right. It lets any OLE~compatible application wor~,
with data from any other OLE-compatible application.

Still, the leap from OLE to true distributed computing is obviously a big one. To make that
leap, the industry needs standards,

Unfortqrately, a lot of different groups want to own those standards. The Object
Manag~~ent Group (OMG) ex.ist.s just M~'define such standards. All the big micro players,
including'Microsoft, Apple, IBM and Novell, have their own ideas about these standarda--

It's time for these groups to play together. The best starting place Is Microsoft's OLE,
which may 110trun on any platforms other than Windows, may have its share of technical
flaws, but a plethora of PCs support It.

To move the industry forward using OLE, the OMG and Microsoft should work out a plan
for evolving OLE into a standard basis for distributed computing. As an industry
consortium with a wide variety of members, t;,EI OMG makes. a great repository for these
plans; For its part, Microsoft should yield control of OLE to the OMG.
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Other vendors tn~n would just have to rally around the OMG;c and we could all move a /,!

little f~~ter into tomorrow. The odds of this happenlnq, of coJ~:z'~re pretty low, but the
sooner-we encourage Microsoft and othtpr vendors to adopt industry wide object- '
management standards, the sooner we'll finally reach the stage of true distributed
c:omputlng.

u
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COMPANIES AND PRC~DUCTS

Beveral prominently featured companies and their database server products arelisted.
This list represents the industry standards in server engines.

COMPANY PRODUCT

GutpE.; Technologies

'-r~' os .
~'C',= "._-_. " •

NLM "SQLBase Server
Ingres Products

OS/2, In~ernational Business
Machlnes . '"

Ingres Server OS/2
Extended Services with Database Server

\

Microsoft
Novell
Oracle

Microsoft SOL Sel,..;,'V.:,e;..,r• . ~-~D=_O::..S.:;--_I
NetWare SOL . ..-.....;.._...~~_J....;N.:.e:..:t:.:..::Ware-----~+-~--~~~---,~ ----Oracle Server Netware
Sybase SOL SetVElf NetwareSybase

",

Several othe.r cOmpanies feature a lot, the following list shows tpeir main product in the
cont~,xt af this report. ' :1

,

COMPANY PRODUCTS •

Apple Macintosh OS ;
Banyan Vines NOS

~'~D~EC::..' ~" ~~O~p~e~n.:.V~M~S~~~~~ __ ~ , _~~, _,
IBM 9S/2 OS "i----,--~ln~te~!__ ~ __ --. __ --. ~x,~86chjps 0 "
Microsof(t DOS, Windows, Windows NT OS ~,;""~~--------~~.Next NextStep OS~~---~--~-~------.~~~~~------------~------~~--~\.~Novell' Ne~Ware NOS ' ,
,Sdlaris SunSoft OS~"~~------~--------.--~~~~~~----------------~--~------~-----~,Various Flavours of UnIx such as UnixWare, Unlvel, .. ,

/1
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ACRONYMS AND WORDS

.3m..;. See Third Generation Language

4GW See Fourth Generation Language

A

OFFICe AUTQMAlI(jN (QA); Workstation application programs that simplify otherwise horrnal
duties such as word-processors, spreadsheets, etc. 'J

AGENT SrulVr:NCEQ PACKET EXCHANGE: sottware or a combination of software and hardware
that gathers information about a network device and executes commands in response to a
management console's requests. In SNMP, the agent's capabilities are determined by the
MIB.

)\~MeRICAISI NATIONAL STANDARPS INSTITUTE (ANSIl: The standards grOiJp responsible f'or a
number of telecommunications standards.

AMERICAUTANDAflD CODe EOEINFORMATIONINTER6ftAtMl.E.lA~ Standard alpha-numeric
code and character set cnrnrnon in the US and thus most PCs.

ANSk See American National Standards Institute

At:1:. See Application Programming Interface

APPLICATI()~RFACE tApn: An application (usually background) that lets
programs communicate with a database using function calls instead of SOL statements.

AS.Clli See American Standard Code tor.Intorrnatlon Interchange

,A-.vAIl.ABILlTY: This is a quality of an information system which specifies the extent to
which the organisation is dependent upon having the information when it needs it, or
having the system in place when it is required. The extent of reliance upon availability
can be determined by estimating the cost of the situation in which the system is
unavailable.

B

B,;.Symbol for a byte, a measure of data size, often prefixed by M or k to indicate Mega
and kilo respectively.

BINAIW LARGEDeJECT U3JJl1lli The acronym given to any data that doesn't conform to the
slmple text, numeric, date, etc. types commonly used in databases. Usually refers to
picture files and multimedia objects. In modern implementation of database systems,
BLOBs can not only be stored, but can be ldentl'led in terms of the procedures used to
edit, display or execute them •

.B.L.QB.:. See Binary Larg"l Object

.13Nru See Burroughs Network Architecture

~ Bits per second refer to transfer speeds through communication media.

------------------------------------------~ lill139An M,So Eng Olssartut)on Submlttod by C Bntkar
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BUFsROUGHS NETWORK ARCHITeCTURE (BNA); Burrouqhs' answer to IBM's SNA;.protocol suite.

'.;\

CAPlCAM: Computer Aided Design/Col)1puter Aided Manufacturing. The usage of
computer graphics in engineering and design. This is 'l;. very, significant part of computer
graphics today and yet is being overshadowed by general business graphics and')a vi%riety
of other graphics applications. "

~GE (eLI); An application that lets programs communicate with a
database using function calls Instead of SOL statements op€it~::9Son the CLI level of the
OSI model. " c.»

o

o .QQtlli See Copper Distributed Data Interface

~QCE$SIN<aJJ.M!.jQEJ.U.:. The processing heart of a PC, its power base
e

, Ona'cr
more CPU chips can exist in more advanced configurations. The CPU restricts the OS that
can run on the PC a3 ass have to be written around particular configurations,

.Ql;IECKPOII)!Tl Thfl po;~ntat which recent updates stored within cache memory are written to
disk lscalled a checkpoint. Most engines can be configured to perform checkpoints at
specific time lntervals.

ru See Call-Level Interface

CLIENT: A process running on a user workstation, that may request services from another
process, which could be located on the same workstation, on a server in a LAN
environment,"or on a ,rr.ainframe half way across the world.

//
.QLleNrlseRVEBi A form of distributed processing in which a client cab request a server to
perform tasks fotit, and hence relieve the client of unnecessary processing. For example
in a database environment the client could be a workstation requesting Information about
a part database. The server could be a' •nld range computer housing the parts database,
Which receives the request for information, processes it, and then sends tffe results back
to the client. The alternative is the situation in which the client has to do all the work
itself, by reading in the entire parts database and performing the search itself,

.c.M.Ie.:. See Common Management Information Protocol

QMIP OVER lOGICA~ LINK CONTROL (CMOL): A network-independent version of CMIP co"
developed by IBM and 3Com. While CMOL can run on any network regardless of
transport, it can't pass through routers, limiting its usefulness to tANs,

CMIP OVER TCE!IlF:(CMQI); A version of CMII='that runs on TCP/IP networks.

CMOL: See CMIP over Logical Link Control

$lM.Q.I;. See CMIP over rCP/lP

~llJN.:. Result of multiple attempts to transmit at the same time on a multiple access
medium. Usually all colliding transmissions wipe each other out and require re
transmission.

~ArIYE PRQcES..~ A form of distributed processing in which multiple different
architectures, operating systems, networks, all combine into a single large computer.
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~ A database statement that is used 'to lnnicate that the current transaction is
accepted and can be placed into tb.e database in its entirety. The opposite of this is
rollback. -:

C_OMMON MANAGEMeNT INF~lBMATIQN PROTOCOL (CM.J.el1 A hierarchical, secure management
protocol; an alternative to SNMP. ::' .

(]

.QQ.NQ!.!BRENC.Yl The ability to do more than one thing at once. Within the database context
this refers-to multiple users accessing the same database, tables, and records at the same
time. Controlled through locks. ,.

'I COPPER !JISTRIBl.lH;Q.JlATA INTeRFACE (CPOIl; A standard for co-axial cabling configuration.
\

CQ$T-QASEO OPTIMI$AJ1QN.:. This query optimisation technique utilises statistics gathered on
the database to estimate how 'cost.ly· (in terms of time) possible solutions to a query
would be.. and then chooses the least costly method for execution .

.Q& See Central Processing Unit

l'-.ASl See Data Acquisition System

12AS.IJ.:. See Direct Access Storage Device

QATA AOQ!Jj~rpQll1SYSTEM (PAS): A front-end to a database server used to port information
into the database. This may be a software and hardware gateway, else an MMI

DATA DEFINITION LANGUAGE (PPUi The language used to define the data models used within
the database ttselt=not necessarily the models that the USersees (prettified to give
understandable names and layouts) •

.DATA DIQTIQN8F.lY.:. A description of all of the data elements that .areused by all of the
firm's compu\:~r programs. The descrlptlon lnoludes the data element name, the type of
data, the size, how each element is used, to name a few parts.~ ~

QATA MANIPU.I.AIIO.N LANGUAGE (PMLI: The syntax that is incorporated into a program to
process data retrieved from a database. to

DATABAW A direct access file used to store Information in a fil,e analogous to a table.
Data is managed as a unit independently of processes that access it.

D8TABASC MANAGEMENT SYSTEM (PBMSll The compound software engine that handles the
storage, rnalntertance and retrieval of, and is responsible for controlling access to, and
security and integrity of data in a set of databases •

.I1E!.M.S.;. See Database Management System

OCEW; See Direct Cost Ex Worlfs

.D.Lle.M.S;. See Distributed Database Management System

o.m.;. See Data Definition Language

OMPPARROT (DP): See Parrot, dead
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~r A system lock that may arise from two users simultaneously querying a
database, resulting in a repetitive cycle of. clashes and simultaneous re~ries'.

DECLARATIVEINTEGB!:r.Y:;.With declarative RI, referential integrity is enforced by the use of
primary .and'foreign keys, which are stored within the database tables themselves and
describe the relationships within the database, "

QECNE]1 DEC's answer to 18M's SNA proto'<iOlsuite. This layered architecture is
sometimes called DNA.

DESKTOPMANAGEMENtIN~I:RFACe IDMU: A specification, from the DMTF, and aimed at
creating a standard management C:l.gentthat can gather from data any OOS~based PC. At
a mlnimum, DMI will Identify the many.t~9turer, name, version, serial number {if
appropriate), and installation date and<,-,~~ of a component.

~!.l£LM_AHM.EMENTTASK FORCE(~ A coalition of companies led by Intel, and
includlrlg Novell and Microsoft, with the charter of creating a standard method to manage
networked desktop computers and applications.

~ $IORAGEDEVICE(PASP): A secondary storage unit that has the capability of
sending the access mechanism directly to the location where data may be written or read.

.:»

bIRECLC,QSI Ex WORKS(DCEWi The price of a commodity as it leaves the factory, based
on raw materials, cirect costs (labour, machinery, comsumptlons, etc.l but before
business costs such as Sales and Marketing are factored in.

~, 0

D.!wTER RECOVERY;.The process of protecting the hardware, software, data, processes
and communications capabilities of the information systems and of thereby ensuring
busineE;~continuity in the event of a major disaster.

DI$TBIBUTeQDATABA$f..MANA~.SYSTEM (DDBMSl;. A DBMS capable. of handling files
distributed aCfOSS several PCs, possibly even across several '-ANs. 1)

~!JI.ELl_t)ATABASn;. Within a distributed computing environment there is still a
potential need to store enterprise-wide data, so that users see the data as a single united
Whole even though it is physically stored across rnuitiple different distributed computers,
file servers or database servers •.; In general there are two ways to split a large database
across multiple sites, firstly by deciding which records are to be stored at which location
(horizontal distribution) gr.slternatively deciding to store parts of each fecor<i at one
location and other details elsewhere (vertical distribution).

I

O!STRIBUTEDMANAG~NMENT IDMe); A network management protocol that wUl
allow both SNMP and eMIP to exist within one framework. Proposed by OS!= in 1991, it
is still only partially defined.

DistRIBUteD PHOC..E$.$lN..G;. Thla is the concept of allowing multiple computers to execute a
single process or computation. This could be achieved by many different computers
working together to solve a particular cornputatlon or by one computer directing another
to do a part of its work. this assumes. that the process can actually be split into smaller
parts, See also co-operative processing.

DJ~ See Distributed Management Environment

nuru.:. See Desktop Management Interface

QjiM,.:. See Data Manipulation Language

rum-£:. See Desktop Management Task Force
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12.QJl;. Layered networking architecture dq,vefpped by thff, US Department of Defense··
largely cornrnunleatlons control oriented. J

"
~ Disk Operating System pioheer~~ by IYHcrosoft fer :SM, now forms that largest OS
base in desktop pes. .

o·

DQWNCOSTIN~;The process of moving from one IT Infrastructure to a functionally
equivalent one at a lower overall cost. .

DOWNSIZING:.The process of moving an information system from a larger computer to a
smaller one or a set of smaller ones. See rightsizing.

Jlf.:. Se~ Dead Parrot

E

Elll;. See Executive Information System..
ENtrRPRISEDIRECTORY:A global namihg structiire in which every user C(l11 be assigned a
name tha~ is known throughout the organisation and beyond, so that, no matter what the
computer 'htructure, it is possible to find each user, and never to get confused between
two users.

fNVIRONMI;NT:Also. called software environments, this r'ner.m~the range of software that
underlies the users operation and includes the operatlng system, the network operating:
system and perhaps even tht database manapernent~ystem and the user)~,rerface.

ETHE[jNEI:A laboratory project orlqtnated by Xerox in 1974, this has become the best
known LAN. As of late 1988, about 75% of all installed LANs used the Ethernet protocol-
ja system of multiple access in which any station transmits when ready, determlnes
whethcr-collislon has occurred, then re transmits lf necessary.

EXECUTIVEINFQRMATIONSYSTEM(tiS): A more SOK~ist'icated MIS, usuplly without DAS nor
IS capabilities, but with ~xtended reporting and analysis facilities used to 'drill down' into
data.

~.EI.Al.tQ&S1:lll:'l A logical link between records and files of a database accomplished
by lncorporatlnq link fields into. the records.

F

E1lID:. See Fiber Distributed Data Interface

EEDBMS: See Flat File Database Management System

EIE!ERDISTRta.J.[[f;Q.OATA INTERFp&E(FOOl!: A standard for fibre optical cabling conftquratlon •

.Ell;J.l:!;. A portion of a record reserved for a Single data element.

ftl.E;. A group of records relating to. a particular SUbject.

E!l.ESERVER:The PC responsible for common storaqe on a network, and upon which the
NOS usually resides.
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~~ENT SYSTEM(fEpaMS): A DBMS that does not support links
between files.

\!

.E.ru.!B!I:IJ:1f;IYEBATIQNlANGUAGE{4GI..l;. A relatively new breed of software intended to
tscllltate end-user computing. The names natural and non-procedural are used because of
the user-friendly syntax and because it is not necessary that the processes be performed
in a particular order as with a programming language. New 4GLs are very graphically
oriented to expand the philosophy further.

G,H
~ ,

.GA:rl:WAYr Relay Oyt::rdting at a layer higher than network layer.

GBANULARITY;The level of locking on a database. This is typically on the database, file,
record or field level.

HMl.~ See Hub Management Interface

l:I.l.!JtMANAGEMENIINTERFACE(HMn~ A specification that integrates the wiring hub, the
center of many Ethernet and Token-Ring cabling schemes, and the file server into a
common device.

!l !Ere See Internet Engineering Task Force

lM.a.~QN.SJ:Ilfi The linking of records and files in a database without the addition of
special fields. The relationships are implied using the contents of fields already in the
records, accomplished through the use of a relational calculus.

INFORMATIONSTOf!A~ The module of an IT/IS system that is responsible for data
storape--the DBMS

INFORMATIONSYSTEMS(IS): For the purposes of this report, a factory level implementation
of IT, but sometimes used to refer to the software side of IT.

Jm:OBMATIONTECHNOLOGYfiT); The philosophy of recording, implementing and reporting
transactions with the aid of computing systems.

INSTANTIATIQ.flIlA running instance of a program, or its code, on a computer platform.

INTEGRATE:The process of linking two information systems, so that they both have access
to the same Information, possibly in separate data pools, but morn realis'tically in a
common data pool. Information is read and written directly to the pool{s) by each system.

INTEGRATEDSERVICESDIGITAI..NEI.WORK(ISDN): A data communtcetlons WC'Jit tl.at has the
ability to transmit VOice, data. and image signals.

INTEGRITY:A system characteristic that enables it to accornpllshswhet was intended. In
the database context this refers to extent to which data is correct and accurate, and to
which it is protected ag;~inst any attempt to introduce incorrect and inaccurate data.
Validation rules support Integrity, often referred to as consistency.

INTEBEAce;The process of linking two information systems, so that they both have access
to the same information, but in different data pools. Each application reads and writes to
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regular intervals.

l'lTERNATIONAk STANPARD'LQRGANISAtIQN IISO): The standards-making. bbdy responeible for
OSI, a set of communications standards aimed at global Interoperabltitv consisting of 75
member countries .

.~
INTERNeT: A large network: community in the US who share mailing and lntotrnatlon
resource facilities through a common communlcatlons protocol, IP.

lNIEBN.Et ENGINEERING TASKFORCE (!ETE): The standards-making body for the Internet; the
arbiter of TCPIIP standards, including SNMP.

l~tEBNEtPACKET EXCHANGE flPX); A communication protocol used, primarily, by Novell's
NetWare NOS.

JruruW.ET PRQTOCQL UP); The communications protocol used primarily by the Internet
community (see TCP/IP).

~ See Internet Protocol

lP.l.(;. See Internet Packet Exchange

IS.;. See Information Systems or Information Storage

~ .~ee Integrated servlces Digital Network

l.s.o..:. S,pe International Standards Organisation
I. ,I

";';\

ill See Information Technology

J, K. L

J.Q.INl An operation in which two tables are combined on common attributes, H there are
no common attributes, this reduces to a Cartesian product=typlcellv very load intensive.
Joins are not typically available in fuIlY},compliant SOL, but many vendor specific
adaptations cater for them .

.l.AN;. See Local Area Network

lQCAI, AREA NETWORK {~ANl:. A network of computers that are connected using circuitry
owned by the firm. A common target platform for a-downsized solution to a business
information system.

J.Q.cKS.l Locks are placed onto database items in use by one user or process to ensure that
other users or processes do not create inconsistent data. 'Locks I"'1<'Ybe placed on the
database, table, or record, with a trade-off between performance of operations and the
accessibility of data (database lock means high performance but inaccessibility for other
users), Some systems can vary the level of locking (granularity) as required.

M

MAINfRAME; A large to very large computer, often consisting of many central processors,
and many support processors, which is able to handle very large amounts of data,
transactions and users in a single environment
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MAN MACHINE INTERFACe (MOOU;A terminal of input device used to 'interface' computers to
personnel.

MANAGeMENT INFORMATIQN (5.rule (MIB); A database that defines wr.at information can be
gathered and what aspects can be controlled for a network device.

MANAGEM~NT iNFORMATION fORM;;T (M!E): The DMTEs equivalent of SNMPls~~1l8.
." !

M~TIQN SYSTEM IMIS): The front-end client to ~n information system
used for accesslnq the database (convertlnq data to information) and sometimes used for
controlling lnpujlnto the database (DAS). Standalone MISs often have their own IS
module. ..... .;

MANAGEMENl"INFORMATION SyGleM IMlSl;. A system that provides the manager with
information for decision making. It is usually the frortt-ervi to an DBMS and converts data
into information.
e
Mll3.l See Management Information Ba~e

,..
MID-RANGe: A generic term for a group of computing systems, by many manufacturers,
which are too ~mall to be called mainframes, and generally far too large to be called PCs.

".M1E.:. See Management Information Format
\:./

"~ This is the process of moving a'tt;t",Pllcatlon from ~ne platform to another.
This typically involves re-de'sign and re-prograrl'jh1ing to some extent as there are few
languages whioh support multl-plattorrn portability, and most systems on mainframes were
built before the advent of these lanquaqes, See porting.

Mis.:. See Management Information System

M§.;. See Management Information System

M.lSmQ.t4 QE!ITICAL: A system that is accessed by multiple users and must be capable of
producing up-to-date real-time results.

MMl:. See Man Machine Interface

MVLTI-YEOSIONINc,;,: Multl-veralonlnq is a record locking solution that uses prior snapshots of
the database for read-only access, So users are not locked out during update$'i:'

N~~~~~~~~~------~--~~~~~~~~~~~.~~~--~~~~~~~~~~~~~-
NErWA8E lOADABLE MOPULE (NLM): A program

C

tl1%lt can run under Novell's multi-tasking
NetWare environment.

NeTWORK MANAGEMENT CONSOLl;: The administrator's window Into the network. The
console is the control panel through which network devices, such as routers, are
monltored, configured, and reset.

~MENt PLATFORM: A set of management services upon which specific
management applications, such as consoles, can be built.

NETWORK Qpe13ATING SYSTEM f.NQ.Sl:. The system that resides on the network file server and
controls communication, roming and device contention across the network.

NLM.:. See NetWare LoadablJIModule

-~ - '___'__ 4 ~~
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NQ.S.;, See Network Operating System

QB.!EC19A di~tinct type of management information or variable for a netyvork component.
For example, the on/off status of a router is an ubject. In SNMP, MIS objects can'bs read
(Get obje"qts) or read and written (Get ~iJd Set objects). Operators can manipulate thes~:.(
objects to gather lnformatlon and change configurations. ( .. , ~

.QliJ.ECT QRIENTEPDATABASEMANAGEMENTSYSTeMIQQDBM$): A DBMS with the capacity to
store BLOBs as a-data type.

ODAPI. See Open Database Application Programming Interface

~ See Open Patabase Connectlvitv

.Q.I.Ie;. See On Line Transactio" Processing

.oN LINETRANSJ!,CTIQNPRQCESSIN(.{"IOlTP1:The ability to handle large to very large volumes,
of data transactions coming lntc-s system, to process them and deal with them at eV'~ry
required level. This is one area in which mainframes still vastly out perform any
computers. G

OODBMS: SeE:1Object Oriented Database Management Systern

p . G.Jr..ui;RFACE (OPBC): Borland's standardised API for
database access, proposed in answer to Microsoft's ODSe and touting object oriented
capabilities.

OEt;IlLDATABA$ECONNECTIVITY(OpeC): Microsoft'$ standardised API for database access.

OPENSVST!' \AD; operating system which can run across a number of different platforms.
By far che ' ,.;~\ ~ell-known open svstern 1$ Unix. The term open system is also used to
mean an, appli~tion or environment in which the user is freed from any knowledqe of the
platform.

QPENSYSTEMSFOUNDATION(0..s.El:. A Cambridge, Massachusetts-based nonprofit
organization responsible for assembling the DME specification.

OPENSy:;rEMllrII1ioRCQNNEc:.iqN(OSII: The suite of communications standards mandated
ISO and the U.S. government. eMIP is part of this suite.

OPERATINGSY~TEM(OS); An operating system is the base upon which PC programs ru,! ;
and provides a basic, set of instructions and functions that make the proces~ easier forthe
appllcatlon programmer and the user. The operating system also serves as £\t) interface to
the underlying hardware, providing a "level playing field" for everyone who wants to use
the computer system.

QS.;. See Operating System

.QSB See Open Systems Foundation
;\

"asn See Open Systems Interconnection

.,/, ..'"
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P, Q

fC.:. Se~ Personal Computer

PeasQNAL CQMPUIl:BJfQl:. A desktop computer, smaller than a mini yet powerful ~nough to
perform server functions in todav's environment. .

PLATfORM; This term generally means the hardware on which the computing systems
reside, but it can be extended to mean the operating systems 9S well.

PORtiNG; The movement of an application from one platform to another without any
significant changes. Often used to mean transferring the, application system to and from
Unix, or between its many Versions .

.eSIYATE Mia: Also called extended Mia. A standard MrB to which proprietary extensions
have been added in order to monitor or control network device functions not included ;"
the standard MIS specification.

PROCEDURAL 1l'fl.EGBlI.Yi With procedural RJ, referential integrity is enforced by the use of
predefined procedures that are automatically executed when certain types of changes are
made. Since the integrity rules are stored separately from the database tables, procedural
integrity is not the best approach, but it is preferable to relying 9n, the front-end
appllcatlon to enforce RI. I;

.EBQfnIEtARy ~V$TEMi An operating system which is vendor ..specific, typically optimsed for
the architecture of the underlying hardware, rather 'than beinm open, in the sense of being
standardised across a number of platforms.

PROTQCOL; The standards that are used in interfacinci datacom ff~urpment an circuitry, a
'common language'. C

R

RAl.ll:. See Redundant Arrays of Inexpensive Disks

B.8.M;_ Random Access Memory is the volatile memory that a within which computer may
store data and the process it is currently running. There is a very real 640kb limit in DOS
based pes that makes the loading of numerous driver appllcaflons problematic.

RDBMS: See Rei~tional Database Management System

RECORD lOCKl1iGl In a multi-user environment where the database Is constantly being
updated, It i~,difficult to ensure that a user's view of data is consisterrt-that is, that all
related transactions have been processed. Record locking is OM solution, but the price is
that other users must wait to gain access to 'locked' data (dat~ hat another user is
currently using).

RECURSION: See Recursion

J3.EDUNDANT ARRAYS OF INEXP~~ A system of providing redundancy to the
storage media in such a way that reliable hardware backup is provided. RAID5 refers to
tho latest specification of this setup.

BEfERENTIAlINTEG8!!Y.1.Bll.:. RI means internal consistency within the database; that is. no
records that refer to mlsslnq records (termed 'orphans'). An example of a vlolatlon of
referential integrity would be a database conststlnq of both a customer table and an order
table, where the cuarcmer record for a particular order is missing. RI is maintained

.-----'\1"". ----.----- ...----'-------------~--
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"" -.through a set of rules, which may be located in the ollent-slde application (least reliable),
in a stored procedure on the database server (more reliable), or via a coding scheme within
the tables thettl~efves (most reliable).

~tABASEi MANAGEMENT SYSTEM lRD..B.M.$.ll A DaMS with implicit relationships
between files. '.

'::;
RELIABILITY; The ability of a system to provide a service in terms of up time.

JlEMQJ.E~M!lJilI.Q.BlJilG..M.I.B;. An extended .Mia that delivers statistics about data packets and
network traffic to an SNMP console. "

\'1

RESII.lEN~ The stability of systems or network. Its ability to defend itself ~gainst faults •

.BE§.I?JN.G.i. The process of changing the size of the hardware or software platforms in order
to optimise the benefits of the information systems of the organisation.

BJ..:. See Referential Integrity

BIGHTSIZI!'ll§l The process of determining, for a particular business \s,,"'plication or
information system, the correct platform and environment for the applic;:ation to use, in
order to optlmlse the overall business goals •

.Bo.LL EQRWABP"':' Rof( forward is i:l feature used for recovery from system crashes, An
instance backup (a snapshot of the database) is restored, and then all subsequent changes
to the database are re-applied utilising the transaction log (a desorlptlon of all changes to
the database),

"
ROLLBACK: Rollback allows transactions that were only partially completed because of a
hardware failure fo be discarded, thus restq_rlngths database to its previous (consistent)
state, Partial rollback, through the USt;, of s~ve points, can ~o usefu,Jin complex
transactions where it is not desirable to discard the eptire(!,ra}i,snctI6n, -:

~,_:-,c:-_:::;;::;;...--~

s
's.AMI:SIZING: The decision to keep the same sized computer to manage th'e business
operatlons, II

.sCADA: See Supervisory Control and Data Acqulsltlon

.s.£CURITV: The ability of a system tewlthstand threats from unauthorised users and
processes.

~NQI,;p PACkl:;r EXCHANGE(SPX). ,I~'.communication protocol used, prlmarllv, by Novell's
NetWare NOS.

SERVEB..:. A computing device that is able to perform operations M request, typically on
behalf of a community of users and processes. For example a 1'ileserver, database server,
printer s~}ver or cprnrnunlcatlons server '

SIMPlE·NETW!)RK MANM,EMl;NT PRQTOCQ.U$.N.MEl.;. An IETF-definsld protocol that runs
natively on TCP/IP networks. Considered the de facto sta. darci for network management,
it is used to monitor the status of devices, but because of its lack of security, is rarely
used to control network devices •

.s.M.Jl See Structure of Management Information
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.s.Me:. See Symmetric Multiprocessing

,S,NA;. ,See Systems Network Architecture

SN.M.E!l See Simple Network Management Protocol
~ !

,SNMP ~ERS!QN2 (SNMPlI): The next generation of SNMP. Ii/Will add security (encrYPt~~
and authentication), support a hierarchical, management scheme, and run orr network -"
transports other than TCPIIP, including AppleTalk, IPX, and OSI•

.${~ see SNMP version 2

.s.e2{;. Se~ Sequenced Packet EXchange

.sru.::eRQNQUNCED~ See Structured Query language

$..1Q.BEQ..EBQJ;.E~ Precompiled SQl statements, that are stored on the SOL database
server. A client executes a stored procedure by issuing an EXECUTE PROC1:OUAE_NAME
statement. ~,

STRVCTUaE,QE MANMEMfN! INFQRMAtloN (SMU, An SMI specifies the rules used to define
the Information in a managed object so it c,f;!nbl~monitored and manipulated through}he
management protocol. The SMI is analog6as to a programming langu89$ thet a
proqramrner uses to declare data structures and to permit operations that elm he
performed on those d.~ta structures •

.i ~tURED QUERY lANG..I1M.EJ$JliJ.:. Originally developed as a way of makin'J querles on a
database easy, it is now used as a complete database language, lncorporatlnq a data
dictionary and POL. Sinne the programmer specified what ia wanted and not how, this is
considered to be a very 'hig~)evellanguage as in a 4GL.

'. .'

~~flOL ANDQ~alJlsltlQl')l..1SCAQAll A plant control Interface used to
report the status I;>f the plant to operators, used by the operators to effect automatic
ccntfols, and used to control the' plant through internal procedures.

~~EmIC MYL!IPRQCE$SING (SMPlt A form of multiprocessing, using either standard or
custom processlnq components which share the load by behaving In a similar manner.

,ffYNTAX-QASEI.)OPTI~~?h With this query optimisation technique, generic rules are used
to reword a qlJery so it will execute more quiokly. Although, the optimised solution
requires progl'arr'mers' skill and may not be as fast as which cost-basad optimisation
would provide, Its advantage is low overhead.

(>-/ :._'

~.N.:. The ability to get s¥ftems (hardware) connected together so that
the end-user does not see them as separ("h entitles., I.,'

~te.MlLNliTWQaK Aaql:ll~.NAll IBM's protocol suite that pioneered the way to
standardisation of protocols.

T

ICPIlP: See Transmission Control Protocol/lnternet Protocol

!ELNE.T: A part of the TCP/IP protocol suite that allows managers to control network
devices, sU,chas routers, remotely.

i/
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THIRP G.I;NEBAtION LANG!,.IAGE (3GU~ A lanfJ!Jagewith low-level capabilities fat acc~.~sing
various database formats. Often a high-Jevel language such as C or COBOL. .

u. V, W

~ A network configuration (topology) in which the LAN forms a ring onto which
each workstation is attached. Communication is controlled through a 'token' that is
passed between machines and 'allows' them to 'speak' when they have control.

lBANSMISSIQN .Q.O..NtBO~PRQrpCQJ./JNteB~~T PROTOCOL (TCP;~ Oeveloped by the U.S.
Department of Defense to inter network disparate computers, TCP/IP is the most popular
protocol for multi-platform networks. Protocol operates on equivalent of 051 model
transport layer. 10;~~.,

~s;, Similar to ~tored pr~celrures but execute in respe; tie to a database event.
. \' '

!W.O-PHASE cPMMln U:.ed in distriqutf1Q database scenario~, H. Ij protocol first checks to
see if all of the systems lnvolved.ln the current transaction are fEleely either to 'comrnlt' or
to 'roll back.' The protocol t'la1:l passor.:the appropriate operation to finalise the
transaction.o )1

),-l~;t~~:·t---'\"~:
~.,,: <I \

.....././ ~ 'v, '.

, ft,. f:~L;"
'/ ...~"~";''i'{ . r'.· ~'---------------

.!JM'Il"(~P].IQ~~,\ "jlYlii~t~d~lVico which pfPvid9S continuos power in the
evern I)f a powt'>r f',Hf(lrt)~ ~" - I,)

!.!.P.~ The process ~f combining many smaller computer systems into one larger one,
for example combining tnal''l'I lndlvldual PCs into a LAN wlth a central server, or replacing
m'tmyl.AN servers by a mid-range or mainframe server. \\

!J.S.e~n The process of giving more capabilities to the users to create and
malntaln their own Independent Inforrnatlbn systems, rather than baing dictated by a
centralised committee or division.

G

YINES INTI;BNET PROTOCQI,...0l.lfl.;. Vines' adaptation of IP

Y.lf:. Set' Vines Internet Protocol
"

X,YtZ
\\

x.a6i The generic term for Intel's family of 8086 chips found fn most DOS based pes.
The x replaces the 2, $, 4. or 5 designating each progressively more powerful upgrade to
the chip set.
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'--DISCLAIMER

Most references were sourced through Compuserve Africa (the CSIR link through to the
USL ..andfrom there onto the Internet for extraneous articles. Compllserve provides
information through forums where industry experts may be contacted through electronic
mall (used for clarification and understanding throughout this report), but more relevantly
through an extensive database of periodicals.

The periodicals maintained by Ziff-Davis Publishing Company ir,clude almost every
maqazlne and journal published. An emphasis is .ptaced on computing journals, and it is
from here that most leading edge information in this report wan sourced, Articles
uploaded by Ziff-Davis usually precede South African receipt by up to four months, with
numerous publications being unavailable here, else industry speclfic research that is not
provided fer commercial distribution. '.

Cornpuserve taclllsates the searching of text on date, publlcatlon name, key words,
subjects, and several other filters. These were used to ensure the trapping of a wide
range of opinions on each subject delved into.

The down-side of such extensive research is that many references are somewhat biased,
and whils.t an attempt has been made to stick to well recognised sources, the inevitable
misinformation will creep in in the form of a failed prediction or two. The author,
however, is fairly confident that all recommendations made are based on sound support
an'i numerous positive factors.

Some references below have not been linked to the text as they were used indirectly, or
formed part of a summation. Others were used more than once in the text, but have only
been,i1D.~cdwhere most applicable.
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Most references were sourced through Compuserve Africa (the CSIFllink through to the
US), and from there onto the Internet for extraneous articles. Cornpuservs provides
information through forums where industry experts may be contacted through electronic
mail (used for clarification and understanding throughout this report), but more relevantly
through an extensive database of periodicals.

The periodicals maintained by Ziff-Davis Publishing Company include almost every
magazine and journal published. An emphasis is placed on computing journals, and it is
from here that most leading edge information in this report was sourced. Articles
uploaded by Ziff~Davis usually precede South African receipt by up to four months, with
numerous publications being unavailable here, else industry specific research that is not
provided for commercial distribution.

compuserve facilitates the searching of text on date, publication name, key words,
subjects, and several other filters. These were used to ensure the trapping of a wide
range of opinions on each'subject delved into.

~
The down-slde of such extensive research Is that many references are somewhat biased,
and whilst an attempt has been made.to stick to well recognised sources, the inevitable
misinformation will creep In in the form of a failed prediction or two. The author,
however, is fairly confident that all recommendations made are based on sound support
and numerous positive factors.

- ~'Some references below have not been linked to the text as they were used indirectly, or
formed pan of a summation. Others were used more than once in the text, but have only
been linked where most applicable.
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